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Summary 

The optically pure aryl-substituted 5,6-dimethylidene-2-bicyclo[2.2.l]heptyl ben- 
zoates 12-21 were prepared; their UV absorption and CD spectra are reported. The 
(-)-( 1S,2S)-esters 17-21 with carbonyl groups in endo -position exhibit typical exciton- 
split Cotton effects whereas the corresponding (-)-( 1S,2R)-esters 12-16 with carbonyl 
groups in exo-position do not present such effects. The chiral exciton coupling between 
the exocyclic diene and a remote p-substituted benzoate chromophore can be used for 
unambiguous assignment of the absolute configuration of 5,6-dimethylidene-2-endo -hi- 
cyclo[2.2. llheptyl derivatives. The method is applied to establish the absolute configu- 
ration of 5,6-dimethylidene-2-exo and -2-endo-bicyclo[2.2.2]octyl p-bromobenzoates 
(-)-24 and (-)-25. 

Introduction. - The relationship between the molecular structure of chiral cisoid- 
1,3-dienes and their circular dichroism (CD) spectra has been a subject of long-stand- 
ing interest [l] [2]. The sign of the Cotton effect (CE) associated with the long-wave- 
length electronic transition (V t N  transition) is given by the skewness, i.e. helicity of 
the diene [3] 141 and by contributions of axial groups in allylic position [5] [6]. The 
contributions of the latter to the CE can outweigh those from the skewed diene [6b]. 
Recently, the diene helicity and allylic chirality rules have been blended into sector 
rules for cisuid-dienes [4] [7] (see also the planar diene rule [S])i. However, chiroptical 
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effects in a conjugated cisoid-diene caused by remote substituents have been little 
studied [4a] [9] [lo] [l 11. We reported [9] [l 11 positive CE’s for the exocyclic s-cis-buta- 
dienes 1-6 in agreement with the ‘allylic axial chirality rule’ if one considers the 
C-atoms C(5),C(6) (Fig. I )  of the n-system (instead of the methylidene function 
(C6),C(6’) as proposed by Burgstahfer et al. [5c] for 7 and 8) and the substituted (there- 
fore most polarizable) C(I),C(2), bond. Our results were in agreement with the pro- 
posal of Gawronski et al. [Sd] which considers the direction of the transition moment 
and the direction of the substituted allylic bond C( 1),C(2) to determine the chirality of 
the diene chromophore perturbed by remote substituents. 

Recently reported crystallographic X-ray data of (-)-camphorquinone and deriva- 
tives [I 11 suggested that the bicyclo[2.2. llheptane skeleton can adapt to out-of-plane 
deformations of a n-system grafted onto it. Considering the positive CEs  observed for 
1-6, all these dienes might in fact possess some P-helicity (right-handed skew). The 
larger A E  -values measured for the endo-alcohol 3 and endo-acetate 4 compared with 
those observed for the exo-derivatives 1 and 2, respectively [S], were consistent with a 
larger degree of P-helicity in 3 and 4 than in 1 and 2. The latter could be attributed to 
an endo-X.. .C(6) = CH, repulsive effect as shown in Fig.2. Gauche-interactions be- 
tween the methyl group and the exocyclic diene might also induce a left-handed distor- 
tion ((M)-helicity) in 7 and thus explain the negative CE observed in the CD spectra 
for this diene. This hypothesis implies that the diene-helicity contribution to the CE of 
7 overcomes the expected opposite-sign contribution from the allylic axial methyl- 
substituted C( 1),C(6) bond (cf. Fig. 3). It is assumed again that the diene transition 
moment determines the chirality of the system [Sd]. 

Figure I Figure 2 Figure 3 

Unfortunately, the out-of-plane distortion of s-cis-butadiene moieties grafted onto 
‘rigid’ bicyclo[2.2. llheptane systems cannot be predicted unequivocally. Indeed, con- 
trary to our expectations, we found that the exo- and endo-epoxydienes, 9 and 10, 
respectively, displayed opposite CE’s in their CD spectra [9]. Furthermore, the di- 
methyl acetal l l  showed a negative CE. This was a surprise as a positive CE was 
expected based on the above-mentionned ‘homo-allylic axial chirality rule’ and concur- 
rent (P)-diene helicity ( c j  Fig.2). These results demonstrated that the sign of the CE 
associated with the diene chromophore of 5,6-dimethylidene-2-bicyclo[2.2. llheptyl de- 
rivatives could not be used to establish their absolute configuration. 

0 A= 
10 11 9 
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The circular dichroic exciton chirality method [ 131 has been successfully used to 
determine the absolute configuration of various organic compounds [ 141. The concept 
of chiral exciton coupling has been extended to nondegenerate systems composed of 
two different chromophores [ 14b], namely to the systems benzoate/enone [ 151, ben- 
zoate/olefin (of allylic alcohols) [ 161, the benzoate/conjugated s-trans-diene [ 14b] [ 171, 
and benzoate/phenanthrene [ 181. 

