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35.162,44.378,60.983,72.923,87.785, 128.021, 129.137, 131.013(2C), 
131.708 (2C), 164.825, 212.395. 

(5Sfl,6RS)-5-Hydroxy-6-methoxy-2,2-dimethyl-6-phenylhexan-3-one 
Oxime (16). A solution of 25 mg (0.10 mmol) of aldol lie, 100 mg (1.50 
mmol) of hydroxylamine hydrochloride, and 50 mg (0.50 mmol) of so­
dium hydroxide in 1 mL of 95% ethanol was refluxed for 3 days. The 
mixture was poured into 10 mL of 1 N aqueous HCl and extracted with 
ether (3X15 mL). The combined organics were washed with 5-mL 
portions of saturated NaHCO3 and brine and dried over MgSO4. The 
mixture was concentrated, and the crude product was flash chromato-
graphed on 1.3 g of silica gel eluted with 20% ether/hexanes to yield 16 

The benzene chromophore shows three well-defined electronic 
absorption (EA) bands above 175 nm (Table I).3 Each is the 
result of a ir—»ir* transition, but only the B2u band shows in 
solution a well-defined vibrational fine structure. The E lu tran­
sition centered near 180 nm is doubly degenerate and, as shown 
by its high molar absorptivity (e), is strongly allowed. Both the 
Blu and B211 transitions are dipole forbidden for the static molecule. 
Their intensities are lower than that of the E111 transition and are 
due to molecular vibration. 

If the benzene ring is substituted with a chiral group, the 
position of the absorption bands may be somewhat shifted and 
their intensities slightly altered, but the spectrum is essentially 
unchanged.3 More importantly, the transitions are now optically 
active, and Cotton effects (CEs) are associated with the absorption 
bands.7 This optical activity is determined by the configuration 
and conformation of the molecule and can be observed as the 
dispersive spectroscopic property, optical rotatory dispersion 
(ORD), and as the absorptive spectroscopic property, circular 
dichroism (CD). For laboratories interested in the synthesis of 

(1) This is part 32 in the Vanderbilt University series Optically Active 
Amines. Part 31 is ref 11. 

(2) (a) Oregon State University, (b) Vanderbilt University. 
(3) Robin, M. B. Higher Excited States of Polyatomic Molecules; Aca­

demic Press: New York, 1975; Vol II, pp 209-257. 
(4) Klevens, H. B.; Piatt, J. R. J. Chem. Phys. 1949, 17, 470-481. 
(5) Doub, L.; Vandenbelt, J. M. J. Am. Chem. Soc. 1947, 69, 2714-2723. 
(6) Piatt, J. R.; Klevens, H. B. Chem. Rev. 1947, 41, 301-310. 
(7) Johnson, W. C, Jr. Ann. Rev. Phys. Chem. 1978, 29, 93-114. 

mg (60%) of the desired oxime: mp 97-98 0C;41 IR (CDCl3) 3490, 3270, 
2361, 1469, 1458, 1369, 1198, 1131 cm"1; 1H NMR (250 MHz, CDCl3) 
5 1.01 (s,9), 2.52 (dd, 1,7= 13.8, 2.3), 2.78 (dd, 1,7= 13.8, 10.0), 3.32 
(s, 3), 3.85 (d, 1,7 = 4.3), 3.97 (m, 1), 4.21 (d, 1, 7 = 5.2), 7.29-7.37 
(m, 5), 9.35 (s, 1); 13C NMR (126 MHz, CDCl3) 5 27.663 (3 C), 28.184, 
37.868, 57.358, 74.152, 87.234, 127.340 (2 C), 127.810, 128.324 (2 C), 
138.730, 166.444. 
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Table I. Benzene Spectral Data 

designation" 

B211 CLb) 
B,u (JL.) 
Elu ( Bab) 

absorption 
band maximum 

A,4 nm 

254rf 

203.5d 

183.5' 

(c 

204 
7400 

46000 

"Reference 4. 'Wavelength. 'Molar absorptivity. ''Reference 5, 
water as solvent. ' Reference 6, /i-heptane as solvent. 

asymmetric, organic molecules, optical activity in either its dis­
persive or absorptive form is the obvious method for determining 
absolute configuration. 

Attempts to relate the configuration of chiral benzene com­
pounds to their CD have focused almost exclusively on utilization 
of the sign and magnitude of the easily observed CEs associated 
with the B2u transition.8 In terms of the S enantiomers, ORD 
measurements9 in methanol reveal a number of positive CEs 
associated with this transition for a-phenylalkylamines (5)-l-3 
and their hydrochlorides (S)-l-3-HCl. 

