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&&R&R. The - and anQn a-benxyl derivatives (1 and 2, respectively) of (+)-camphor 
have been synthesized and are found to exert a strong influence on the circular dichro- 
isn II++ Cotton effects: 1: Aera -0.36 (n-heptane) and 2: AC::: +3.22, relative to 
camphor: Ac:: +l.g (n-heptanej: Evidence .for electric ,dipole transition moment 
coupling in these T,6-unsaturated systems is found in the n-+s* W: 1: 
heptane) and 2: 6:: 303, relative to camphor: c:z 25. 

et: 04 (n- 

Although the potentially dominating effects of transition moment coupling on the ultravio- 

let (W) and circular dichroisn (CD) spectra have been well-recognized for 6,-r-unsaturated ke- 

tones,a*3 the influence of longer range electrostatic interaction between localized transitions 

of the chromophores, e.g., v,6-bin-homoconjugation and 6,s-tris-homoconjugation, remains much 

less well known. Yet, examples of n++ Cotton effect (CF.) sign inversions can be found in 

comparing the CD spectra of So-cholest-6-ene-3-one [Aa ::: -0.47 (hexane)] and Sa-chol&tan-3- 

one [Act:: +0.84 (hexane)], and CE exaltations can be found in comparing the CD spectra of So- 

cholest-2-ene-6-one [Act:: -2.72 (CF,CH,OH)] and 5a-cholestan-6-one [Ae:t:--1.55 (CFeCHeOH)].' 

In the few examples studied ,' long range coupling of the C-O and C-C locally excited states 

through the o-framework has been shown to exert a surprisingly strong influence on the CD CEs, 

in some cases an antioctant effect' sufficient to invert the sign predicted by the Octant 

Rule.'r6 Yet in these cases, unlike the strong coupling of selected @,-r-unsaturated ketones, 

the W II-+X* transition remained essentially unaffected. 

To investigate the influence of 7.6 remote conjugation further we prepared 3-m- and 3- 

&Q-benxylbornan-2-ones (1 and 2) and studied their W and CD spectra. These data are con- 

trasted with those from 2-m and 2-BI1QP-phenylbornan-3-ones (3 and 4), A.v-unsaturated ketones 

whose CD spectra vere reported earlier' and gave uncertain evidence for homoconjugation. 

m. The ,synthesis (Scheme 1) of 1. vith the m-benxyl configuration dapends on a 

stereospecific catalytic hydrogenation step. Thus, the mixed al&l condensation of (+)-camphor 

enolate with benxaldehyde gave J-benxylidene bornanone (S), which was reduced to alcohol 6 by 

LiAlH,. Catalytic hydrogenation of the styrene C-C with Pd(C) in C&OH gave only one diaste- 

reomeric alcohol (7). Jones oxidation of 7 gave 1 in >99% purity. tine-catalyxed epinerixa- 

tion of 1 with NaOCHa /CH,OH gave 2 in Z-958 l pimric purity. An alternative route to 1 involv- 
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Cing direct hydrogenation of 5 gave 1 contaminated with 2. m-phony1 ketone 3 was prepared 

from (+)-camphor first by conversion via g to 2-phenylbornylsne (9) (Scheme 1) followed by 

hydroboration to give 10 then oxidation with pyridinium chlorochromate. Base-catalyzed epimer- 

ixation of 3 led to 4. 

FCC 
-3 

W4 
- Hii 

&I% 66% 

W. The W spectra of the benxyl ketones 1 and 2 (Figs. 1 and 2) show unexpectedly 

intense n-+x* transitions. but relatively unshifted &e, compared to camphor. The intense n+r* 

transitions of 2 and (particularly) 1 are more intense than normal carbonyl absorptions (fe., 

20-8O)e, with the M intensities of 1 approaching the values (em.= 300.5OO)e of b,v-unsatura- 

ted ketonea where strong intsrchromophoric interaction has been noted. Enhanced c values for 

v,g-unsatuiated ketones have been recorded previoualys- l1 (Fig. 3). but c values have also been 

found to fall in the normal range (c,.x -25) for the y.C-unaatutatad steroidal ketones' des- 

cribed above and showing antioctant and enhanced CD effects. The markedly enhanced II++ W 

transitions of 1 and 2 provide evidence for, in the orbital formalism, a mixing in of the aro- 

matic M* transition with the C-O II-+& transition, or for a coupling of the locally excited 

states of each component of the extended chromphore. The coupling is expected to be highly 

geometry-dependent (Fig. 3), and in other v,6-unsaturated ketones (Fig. 4)'* with unfavorable 

orientations of the chroxophores, no enhanced n-m* c values are observed. Presumably, and as 

seen in Dreiding models, a conformation is available for 1 and 2, that lines up the GO and 

aromatic ring transition dipoles in a parallel orientation. Unlike 1 and 2, the p,v-unsaturat- 

ed ketones 3 and 4 show much less intense rrr* transitions, with c values not much larger than 

the parent ketone (Table 1). 