We report the CD spectra of aryl-substituted (1 S)-5,6-dirnethylidene-2-exo - and 
2-endo-bicyclo[2.2. llheptyl benzoates 12-21. We shall show that the endo-esters 17-21 
exhibit typical exciton-split CE’s whereas the exo -derivatives 12-16 do not display such 
effects. We also shall establish that the concept of chiral exciton coupling can be ex- 
tended to exocyclic s-cis- butadiene systems remotely substituted and that it can be used 
for unambiguous assignment of the absolute configuration of 5,6-dimethylidene-2-bicy- 
clo[2.2.n]alkyl derivatives. 

Results and Discussion. - The optically pure (-)-( 1 S,2R)-5.6-dimethylidene-2-exo- 
bicyclo[2.2.l]heptanol ((-)-1) and (-)-(lS,2S)-5,6-dimethylidene-2-endo-bicyclo[2.2.1]- 
heptanol ((-)-3) were prepared as described earlier [9]. Their absolute configuration 
was established unambiguously by chemical correlation [9] and an X-ray crystal struc- 
ture analysis of (+)-tricarbonyl[C,5,6,C-~(exo)-(lS,2R)-5,6-dimethylidene-2-exo-bi- 
cyclo[2.2. Ilheptyl p-bromobenzoate]iron 1191. The bicyclic alcohols were transformed 
into their esters 12-21 by treatment with the corresponding p-substituted-benzoyl chlo- 
ride in pyridine (see Exper. Part). The UV absorption and CD spectra of compounds 
12-21 were recorded at room temperature in a polar (EtOH 96%) and apolar solvent 
(isooctane). They are reported in Fig. 4-8 and Table I .  

X=H: 12 (1 S.2R) 17 (1S.7-S) Q 
X X=CH3: 13 18 

X=CI: 14 19 
X=Br: 15 20 
X=OCH,: 16 21 

The exo-esters 12-16 exhibited CD spectra with negative CE’s that correspond 
merely to the superposition of the diene and uncoupled-benzoate CE’s (see Table I ) .  
The negative sign of these CE’s is consistent with the allylic axial chirality rule [5] [6] 
which considers the o-C( 1),C(2) bond the most polarizable allylic bond and the transi- 
tion moment of the diene chromophore parallel with the C(5),C(6) bond. It is also 
consistent with that observed in the CD spectra of the corresponding alcohols 
(-)-(1s)-1 and (-)-(lS)-3 [9]. The absence of exciton-split CE’s for the exo-esters 
12-16 must be ascribed to the large distance between the benzoate and diene moieties. 

In contrast, the CD spectra (Fig. 4-8) of the endo-esters 17-21 exhibit typical nega- 
tive first (2 248 for 17 in EtOH and 261 nm for 21 in EtOH) and positive second (A 229 
for 17 and 240 nm for 21) split CE’s arising from exciton coupling between the diene 
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Fig. 4. U V  Ahsorprion Spvi~~ru ( I /  the exo-Benzoate 12 (--- -) and endo-Isomer 17 (. . .); C D  Spectra of (-)-12 

( ~ .  -. -) and (-)-17 (--). @ : in EtOH/H,O 96 :4;  (& : in isooctane. 
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Fig. 5. UV Absorption Spectra qf the exo-p-Methylbenzoafe 13 (-- ---) and endo-Isomer 18 (. . . ' .); CD Spectra 
of(-)-13 (-.-.-) and (-)-la (-). @ : in EtOH/H,O 96:4; 0 : in isooctane. 

V t N  transition and p-substituted benzoate 'L, transitions (Table I and Fig. 4-8). The 
data confirmed the (-)-chirality of 17-21 (( 1 S,2S)) as illustrated in Fig. 9. The exciton- 
coupled CE's of 17 and 18 are perturbed by 'L,-transition contributions of the ben- 
zoate (A > 260 nm) and p-methylbenzoate (A > 268 nm), respectively [14b]. Such con- 
tributions are less important in the CD spectra of esters 19-21 and thus make these 



604 HELV~TICA CHIMICA ACTA - Vol. 67, Fasc. 2 (1984) - Nr. 68 

Fig. 6. UV Ahsorprion Spectra of the exo-p-Chlorobenzoate 14 (- ---) and endo-l.sorner 19 ( '  . . .); C D  Spectra 
r$-)-14 ( - . ~  .-) and(-)-19 (-). @ :  in EtOH/H20 96:4; @): in isooctane. 

Fig. 7. UV Ahsorpfion Specfru ofthe exo-p-Brornobenioutr 15 ( ---) und endo-Isomer 20 (. . . . .); CD Spectra 

of(-)-15 (-.-.--) and 1-j-20 (-). @ : in EtOH/H,O 96:4; (@ : in isooctane. 
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CD Spectra of(-)-16 (-.-.-) and (-)-21 (-). @ : in EtOH/H20 96:4; (@ : in isooctane. 