These CEs are superimposed on a strong background curve 
which is the sum of the long wavelength wings of CEs below 240 
nm.9 The contributions from the short wavelengths far override 

(8) Legrand, M.; Rougier, M. J. In Stereochemistry; Kagan, H. B., Ed.; 
Georg Thieme: Stuttgart, 1977; Vol. 2, pp 33-183. 

(9) Smith, H. E.; Warren, M. E., Jr.; Katzin, L. I. Tetrahedron 1968, 24, 
1327-1335. 

Far Ultraviolet Circular Dichroism Observations on the 
Substituted Benzene Chromophore1 
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Abstract: The electronic absorption (EA) and circular dichroism (CD) of two chiral a-phenylalkylamines and five chiral 
a-phenylalkylamine hydrochlorides were measured far into the vacuum ultraviolet region. The EA for all seven compounds 
is similar to that of benzene, showing transitions assigned to the B2u, the Blu, and the Elu states. In addition to the Cotton 
effects (CEs) associated with the B211 transition at 245-270 nm, there are two or more CEs associated with electronic transitions 
at shorter wavelengths. When only two of these shorter wavelength CEs are observed, they are easily assigned to the corresponding 
electronic transitions. As the alkyl group on the chiral substituent becomes bulkier, the CD spectrum becomes more complex, 
and there is increased intensity. These changes explain the earlier observation of a negative background optical rotatory dispersion 
(ORD) from 240-225 nm for (.S)-a-phenylethylamine but a positive background curve for (5)-a-phenylneopentylamine. In 
contrast to the B2u CEs which for a particular configuration may change sign on para substitution of the benzene ring, the 
CD associated with the strongly allowed Elu transition is independent of para substitution and therefore is valuable for determining 
absolute configuration when an a-phenylalkylamine has a para substituent. However, when the CD spectrum is complex, 
it becomes difficult to recognize which CE is associated with this transition. 

0002-7863/87/1509-3361501.50/0 © 1987 American Chemical Society 



3362 J. Am. Chem. Soc, Vol. 109, No. 11, 1987 Johnson et al. 

O^HN H 

x ' R 

(S)-I, R = CH3 

[S)-I, R = CH3CH2 

(S)-3, R = (CHj)3C 

Oh 
D-4, Rl = CO2-; R

2 = NH3* 

D-5, Rl = CO2H; R2 = NH3Cl 

D-6, R' = CO2Na; R2 = OH 

D-7, Rl = CO2H; R2 = OH 

(S)-S, Rl = CH3; R
2 = OH 

(5)-9, Rl - (CH3J3C; R2 = OH 

the rotatory contribution of the B2u transition at 240-270 nm, and 
although the rotatory power at the sodium D line is always negative 
for the 5 configuration, the background curves may be either 
positive or negative in the region of the B2u transition. 

Extensive CD studies have also been reported for the B2u 

transition for a-phenylethylamine10,11 (1) and its hydrochloride 
11,12 (1-HC1) and for related chiral amines and alcohols (4-9).n~17 

Positive B2u CEs are observed from the ground state to the totally 
symmetric vibrational state in the excited state12,18 for (S)-I and 
its hydrochloride,10"12 for D-4-7,1 3"1 6 and (S)-S and 9.14,17 Chiral 
substitution on the methyl group of (S)-a-phenylethyl alcohol 
[(S)-8] does not change the sign of these CEs,19 and both 
(ctS)-norephedrine [(aS,0R)-IO] and and (a/?)-norpseudo-

OHr- Ot QH Rj 
-I—C-m NH2 

H I2 

(aS,P«)-10, R1 = H; R2 = CH3 

(aXfiR)-U, R l= CH3; R2 = H 

(S)-12, R = N(CH3)2 

(5)-13, R = N(CH3J3I 

ephedrine [(aR,0R)-ll] and their hydrochlorides all show positive 
CD maxima from 240-270 nm.19 Alkyl substitution on the amino 
group also does not cause a great change in the B2u CEs, and both 
(S)-7V,7V-dimethyl-a-phenylethylamine [(S)-H] and its methyl 
iodide [(S)-13] show B2u CEs of the same sign as those of the 
primary amine (S)-I and its hydrochloride (S)-I-HCl.20 

Substitution on the benzene ring, however, may change the sign 
of the B2u CEs.10,11,19,21"24 Para substitution of (S)-a-phenyl-
ethylamine [(S)-I] and its hydrochloride [(S)-I-HCl] with a 
bromo, chloro, or methyl group causes the sign of these CEs to 
be opposite to that of the unsubstituted amine and amine hy­
drochloride.1011 Substitution with a para cyano or trifluoromethyl 
group does not alter the sign of these CEs from that of the un­
substituted amine and amine hydrochloride.10,11 Thus the sign 
of the CEs for the B2u transition is not a priori indicative of the 
absolute configuration of these molecules. 

