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Abstract: The sign of thelL, Cotton effects (CEs) from about 240 to 270 nm in the circular dichroism (CD) of
enantiomers of chiral benzylcarbinamines and benzylcarbinols is correlated with their absolute configurations using
the benzene sector rule and a consideration of the equilibrium between their two conformers of lowest energy and
of oppositely signed rotatory powers. For chiral benzylalkylcarbinamines, carbinamine salts, and carbinols, which
show a single sign for theft, CEs, a shift in the conformational equilibrium can explain a sign reversal of the CEs
with a change in solventRj-2-amino-1-phenylpropane showing negatig CEs in methanol but positive ones in
cyclohexane.L-Phenylalanine in water shows posititte, CEs, but in methanol it shows both negative and positive

CD maxima. In methanol, the two longest wavelength maxima comprise a double CE associated with the band
origin absorption maximum at 267 nm, the conformational equilibrium shifted from the positive conformer of
L-phenylalanine to its negative one and the greater amount of the latter is now detected at slightly longer wavelength
in the CD spectrum.

Previous reporés* outlined a sector rule to correlate the sign For benzene compounds with a contiguous hydrogen-
of the Cotton effects (CEs) from about 240 to 270 nm in the substituted chiral center with a hydrogen substituent, empirical
circular dichroism (CD) spectra of enantiomers of phenylcar- potential function and molecular orbital calculations and various

binamines, such asR}-a-phenylethylamine [(R)-1a] and L- spectroscopic measurements indicate that the preferred confor-
phenylglyciné (L-1b), phenylcarbinols, such aR)-a-phenyl- mation in both the gas phase and in solution is such that the
ethyl alcohol [(R)-1¢] and L-mandelic acifl (L-1d), the hydrogen atom at the chiral center eclipses the benzene ring

plane @).313 This conformational preference and the CD data
for a substantial number of enantiomers of chiral benzene
compounds without an additional ring substituent give the
© guadrant projectior8, which shows the sign of the rotatory

- n _

(R)-1a, R' = CHg; R? = NH, H 1 (C] ()

L-1b, R' = CO,H; R? = NH, ®_Q-R2 ct--- -
(R-1¢, R" = CHy; R?=OH

R! ) () (+)
L-1d, R' = CO,H; R? = OH

H1

Re—C —H

2 near sectors all sectors

hydrochloride salts off)-1a° andL-1b,® and the potassium salt
of L-1d,® with their absolute configurations. The CEs are
associated with transitions from the lowest energy vibrational
mode in the ground state to totally symmetric vibrational modes
in the 1Ly, electronically excited state of the benzene chro-
mophoré10 and are the result of vibronic borrowiHg? from
allowed transitions at shorter waveleng§th.

3a 3b

contributions to thélL, CEs by an atom or group attached to
the contiguous chiral center and lying in a particular sector.
The sector boundaries shown3rare defined by the attachment
bond of the chiral center and the benzene ring plane, and the
sum of the rotatory contributions gives the sign to the observed
®1At;strta§t9 pul\lzl_isr?eld iré\dvRa_nge /iﬁSHAlgtr:_aCﬁJulifglg. 13936—23 1L, CEs. For compounds with additional ring substituents, an
Ezg Rgrsearéh Algsc?ciséte .fror.{”l MT:ng‘on”.lery éreillg\/cade%y: Nashviile, TN. induced rot_ator_y contribution influences Fhe sign of the
(3) Smith, H. E.; Fontana, L. FL. Org. Chem 1991, 56, 432—435. CEs!* and its sign may be the same or different from that of
(4) Smith, H. E. InCircular Dichroism Principles and Applications the nonsubstituted parent, depending on the spectroscopic
Nakanishi, K., Berova, N., Woody, R. W., Eds.; VCH: New York, 1994,  moment5 and ring positions of the additional substituehts.

Chapter 15. . .

(5) Smith, H. E.; Neergaard, J. R.; de Paulis, T.; Chen, F3IMAM Thg signs for the sectors i8 follow from the obseryed
Chem Soc 1983 105 1578-1584. negativell, CEs for R)-a-phenylethyl alcohol R)-1q in

gg \F/eftt"t' '—-?LHgff“gh "?H Jgetéafgdrogf% 12;5'37125321_?,1325336?'3389 methanol, the preferred conformation &){1c (2, Rl = CHj;

ontana, L. P.; Smith, H. E. Org. Chem , 52, . 2 _ . . .

(8) Colon, D. F.; Pickard, S. T.. Smith, H. 8. Org. Chem 1991, 56, R2 = OH), and the assumption of a larger rotatory c_ontrlbutlon
2322-2326. of a methyl group than that of an hydroxyl grotigThis latter
o (9)8H0r%vc\)/itz, J.; Strickland, E. H.; Billups, Q. Am Chem Soc 1969 assumption is supported by the calculation of a larger effective

1, 184-190.

(10) Smith, H. E.; Willis, T. C.J. Am Chem Soc 1971, 93, 2282~ (13) Broeker, J. L.; Hoffmann, R. W.; Houk, K. N. Am Chem Soc
2290. 1991, 113 5006-5017.

(11) Weigang, O. E., Jd. Chem Phys 1965 43, 3609-3618. (14) Pickard, S. T.; Smith, H. E. Am Chem Soc 199Q 112, 5741~

(12) Weigang, O. E., Jr.; Ong, E. Tetrahedronl974 30, 1783-1793. 5747.