Table 1. UV Absorption and CD Spectra of the ( - ) - ( IS) -Benzoates  12-21, 24, and 25 

Compound uv (&lax ( 8 ) )  CD (A ( A t ) )  

X in isooctane in EtOH 96% in isooctane ca) in EtOH 96% ca) 

H 12 198 (32800); 202 (16800); 
236 (21 000); 
254 (sh, 7200) 

230 (21 700); 
242 (511, 11 500); 
252 (sh, 7700) 

17 230 (19800); 202 (13900); 
248 (sh, 10900); 233 (17300); 
256 (sh, 7100) 242 (13 100) 

CHS 13 202 (27400); 204 (25000); 
238 (28 200) 240 (26300) 

18 202 (26700); 204 (22600); 
238 (22900); 241 (22200) 
254 (sh, 7800) 

204 (-2.8); 6.175 
216 (-1.3); 
242 (- I .2) 

242 (-2.0); 3.33 
252 (sh, -1.43); 
262 (0); 
272 (0.65); 
280 (0.54) 

208 (- 1.97); 4.47 
245 (-3.52) 
221 (0); 2.95 
230 (2.07); 
237 (0); 
249 (-2.5), 
267 (0); 
272 (0.33); 
280 (0.4) 

210 (-2.10); 8.77 
244 (-2.4); 
256 (sh, -1.0) 

228 (1.50); 3.47 
238 (0); 
252 (-0.91); 
260 (0); 
272 (0.71); 
278 (sh, 0.6) 

210 (-1.9); 6.45 
247 (-3.8) 
219 (0); 2.93 
234 (2.1); 
243 (0); 
254 (-2.3); 
269 (0); 
281 (0.4) 
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Table 1. (continued) 

Compound uv (amax(&)) CD ( I ( d e ) )  

in isooctane in EtOH 96Y0 in isooctane c") in EtOH 96% ed)  

C1 

Br 

OCH, 

14 

19 

15 

20 

16 

21 

24 

25 

202 (21 900); 
240 (28 800) 
202 (26 800); 
240 (26 200) 

202 (27 500); 
245 (31 100) 
200 (23 600); 
244 (28 200) 

202 (24 100); 
248 (27 000) 

202 (21 000); 
249 (23600); 
270 (sh, 3300) 

204 (28000); 
250 (23 800) 

204 (29000); 
252 (25 400) 

206 (21 900); 
242 (25 800) 
204 (22900); 
242 (25 300) 

204 (24 300); 
245 (29 100) 
204 (23 300); 
246 (28 000) 

204 (20400); 
255 (24700); 
247 (sh, 10000) 

254 (24200); 
275 (sh, 8000) 

202 (21 000); 

202 (23 800); 
246 (23 400) 

202 (28 000); 
248 (25000) 

248 (-2.6) 

221 (0); 
232 (3.2); 
240 (0);  
251 (-4.6); 
279 (-0.4); 
285 (-0.5) 

238 (-3.6); 
248 (-5.4) 

234 (2.95); 
242 (0); 
252 (-6.0) 

220 (0); 

250 (-3.94) 

212 (0) ;  
216 (2.4); 
238 (4.2); 
249 (0);  
257 (-3.4); 
280 (0) 

244 (-1.1); 
256 (0);  
263 (0.4) 
232 (3.1); 
245 (0); 
254 (-1.9); 
271 (0 ) ;  
276 (0.2) 

5.97 

4.32 

4.20 

4.65 

6.53 

3.32 

2.75 

2.90 

250 (-3.3) 6.63 

214 (0); 3.91 
234 (4. I ) ;  
243 (0); 
253 (-3.6); 
276 (0) 

252 (-2.0) 6.40 

212 (0); 4.37 
234 (4.6); 
244 (0); 
254 (-5.4); 
275 (0) 

254 (-3.6) 6.28 

218 (0); 3.95 
225 (sh, 2.7); 
238 (5.8); 
244 (sh, 5.2); 
253 (0); 
261 (-3 4); 
296 (0) 
224 (-0.9); 2.10 
242 (sh, -0.7); 
270 (-0.2) 
238 (3.0); 2.70 
249 (0); 
258 (-1.3); 
272 (0); 
280 (0.3) 

-~ 

") Concentration c in . g/dm3 

derivatives more useful for absolute-configuration assignment based on the CD exciton 
chirality method. Ester 20 displayed the largest amplitude ( A  = Id~,-de,l) of exciton- 
split CD CE. This was expected [14] since the 'La-transition energy of the p-bromoben- 
zoate (UV: I,,, ca. 245 nm, F z 20000 [14b]) matches that of the exocyclic s-cis-buta- 
diene V t N  transition (UV: A,,, ca. 245 nm. i: = 10000 [20]) in this derivative. 

H 

Figure 9 
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R = H: 22 ( 1  S.2R) 
R=p-BrC6H,CO: (-)-24 (-)-25 

23 (1 S,2S) 

30000 4 - 30000 4 - 

22500 3 . . 22500 3 

15000 2 -  

7500 1 - 

200 

- 1 .  - 1  - 

- 2. - 2 .  

Fig. 10. UV Absorption Spectra of the exo-p-Bromobenzoate 24 (-----) and endo-Isomer 25 (. . . . .); CD Spectra 

of(-)-24 (-.-.-) and (-1-25 (-). @ : in EtOH/H20 96:4; @ : in isooctane. 