However, the absolute configurations of a-phenylalkylamines 
and their hydrochlorides can be determined from the sign of the 
B2u CEs, if the spectroscopic moment of any other substitutent 

(10) Gottarelli, G.; Samori, B. J. Chem. Soc. B 1971, 2418-2423. 
(11) Smith, H. E.; Neergaard, J. R.; de Paulis, T.; Chen, F.-M. J. Am. 

Chem. Soc. 1983, 105, 1578-1584. 
(12) Smith, H. E.; Willis, T. C. J. Am. Chem. Soc. 1971, 93, 2282-2290. 
(13) Verbit, L.; Heffron, P. J. Tetrahedron 1968, 24, 1231-1236. 
(14) Gillard, R. D.; Mitchell, P. R. Trans. Faraday Soc. 1969, 65, 

2611-2620. 
(15) Barth, G.; Voelter, W.; Mosher, H. S.; Bunnenberg, E.; Djerassi, C. 

J. Am. Chem. Soc. 1970, 92, 875-886. 
(16) Neilson, D. G.; Zakir, U.; Scrimgeour, C. M. J. Chem. Soc. C 1971, 

898-904. 
(17) Biernbaum, M. S.; Mosher, H. S. J. Org. Chem. 1971, 36, 3168-3177. 
(18) Horwitz, J.; Strickland, E. H.; Billups, C. J. Am. Chem. Soc. 1969, 

91, 184-190. 
(19) Smith, H. E.; Burrows, E. P.; Chen, F.-M. J. Am. Chem. Soc. 1978, 

100, 3714-3720. 
(20) Craig, J. C; Chan, R. P. K.; Roy, S. K. Tetrahedron 1967, 23, 

3573-3581. 
(21) Korver, O. Tetrahedron 1970, 26, 5507-5518. 
(22) Collet, A,; Jacques, J. Bull. Soc. Chim. Fr. 1972, 3857-3862. 
(23) Mitscher, L. A.; Howison, P. W.; LaPidus, J. B.; Sokoloski, T. D. J. 

Med. Chem. 1973, 16, 93-97. 
(24) Korver, 0.; De Jong, S.; van Soest, T. C. Tetrahedron 1976, 32, 

1225-1229. 

2 2 0 2 4 0 

Wavelength, nm 

Figure 1. Electronic (EA) and circular dichroism (CD) spectra of 
(S)-a-phenylethylamine [(S)-I] in isooctane. 
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Figure 2. Electronic (EA) and circular dichroism (CD) spectra of 
(SJ-a-phenylneopentylamine [(.S)-3] in isooctane. 

220 240 
Wavelength, nm 

Figure 3. Electronic absorption (EA) and circular dichroism (CD) 
spectra of (S')-a-phenylethylamine hydrochloride [(S)-Ia-HCl] in 
1,1,1,3,3,3-hexafluoro-2-propanol. 

is taken into account. As shown by Sklar some time ago,25 the 
intensity of the forbidden B2u transition can be divided into two 
parts. One part is attributed to vibronic borrowing from nearby 
allowed transitions. The second part of the intensity of the B2u 

transition is attributed by Sklar25 to a migration moment (spec­
troscopic moment), induced in the ring by a substitution on the 
ring of any group which destroys the symmetry of the ring. Earlier 
work" indicates that the sign of the B2u CEs of the unsubstituted 
amine and amine hydrochloride is determined by vibronic bor­
rowing from transitions at shorter wavelength.26,27 Both (S)-I 

(25) Sklar, A. L. J. Chem. Phys. 1942, 10, 135-144. 
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Table H. a-Phenylalkylamines and Amine Hydrochlorides 

compd deg ref 

(S)-I 
(S)-I-HCl 

(#)-2-HCl 

(S)-3 
(S)-3-HCl 

(S)-H-HCl 

(S)-15-HC1 

(S)-a-phenylethylamine 
(S)-a-phenylethylamine 

hydrochloride 
(fi)-a-phenyl-n-propylamine 

hydrochloride11 

(S)-a-phenylneopentylamine 
(S)-a-phenylneopentylamine 

hydrochloride 
(S)-a-(/?-methylphenyl)-

ethylamine hydrochloride 
(S)-a-(p-(trifluoromethyl)-

phenyl)ethylamine 
hydrochloride 

-27* 
-2\c 

+y 

-5.4* 
-Sl 

-22' 

-3.3"" 

95 
95 

g 

i 

k 

>95 

60 

11 
d 

9 

d 
d 

11 

11 

"For characterization and percent enantiomeric excess (% ee). bc 
2.00 g/100 mL OfCH3OH. cc 1.15 g/100 mL of 0.1 M KOH in 4:1 
CH3OH-H2O. rfThis work. eMethanolate. ?c 1.9 g/100 mL of ab­
solute CH3CH2OH. *Not established but has the highest rotatory 
power reported. *Neat. ' Not established but with 96% of the highest 
rotatory power reported. >c 1.6 g/100 mL of CH3CH2OH. *Not es­
tablished but with 90% of the highest rotatory power reported. 1C 2.24 
g/100 mL of NaOH-CH3OH. mc 1.40 g/100 mL of CH3OH. 

