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Continuing our studies on diterpenic compounds from 
the Teucrium species (family Labiatae)?+ we now report 
the isolation and structure determination of a new com- 
pound from T. chamaedrys  L., a species in which several 
new neoclerodane diterpenoids have been previously 

The structre of this new diterpenoid, cha- 
maedroxide, has been shown to be 4/3,6@:15,16-diepoxy- 
2fl-hydroxyneocleroda-13( 16) ,14-diene-l8,19:20,12($)- 
diolide (1),13 and it was established as follows. 

Combustion analysis and mass spectrometry indicated 
the molecular formula C&zz07 for chamaedroxide (I). Its 
IR spectrum was consistent with the presence of a furan 
ring (3150, 3135, 1502, 883 cm-l), two y-lactone groups 
(1765, 1760 cm-'), and an OH group (3500 cm-'). The 
presence of a hydroxyl group was confirmed by the for- 
mation, on treatment with Ac20-pyridine, of a mono- 
acetate, C22H2408 (2), the IR spectrum of which showed 
no OH absorption. 

However, it  was the 'H NMR spectrum of chamaedr- 
oxide that provided the most information and established 
a clerodane structure such as 1 for this new diterpenoid. 
Effectively, this spectrum showed signals of a secondary 
methyl group a t  6 0.88 (d, J = 7 Hz, 3 H-17), and of a 
P-substituted furan ring (an ABX system, two a-furan 
protons having their resonance at  6 7.73 and 7.65 and one 
p-furan proton a t  6 6.54, H-16, H-15, and H-14, respec- 
tively).14 An ABX system a t  6 5.62 (1 H, dd, JxB = 8 Hz, 
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(12) Savona, G.; Garcia-Alvarez, M. C.; Rodriguez, B. Phytochemistry 

1982, 21, 721. 
(13) Nomenclature suggested by: Rogers, D.; Unal, G. G.; Williams, 

D. J.; Ley, S. V.; Sim, G. A.; Joshi, B. S.; Ravindranath, K. R. J. Chem. 
Soc., Chem. Commun. 1979, 97. 

1973, 9, 169. 

Jm = 5 Hz), 2.95 (1 H, dd, J A B  = 13.5 Hz, JBx = 8 Hz) 
and 2.41 (1 H, dd, JAx = 5 Hz) was assigned to the (2-12 
methyne and the C-11 methylene g r o ~ p s , ~ J ~  and an AB 
system a t  6 4.56 and 4.43 (JAB = 11 Hz) was attributed to 
the C-19 methylene g r ~ u p i n g . ~ J ~  A one-proton signal at  
6 4.18 was assigned to the geminal proton of the secondary 
hydroxyl group of chamaedroxide, because it was downfield 
shifted (6 4.72) in the 'H NMR spectrum of the acetyl 
derivative 2. This signal showed that this alcohol function 
must be placed between two methylene groups, because 
it appeared as a broad multiplet in compounds 1 (W,,, = 
25 Hz) and 2 (16-line signal, W1/2 = 28 Hz). Thus, in a 
clerodane skeleton, only the C-2 position is likely for this 
hydroxyl group. On the other hand, the C-6P position of 
chamaedroxide (1) must be substituted, because neither 
of the two protons a t  (2-19 in compounds 1 and 2 showed 
any long-range coupling in their 'H NMR spectra. The 
requirement for the existence of such a long-range cou- 
pling, which has been observed (J = 2 Hz) in some clero- 
dan-18,19-olides lacking a substituent at  C-6,15 is the ex- 
istence of an axial (8) proton a t  C-6.3>4 Consequently, a 
one-proton double doublet signal at  6 5.17 (J1 = 7.5, Jz = 
6 Hz) in the lH NMR spectrum of chamaedroxide (1) must 
be assigned to the C-6a proton. Moreover, a one-proton 
double doublet at  6 2.10 was attributed to the C-7P proton, 
which is coupled with its geminal proton (J7s,7a = 12 Hz) 
and with the C-6a proton (J7@,& = 6 Hz) but not with the 
C-8P proton,2p16 since a value close to zero for J7s,8s is 
consistent with a H-7,H-8 dihedral angle of ca. 90°, as can 
be seen in the Dreiding model of chamaedroxide (1). 
Finally, a one-proton doublet of double doublets at  6 1.84 
was assigned to the C-7a proton, which is coupled with its 
geminal proton (see above) and with both C-6a and (3-88 