The absolute configuration of (+)-5,6-dimethylidene-2-bicyclo[2.2.2]octanone (6) 
was deduced from its CD spectrum and by analogy with that of its lower homologue 5 
[ I l l .  Reduction of the enantiomer (-)-6 with NaBH, in THF yielded a mixture of 
alcohols 22 and 23 which were separated by HPLC in low yield2). The UV and CD 
spectra of their exo- and endo-p-bromobenzoates (-)-24 and (- j-25, respectively, are 
reported in Table I and Fig. 10. 

As in the case of the corresponding bicyclo[2.2. llheptyl derivatives, the exo -ester 
(-)-24 did not show any exciton-split CE near 250 nm in its CD spectrum taken in 
EtOH. In isooctane, the spectrum is less clear (cf .  Fig. 10). In contrast, the CD spectra 
of the endo -derivative (-)-25 displayed typical exciton-split CEs whose amplitudes are 
somewhat smaller than those observed for 20 (Fig. 7) and 21 (Fig.8) .  This is consis- 
tent with the larger distance between the p-substituted benzoate and diene chromophore 
in (-j-25 than in 20 and 21. The signs of the CE's of (-j-25 confirmed a (-)-chirality 

2, Stereoselective syntheses of these systems using tricarbonyl(5,6-dimethylidenebicyclo[2.2.2]oct-2-ene)iron 
precursors will be described elsewhere. The determination of their absolute configuration by X-ray crystal- 
lography is under investigation. 
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and, consequently, the (1 S,2S)-configuration as in the case represented in Fig. 9. This 
result is consistent with the absolute configuration deduced from the CD spectrum of 
the corresponding dienone 6 [ll],). 

Conclusion. - The method of chiral exciton coupling can be used for unequivocal 
assignment of the absolute configuration of 5,6-dimethylidene-2-endo-bicy- 
cl0[2.2. llheptyl and 5,6-dimethylidene-2-endo -bicyclo[2.2.2]octyl derivatives. The CD 
spectra of the corresponding 17-substituted benzoates also permit unambiguous distinc- 
tion between the exo- and endo-5,6-dimethylidene-2-bicyclo[2.2.n]alkyl derivatives. 
These assignments for the bicyclo[2.2.2]octyl systems are not always deducible from 
NMR measurements. 

We thank Hoj'mann-La Roche & Co. A G ,  Basel, the Swiss Nationul Science Foundation, the Fonds Herbette, 
Lausanne, and La Commission Fidirule des Bourses, Fribourg, for generous support. We are grateful also to 
Prof. B. Testa, Ecole de Pharmacie, Lausanne, for use of his dichrograph. 

Experimental Part 

General Remarks. See [9] [20a]. CD (A[nm]): Roussel-Jouun dichrograph irI2 (Jobin-Yuon). [a]25: Perkin 
Elmer 241 polarimeter with mod. U3 circulatory thermostat. High-resolution MS on ZAB-2F (VG Analytical). 
Elementary analysis were performed by the microanalytical laboratory of Ike  Beetz in Kronach (Germany). 
Prel,. HPLC purifications: Dupont 830003-904, UV detector (254 nm), silica1 gel (Zorbux 31.  7 pm; 21.2 
mm x 25 cm); elution solvent: AcOEt/hexane 4:96. The I3C-NMR data are reported in Tuhle 2. 

Generul E.sterifiwtion Procedure. The dienols (-)-l and (-)-3[9] (0.8 mmol) were dissolved in anh. pyridine 
(0.5 ml). Pure p-substituted-benzoyl chloride (0.735 mmol) was added portionwise to these solutions stirred at 0" 
under N2. After the addition, the mixture was allowed to warm to r. t. and stirred for 20 rnin (14, 19), 30 min 
(12, 17), 45 min (13, 18), 60 min (15, 20), or 90 min (16, 21). The mixture was poured onto ice/H,O (20 g) under 
vigorous stirring and then extracted with pentanc (10 ml, 4 times). The combined org. phases were washed 
successively with sat. aq. CuSO, (20 ml, 4 ~ )  and H 2 0  (20 ml, 3x). After drying (MgSO,), the solution was 
evaporated i .u. and purified by HPLC. 

(-)-(I S,2R)-5,6-Dimethylidene-2-exo-bicyclo(2.2.I]heptylhenzoate (12). Yield 74%, colourless oil, b. p. 
l0VjO.l Torr. [a]:; = -60.2", [a]::8 = -63.1", [a]:& = -72.7". [a]!:, = -135.2" I.a]:& = -243.2" (c = 12 mg/ml, 
CHCI,). IR (film): 3090, 2990, 2890, 1796, 1720. 'H-NMR (CDCI,): 8.07 (m, :!H); 7.51 (m, 3H); 5.36 (s, 1H); 
5,17 (s, 1H); 5.11 (s, 1H); 5.05 (m, 1H); 4.88 (s, IH); 3.12 (br. s, 1H); 2.93 (br. s, 1H); 2.05-1.49 (m,  4H). MS 
(70 eV): 242 (0.1), 241 (1.5), 240 (8.2, M '), 198 (3), 118 (5) 105 (loo), 91 (8). Anal. calc. for C,,H,,O, 
(240.203): C 79.97, H 6.71; found: C 80.10, €1 6.62. 