220 240 
Wavelength, nm 

Figure 4. Electronic (EA) and circular dichroism (CD) spectra of 
(S)-a-phenyl-n-propylamine hydrochloride [(S)-2-HCl] in 1,1,1,3,3,3-
hexafluoro-2-propanol. These spectra recorded for the R isomer, and the 
signs of the CD are reversed for presentation here. 

and (S)-I-HCl show positive B2u CEs although the spectroscopic 
moment28 of the chiral group in the amine and amine hydro­
chloride is positive and negative, respectively.11 On para sub­
stitution by a group with either a positive or a negative spectro­
scopic moment, electric transition moments are induced in the 
benzene ring bonds adjacent to the attachment bond of the chiral 
group, resulting in enhanced coupling of the B2u transition with 
the chiral group. The reversal of the sign of the 1L13 CEs on para 
substitution of (S)-I and (S)-I-HCl by a group with a positive 
spectroscopic moment (Br, Cl, and CH 3 ) thus can be viewed as 
the overshadowing of the positive vibronic rotational strength by 
the negative induced contribution. For para substitution of (S)-I 
and (S)-I-HCl by a group with a negative spectroscopic moment 
(CN and CF 3 ) , the positive vibronic rotational strength is aug­
mented by a positive induced contribution, and para-substituted 
amine and amine hydrochloride have B2u CEs of the same sign 
as (S)- I and (S)-I -HCl . 

The observation concerning the reversal in the B2u CEs for some 
ring-substituted chiral benzene compounds and the differences 
in the O R D background curves for the B2u CEs around 260 nm 
for (S ) -1 -3 and their hydrochlorides lead us to investigate the 
effect of substituents on the sign and magnitude of the B l u and 
E111 CEs which lie below 220 nm. Thus we have extended the EA 

(26) Weigang, O. E„ Jr. J Chem. Phys. 1965, 43, 3609-3618. 
(27) Weigang, O. E„ Jr.; Ong. E. C. Tetrahedron 1974, 30, 1783-1793. 
(28) Piatt, J. R. J. Chem. Phys. 1951, 19, 263-271. 

220 240 
Wavelength, nm 

Figure 5. Electronic (EA) and circular dichroism (CD) spectra of 
(S)-a-phenylneopentylamine hydrochloride [(S)-3-HCl] in 1,1,1,3,3,3-
hexafluoro-2-propanol. 
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Figure 6. Electronic absorption (EA) and circular dichroism 
spectra of (S)-a-(p-methylphenyl)ethylamine hydrochloride [(S)-
Cl] in l,l,l,3,3,3-hexafluoro-2-propanol. 

(CD) 
14-H-

I+1.6 

+1.2 
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Wavelena1o,nm 

Figure 7. Electronic absorption (EA) and circular dichroism (CD) 
spectra of (S)-a-(p-(trifluorormethyl)phenyl)ethylamine hydrochloride 
[(S)-15-HC1] in 1,1,1,3,3,3-hexafluoro-2-propanol. 

and CD measurements for the amines and amine hydrochlorides 
in Table II into the vacuum UV region with use of modern in­
strumentation.29 These measurements expand the energy region 
of CD measurements by a factor of more than 2 ' / 2 and increase 

(29) Johnson, W. C, Jr. Rev. Sci. Instr. 1971, 42, 1283-1286. 
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Table HI. Spectral Data for a-Phenylalkylamines in Isooctane 

compd 

GS)-I 

0S)-3 

" Molar absorptivity. 

B211 

EA 

268 (100) 
264 (150) 
261 (160)' 
258 (180) 
255 (140)' 
252 (150) 

269 (50)' 

266 (100)' 
264 (140) 
258 (180) 
253 (130) 

'Molar dichroic absorpti 

Table IV. Spectral Data for a-Phenylalkylamine 

compd 

(S)-I-HCl 

(S)-2-HCl<' 

(5>3-HCl 

(S>14-HC1 

(S)-IS-HCK 

EA 

266 (160) 
262 (190)' 
260 (220) 
256 (230) 
250 (170) 
266 (290) 
262 (310)' 
260 (370) 
256 (370) 
254 (350) 
250 (280) 
246 (190) 
266 (180) 
262 (170)' 
260 (220) 
256 (230) 
254 (210) 
250 (170) 

270 (130) 
266 (170) 
264 (170) 
261 (250)' 
259 (260) 
254 (230) 
249 (170)' 

268 (520) 
262 (590) 
256 (430) 

CD 

268 (+0.16) 

262 (+0.18) 

256 (+0.14) 

250 (+0.10) 
236 (+0.06) 
268 (+0.34) 

262 (+0.37) 

255 (+0.25) 
250 (+0.13) 
243 (+0.05)' 

ion. 'Shoulder. 