S0002-7863(96)00553-7 CCC: $12.00 © 1996 American Chemical Society



Optically Actve Amines

Table 1. Chiral Benzylcarbinamines and Benzylcarbinols

J. Am. Chem. Soc., Vol. 118, No. 33, 198895

compd name (i]?f, deg (solven® characterization or vendor

(R)-5a-HCI (R)-2-amino-1-phenylpropane hydrochloride —23 (H:0) ref 28

L-5b L-phenylalanine —30 (H0) A

(R)-5¢ (R)-1-phenyl-2-propanol —36 (benzene) F

L-5d L-3-phenyllactic acid —19 (H0) A

L-6b L-phenylalaninol —22 (L MHCI) A

L-7a N-methyl+i-phenylalanine +20 (1 M HCI) S

L-7b-HCI methylL-phenylalaninate hydrochloride +29 (abs EtOH) A

L-7c N-acetyl+-phenylalanine +33 (MeOH) A

L-7d ethyl N-acetyl+-phenylalaninate +12 (MeOH) S

aConcentration: 1.85.7 g/100 mL of solvent? Vendor: A, Aldrich; F, Fluka; S, Sigma.

bond transition moment for a carbenarbon bond as compared
to that of a carboroxygen bond8 Using the CD data for the

otherwise unsubstituted benzylcarbinamines and benzylcarbinols
have been reported. Using these data and those obtained in

enantiomers of other benzene compounds with a single chiralconnection with this work using the compounds in Table 1, we
substituent, sequences for the rotatory contributions of attachednow report the application of the benzene sector rule to the

groups and atoms have been establishéd:

SH, CQ, , C(CHy); > CH; >
NH,, "NH,, "N(CH,),, OH, OCH, CI, F

and

CH, > CO,H > "NH,, OH, OCH,

These sequences when used in connection with the sector
signs in3 have a general usefulness for the establishment by

CD measurement of the absolute configurations of chiral

benzene compounds in which one substituent at a contiguous

chiral center is a hydrogen atom, the sign of thg CEs
depending only on the chirality of the chiral center immediately
attached to the benzene ring. Thus bottR}-norephedrine
hydrochloride [6R,39-4a] and (@S)-norpseudoephedrine hy-
drochloride [(.S39-4b] show negative'L, CEs!8

CHs
ol
R'—C —=pR?

HO=G —=H
(aR,BS)-4a, R = NH,Cl; R?=H
(a:S,85)-4b, R' = H; R? = NHCl

A chiral center separated by a methylene group from a
benzene ring also results #h, CEs, and substantial optical
rotatory dispersiol¥—24 (ORD) and CD69.1020.2427 data for

(15) Platt, J. RJ. Chem Phys 1951, 19, 263-271.

(16) Inskeep, W. H.; Miles, D. W.; Eyring, H. Am Chem Soc 197Q
92, 3866-3872.

(17) Hamman, S.; Michals, D. R.; Pickard, S. T.; Smith, HJE:luorine
Chem 1993 62, 131-137.

(18) Smith, H. E.; Burrows, E. P.; Chen, F.-M.Am Chem Soc 1978
100, 3714-3720.

(19) La Manna, A.; Ghislandi, V.; Scopes, P. M.; Swan, REakmacq
Ed. Sci 1965 20, 842—859.

(20) Craig, J. C.; Chan, R. P. K.; Roy, S. Retrahedronl 967, 23, 3573~
3581.

(21) Smith, H. E.; Warren, M. E., Jr.; Katzin, L. Tetrahedron1968
24, 13271335.

(22) Cervinka, O.; Kroupova, E.; Belovsky, Qoll. Czech Chem
Commun 1968 33, 3551-3557.

(23) La Manna, A.; Ghislandi, V.; Hulbert, P. B.; Scopes, PRgrmacq
Ed. Sci 1968 23, 1161-1180.

(24) Korver, O.Tetrahedron197Q 26, 5507-5518.

(25) Legrand, M.; Viennet, RBull. Chem Soc Fr. 1966 2798-2801.

(26) Smith, H. E.; Burrows, E. P.; Chen, F.-M.Org. Chem 1975 40,
1562-1567.

(27) Ghislandi, V.; La Manna, A.; Vercesi, Barmacq Ed. Sci 1976
31, 561-571.

circular dichroism of chiral benzylcarbinamines and benzyl-
carbinols 6—8).

R‘ R’
Ra— G —H RPRON—C—H
CHZ CHz

(S)-6a, R' = 0-CgHqy; RZ=R3=H
L-6b, R' = CH,OH; R®=R®=H
(R)-6c, R' =CHy; R2= CH3; R®= H

(R)-6d, R' = CHg; R? = R® = CH,

(R)-5a, R' = CHg; R? = NH,
L-5b, R' = CO,H; R? = NH,

(R)-5¢, R" = CHy; R?= OH
L-5d, R' = CO,H; R? = OH

COR' CO,CHs
RPHN=C =H HO—C =H
CH, CH,
L-7a, R' = H; R? = CH, L-8

L-7b, R' = CHg; R =H
L-7¢, R' = H; R? = CH;CO
L-7d, R" = CH,CHg; R? = CH,CO

For application of the benzene sector rule to the circular
dichroism of phenylcarbinamines and phenylcarbinols, only
conformer2 in which the hydrogen atom at the chiral center
eclipses the benzene ring plane need be considered. For
benzylcarbinamines and benzylcarbinols, however, there is a
greater conformational mobility of the attached group with
respect to the benzene ring, and an equilibrium between
conformers {)-9aand (+)-9b must be considered when relating
the sign of thelL, CEs to the absolute configurations of such
compounds. The two lowest energy conformations of chiral

H
AN
O~ =
N\
R' H

(-)-9a

H
R2 /
H H

(+)-9b

benzylcarbinamines and benzylcarbindis-8) follow from the

(28) Leithe, W.Chem Ber. 1932 65, 660—666.
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Figure 1. Electronic absorption (EA) and circular dichroism (CD)
spectra of R)-2-amino-1-phenylpropane hydrochlorid&{%a-HCI] in

0.1 M KOH in methanol. For the EA spectrum, the concentration was
3.3 x 103 M.

Smith and Neergaard

Vibronic  Vibrational Wavenumber, cm™ x 102
symmetry symmetry UV-max (€) CD-max (A€ x 102)

Ay VB, — 395 (160)

B, VA, 391 (-2.6)

A vB, 388 (190)

B, VA, 385 (170) 382 (-3.9)

A, VB, 379 (140)

B, VA, 375 (120) 372 (-3.0)

Ay VA, Ground state

Figure 2. Schematic diagram of the electronic absorption (EA) and
circular dichroism (CD) maxima observed witR){2-amino-1-phen-
ylpropane hydrochloride §)-5a-HCI] in 0.1 M KOH in methanol. The