In order to confirm the above assignments, a series of 
proton-decoupling experiments was carried out. As a result 
of irradiation at  6 5.62 (H-12), the double doublet signals 
a t  6 2.95 and 2.41 (H-11 and H'-11) collapsed into an AB 
system. Irradiation at  6 5.17 (H-6a) caused modifications 
of the signals at  6 2.10 (H-7& now appearing as a doublet, 
J78,7a = 12 Hz) and a t  6 1.84 (H-7a, now a double doublet, 
J7u,7s = 12 Hz, J7a,88 = 8 Hz). Furthermore, on irradiation 
a t  6 4.18 (H-2) no modifications were observed in any of 
the well-resolved signals, but a pattern of complex signals 
appearing between 6 2.20 and 2.50 was drastically modified. 

As a consequence of all the above data, it is evident that 
the C-60 position of chamaedroxide (1) is occupied by an 
oxygen atom, which must be forming a cyclic ether linkage 
with a trisubstituted carbon atom (C-4 or (2-10 in the 
clerodane skeleton), since only a proton (H-6a) appeared 
in the 'H NMR spectra of compounds 1 and 2 for this 
cyclic ether structural moiety. On the other hand, the 
presence in the 'H NMR spectrum of chamaedroxide of 
a one-proton triplet at  6 3.25 (J = 10 Hz) may be attributed 
not only to the C-lop axial proton in structure 1 but also 

protons (J7u,6a = 7.5 Hz, J7a,8,9 = 8 Hz). 
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Table I. Cremer's Parameters and Torsional Angles in the Junction A/B for Decalines of Some Teucrium Diterpenoids 
compd OA @A QA T A  1 T ~ l +  1 7 ~ 1  TB QB OB OB 

chamaedroxide ( la)  
chamaedroxide ( l b )  
auropolinZ 
19-acetyl gnaphalinZ2 
teucrin PlZz 
capitatinZ3 
eriocephalin" 
teuspininz5 

101in27 

teuflin% 

teuflidinz8 
teucvidinz9 

89 281 
89 280 
18 259 
6 222 
7 350 
9 251 

16 293 
18 309 

51 304 

47 359 

Neoclerodanes 
0.78 -66.1 128.7 
0.78 -66.5 131.5 
0.62 -68.8 101.3 
0.60 -57.8 102.9 
0.57 -55.2 107.2 
0.61 -62.5 109.4 
0.62 -65.9 103.2 
0.59 -64.2 114.4 

Neoclerod-3-ene 
0.55 -60.2 108.0 

19-Norneoclerod-4-ene 
0.56 -34.7 60.2 

lOo-19-Norneoclerod-4-enes 
125 229 0.50 
123 226 0.50 

1.1 49.3 
-0.6 50.4 

to the C-48 axial proton1' in an alternative structure with 
the oxetane ring between the C-6 and C-10 positions. 

A single-crystal X-ray determination was undertaken in 
order to elucidate this last question, to determine the 
configurations a t  C-2 and (2-12, and to establish the ab- 
solute configuration of chamaedroxide. Figure 1 shows the 
final X-ray model confirming all the above assignments 
and establishing the oxetane ring between the C-4P and 
C-6@ positions, a C-2@ configuration for the secondary 
hydroxyl group, a C-12(S) configuration, and a neoclero- 
dane absolute ~tereochemistry'~ for this new diterpenoid 
(1). 

15 

62.6 
65.0 
32.5 
45.1 
52.0 
46.9 
37.3 
50.2 

47.8 

25.5 

-48.2 
-49.8 

0.73 80 
0.80 78 
0.67 293 
0.50 223 
0.80 39 
0.76 71 
0.74 72 
0.51 1 

0.51 192 

0.84 28 

0.57 118 
0.57 128 

12 

90 
91 
30 

6 
80 
98 

104 
4 

8 

94 

166 
169 

1 R = H  

2 R = A e  

Crystals of chamaedroxide (1) are built upon dimers of 
two crystallographically independent molecules, which 
bond together through two hydrogen bonds 0(1)-H.-0(7) 
of 2.746 (5 )  and 2.964 (5) A, as shown in Figure 1. The 
X-ray-determined absolute configuration shows that the 
two molecules belong to the neoclerodane-type configu- 
ration.13 