: Hydrochlorides in 1, 

B211 

CD 

266 (+0.11) 

260 (+0.11) 
254 (+0.071) 
248 (+0.034) 
265 (+0.050) 

262 (+0.026) 
258 (+0.055) 
252 (+0.036) 

245 (+0.015) 
266 (+0.036) 

258 (+0.037) 

252 (+0.022) 

247 (+0.008) 

270 (-0.027) 
267 (-0.022)' 

261 (-0.028) 

253 (-0.011) 
248 (-0.008) 
243 (-0.007) 
268 (+0.17) 
261 (+0.16) 
255 (+0.092) 

Xmax, nm W or Ae*) 

EA 

208 (7800)' 

187 (46000) 

218 (4800)' 

211 (7200)' 

187 (48000) 

l,l,3,3,3-Hexafluoro-2-

far ultraviolet (FUV) 

CD 

225 (-0.20) 
213 (+1.0) 
193 (+3.0) 
184 (-9.0) 

217 (+3.0) 

204 (-1.2) 
193 (+21) 
182 (-19) 

•propanol 

Xmax, nm (e" or Atb) 

EA 

213 (3600)' 

205 (7700) 
187 (55000) 
185 (61000) 
214 (6000)' 
204 (12000) 

188 (91000) 
185 (99000) 

214 (4400) 

205 (8200) 

188 (62000) 

185 (67000) 

216 (8200) 
211 (8000) 
191 (58000) 

189 (60000) 

213 (5200) 
211 (6900) 
205 (8000) 
187 (63000) 
184 (69000) 

far ultraviolet (FUV) 

CD 

206 (-1.3) 

187 (-4.1) 

212 (+2.8) 

200 (+0.25)' 

188 (-3.0) 

180 (+1.8) 

212 (+1.9) 

192 (-0.2) 

183 (+2.9) 

217 (-1.1) 

189 (-5.3) 

207 (-1.0) 

184 (-4.2) 

assignment 

n 
B1 

n 
E1 

}B, 

I -
E, 

— <r* 

- **. E2g? 
U 

U 

- a\ E28? 

U 

assignment 

} -
f F-|U 

[ Biu 
Ei ° 

JE 1 , 

I B1. 
\ 

K 
i 

I E1. 
'Molar absorptivity. hMolar dichroic absorptivity. 'Shoulder. ''Enantiomer used. 'Ac's adjusted to 100% ee. 

the transitions for which CEs are observed from one to three or 
more. 

Results and Discussion 
Two a-phenylalkylamines and five hydrochlorides were selected 

for these difficult measurements. Three hydrochlorides, (S)-I-
3-HC1, show the effect of a progressively more bulky chiral 
substituent while the hydrochlorides of amines (S)-14 and (S)-15 

(S) -14 ,R. 
CS)-15,R = 

- 5 - ^ NH: 

CH3 

CH3 

CF, 

CH, 

otr cA Ofc CH2CH3 

«) -16 « ) - 1 7 

show the effect of para substituents with positive and negative 
spectroscopic moments, respectively. The results of both EA and 
CD measurements are given in Figures 1-7, and Tables III and 
IV. 

The EA for all seven compounds are similar in wavelength and 
intensity and resemble those observed for benzene. The three 
observed absorption bands are assigned as the B2u transition at 
about 260 nm, the B]u transition at about 210 nm, and the E,u 

transition at about 185 nm, in analogy to the assignments for 
benzene (Table I). 

In each of the seven CD spectra, CEs are observed that cor­
respond to the three EA bands. Additional CEs are observed for 
(S)-I and 3 and (S)-2 and 3-HC1. For (S)-I-HCI, the CD mimics 
the EA, and thus the assignments are obviously to the TT-*TT* 
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transitions of the phenyl chromophore. Para substitution, as seen 
in compounds (S)-14 and (S)-IS-HCl, does not change the features 
in the CD, so again the assignments are obvious. The series 
(S)-l-3-HCl progressively increases the size of the alkyl group 
on the chiral substituent, and the CD becomes progressively more 
complex. Comparing the CD spectrum of (S)-2-HCl with that 
of (S)-I-HCl, the CE assignments to the B211 and B lu transitions 
for (S)-2-HCl are still obvious although the B111 CE is now positive 
rather than negative. The Elu CE at about 188 nm is still negative 
but has lost intensity. At least some of this reduction in intensity 
is caused by a positive CE at about 180 nm. There is also a 
shoulder at about 200 nm that results from a small CE that could 
be either positive or negative. 