A; andB; axes are in the plane of the benzene ring.

electronic transition has allowed and forbidden vibronic com-
ponents but only for the allowed components for which the
electronic dipole transition moment is in the plane of the benzene
ring and perpendicular to the substituent attachment bBpd (
axis in Figure 2) are CD maxima observed. These transitions
connect the ground state zeroth vibrational leval with the
zeroth and higher totally symmetric levels (al#q) of the ring-
breathing vibration in the electronically excited state. The
vibronic symmetry of these higher energy stateBjsand as
shown in Figure 2, the excitations to the first two of these higher
totally symmetric vibronic states are seen as negative CD

preferred conformation determined by supersonic molecular jet maxima separated from the band origin CE at 37202 cm*

lase?® and microwavé& spectroscopy of various alkylbenzenes
including ethylbenzerf@ and of 2-phenylethylamine in the gas
phase® in which the carborcarbon bondx,3 to the benzene
ring is orthogonal to the benzene ring plane. Confor®er

need not be considered because the gauche interaction’s of R

and R with the benzene ring make it of higher energy than
either (~)-9a or (+)-9b. Since the rotatory contribution of a
hydrogen atom attached at the chiral center is insignifiéant
and of a group in a sector boundary is also small, sector3ule
gives the rotatory contribution dda and 9b, negative and
positive, respectively. The sign of the obseryiegiCEs depends

on the rotatory contribution and relative amount of each
conformer in a particular solvent. To determine the possible
importance of this equilibrium in the application of the benzene
sector rule to the CD spectra of benzylcarbinamines and

(269 nm) by 10x 1? cm™! and (10+ 9) x 1 cm™L A
corresponding EA absorption maximum is observed at (875
10) x 12 cm, but one at (375+ 10+ 9) x 1 cm™! was
obscured by other absorption bands and was not observed. For
the B, < A; electronic transition, the forbidden vibronic
component combines the ground zeroth vibronic stagewith

the first vibrational levelB, nontotally symmetric ring defor-
mation vibration and thence with higher totally symmetric
vibrational states. The vibronic symmetry of these states is also
Ay, and the electric dipole transition moment is also in the plane
of the benzene ring but is coincident with the substituent
attachment bond4 axis in Figure 2). In the EA spectrum of
(R)-5a, three of these transitions are seen as maxima separated
from the band origin by 4« 1, (4+ 9) x 10, and (4+ 9 +

benzylcarbinols, the effect of solvent on the observed CD spectra?) x 107 cm™, respectively. Since CD minima are near these

of the carbinamines and carbinéls 8 was investigated in detail.

Results and Discussion

Benzylalkylcarbinamines, Carbinamine Salts, and
Carbinols. Figure 1 shows the electronic absorption (EA) and
circular dichroism (CD) spectra dR}-2-amino-1-phenylpropane
[(R)-5d] in methanol from 236-290 nm. As discussed earlier
in connection with théL, absorption band in the EA spectra
of other monosubstituted benzene compoufidhie longest
wavelength maxima at 267 nm (band origin) in the EA spectrum
of (R)-5ain methanol corresponds to the-0 transition which
in toluene is aB, — A electronic transition. ForR)-5a, this

(29) Seeman, J. L.; Secor, H. V.; Breen, P. J.; Grassian, V. H.; Bernstein,
E. R.J. Am Chem Soc 1989 111, 3140-3150.

(30) Godfrey, P. D.; Hatherley, L. D.; Brown, R. D. Am Chem Soc
1995 117, 8204-8210.

EA maxima, the CEs associated with these EA maxima are
weak.

Since R)-2-amino-1-phenylpropane B}-5a] in methanol
shows negativél , CEs, the conformational equilibrium foR)-
5ain methanol is such that its CD spectrum is the result of the
greater rotatory contribution of{)-9a (R = CHs, R = NH,)
as compared toH)-9b, both the greater rotatory contribution
of a methyl group than that of an amino gr8uand the
respective mole fractions of+)-9a and ¢)-9b coming into
play. The negative sign for théL, CEs of R)-5a is in
agreement with the positive sign for the longest wavelength CE
previously reported for§)-5a in methanok2! 95% ethanof?
and isopropyl alcohdl? When the solvent is cyclohexane,
however, the sign ofL, CEs for R)-5ais positive?” and Table
2 compares the position and molar absorptivity gnd molar
dichroic absorption A¢) of the 'L, band origin of R)-5a in
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Table 2.

(+)-9b

(--9a

carbinols

carbinamine salts

carbinamines

A, nm (€9)
solvent  [4, nm (A€ x 107)]

substituents

Rl = CH3

RZ=OH

R!= CHs
OH

solute
(R)-5¢

A, nm (€9)

solvent [4, nm (A€ x 107)]

H0

substituents
Rl = CH3

R

solute

R)-5a-HCl

A, nm (€d)
[A, nm (AP x 109)]

solvent
0.1 M KOH in MeOH

substituents
Rl = CH3
R2 = NH2
R!= CHs
RZ = NH,

solute
(R)-5a-HCI

[268 (—2.3)]

H0

[266 (—1.3)]

267 (120)
[269 (—3.0)]

= N+H3

267 (120)
[268 (-5.5)]

MeOH

R2=

(R)-5¢
R)-5¢" Rl=CHs

266 (779
[267 (-3.3)]

MeOH

N*H3

Rl = CHs

Ri-5a-HCI
R2

268 (150)
[268 (+4.5)]

cyclohexane

(R)-5e¢

269
[271 (0.69)]

MeOH

267 (350)
[268 (—20)]

95% EtOH

RL=CHs
R2=N*Hs
Rl=CH,

23

(R)-Sa'llez(SOz;)d'j

[269+4.59)]
268 (170)

cyclohexane

Rl= c-CeH11
R? = NH,
Rl = CHs

(9-6a

=OH

R?
Rl= CHjs
OH

[269 €4.5)]

dioxane

23
Rl=CHs

R)-5¢

268 (330)
[268 (—7.1)]
268 (81)

95% EtOH

N*+HCHs

R)-6CHCId

[268 (—9.2)]
269 (150)

95% EtOH
R2= NHCHs

Rl = CH3

(R)-6c4

[269 (-5.5)]

R)-5¢ THF
R = OH
Rl = CH3

[267 (-9.1)]
268 (87)

95% EtOH

R2 = N*H(CHa);
Rl = CH3

R

aMolar absorptivity.? Molar dichroic absorptionAe = [6]/3300 where §] is the molecular ellipticity ¢ Data from ref 59 Enantiomer used: Shoulder.f Data from ref 239 Molecular amplitude for the

Rl=CH,
longest wavelengthL, Cotton effect in the ORD curvé.Data from ref 22! Molar absorptivity not reported.Data from ref 20.