( - ) - ( I  S,2 R)-5.6-Dimethyiidene-2-exo-bicyelo(2.2.IJheptyl p-Methylbenzoate (13). Yield 80%, oil, b. p. 
120"/0.1 Torr. [u]g = -61.8", [a]:& = -64.9", [a]:& = -75.0", = -140.8", [u];& = -256.6" (c = 12.7 mg/ml, 
CHCI,). IR (film): 3145, 3068, 3045, 2940, 1735, 1628. 'H-NMR (CDCI,): 7.93 (d, J = 8, 2H); 7.23 (d, f = 8, 
2H); 5.32 (s, 1H); 5.15 (s, 1H); 5.03 (m, IH); 4.88 (s, 1H); 3.1 (br. s, 1H); 2.9 (br. s, 1H); 2.43 (s, 3H); 2.25-1.25 
(m, 4H); 5.0 (m, 1H); 3.07 (br. s, 1H); 2.89 (br. s, 1H); 2.41 (s, 3H); 2.18-1.46 (m, 4H). MS (70 eV): 254 (12, 
M I ) ,  120 (9), 119 (loo), 91 (19). Anal. calc. Tor C17Hlx0,  (254.33): C 80.28, H 7.13; found: C 80.21, H 7.19. 

( - ) - ( I  S,2R/-5,6-Dimethylidene-2-exo-bicyrlo[2.2.I]heptyl p-Chlorobenzoute (14). Yield 70 YO, oil, b.p. 
150"/0.l Torr. la]: = -61.8", [a]:& = -64.7", [u]& = -75.3", [a]::6 = -140.5", [a]:& = -255.7' (c = 13 mg/ml, 
CHCI,). IR (film): 3150, 3050, 2950, 1755, 1630, 1620. 'H-NMR (CDCI,): 7.95 (d,  J = 8, 2H); 7.38 (d ,  J = 8, 
2H); 5.3 (s, 1H); 5.13 (5,  IH); 5.05 (s, 1H); 4.95 (m, IH); 4.85 (s, IH); 3.08 (br. ,r., 1H); 2.9 (br. s, 1H); 2.23-1.25 
(m, 4H). MS (70 cV): 276 (3), 275 (16),  274 (8.7, M + ) ,  141 (39), 140 (lo), 139 (100). Anal. calc. for C,6H15C102 
(274.75): C 69.95. H 5.50; found: C 69.78, H 5.56. 

( - ) - ( I  S,2R)-5,6-Dimethylidene-2-exo-bieyc/o[2.2.1]hepry/ p-Bromobenzoute (15). Yield 75 YO, oil, b. p. 
15VjO.l Torr. [a ]g  = -57.1", [a]:& = -59.7", [a]&, = -69.1", [a]:& = -129.7", [a]:& = -237.3" (e  = 15 mg/ml, 
CHCI,). IR (film): 3090, 2990, 2890, 1725, 1595, 1490. 'H-NMR (CDCI,): 7.93 (d ,  J = 8, 2H); 7.6 (d ,  J = 8, 
2H); 5.35 (s, IH); 5.18 (s, 1H); 5.1 (s, 1H); 5.03 (m. 1H);4.88 (s, 1H); 3.1 (br. J; IH); 2.93 (br. s, IH); 2.13-1.25 



Ta
bl

e 
2.

 '
.'C

-N
M

R
 D

at
a 

of
12

-2
1,

 2
4,

 a
nd

 2
5 

in
 C

D
C

l,.
 6

, 
in

 p
pm

 (
6 

(T
M

S)
 =

 0
.0

 p
pm

), 
ap

pa
re

nt
 m

ul
tip

lic
iti

es
, '

JC
,"

 i
n 

H
za

), 

O
th

er
s 

12
 

17
 

13
 

18
 

14
 

19
 

15
 

20
 

16
 

21
 

24
 

25
 

51
.1

 
d,

 1
48

 

49
.5

 
d,

 1
46

 

51
.0

 
d,

 1
48

 

49
.5

 
d,

 1
46

 

51
.1

 
d,

 1
48

 

49
.5

 
d,

 1
48

 

51
.1

 
d,

 1
48

 

49
.6

 
d,

 1
48

 

51
.1

 
d.

 1
48

 

49
.6

 
d,

 1
48

 

41
 .O

 
d,

 1
40

 

40
.8

 
d,

 1
40

 

76
.6

 
d,

 1
58

 

74
.4

 
d,

 1
56

 

76
.4

 
d,

 1
58

 

74
.3

 
d,

 1
52

 

76
.9

 
d,

 1
60

 

74
.7

 
d,

 1
57

 

77
.0

 
d,

 1
62

 

74
.8

 
d,

 1
55

 

76
.2

 
d,

 1
62

 

74
.1

 
d.