The conformations of both molecules, omiting the ori- 
entation of the furan rings, are very similar. A half-normal 
probability plotla with all intramolecular distances less 
than 4.1 A gives a correlation coefficient of 0.98 with a xb2 
of 0.11, the interexperimental R value being of 0.007. The 
orientation of the furan rings is different for the two 
molecules, and both also differ from the usual orientation 

Figure 1. X-ray molecular model of the two crystallographycally 
independent molecules of chamaedroxide (1). 

found for several Teucrium diterpenoids. In most of these 
compounds, ring C is an envelope with the flap C-11 at  the 
C-8 side, which allows the planar furan ring to bisect C- 
(ll)-C(l2)-0(4). In the molecules of chamaedroxide 
(Figure l), however, the flap C-11 is at  the C-10 side, and 
the furan rings have to rotate out of their usual positions. 

Nevertheless, the oxetane moiety is the most interesting 
structural feature of chamaedroxide, because this is the 
first report on the X-ray geometry of an oxetane bridging 
a trans-decaline between the C-4 and C-6 carbon atoms. 
Bond lengths and angles are the usual for an oxetane 
group, and the dihedral angles for both molecules are 14.6' 
and 15.3', which are between the reported values running 
from Oo to 16°.1920 A cyclobutane ring equally substituted 
in a cis-decaline has a dihedral angle of 17.7°.21 

(17) GBcz-Baitz, E.; Radics, L.; Oganessian, G. B.; Mnataakanian, V. 

(18) Abrahams, S. C.; Keve, E. T. Acta Crystallogr., Sect. A 1971, A27, 
A. Phytochemistry 1978,17, 1967. 

157. 

(19) Castellano, E. E.; Hodder, 0. J. R. Acta Crystallogr., Sect. B 1973, 

(20) Holm, G.; Kowala, C.; Wunderlich, J. A. J. Chem. SOC., Chem. 
B29, 2566. 

Commun. 1973. 34. 



Notes 

The oxetane ring of chamaedroxide gives to its decaline 
moiety a special conformation, which departs much from 
the reported decaline conformations in other Teucrium 
d i t e r p e n o i d ~ . ~ * ~ ~ - ~ ~  In order to analyze the decaline de- 
formation of chamaedroxide (I), it is also worth reviewing 
the reported decaline conformations for those compounds. 
We define the conformation of each six-membered ring 
with the three puckering parameters of Creme@ the out 
of chair 8 (in degrees), the pseudorotation I$ (in degrees), 
and the total amplitude Q (in angstroms). Table I shows 
these parameters and their torsions through the junction 

C(5)-C( 1O)-C(9) for the Teucrium diterpenoids studied 
by diffraction methods. 

Usually the axial-axial interactions of ring B deform it 
from a chair, and some of this deformation is transmited 
to ring A, which has no axial-axial interactions other than 
H-H. When the oxetane ring is present (la and lb, Figure 
l), ITAI + 1 . ~ 1  increases very much, and rings A and B 
become twsts symmetrically disposed ($A = -80" and I$B 
= 80") at both sides of C(5)-C(lO). These rings could be 
also described as deformed boats with the flaps at (2-3, 
C-10, and C-7, their deformations to twist being due to the 
H(3)-H(lO)-H(7) axial interactions. 

The oxetane ring moiety is a rare feature in natural 
products, and to date, only a few compounds possessing 
this function, e.g., montanin D,31 l a ~ r e a t i n , ~ ~  and pseu- 
d o a n i ~ a t i n , ~ ~  have been described. 

C(5)-C(10): T A  = c(1)-c(1o)-c(5)-c(4) and TB = C(6)- 
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Experimental Section 
Melting points were determined in a Kofler apparatus and are 

uncorrected. Optical rotations were measured with a Perkin-Elmer 
141 polarimeter with a 1-dm cell. Elemental analyses were carried 
out in Madridlb with the help of a Perkin-Elmer 240 analyzer. 
IR spectra were determined on a Perkin-Elmer 257 spectrometer. 
'H NMR spectra were measured at 100 MHz, in pyridine-& or 
CDCI, solution with MelSi as an internal standard. Mass spectra 
were obtained on a Hitachi Perkin-Elmer RMU-6MG instrument. 