R)-60-HCIdi

[268 (—10)]

95% EtOH
R? = N(CHg),

Rl = CH3

(R)-6

[26941.7)]

cyclohexane
R2=OH

95% EtOH R)-5¢
[273 (-13)]

N*(CHs)s

Rj-6d-methiodidé’

272 (190)
[272 (-7.3)]

cyclohexane

RZ2= N(CH3)2

(R)-6°

J. Am. Chem. Soc., Vol. 118, No. 33, 19887

both methanol and cyclohexafe.The positive sign fortLy
CEs for R)-5ain cyclohexane confirms an earlier observation
of negativell, CEs for §-5ain cyclohexane and is the result
of shift in the equilibrium from {)-9a to (+)-9b due to
diminished hydrogen bonding of the solvent to the amino group
and a stabilizing interaction of the amino group with the benzene
ring moiety3® The positive sign in the ORD curve for tik,
CEs for ©-1-cyclohexyl-2-phenylethylamine §-6a] in cy-
clohexane is explained on a similar ba&ithe cyclohexyl group
larger in effective size than the methyl group and thus stabilizing
conformer (+)-9b as compared to—<)-9a to a greater extent
than in the case ofR)-5a

As shown in Table 2! (R)-N-methyl- and R)-N,N-dimethyl-
2-amino-1-phenylpropaneRj}-6¢ and R)-6d] in 95% ethanol,
and as reported forR)-6d in methanof, are also correctly
predicted to show negativiL, CEs. Because of the larger
effective size of a dimethylamino group as compared to an
amino group, R)-6d also shows negativél, CEs even in
cyclohexane.

Using this same interpretation, the sign of thg CEs of
(R)-2-amino-1-phenylpropane hydrochlorideR[{5a-HCI] in
water, methanol, and 0.1 M HCI in metha#?dk also predicted
to be negative, confirming earlier reports of a negative sign for
1L, CEs for R)-5a-HCI in waterl?2! methanok-10.21.26 gnd
isopropy! alcohol2! and of R)-5a-Y/2(H,SQy) in 95% etha-
nol2® Similarly, thell, CEs for R)-N-methyl- and R)-N,N-
dimethyl-2-amino-1-phenylpropane hydrochloridB)fec-HCI
and R)-6d-HCI] in 95% ethanol, R)-6d-HCI in methanoFf? and
(R)-6d-methiodide in 95% ethanol are also negative.

As shown in Table 3! (R)-1-phenyl-2-propanol R)-5d] in
water, methanol, dioxane, and tetrahydrofuran (THF) also shows
negativell, CEs. When the solvent is change from water to
cyclohexane the intensity of th&, CEs is reduced, but the
sign remains negative. The equilibrium shown at the top of
Table 2 can be assumed to shift from){9a and (+)—9b but
not enough to cause a change in sign of #heCEs.

L-Phenylalanines with Postive, Neutral, and Acetylated
Nitrogen. In contrast to the enantiomers of a benzylalkylcar-
binamine, carbinamine salt, and carbinol, each of which show
a single sign for itsLy CEs,L-phenylalanine and some of its
derivatives in some solvents show oppositely sigHadCEs
in their CD spectra. Thus,-phenylalanine (-5b) in water
shows positivellL, CEs (Table 3§! but in methanol, the CD
spectrum (Figure 3) is more complex and shows both negative
and positive CD maxima. These observations are in agreement
with an earlier repoPtof positive 1L, CEs forL-5b in water
and negative and positivél, CEs for L-5b in glycerol-
methanol, the positive CEs being assigned in the latter solvent
to electronic transitions from the ground state to nontotally
symmetric vibronic excited stat@sBased on the data in Table
3, however, the two longest wavelength CD maxima in the
spectrum ofL-5b in methanol are assigned differently and
comprise a double CE both associated with the EA band origin
absorption maximum at 267 nm. On changing the solvent from
water to methanol, the conformational equilibrium is shifted
slightly from (+)-9b to (—)-9a, and the greater amount of J-
9ais now detected in the CD spectrum. Thus the positive and
negativell, CEs centered at 267 nm arise from conformers
(+)-9b and ()-9a, respectively. The negative CD maxima at
269 nm results from a small bathochromic shift of the EA
absorption of the phenyl group in-§-9a due to the influence

(31) Complete EA and CD data are given in the Experimental Section
or in previous reports shown as footnotes in the tables.

(32) See Experimental Section.

(33) Wellman, K. M.; Laur, P. H. A,; Briggs, W. S.; Moscowitz, A.;
Djerassi, CJ. Am Chem Soc 1965 87, 66—72.
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+20 T T methanol (-7cin 0.1 M KOH in MeOH), N-acetyl+-phenyl-
alanine in methanol, dioxane, and tetrahydrofuran,aid in
tetrahydrofuran and in cyclohexane showing double CEs for
the L, band origin. As expected, the longer wavelength
Hos6 component of the double CEs (Table 3) is negative and is
associated with the EA transition of-J-9a, bathochromically
shifted when a carboxylate, carboxyl, or ethoxycarbonyl group
is gauche to the benzene ring chromophore.