I 

m. W spectra of 3x10-e Ml (---), 
2(-)camphor( . - --) in n-heptane 
at 20' C 

,,,;..: .I . . . . . . ;y;:!,, oL , 

250 300 350 
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m. W spectra of 3x10-e B 1 (---), 
2(-)camphor( -.-.) in 2,2,2 tri- 
fluoroethanol at 20' C 
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rJClJM 2. W characteristics of 7,6-unsaturated ketones and their 
saturated ketone analogs. (Data from refs. 9-11) 

m. W data for 
p-phenyladamantan- 
ones. (ref. 12) 

T)IBte. Circular Dlchroism (CD) and Ultraviolet (W) Data 
of Some Substituted Camphors and Epicamphors.r 

Structure 

ib C&Q Ii 

'b 

1 

[OlD - +5.75' 

& ..HCH& 
“0 1 

[QID - +113.0' 

& 0 

[a], - +44' 

n-Hel&ane 2.2.2-Trifluotoethano1 
W CD W CD 

298 (81.5)k 324 (+0.030) 287 (111) 313 (+0.123) 
291 (84) 320 312 ( (-0.247) 0.000) 266 (183) 305 286 ( (-0.299) 0.000) 

268 (159) 301 (-0.362) 262 (200) 
259 (218) 293 (-0.298) 257 (237) 267 (-0.212) 
254 (182) 251 (196)k 260 (-0.130) 
299 (134)k 267 (-0.238) 255 (-0.066) 

262 (-0.192) 244 ( 0.000) 
255 (-0.102) 

285 268 (303) (335) 295 313 302 (+2.27)k (+2.81)k (+3.22) 292 267 (349) (270) 295 269 (+3.27) (+0.85)k 
264 (318) 263 (262) 262 (+0.48$ 
261 (318) 268 (+0.73)k 260 (262) 255 (+o.23$ 
259 (317) 261 (+o.4+ 257 (270) 
253 (246)k 252 (208)k 

290 (27.3) 302 (+1.85) 282 (44.2) 288 (+1.95) 

243 co 
: ’ 

294 (34.1) 299 (-1.39) 280 (73.5) 292 (-1.81) 

Ii 266 rc (178) 262 (184)k 
259 (224) 257 (294)k 
244 (190) 250 (4o5)h 

IOlD - +20.5* 242 (460) 

& 321 300 310 (23.4) (43.2) 322 300 310 (-1.20) (-1.46) 287 (70.5) 297 (-1.31) 

oD (46.0) (-1.06) 263 257 (174) (218) 267 260 (-0.313) (-0.395) 
!: 264 (153) 267 (-0.35) 251 (191) 254 (-0.340) 

258 (198) 260 (-0.41) 
252 (155) 253 (-0.30) 

ra 1. - -115.0' 248 (113) 

& 
;o 

294 (26.1) 280 (48.6) 287 (-2.25) 

[a], - -46' 

a Values reported for W are &,, (c) and for CD are A_, (he). h Shoulder 
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a. Circular dichroirn spectra 
of 3~10‘~ II solutions of pcXp-benzyl 1 
( ----), 8ndp-bansyl 2 (-) and (+)- 
camphor ( v.+-) in n-heptane at 20' C. 
The anantromerfc excess is the same 
(-1OOe) for all. 