Comparing (S)-3-HCl with (S)-2-HCl, assignments of CEs to 
the B2u and B111 transitions for (S)-3-HCl are straightforward, but 
the feature that corresponds to the E111 CE is not obvious. If the 
Elu CE corresponds to the positive maximum at 183 nm, then this 
maximum is blue-shifted relative to the EA, and the CE has 
changed sign. The 183-nm CD maximum, however, could well 
correspond to the E2g transition of benzene that is known to be 
in this region30 or to the positive CE found at 180 nm for (S)-
2-HC1. The 183-nm maximum is more intense and slightly red-
shifted and could be canceling a negative CE corresponding to 
the E lu transition so that the small negative maximum at 192 nm 
in the CD of (S)-3-HCl is the observable remnant of the Elu CE. 
Further, the B2u transition obtains its EA and thus its CD intensity 
from the Elu transition. Clearly, interaction with the Elu transition 
gives positive CD intensity to the B2u transition form (S)-I and 
2-HC1, and the same interaction for (S)-3-HCl would be expected. 
Since the latter also has positive B211 CEs indicating a negative 
CE for the Elu transition, the assignment of the negative maximum 
at 192 nm to E111 transition is favored. 

The CD spectrum of (S)-I has extra features not found in the 
CD spectrum of its hydrochloride. In the CD of (S)-I, the positive 
CEs centered around 260 nm are assigned to the B2u transition, 
the positive CE at 213 nm to the Blu transition, and the negative 
CE at about 184 nm to the E lu transition, in analogy with the 
assignments for the (S)-I-HCl. Here the sign of the B lu has 
changed, as it did when (S)-2-HCl and (S)-3-HCl are compared 
to (S)-I-HCl. Further, the CD of (S)-I is strikingly similar to 
the CD of (S)-3, so the corresponding features at about 260, 217, 
and 182 nm for (S)-3 also receive analogous assignments. (S)-I 
has an extra negative band of low intensity at about 225 nm, and 
a positive band of moderate intensity at 193 nm, while (S)-3 has 
a negative band of low intensity at 204 nm and a positive band 
of moderate intensity at 193 nm. Absorption maxima are found 
for trimethylamine at 227 nm and 199 nm,31'32 and thus the extra 
CD maxima at 225 and 193 nm are assigned to n —• a* transitions 
of the amino chromophore. The disappearance of these maxima 
on protonation of the amino group supports the conclusion that 
dichroic absorption in these regions is associated with amino 
chromophore. Another possibility for the CEs at 204 and 193 
nm in the CD of the amino compounds is the benzene E2g tran­
sition, which is suggested by the observation30 of two sharp and 
oppositely signed bands at about 195 nm in the CD spectrum of 
(/?)-l-methyIindan33 [(/?)-16] in the gas phase. The existence 
of this pair of bands was later confirmed by observation of the 
same pair of CEs in the gas-phase spectrum of (S)-sec-butyl-
benzene [(S)-H].34 

(30) Allen, S. D.; Schnepp, O. J. Chem. Phys. 1973, 59, 4547-4556. 
(31) Tannenbaum, E.; Coffin, E. M.; Harrison, A. J. J. Chem. Phys. 1953, 

21, 311-318. 
(32) Smith, H. E. In The Chemistry of Functional Groups, Supplement 

F: The Chemistry of Amino, Nitroso and Nitro Compounds and Their 
Derivatives; Patai, S., Ed.; Wiley-Interscience: Chichester, UK, 1982; Part 
2, Chapter 23. 

(33) As reported (Smith, H. E.; Padilla, B. G.; Neergaard, J, R.; Chen, 
F.-M. /. Am. Chem. Soc. 1978, 100, 6035-6039) and later verified (Hansen, 
H.-J.; Sliwka, H.-R.; Hug, W. HeIv. Chim. Acta 1979, 62, 1120-1128), the 
CD spectrum in ref 30 is that of (/?)-16 rather than (S)-16. This erroneous 
configurational assignment to the dextrorotatory entantiomer used in the CD 
measurements was based on an earlier incorrect assignment of the R config­
uration to (-)-16 (Brewster, J. H.; Buta, J. G. J. Am. Chem. Soc. 1966, 88, 
2233-2240). 

With these assignments, consider now how the various CEs 
correspond to the S configuration and conformation of the 
molecules. The B2u CEs were studied in earlier work" and dis­
cussed above. These CEs correlate with the absolute configuration 
of the amines and amine hydrochlorides regardless of the bulk 
of the alkyl group on the chiral substituent provided that the 
spectroscopic moment of any additional ring substituent is taken 
into consideration. 