L-3-Phenyllactic Acid Derivatives and §)-Phenylalaninol
and Its Hydrochloride. The CD of sodium.-3-phenyllactate
in water (-5d in 1 M NaOH in HO) shows negativél, CEs
but doublelL, CEs in methanolit5d in 0.1 M KOH in MeOH)
(Table 4%). Protonation of the carboxylate group shifts the
conformational equilibrium of-5d more toward 4)-9b, and
L-5d in water, methanol, and tetrahydrofuran shows dotibje
CEs, although earlier repoft& of the CD spectrum of-5d in
water and methanol give a single CE for ftig band origin, in
water, positivé®, in methanol, negativé® That the negative
component of the double band origin CE iifbd in water,
methanol, and tetrahydrofuran is due to conformei)-9a
: follows from its position at a longer wavelength than that of
— the positive component, the benzene ring chromophore transition

k always slightly shifted bathochromically when it is gauche to a
A .., carboxylate group rather than gauche to an ammonium or amino
230 250 27 group.

The CD spectrum of the methyl estersie8-phenyllactate
(L-8) was reported earlier to show substantial solvent effets,
Figure 3. Electronic absorption (EA) and circular dichroism (CD) pyt doublelL, CEs were not observed. Thus8 in water and
spectra oi_-phgnylalanineL(-Sb) in methanol. For the EA spectrum,  methanol gave positive CBsbut in hexane their sign was
the concentraion was 3.0 107 M. negative?4 the sign reversal suggesting the dominancetgf (

of the carboxylate group gauche (synclinal) to the benzene ring 9bin the hydrogen bonding solvents and an increased amount
chromophore. of (—)-9ain hexane. _
The CD spectra of other phenylalanines with both positive = 1"€ CD spectrum of)-phenylalaninol [§)-6b] can also be
and neutral nitrogen atoms show a similar solvent effect. interpreted in terms of a conformational equilibrium of the two
N-Methyl-L-phenylalanine (-7a) shows positivelL, CEs in conformers {)-9a and' +)-9b, L-'Gb in Water,.m'ethanol, and
water but doubléL, CEs in methanol (Table?§. Inbothwater ~ tétrahydrofuran showing negatiie, CEs, similar to those
and methanol, the hydrochlorides afphenylalanine and shown by R)-5ain methanol. In cyclohexane, there is a shift
N-methyl+-phenylalanine(-5b andL-7ain 1 M HCI in H,O in the conformational equilibrium from—)-9a in which the
and 0.1 M HCI in MeOH) and methyl-phenylalanine hydro- hydroxymethylene group is gauche to the benzene chromophore
chloride (-7b-HCI) show only positivell, CEs. For each of ~ toward conformer £)-9b, and the greater amount of-f-9b
these compounds with a positive nitrogen atom, conforrr ( results in the appearance of douBlg CEs with the positive
9b gives the sign of théL, CEs. With the exception af-7b component at slightly shorter wavelength than that of the
in water (-7b-HCl in 1 M NaOH in H,0), theL-phenylalanines negative component. In both water and methanep-HCI
L-5b, L-7a, andL-7b with a neutral nitrogen atom show double Shows negativélL, CEs, much the same as shown I})-@-
CEs for thell, band origin (Table 3) in both water and amino-1-phenylpropane hydrochlond&lﬁa-.HCI] in water and
methanol, but at shorter wavelength only positig CEs are methanol. In these cases;)X9ais the dominant conformer as
observed? The less intense, negative CEs associated with the & result of the interaction of the ammonium group with the polar
EA band origin is due to the presence of conforme)-0a, solvents.
but at shorter wavelength, negative CEs are not observed in . tal Secti
the presence of the stronger positive CEs displayed by conformetEXpe”rnen al section
(+)-9b. The solutes were purchased as indicated in Table 1 and were used
Acetylation ofL-phenylalanines and ethylphenylalaninate without further purification. They had rotatory powers as shown in
results in CD spectra which frequently show substantial solvent Table 1 in agreement with those reported by the supplier and as noted
effects. It is to be noted. however. that the conformational Pelow. Rotatory powers at the sodium D line were measured with a
equilibrium for sodiumN-acetyl+-phenylalaninateL(7c in 1 Rudolph Research Autopol Il automatic polarimeter using a 1-dm
M NaOH in H,0), N-acetyl+ -phenylalanine -7¢) in water sample tube. Electronic absorption (EA) spectra were measured using

- - a Varian Cary 2300 spectrophotometer and matched 1-cm cells.
and ethyl N-acetylt-phenylalaninate L£7d) in water and Circular dichroism (CD) were observed with a Jasco J-720 spectro-

methanol is shifted toward conformer)-9a, and only negative  pnotometer, using a 1-cm sample cell. Solutions for these measure-
L, CEs are observed. In less polar solvents, both positive andments were prepared by diluting 4.6 to 11.9 mg of solute to 10.0 mL
negativell , CEs associated with conformers)(9a and ¢)- with solvent, and for each spectrum the concentratipis(given in g

9b are observed, potassiurN-acetylt-phenylalaninate in per 100 mL of solution.

(R)-2-Amino-1-phenylpropane hydrochloride [(R)-5a-HCI) had

+10-

Molecular ellipticity
asueqiosqy

20

Wavelength, nm

(34) Pickard, R. H.; Kenyon, J. Chem Soc 1914 105 1115-1131. 23 _ o i 28 115

(35) Winitz, M.; Bloch-Frankenthal, L.; Izumiya, N.; Birnbaum, S. M.; [od] b —23 .(C 1.0, RO) [lit.** [o]™ +248 (¢ 9.00, HO) for the
Baker, C. G.; Greenstein, J. B.Am Chem Soc 1956 78, 2423-2430. enantiomer]: EA max (0.1 M KOH in MeOH) 267 nna (20), 264

(36) Vanderhaeghe, H.; Parmentier, &.Am Chem Soc 196Q 82, (140), 260 (170) (sh), 258 (190), 253 (160), 248 (110), 243 (73) (sh),

4414-4422, 238 (44) (sh); CD¢ 0.061, 0.1 M KOH in MeOH) §]27s £0, [0]269
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Table 4. L, Band Origin Maxima fon-3-Phenyllactic Acid Derivatives andPhenylalaninol and Its Hydrochloride