S_ 
200 2M 3w 350 

A.nm 

m. Circular dichroism spectra 
of 3x10-' II sol~ons of m-benzyl 1 

( ---->, &Q-benzyl 2 (-) and (+)- 
csophor ( es*.) in 2,2,2-trifluoroetha- 
no1 at 20. C. The enantromeric excess 
is the same (-1009) for all. 

v. The CD spectra of 1 and 2, shown in Figs. 5 and 6, indicate a power- 

ful influence of the benxyl group. From the enhanced W n-+e* transitiona, one should,e.xpect a 

contribution to the CE coming from orbital interaction as well as from octant contribu- 

tions.'*2*'~e The m-bsnxyl group is expected to lie in e front occant, adding its (+) front 

octant contribution to the (+) back octant contributions inherent to the camphor skeleton. If 

these were the only contributions to the CE, 1 would be expected to have a AC > +l.g, not the 

extremely weak negative value, AC m -0.4. The dominating influence of the benzyl groups is 

clearly evident through the mechanism of an inherently dissymwetric m chromophoree-- 

similar, apparently, to that seen for So-cholest-6-en-3-one (see above). The octant contribu- 

tion of f&,Q-benxyl group depends considerably on its orientation. If in a lower right or 

upper left back octant, it will make a (+) contribution to the n+s* CD CE. If the phsnyl ring 

juts into e front octant, however, as seems probable fropl Dreiding models, the contribution 

could be weakly (-) or waakly (+>. Considering the vary large rr*r* Ar values for 2, it seexs 

probable that the normal octant contributions of the camphor system ara being augmented by the 

sort of homoconjugetion effects &scribed for the m-benryl group and noted earlier for 5o- 

cholest-2-en-6-one, In marked contrast, neither the SXQ nor the & phenyl group show such a 

profound influence on the CDs of 3 and 4 (Table 1). Here, however, as with their des-methyl 

analogs,13 a weaker transition moment coupling due to an unfavorable interchromophoric geometry 

has a far smaller influanca on the !I-%* CD A* values. 
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i&~g& Circular dichroism (CD) spectra uere recorded on a JASCO J-6OOA or a J-4OA inat-nt 
equipped with a phdtoalastic modulator and a J-DPY data processor, and a spectroscopic Devar 
variable tuprraturo CD measurements. Ultraviolet (W) spectra uere record&d on a Gary 219 
spectrophotaoter, and rotations were determined in 9% ethanol, unless otherwise indicated, on 
a Perkin-Elmer 141 polarimater. All nuclear aegnatic rosonence (NIBI) epoctra were datermined 
in CDCl, and reported in 6 ppm dovnfiald from tetramethylsilane unless otherwise indicated on 
an IM NRBO/AF or a JROL IX-100 inst-nt. Infrared (IR) epectra were msasured on a Perkin- 
Elmer Modal 599 instrument. All melting points are uncorrected and were determined on a Mel- 
Temp capillary apparatus. Combustion analyses ware performed by Desert-Analytics, Tucson, AZ. 
Analytical gas chromatography (CC) was perforned on a Varian-Aerograph model 2400 F/I instru- 
ment on a 6 ft. x l/8 in. diem. column packed with 128 QF-1 a&orbed on SO/l00 Chromosorb UAW- 
DRCS. Spectral data wore obtained using spectral grade solvents (Aldrich): 2,2,2-trifluoro- 
ethanol (TFE) and n-heptane. Other solvents wore distilled and dried before usa. 
used freshly distilled or stored ovar 4A molecular sieves (Linde). 

They were 

accomplished on (0.05 - 0.20 mx) J.T. Raker silica gel. 
Column chromatography was 

t,: -- 
&4g) 3 g-7.7 p m _ _ _ _ (3-w 1') 