The B lu CEs reflect only changes in the structure of the chiral 
substituent, the sign being negative for the amines and amine 
hydrochlorides only when the ethylammonium chiral group is 
present and positive for the others. 

It is also observed, as expected, that the sign of the CE asso­
ciated with strongly allowed Elu transition is independent of ad­
ditional ring substitution. With the bulky neopentylammonium 
group as the chiral substituent, however, the E lu CE has either 
changed sign or is overwhelmed by a positive CE from another 
source. Thus the E lu CE will not be completely reliable for the 
assignment of absolute configurations of an a-phenylalkylamine. 

Comparing CD spectra of the five derivatives for which ORD 
has been measured, it becomes easy to understand in a qualitative 
way why the background ORD at the B2u transition is positive 
for some compounds and negative for others. The background 
ORD at about 260 nm will be the sum of the long wavelength 
wings for all of the CEs at shorter wavelengths. The contribution 
of each CE will be proportional to the intensity of its CD band, 
but the effect is lessened by the difference between 260 nm and 
the wavelength at which CD occurs. For the compounds studied 
here, we see that the compounds with a negative ORD background 
at 260 nm [(S)-I and (S)-I-HCl] have more negative CD intensity 
to 178 nm, while the derivatives with a positive background ORD 
at 260 nm f(S)-3, (S)-2-HCl, and the (S)-3-HCl] have more 
positive CD intensity to 178 nm. Of course, the rotational strength 
sum rule states that the total CD intensity for all bands should 
sum to zero, and all the CD bands at wavelengths shorter than 
our observations also contribute. However, it is clear that vari­
ations in the intensity and position of the CD bands, as observed 
here between 240 and 178 nm, are sufficient to change the sign 
of the background ORD. 

The sign and magnitude of the CEs associated with the tran­
sitions of the benzene chromophore above 180 nm are subject to 
small changes in conformation and structure and may be a sensitive 
probe for such changes. This same sensitivity makes individual 
CEs difficult to use for the determination of absolute configu­
rations. In contrast, these changes are not greatly reflected in 
the rotatory power at the sodium D line, and the «-phenylalkyl-
amines and their hydrochlorides with the S configuration are all 
levorotatory at the sodium D line (589 nm) (Table I). 

Experimental Section 
The melting point (capillary) and boiling point are corrected. Optical 

rotatory power at the sodium D line were measured with an Autopol III 
automatic polarimcter and a 1-dm sample tube. 

Electron absorption (EA) were measured with a Cary Model 15 
spectrophotometer, Hushed with nitrogen to permit measurements to 175 
nm. This instrument varies the slit width to keep the energy on the 
reference photomultiplier constant, but the sensitivity was set sufficiently 
high so that the spectral slit width was small compared to the structure 
observed for each of the absorption bands. 

Circular dichroism (CD) spectra were measured from 280-190 nm on 
a Jasco J40 dichrograph. A 1-nm spectral slit width gave a slight im­
provement over the 2-nm spectral slit width for the structure observed 
between 270 and 240 nm. A 2-nm spectral slit width was used for the 
bands beginning at about 210 nm. CD spectra from 230-172 were 
measured on a vacuum UV CD spectrometer described elsewhere.29 The 
spectral slit width was a constant 1.6 nm. Both instruments were cali­
brated with (+)-10-camphorsulfonic acid, At = 242 at 290.5 nm. The 
total absorbance of the cell, solvent, and sample did not exceed 1.0 to 
avoid absorption artifacts. The free amines were dissolved in isooctane 
and the hydrochlorides in l,l,l,3,3,3-hexafluoro-2-propanol. The latter 
is a weak acid (p/Q 1.8) which is a particularly transparent in the vacuum 
UV region. Sample concentrations ranged from 2.2-5.3 X 10"3 mol/L, 

(34) Allen, S. D.; Schnepp, O. Chem. Phys. Lett. 1974, 29, 210-211. 
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and the path length of the cell was varied to give the proper OD for each 
of the three bands measured. A 1-cm cell was used for the band at about 
260 nm, a 0.020-cm cell for the bands at about 210 nm, and a nominal 
0.005-cm cell for the bands at about 190 nm. These were standard 
cylindrical cells, commercially available from Helma, and the path 
lengths for the shorter cells were calibrated by using an infrared spec­
trometer.35 In the figures the error bars on the CD spectra indicate the 
repeatability for two successive scans which was exact for the B2u band 
of (S)-I-HCl (Figure 3). 

(S)-a-Phenylethylamine hydrochloride [(S)-I-HQ] was prepared from 
(S)-X, [a]26

D -27° (c 2.00, CH3OH) [lit.10 [a]20
D -28° (c 2, CH3OH); 

98.7% ee], by treatment of the latter in methylene chloride with con­
centrated hydrochloric acid. Recrystallization from ethanolethyl acetate 
gave (S)-I-HCl: mp 169-171 0C; [a]22

D -21° (c 1.15, 0.1 M KOH in 
4:1 CH3OH-H2O). 