Ho M RN
O = O
R! \H H H
(-)-9a (+)-9b
phenyllactic acid derivatives phenylalaninol and its hydrochloride
A, nm (€9 A, nm (€?)
solute  substituents solvent [A, nm (Ae® x 10%)] solute  substituents solvent [A, nm (A€ x 107)]
L-5d R'=CO,” 1 M NaOH in O [269 (—0.67)] L-6b R!'=CH,OH H,O [269 (—1.2)]
R?2=0OH R2 = NH,
L-5d R'=CO,” 0.1 M KOH in MeOH 267 (110) L-6b R!'=CH,OH MeOH 267 (130)
R? = OH [271 (-0.27)] R = NH, [269 (—3.3)]
[267 (+0.36)]
L-6b R!=CH,OH THF [271 2.6)]
L-5d Rl!=CO-H H.0 [269 (~0.39)] R = NH,
R? = OH [265 (4-0.25)]
L-6b R!'=CH,OH cyclohexane [27141.4)]
L-5d° R!=COH H.0 269 (100) R= NH, [267 (+0.91)]
R? = OH [263 (4-1.0)]
L-6b R!=CH,OH 1M HClinH0 [267 (—2.0)]
L-5d R'=COH MeOH 267 (94) R=N"H3
R?=OH [270 (—0.39)]
[265 (+0.36) L-6b  R'=CH;OH 0.1 M HClin MeOH 266 (82)
RZ=N*H; [268 (—5.8)]
L-5d¢ R'=COH MeOH 268
R2= OH [269 (—3.0)]
L-5d R!=CO-H THE [271 (-0.21)]
R2=OH [267 ¢0.67)]
L-8¢ R!=CO.CH; H.0 [264 (4-1.0)]
R?=OH
L-8¢ R!=CO.CH; MeOH [266 (-0.76)]
R?=OH
L-8° R!=CO,CH; hexane [269¢2.1)]
R?=OH

aMolar absorptivity.? Molar dichroic absorptionAe = [0]/3300 where §] is the molecular ellipticity® Data from ref 6.4 Shoulder¢ Data

from ref 24. Molar absorptivity not reported.

—99, [0]266 —65, [#262 —130, [#]258 — 79, [#]256 —87, [#]250 — 51 (sh),
[6]245 —30 (sh), Pl2ss —15, [#]230 —28; CD (€ 0.061, HO) [6]274 10,
[0]266 —42, [0]263 —25, [0]250 —51, [0]256 —30, [0]253 —38, [0]245 —15
(sh), Blzss —6.1, [Bl2ss —9.4, [Pl230 —2.8; EA max (MeOH) 266 nm

(e 77) (sh), 263 (130), 257 (180), 251 (140), 247 (96), 242 (63) (sh),
237 (38) (sh); CD¢0.063, MeOH) pl27530; [0] 267 —110, [B] 265 —64,
[0]261 —130, [9]257 —80, [9]255 —87, [0]250 —49 (Sh), P]243 22 (Sh),
[60]232 £0, [6]230 —4.6; CD (€ 0.056, 0.1 M HCI in MeOH) §]277 £0,
[6]268 —140, [B]265 —80, [@]261 —170, [B]258 —100, [F]255 —110, [B]250
—64 (Sh), 9]244 —30 (Sh), 9]230 —5.9.

L-Phenylalanine (-5b) had %% —30° (c 2.1, HO): CD (c0.067,
Hgo) [9]272 :|:0, [9]255 +36, [9]252 +21, [9]259 +43, [9]255 +13, [9]253
+22, [9]249 +4.1, [0]246 +8.8, [0]244 +7.3, [6]230 +480; EA max
(MeOH) 267 nm € 77) (sh), 264 (130), 258 (170), 252 (140), 247
(97) (sh), 243 (67) (sh), 237 (38) (sh); CDQ.067, MeOH) p]274 £0,
[6]260 —21, [A)266 0, [0]265 4.5, [B]264 10, [0]262 —24, [0]260 10,
[0]259 +63, [9]253 :|:0, [9]255 _13, [9]254 :tO, [9]253 +76, [9]250 +22,
[0]246 +11 (Sh), 91230 +650, CD C 0071 1 M HCl in Hzo) [6]274
:|:0, [0]255 +47, [9]252 +37, [9]259 +61, [9]255 +36, [9]252 +52, [9]251
+47, [0]230 +3600; EA max (0.1 M HCI in MeOH) 266 nme (70)
(sh), 263 (130), 257 (160), 251 (130), 247 (96) (sh), 242 (72) (sh); CD
(C 0066, 0.1 MHClin MeOH) @]271:&0, [0]266 +37, [9]253"‘16, [9]259
+56, []2s6 +30, [#252 +62 (sh), Plaso +4700; CD € 0.069, 1 M
NaOH in Hzo) [9]272 :tO, [9]271 —4.1, [9]270 :|:O, [0]266 +48, [6]263
+25, [0]250 +61, [0]256 +34, [0]253 49, [0]250 +28, [0]246 +34 (sh),
[6]230 +730; EA max (0.1 M KOH in MeOH) 268 nme(110), 264
(150), 261 (170) (sh), 258 (200), 253 (160), 248 (120), 243 (77) (sh);
CD (C 0063, 0.1 M KOH in MeOH) @]277 :I:O, [0]270 _21, [9]269 :|:O,

[9] 266 +27, [6]263 :|:0, [9]260 +38, [9] 256 +10, [9] 253 +29, [9]250 +94,
[60]247 +16, [0)244 +12, [6]230 +490.