 1
57

 

72
.7

 
d,

 1
56

 

72
.6

 
d,

 1
56

 

38
.9

 
t,

 1
35

 

36
.8

 
t,

 1
36

 

38
.8

 
I,

 1
34

 

36
.8

 
I,

 1
36

 

38
.9

 
t,

 1
36

 

t,
 1

37
 

I,
 1

35
 

t,
 1

34
 

36
.8

 

38
.9

 

36
.8

 

38
.9

 
t.

 1
34

 

36
.9

 
t,

 1
34

 

35
.1

 
I,

 1
31

 

35
.5

 
f, 

13
0 

44
.7

 
d,

 1
48

 

45
.0

 
d,

 1
48

 

44
.7

 
d,

 1
48

 

45
.0

 
d,

 1
48

 

44
.7

 
d,

 1
48

 

45
.0

 
d,

 1
52

 

44
.7

 
d,

 1
48

 

45
.0

 
d,

 1
46

 

44
.7

 
d,

 1
48

 

45
.1

 
d,

 1
47

 

36
.6

 
d,

 1
38

 

36
. I 

d,
 1

40
 

15
0.

8 
S

 15
1.

3 
S

 15
0.

8 
S 15

1.
4 

S 15
0.

6 
S 15

1.
2 

S
 15

0.
6 

S 15
1.

3 
S 15

0.
8 

S 15
1.

5 
S

 14
7.

6 
S 14

8.
1 

S 

10
0.

4 
t,

 1
58

 

10
0.

1 
1.
 1

58
 

10
0.

4 
t,

 1
59

 

10
0.

0 
t, 

15
8 

t,
 1

60
 

t,
 1

58
 

t,
 1

58
 

I,
 1

58
 

t,
 1

58
 

10
0.

0 
t,

 1
58

 

t,
 1

58
 

10
0.

5 

10
0.

3 

10
0.

5 

10
0.

3 

10
0.

3 

10
4.

2 

10
3.

7 
t,

 1
57

 

14
6.

4 
S 14

5.
8 

S 14
6.

5 
S 14

5.
9 

S 14
6.

4 
S

 14
5.

9 
S

 14
6.

4 
S 14

5.
9 

S
 14

6.
6 

F 14
6.

0 
S 14

5.
3 

s 14
4.

0 
S

 

10
4.

3 
t,

 1
58

 

10
4.

5 
t.

 1
58

 

10
4.

3 
t,

 1
59

 

10
4.

4 
t,

 1
58

 

10
4.

4 
I,

 1
60

 

10
4.

4 
I,

 1
58

 

10
4.

4 
I,

 1
58

 

10
4.

4 
t,

 1
58

 

10
4.

3 
t.

 1
58

 

10
4.

4 
t,

 1
58

 

10
7.

2 
t,

 1
58

 

10
7.

1 
I,

 1
58

 

36
.2

 
16

6.
0 

t,
 1

36
 

s 

37
.9

 
16

6.
6 

t,
 1

36
 

s 

36
.2

 
16

6.
1 

t,
 1

34
 

s 

38
.0

 
16

6.
6 

t,
 1

36
 

s 

36
.2

 
16

5.
1 

t,
 1

38
 

s 

38
.0

 
16

6.
0 

t,
 1

37
 

s 

36
.2

 
16

5.
3 

t,
 1

36
 

s 

38
.0

 
16

5.
8 

1,
 1

37
 

s 

36
.2

 
16

5.
8 

t,
 1

36
 

s 

38
.0

 
16

6.
3 

t,
 1

36
 

s 

25
.8

 
16

5.
3 

I,
 1

35
 

s 

22
.9

 
16

5.
3 

I,
 1

35
 

s 

13
0.

8 
S 13

0.
1 

F 12
7.

8 
S

 12
7.

9 
S 12

9.
1 

S 12
9.

1 
S

 12
9.

6 
S 12

9.
6 

S 12
3.

0 
S

 12
3.

3 
S

 12
9.

5 
S 12

9.
6 

S
 

12
9.

4 
12

8.
2 

13
2.

7 
d,

 1
63

 
d,

 1
63

 
d,

 1
62

 

12
9.

5 
12

8.
2 

13
7.

2 
d,

 1
64

 
d,

 1
64

 
d,

 1
60

 

12
9.

5 
12

9.
0 

14
3.

4 
d,

 1
61

 
d,

 1
61

 
s 

12
9.

6 
12

9.
0 

14
3.

4 
d,

 1
62

 
d,

 1
62

 
s 

13
0.

8 
12

8.
6 

13
9.

3 
d,

 1
65

 
d,

 1
67

 
s 

13
1.

0 
12

8.
6 

13
9.

2 
d,

 I6
6 

d,
 1

66
 

s 

13
1.

0 
13

1.
6 

12
7.

9 
d,

 I
66

 
d,

 1
68

 
s 

13
1.

1 
13

1.
7 

12
7.

9 
d,

 1
65

 
d,

 1
67

 
s 

13
1.

4 
11

3.
5 

16
3.

3 
d,

 1
63

 
d,

 1
62

 
s 

13
1.

6 
11

3.
6 

16
3.

4 
d,

 1
64

 
d,

 1
64

 
s 

13
1.

7 
13

1.
0 

12
7.