This reaction was performed under nitrogen until hydrolysis of the product. Sodium (3.5 
g, 0.15 moles) was cut into amall pieces and suspended in 120 mL of dry toluano. To this 
stirred suspension ware added 30.0 g (0.20 moles) of (+)-camphor [Aldrich, [n]:' - +44.0' (c 1, 
ethanol)]. The mixture was heated at 1OO'C until all the sodium pieces wara dissolved (2 
hours). After cooling to O'C, toluans vas pumped out by suction and the crystals of tha Na- 
salt of camphor were washed with toluene (2 x 20 mL) and finally suspended in 120 mL of dry 
toluano. To this stirred suspension, was added dropwiee at O'C, a solution of 6.0 g (0.15 
moles) of benxaldehyda in 10 mL of toluene. An exothsrnic reaction was observed. At the and 
of the addition, the mixture was kept at SO'C for 1 hour, cooled to O'C and hydrolyzed by addi- 
tion to a solution of 2N HCl (150 mL). The hydrolysate (water phase) was extracted with ether 
(100 IaL). The combined organic solution was washed with 5@ NaHCO, (100 mL), saturated brine 
and dried (FigSO,). The solvent was removed (rotovap) and the excess of benxaldehyde and cam- 
phor were eliminated by distillation at 120-lSO'C/lm. The residue was recrystallized in the 
ether-pentane to give 11.9 g (25)) of a mixture of ti and R~U 3-benxylidene bornanone (5) as 
colorless prisms, m.p. 68-78'C [Lit." mp 95-96' for the d isomer and 72-73' for the ROD 
isomer,"] and [a]&, - +446*C, (c - 1.0). ,I:,,pd W (n-heptane): ez - 21,800, eiz - 7080, 
27.1 
Cm.1 - 8900, es - 7450; CD (n-heptane): ..= - +17.8; IR (KBR) Y: 3060, 3030, 2960, 2880, 
1725, 1650, 1450, 1330, 1260, 1060, 1010, 750, 700, 550, 520 cm-l; 'H-Nl4R 6: 0.80 (s, 3~), 
0.99 (a. 3H), 1.03 (s, 3H), 1.10-2.30 (m, 4H), 3.10 (d, lH, J4 Ha), 7.24 (s. lH), 7.10-7.60 
(n, 5H) ppm; 'aC-NhR 6: 9.25 (q), 18.26 (q), 20.49 (q), 25.87 (t), 30.61 (t), 46.58 (a), 49.15 
(d), 56.99 (8). 127.37 (d), 128.54 (d), 129.65 (d). 135.62 (d), 142.05 (s). 207.9 (s) ppn. 

d_ ad)=: A solu- 
tion of 2.40 g (10 mmoles) of unsaturated ketone 5 in 10 aL of ether was added to a solution of 
0.40 g (10 mles) of Lf&l.lt, in 50 mL of ether. After 1 hour at reflux, the solution was 
quenched by successive addition of 0.40 mL of water, 0.40 mL of 158 NaOH and 1.20 mL of water. 
After stirring for 30 min, the white precipitate was filtered and the filtrate evaporated. 
Recrystallization of the residue in petroleum other (50 mL) gave 1.64 g (69e) of the m al- 
cohol (6) as colorless prisms, m.p. 89-93'C (lit.ls m.p. 82.5-93.5.C). 
in the next step. 

It was reduced directly 

(111.48)~_exo_l.7.7_~ * u __ (II ): Alcohol 6 (1.20 g, 5 
mles) was dissolved in 30 mL of methanol and hydrogenated at 1 atm. hydrogen in the presence 
of 100 mg of 15e PI-C (t - 12 hrs. roum teap.). After filtration of the cetalyst. the crude 
product was chromatographed on a silica gel column, (e - 2 cm, h - 30 cm), eluant: pet. ether- 
ether (85:15). The main fraction gave 0.70 g (598) of alcohol L as a colorless oil. It was 
oxidized directly to ketone 1. 

(+)-14R)_exo_3_Ron&br ti): Alcohol 7 (0.70 g 2.9 resoles) in 40 mL of dry acetone 
and RgSO, (2.0 g) was treated with Jones reagent's until the orange color persisted (-lmL). 
After 20 min, with stirring, the excess chromium oxide was destroyed by addition of a few drops 
of P-propanol. The solution was filtered and ths filtrate evaporated. Iha residue was redis- 
solved in ether (SO nL) washed with sat. brine and dried (MgSO,). The solvent was removed, and 
kugelrohr distillation gave 0.67 g (96e) of ketone 1 as a colorless oil, b.p. 170-18O'C/lrmn. 
It was >99% pure by analytical GC and had [a]:$, - +5.75'; [a]& - +5.75*; [o]$ta - +6.50*; 
[a]:'& - +6.55'; [a]& - -8.70' (c - 1.36). W,and CD in Table 1 and Figs. 5 and 6; IR (film) 
Y: 3020, 2960, 1740, 1600, 1450. 1390, 1020, 760. 730, 700 cd'; 'H-NRR 6: 0.95 (s, 9H). 
1.10-2.40 (I, 6H), 2.70 (d, J-10 Hz, lH), 3.30 (dd, J-X%x, 3Ux, lH), 7.25 (s, 5H) ppa; '3C-NRR 
6: 9.33 (q), 20.43 (q), 21.83 (q), 29.32 (t), 37.22 (t), 46.68 (d), 56.64 (d). 57.55 (s), 
125.92 (d), 128.41 (d), 12848 (d), 141.31 (a), 219.87 (s) ppm. 

a. Calcd for C&a0 (242.37): C, 84.25; It, 9.15 
Found: C, 84.02; H, 9.13. 