(R)-1-Phenyl-2-propanol [R(-5c] has )%, —36° (¢ 5.7, benzene)
[lit.** [a]o +41.82 (c 5.3, benzene): CDc(0.085, HO) [0]277 +0,
[6]268 =77, [0]264 —55, [0]261 —100, []257 —64, [0]255 — 75, [0]251 —46,

[9]249 _47, [9]243 —-25 (Sh), 9]230 —12; EA max (MeOH) 267 nme(
120), 264 (140), 260 (170) (sh), 258 (190), 252 (160), 247 (110), 243
(74) (sh), 237 (43) (sh); CDc(0.087, MeOH) §a7s +0, [0]265 —180,
[6]266 —100, [0]262 —240, []255 —140, []ass —170, [B]250 —89 (sh),
[9]244 —44 (Sh), 9]230 —82Y CcD @ 0086, diOXane)ngz :|:0, [9]259
—150, [#]266 —83, [0]263 —200, [#]2s0 —120, [#]257 —140, [B]252 —77,
[6]250 —85, [0]245s —38; CD (€ 0.081, THF) Pla7s £0, [6]260 —180,
[0]266 —94, [0]262 —240, [#]250 —130, [#]2s6 —160, [#]252 —88, [0]250
—92, [0]246 —44 (sh), Plaso —13; (¢ 0.099, cyclohexane)d].77 0,
[0]260 =56, [0]266 =19, [0]262 =68, [0]258 =32, [0] 256 =50, [0]251 —22,
[6]246 —28, [0]245 —18 (sh), Pl2ss — 13 (sh), Plso —11.

L-3-Phenyllactic acid (-5d) had []?% —19° (c 2.2, HO) [lit.3®
[0]2527 —20° (1-5% solution in HOJ: CD (c 0.074, 1.0 M NaOH
in H20) [9]275:|:O, [9]269_221 [9]255—3.7, [0]262 —31, [0]253 :|:O, [9]255
_19, [0]253 :|:0, [6]252 +21, [9]251 :|:O, [9]249 —7.4, [9]247 :I:O, [0]245
+8.6 (sh), Pl2so +540; EA max (0.1 M KOH in MeOH) 267 nme(
110), 264 (150), 260 (170) (sh), 258 (200), 252 (160), 248 (120), 243
(80) (sh), 238 (51) (sh); CDc(0.069, 0.1 M KOH in MeOH) §]277
:|:O, [9]271 —8.8, [9]269 :I:O, [9]257 +12, [9]255 :tO, [0]263 _7.8, [0]252
:|:0, [0]250 +21, [0]258 :|:O, [0]257 —4.9, [0]256 :|:O, [0]254 +19, [0]250
+1.3, [0]247 +10, [9]244 +4.1, [0]240 +13 (Sh), P]230 +210; CD C
0.057, HO) [0]273 £0, [0260 —13, [0]266 =0, [0]265 +8.2, [0]264 =0,
[6]261 —19, [B]260 £0, [A)256 0, [Ol255 —5.2, [B]254 £0, [0]252 +17,
[6]240 +8.6, [0]230 +1700; EA max (MeOH) 267 nme(94), 264 (140),
258 (190), 252 (150), 247 (110), 242 (84); COO058, MeOH) P]274
:|:O, [0]259 +28, [0]257 :|:0, [0]256 _2.0, [0]255 :|:O, [0]253 +22, [0]251
+20, [0]230 +4700, CD (:0106, THF) 9]277 :i:O, [9]271 _6.8, [0]270
+0, [0]267 +22, [0]264 £0, [0]263 —7.9, [0]262 £0, [6]260 +36, [0]258
40, [Ol2s6 —7.2, [B]255 20, [0]254 +11, [0]255 20, [0]251 —15, [0]249
+0, [6]33 +2800.

L-Phenylalaninol (L-6b) had ]%% —22° (¢ 1.5, 1 M HCI): CD ¢
0078, HO) [9]277 :|:0, [9]269 _40, [9]255 _27, [9]252 —54, [9]257 _40,
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[9]255 _47, [9]251 _30, [0]249 _32, [0]242 —22 (Sh), 5]237 _17; EA
max (MeOH) 267 nmd 130), 264 (150), 260 (180) (sh), 258 (200),
253 (160), 248 (120), 243 (78) (sh), 238 (48) (sh); €D.070, MeOH)
[6]275 £0, [0]260 —110, [B]266 —65, [0 262 —150, [0] 250 —89, [A] 256 —110,
[0]251 —60 (Sh), p]244 -31 (Sh), 9]235—18; CD (C 0083, THF) 9]279
40, [0]271 —85, [0]267 —4.9, [0]264 —93, [A]260 —32, [0]257 —65, [A]253
—29, [9]250 —41, [9]247 _27, [0]243 —-35 (Sh), 9]233—220; CD C 0067,
cyclohexane) §]27¢ £0, [0]271 —45, [0]260 £0, [6]267 +30, [#]266 £0,
[0]264 —28, [Al262 0, [B]261 +20, [0]250 £0, [0]257 —9.3, [@]254 £0,
[6]253511.8, [(]253 £0, [0]250 —10, [B]245 —6.5, [0]243 —20, [0]234 —13,
[6]230—36; CD (€ 0.101 1 M HCI in H,0) [0]276 =0, [0]267 —65, [0] 264
—52, [0]250 _86, [0]256 —58, [0]254 —61, [9]249 —-38 (Sh), p]z;go —14;
EA max (0.1 M HCI in MeOH) 266 nm¢ 82) (sh), 263 (140), 257
(180), 252 (140), 247 (100), 242 (61) (sh), 237 (41) (sh); €D.050,
0.1 M HCI in MeOH) [0]277 0, [6]26s —190, [0]265 —110, [9] 261 —230,
[9]253 —140, [9]255 _160, [6]251 —94 (Sh), 9]244 —53 (Sh), 9]230 —19.