9 
d,

 1
66

 
d,

 1
66

 
s 

13
1.

6 
13

1.
0 

12
7.

7 
d,

 1
66

 
d,

 1
66

 
s 

21
.5

 
q,

 1
28

 
< 5 

21
.6

 
2 

q,
 1

26
 
0
 

3 z >
 I d m
 

.I ?
! E 0
 

N
 

h
 

55
.3

 
4.

 1
44

 
5

 
55

.4
 

q.
 1

44
 

5 
29

.6
b)

 
I,

 1
35

 

24
.9

b)
 

t,
 1

35
 

W
 

I %
 

") b, 

Si
gn

al
 a

ttr
ib

ut
io

ns
 b

as
ed

 o
n 

co
m

pa
ris

on
 w

ith
 o

th
er

 d
er

iv
at

iv
es

 [2
0]

. 
Si

gn
al

s o
f 

H
,C

(8
) 

in
 th

e 
bi

cy
cl

o[
2.

2.
2]

oc
ty

l d
er

iv
at

iv
es

. 
m

 



610 HELVRTICA CHIMICA ACTA ~~ Vol. 67, Fasc. 2 (1984) ~ Nr. 68 

(m, 4H). MS (70 eV): 321 (0.7), 320 (4), 319 (0.8), 318 (4, M ' ) ,  186 (96), 183 (100). Anal. calc. for CI6HISBrO2 
(319.2): C 60.21, H 4.74; found: C 60.03, H 4.76. 

( - ) - ( I  S,2R)-5,6-Dimethylidene-2-exo-bicyclo[2.2.1]-heptyl p-Methoxybenzoute (16). Yield 75%. white 
crystals, m.p. 71-73" (pentane). [a]? = -61.3", [a]::* = -64.1", [a]:& = -74.2", = -141.3", [a]:& = -264.8" 
(c = 12 mg/ml, CHCI,). IR (KBr): 3090, 2985, 2890,2850, 1715, 1610, 1515. 'H-NMR (CDC13): 7.98 (d, J = 8, 
2H); 6.91 (d, J = 8, 2H); 5.33 (s, IH); 5.13 (s, 1H); 5.08 (s, IH); 5.00 (m, 1H); 4.115 (s, 1H); 3.85 (s, 3H); 3.08 
(br. s, 1H); 2.93 (br. s, 1H); 2.25-1.4 (m, 4H). MS (70 eV): 270 (4, M + ) ,  136 (Y), 135 (100). Anal. calc. for 
C,,HlSO, (270.33): C 75.53, H 6.71; found: C 75.44, H 6.83. 

( - ) - ( I  S,ZS)-5,6-Dimethylidene-2-endo-bicyclo[2.2. ljheptyl Benzoate (17). Yield 60 %, colourless crystals, 
m.p. 46-47" (pentane). [a]:: = -75.8", [a]:& = -78.9", [a]$, = -90.7, [a]:&, = -164, [a]:& = -281" (c = 10.5 
mg/ml, CHC1,). IR (KBr): 3080, 2975, 2880, 1790, 1715, 1600. 'H-NMR (CDCI,): 8.02 (m. 2H); 7.5 (m, 3H): 
5.35, 5.19, 4.89, 4.88 (4 s ,  4H); 5.29 (m, 1H); 3.26 (m, 1H); 2.86 (m,  1H); 2.33 (m,  1H); 1.59-1.30 (m. 3H). MS 
(70 eV): 240 (5, M +), 198 (4), 118 (4), 105 (loo), 77 (49). Anal. calc. for CI,Hl6O, (240.303): C 79.97, H 6.71; 
found: C 79.98, H 6.28. 

( - ) - ( I  S.2 S)-5,6-Dinirthylidene-2-endo-bicyclo[2.2.I]hept~~l p-Methylbenzoutc. (18). Yield 75 %, colourless 
crystals, m.p. 36" 37" (pentane). [a]:: = -81.6". [a]:& = -85.5", [a]:& = -98.4", [a]::, = -179", [a]:& = -311" 
(c = 17 mg/ml, CHCI,). 1R (film): 3085, 3040, 2980, 2880, 1715, 1615. 'H-NMR (CDCI,): 7.9 (d, J = 8, 2H); 
7.23 (d. J = 8, 2H); 5.35 (m,  IH); 5.32 (s, 1H); 5.2 (s, 1H); 4.9 (s, 2H); 3.27 (br. s, 1H); 2.89 (br. s, 1H); 2.4 (s, 
3H); 2.33 (m, 1H); 1.65-1.25 (m, 3H). MS (70 eV): 254 (6, M + ) ,  212 (2), 119 (loo), 91 (40). Anal. calc. for 
C,,Hls02 (254.33): C 80.28, H 7.13; found: C 80.18, H 7.19. 