(-2-u _ _ 1: A solution of 0.80 g (3.3 mmoles) of RRR ketone (1) 
and 1.0 g of CH,ONa in 20 It of methanol was heated at 14O'C for 20 hours in a pressure bottle. 
After cooling, the solution was poured into rater (300 mL). extracted with other (100 q L) and 
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dried (@SO,). The solvent removal and kugalrohr distillation of the rasidue gave 0.59 g (748) 
of tha RI& ketone 2 as a colorlass oil, b.p. 18O'C/l IP, (purity >95g, estixated by 'sC-~ 
and analytical CC). 
+296.2'; [a]& - +695' 

It had [a]& - +113'; [a]i$e - +11n.a*; [ol::e - +140.0*; [a]& - 
(c 1.06); W and CD data in Table 1 and Figs. 5 and 6; IR (fib) Y: 

3030, 2920, 2880, 1740, 1605, 1500. 1450. 1370, 1050, 760, 740, 710 cm-'; %-NRR 6: 0.87 (I, 
3H), 0.97 (8, 6H), 1,17-2.97 (n, 7H), 3.20 (d, J-10 Ha, lH), 7.27 (e. 5H) ppx; "C-NRR 6: 9.47 
(q), 19.22 (q), 20.27 (q), 31.04 (t), 32.75 (t), 45.62 (a). 45.96 (t), 51.81 (d), 58.66 (a), 
125.96 (d), 128.43 (d), 128.53 (d). 140.35 (a), 219.74 (I) ppn. 

u Calcd for C,,Ht,,O (242.37): C, 84.25; H, 9.15 
Found: C, 84.15; H. 9.10. 

m a: 
cribed praviously.' 

This ketone was prepared frw (+)-camphor as des- 
It had rp 90-91' (lit." np 88-89'). [o]::e - +20.5' (c 1.26); W And CD 

in Table 1: IR (KBr) Y: 
rH-NliR6: 

3010. 30O0, 2960. 2080. 1740. 1600. 1500. 1450. 1160, 750, 710 cd'; 
0.93 (a. 3H). 0.96 (a, 3H), 0.99 (s, 3H), 1.50-2.40 (m, SH), 3.35 (6, lH), 7.23 (8. 

5H) ppn; 13C-NRR 6: 14.05 (q), 19.78 (q), 20.78 (q), 21.77 (t), 38.86 (t), 47.75 (a), 50.61 
(a), 59.74 (d), 62.61 (d), 128.20 (d), 127.78 (d), 130.24 (d), 136.78 (6). 217.29 '(0) ppn. 

The R~R phony1 epiner (3). (300 ag, 1.3 moles) in 
20 mL of wthanol wai 'treated with a solution of 0.80 g (5.8 moles) of K.#Os in 15 mL of 
water. The stirred solution was kept at SO'C for 3 hours then cooled, diluted with water (150 
wL) and extracted with ether (80 IL). After drying (XgSO.) the solvent was revved (rotavap) 
and recryatallfzation of the residue in ether-p&t&e & -5O'C gave 200 ng (66g) of the g&i 
phenyl ketone 4 as colorless needles, n.p 95-98'C. It had [a]& - -115' (c 1.38), (lit'e 0.p. 
95-96.C); W and CD in Table 1; IR (KBr) Y: 3040, 2960, 1745, 1600, 1500, 1480, 1450, 1370. 
1170, 750, 720. 700, 590, 530 cn-'; 'H-Rl4R 6: 0.98 (s, 3H), 1.04 (e, 3H), 1.08 (6. 3H). 1.15- 
2.20 (1, 4H), 2.35 (d, J-7 Hz, lH), 3.47 (6, lH), 6.85-7.45 (n, 5H) ppa; '%-NRR'6: 13.93 (q), 
18.09 (q). 22.36 (t). 27.81 (t), 46.05 (a), 51.08 (a), 60.68 (d). 61.73 (d), 126.78 (d). 128.19 
(d), 129.89 (d), 136.15 (s), 217.46 (s) ppa. 
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