N-Methyl-L-phenylalanine (-7a) had |o]%% +20° (¢ 1.0, 1 M HCI)
[lit. ® [o]2% +21° (¢ 3.0, 1 N HCI): CD € 0.054, HO) [6]z76 %0,
[0]266 +64, [0]263 +46, [0]250 +72, [0]2s6 +41, [0]253 +55, [0]250 +26,
[6]246 +36, [0] 244 +32, [0]230 +390; EA max (MeOH) 267 nmg(150)
(sh), 264 (250), 258 (310), 252 (240), 248 (170) (sh), 243 (120) (sh),
237 (68) (sh); CD ¢ 0.046, MeOH) 277 +0, [0]270 —13, [0]268 £O,
[O0]266 +24, [A]263 £0, [0]250 +34, [Al2s6 +0, [6]253 +20, [0]250 +8.6,
[0]248 +12, [0]245 +7.8, [0]230 +430; CD € 0.047 1 M HCl in H,0)
[0]273 %0, [0]266 +110, [Pl263+79, [@]250 +130, [B]256 +72, [0]253 +93,
[6]250 +83, [0]230 +3100; EA max (0.1 M HCl in MeOH) 267 nme(
66) (sh), 263 (130), 257 (170), 252 (140), 247 (96) (sh), 242 (70) (sh);
CD (C 0051, 0.1 MHClin MeOH)@]zn :tO, [9]266 +100, [6]263 +63,
[6]260 +120, [0]257 +74, [0]253 +110 (sh), Ps0 +4400; CD € 0.055,
1 M NaOH in Hzo) [9]272 :|:0, [0]253_17, [(9]255 :|:O, [9]255 +19, [6]253
40, [0]262 —9.0, [Al261 0, [O]258 +36, [B]256 +17, [0]251 +37 (sh),
[6]230 +3200.

Methyl L-phenylalaninate hydrochloride (-7b-HCI) had []%%
429 (c 2.1, abs EtOH); CDd 0.086 in BO) [0]273 +0, [0]265 +58,
[6]263 150, [0]250 +69, [A]255 +43, [0 253 +61, [0]249 +38, [#]230 +2600;
EA max (MeOH) 267 nm¢ 73) (sh), 264 (140), 258 (180), 252 (140),
248 (100) (sh), 242 (70) (sh); CIz 0.077, MeOH) P]272 £0, [0] 265
+31, [0]262+13, [0 250 +47, [0]256 +21, [0]252 +44, [0]251 +42, [0] 220
+4300; CD € 0.087, 1.0 M NaOH in HO) [0]271 0, [6]266 +54,
[6]263 +21, [A]250 +70, [0]256 +36, [0] 255 48, [0]250 +32, [0]246 +38
(sh), [0]230 +750; EA max (0.1 M KOH in MeOH) 267 nme(100),

J. Am. Chem. Soc., Vol. 118, No. 33, 19581

264 (160), 258 (200), 252 (170), 248 (130), 242 (100); €D.054,
0.1 M KOH in MeOH) [9]274 :|:0, [6]270 —11, [9]253 :|:0, [0]255 +35,
[0]265 £0, [0]250 +51, [B]256 +11, [0]2s3 +31, [l2s0 0, [0]247 +19
(Sh), [9]230 +3300.

N-Acetyl-L-phenylalanine (-7c) had [t]%% +33° (c 1.0, MeOH):
CD (c0.071, 1.0 M NaOH in ) [6]273£0, [0]267 —100, [0]264 —14,
[9]261 —74, [9]253 +0, [9]257 +27, [9]254 +5.6, [9]250 +53, [(9]249 +49,
[0]245 +64 (sh), Plaso +1000; EA max (0.1 M KOH in MeOH) 267
nm (€ 100), 264 (150), 258 (200), 252 (160), 247 (120), 242 (83) (sh):
CD (C 0.069, 0.1 M KOH in MeOH) @]274 40, [6]269 —69, [0]266 10,
[6]260 +27, [0]263 10, []262 —23, [B]261 =0, [6]255 +81, [B]255 +52,
[9]251 +93, [0]249 +85, [9]245 +100 (Sh), 9]230 +1500, CD (3 0067,
H20) [6]275 £0, [0]268 —94, [0]264 —10, [0]261 —66, [0]258 £0, [0]257
+30, [0]254 +56, [9]251 +40, [0]248 +31, [9]230 +1800, EA max
(MeOH) 267 nm € 83) (sh), 264 (140), 258 (180), 252 (150), 247
(110), 241 (90) (sh); CD(0.066, MeOH) P]274 %0, [0]268 —92, [6] 265
+0, [0]264.5 +2.1, [0]254 +0, [9]261 —67, [0]259 +0, [0]253 +17, [0]256
40, [0]254 —26, [9]252 —14, [9]249 —41, [0]245 +0, [9]230 +5600; CD
(C 0096, dioxane)d]zn :|:0, [0]269 —14, [9]268 :|:0, [9]255 +61, [0]252
+35, [0]2s0 +97, [0]256 +65, [0]251 +100 (sh), Plase +130; CD €
0.064, THF) P73 0, [0]260 —32, [0]267 20, [0]265 +45, [0]262 +13,
[6]250 +77, [P]2s6 150, [B]253 +69, [A]251 +65, [0]234 +3000.

Ethyl N-acetyl+-phenylalaninate (-7d) had [o]%% +12° (c 1.0,
MEOH): CD (C 0078, HO) [9]273 :|:0, [6]267 —68, [9]254 —2.5, [0]251
—48, [09]253 40, [0]257 +18, [0]255 +0, [0]254 —6.6, [0]253 +0, [0]251
+21, [9]243 40, [9]241 =77, [9]238 +0; EA max (MeOH) 267 nme(
87) (sh), 264 (140), 258 (190), 252 (150), 247 (110), 241 (93) (sh);
CD (C 0.119, MeOH) 9]273 +0, [9]268 —91, [0]265 -13, [9]261 —78,
[9]259 +0, [0]258 +7.0, [0]257 +0, [9]255 —26, [9]252 -5.0, [9]247 —45,
[6]2424£0; (c 0.076, THF) Pl274 0, [0 260 —42, [0 267 £0, [0]265 +28,
[6]263 +0, [9]252 —8.3, [0]251 +0, [9]253 +70, [9]255 +60, [9]251 +150
(Sh), [0]234 +3300; CD C 0.075, CyCtheXane)glzn +0, [0]269 —15,
[9]268 +0, [9]255 +52, [9]252 +17, [9]259 +96, [9]255 +69, [9]253 +100,
[0]249 +78 (Sh), 9]245 +58, [0]230 +3200.
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