( - ) - ( I  S,2S)-5,6-Dimethylidene-2-endo-bicyclo[2.2.I]heptyl p-Chlorobenzoute (19). Yield 60%. oil, b.p. 
lSO'/O.l Torr. [a]:: = -92.4", [a]:& = -97, [a]:& = - 112", [a]::, = -206", [a]$5 = -364" (c = 10 mg/ml, 
CHC1,). 1R (film): 3095, 2980, 2890, 1800, 1725, 1600. 'H-NMR (CDCI,): 7.93 (d, J = 8, 2H); 7.38 (d, J = 8, 
2H): 5.35 (s, IH); 5.34 (m, 1H); 5.2 (s, 1H); 4.88 (s, 2H); 3.25 (br. s, 1H); 2.88 (br. s, IH); 2.33 (m, 1H); 1.65-1.2 
(m, 3H). MS (70 eV): 276 (0.7), 275 (0.4), 274 (2, M ), 141 (35), 140 (X), 139 (100). Anal. calc. for C,,HISC1O, 
(274.75): C 69.95, H 5.50; found: C 70.06, H 5.55. 

( - j - (  I S,2S)-S.6-Dimethylidene-2-endo-bicyclo[2.2.I]heptyl p-Bromobenzoate (20). Yield 70%, oil, b. p. 
ISO'/O.l Torr. [ a ] g  = -85", [a]:& = -89", = -103", [a]::, = -190", [u]:& = -340" (c = 10 mg/ml, CHC1,). 
IR (CHCI,): 3090, 3045, 2990, 2890, 2860, 1715, 1595. 'H-NMR (CDCI,): 7.85 (d, J = 8, 2H); 7.53 (d, J = 8, 
2H); 5.35 (s, 1H); 5.34 (m, IH); 5.00 (s, 1H); 4.88 (s. 2H); 3.25 (br. s, IH); 2.88 (br. s, 1H); 2.33 (m, 1H); 
1.655.2 (m, 3H). Anal. calc. for C,,HlsBr02 (319.2): C 60.21, H 4.74; found: C 60.25, H 4.78. 

( - ) - ( I  S,2S)-5,6-Dimethylidene-2-endo-bicyclo(2.2.I]heptyl p-Methoxybenroate (21). Yield 60%, oil, b. p. 
120"/0.1 Torr. [ a ] g  = -77.5", [a]:& = -81", [a]::6 = -94", [a];;, = -172", [a]:& = -307" (c = 10 mg/ml, CHCI,). 
IR (CHCI,): 3080, 2980, 2890, 2850, 1695, 1605, 1360. 'H-NMR (CDCI,): 7.95 (d, J = 8, 2H); 6.88 (d, J = 8, 
2H); 5.33 (s, 1H); 5.31 (m, 1H); 5.08 (s, 1H); 4.88 (s, 2H); 3.83 (s, 3H); 3.23 (br. s, 1H); 2.85 (br. s ,  1H); 2.3 (m, 
IH); 1.6-1.2 (m, 3H). MS (70 eV): 270 (5, M ' ) ,  136 (14), 135 (loo), 107 (9), 92 (lo), 91 (6). Anal. calc. for 
C,,HI8O, (270.33): C 75.53, H 6.71; found: C 75.42, H 6.77. 

( - ) - ( I  S,2R)-5,6-Dimethylidenr-2-exo-bicyclo[2.2.2]octyl p-Bromobenzoate (24)*). Colourless oil. [a]? = 
-22", [a]:& = -23.1", = -26.5", [a]:;, = -46.7" (c = 20 mg/ml, CHC1,). IR (CHCl,): 3080, 3060, 3020, 
1715, 1595, 1270, 1120, 1100, 1010, 910. 'H-NMR (CDCI,): 7.95 (d, J = 8, 2H); 7.6' (d, J = 8, 2H); 5.43 (s, 1H); 
5.3 (s, IH); 5.15 (m,  IH); 4.95 (s, 1H); 4.8 (s, 1H); 2.75 (m, 1H); 2.45 (m, IH); 2.25-0.65 (m, 6H). MS (70 ev): 
334 (12), 332 (12, M + ) ,  291 (8), 290 (3), 185 (94), 183 (100). MS (HR)'): compound polymerized. 

i -1- ( I  S,2S)-5,6-Dimethylidene-2-endo-bicyclo/2.2.2]octyl p-Bromobenzoute (25)*). Colourless oil. [a]:: = 
- 13", [a]& = -13.5", [a]&, = -15.7", [a]::, = -30.7' (c = 20 mg/ml, CHCI,). IR (CHC1,): 3040, 3020, 2960, 
2880, 1710, 1590, 1490, 1400, 1270, 1120, 1105, 1010, 900. 'H-NMR (CDC13): 7.9 (,d, J = 8, 2H); 7.58 (d, J = 8, 
2H); 5.45 (s, 1H); 5.33 (s, IH); 5.23 (m, IH); 4.83 (s, 2H); 2.68 (m, 1H); 2.48 (m, 113); 2.23 (m, 1H); 1.94.7 (m, 
5H). MS (70 eV): 334 (16), 332 (14, M + ) ,  291 (4), 289 (4), 185 (94), 183 (100). MS (HR),): 332.0384 
(C,,H,,BrO,, calc. 332.041 1). 

,) We thank Prof. T. Gaumann and Dr. D. Stahl, EPFL, for these measurements. 
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