(35) Bree, A.; Lyons, L. E. J. Chem. Soc. 1956, 2658-2662, 2662-2670. 

The incorporation of 13C at specific sites in organic molecules, 
in conjunction with 13C nuclear magnetic resonance spectroscopy, 
can be used to obtain information about reaction mechanisms. 
Since the natural abundance of 13C is only 1.1%, the introduced 
label dominates the 13C N M R spectrum and label location is 
readily detected. 13C enrichment can also aid in the study of 
1 3C-1 2C kinetic1 and /or equilibrium2 isotope effects. Changes 
are also detected in 13C N M R chemical shifts of nuclei3 when they 
are adjacent to 13C. These effects (called intrinsic shifts) are 
usually small, but they are experimentally measurable and useful. 
Most of the previous attention on 13C isotope effects has been 
related to the kinetic isotope effects; but some results have been 
published on 1 3C-1 2C equilibrium isotope effects. 

1 3C-1 3C coupling constants are also of interest, since they are 
related to hybridization and geometry within the molecule.4 

Although methods ( N M R pulse sequences exist for the observation 
evaluation of 1 3C-1 3C coupling in unenriched materials,5 this 
approach is not without its difficulties and limitations. The in­
troduction of 13C into an organic molecule allows for determination 

* College of the Holy Cross. 
'Yale University. 

(S)-a-Phenylneopentylamine [(S)-3] was prepared by resolution of 
(±)-3 by using 7V-acetyl-D-leucine as outlined earlier.36 Recrystallization 
and decomposition of the diastereomeric salt gave (S)-3: bp 115-117 0C 
(28 mmHg); [a]25

D -5.4° (neat) [lit.36 [a]21
D + 5.6° (neat) for the R 

isomer]. 
(S)-a-Phenylneopentylamine hydrochloride [(S)-3-HCl] was prepared 

from (S)-Ti as outlined for the preparation of (S)-I-HCl and had [a]25
D 

-5° (c 1.60, absolute CH3CH2OH) [lit.9[a]26
D +5.5° (c 2.0, absolute 

CH3CH2OH) for the R isomer]. 
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Table I. 13C Chemical Shifts for the [13C2]Norborn-2-yl Cation" 

carbon atom 5 at -155 0C0 '4 

L2 124.81 
3,7 36.58 
4 37.86' 
5 20.24 
6 21.32 

"In ppm, relative to Me4Si. b 125.76 MHz. 'Assigned spectral ref­
erence. 

of 1 3C-1 3C coupling constants in the molecule, with routine 13C 
N M R spectral acquisition.6 The couplings can be measured by 

(1) (a) Loudon, A. G.; Maccall, A.; Smith, D. J. Chem. Soc, Faraday 
Trans. 1 1973, 69, 864. (b) Bigeleisen, J.; Friedman, L. / . Chem. Phys. 1949, 
17, 998. (c) Lindsay, J. G.; Bourns, A. N.; Thode, H. G. Can. J. Chem. 1951, 
29, 192. (d) Lindsay, J. G.; Bourns, A. N.; Thode, H. G. Can. J. Chem. 1952, 
30, 163. (e) Bron, J.; Stothers, J. B. Can. J. Chem. 1968, 46, 1435. 

(2) (a) Kresge, A. J.; Lichtin, N. N.; Rao, K. N.; Weston, R. E„ Jr. J. Am. 
Chem. Soc. 1965, 87, 437. (b) Boyles, J. W.; Bron, J.; Paul, S. O. J. Chem. 
Soc, Faraday Trans. 1 1976, 72, 1546. 
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Abstract: [2,3-13C]Norborn-2-yl chloride was prepared and ionized (with SbF5) to the 2-norbornyl cation. In solution at -65 
0 C, rapid rearrangements occur which completely scramble the 13C labels. The proton-decoupled 13C NMR spectrum (62.7 
MHz) contains three signals: C-4, C-1,2,6 (averaged), and C-3,5,7 (averaged). The 13C labels are thus equilibrated over 
nonequivalent sites within the 2-norbornyl cation. This 12C-13C equilibrium isotope effect alters the proportion of di-13C-labeled 

isomers from statistical values. The nonstatistical isotopic isomer population is manifested as an asymmetric multiplet for 
the averaged C-3,5,7 peak in the 13C NMR spectrum. The relatively sharp lines of the multiplet can be reproduced within 
±0.1 ppm, with isotopic equilibrium constants of AT357 = 1.010 ± 0.005 and AT126 = 1.039 ± 0.005. 
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