Isolation of Chamaedroxide (1). Dried and finely powdered 
T. chamaedrys L. (aerial parts, 770 g), collected near Ciruelos 
del Pinar (Guadalajara, Spain), were extracted with acetone as 
previously described.12 The chromatographic fraction (350 mg) 
obtained before elution of teugin3J2 was repeatedly chromato- 
graphed over silica gel columns eluted with petroleum ether- 
EtOAc (l:l), yielding pure chamaedroxide (1): 67 mg; mp 255-257 
"c (from Me,CO-EhO); [a]"OD +37.1" (c 0.42, pyridine); IR ( D r )  

785 cm-'; UV (EtOH) A,, 217.5 nm (log e 3.72), furan ring; lH 
NMR (pyridine&): see the text; mass spectrum (75 eV, direct 

3500,3i50,3i35,3000, 2980,2960,2920,28~, 1765,1760,1502, 
i46o,i3ao,i32o,ii95,ii63,1120,io33,ioo~, ~0,977,883,870, 

(21) Maslen, E. N.; Sheppard, P. N.; White, A. H.; Willis, A. C. J. 
Chem. SOC., Perkin Trans.:! 1976, 263. 

(22) Martinez-Ripoll, M.; Fayoa, J.; Rodriguez, B.; Garcia-Alvarez, M. 
C.; Savona, G.; Piozzi, F.; Patemostro, M.; Hanson, J. R. J. Chem. SOC., 
Perkin Trans.1 1981,1186. 

(23) Marquez, C.; Rabanal, R. M.; Valverde, S.; Eguren, L.; Perales, 
A.; Fayos, J. Tetrahedron Lett. 1980, 21, 5039. 

(24) Fayos, J.; Martinez-Ripoll, M.; Paternostro, M.; Piozzi, F.; Ro- 
driguez, B.; Savona, G. J.  Org. Chem. 1979,44, 4992. 

(25) Eguren, L.; Perales, A.; Fayos, Acta Crystallogr., Sect. B 1981, 
B37,2103. 

(26) Savona, G.; Patemostro, M.; Piozzi, F.; Hanaon, J. R.; Hitchcock, 
P. B.; Thomas, S. A. J. Chem. SOC., Perkin Trans. 1 1979, 1915. 

(27) Marquez, C.; Rabanal, R. M.; Valverde, S.; Eguren, L.; Perales, 
A.; Fayos, J. Tetrahedron Lett. 1981,22,2823. 

(28) Savona, G.; Patemostro, M.; Piozzi, F.; Hanaon, J. R.; Hitchcock, 
P. B.; Thomas, S. A. J. Chem. SOC., Perkin Trans. 1 1978,1080. 

(29) Uchida, I.; Fujita, E.; Taira, Z.; Osaki, K. Cryst. Struct. Commun. 
1974, 3, 569. 

(30) Cremer, D.; Pople, J. A. J.  Am. Chem. SOC. 1975,97, 1354. 
(31) Malakov, P. Y.; Papanov, G .  Y.; Mollov, N. M.; Spassov, S. L. Z. 

(32) Irie, T.; Izawa, M.; Kurosawa, E. Tetrahedron 1970,26, 851. 
(33) Okigawa, M.; Kawano, N. Tetrahedron Lett. 1971, 75. 

Naturforsch., B: Anorg. Chem., Org. Chem. 1978, 33b, 1142. 

inlet), m/z (relative intensity) 374 (M+, 4), 356 (2), 346 (2), 330 
(6), 316 (4), 236 (a), 213 (7), 203 (7), 177 (ll), 161 (14), 145 (24), 
133 ( 201,131 (la), 119 (241, io5 (44),96 (60), 95 (96), 94 (100, 
base peak), 91 (51), 81 (68),77 (44), 65 (29),53 (40). Anal. Calcd. 
for CzoHzzO7: C, 64.16; H, 5.92. Found C, 64.03; H, 6.05. 

Compound 2. A solution of 27 mg of chamaedroxide in 2 mL 
of pyridine and 0.5 mL of acetic anhydride was allowed to stand 
overnight at room temperature. The reaction mixture was poured 
into ice-water and extracted with CHCl3 A workup in the usual 
manner yielded, after purification by column chromatography, 
24 mg of 2: amorphous solid which melts at 120-126 "C; [.]'OD 
+71.2" (c 0.62, CHCI,); IR (KBr) 3150, 3130, 2960, 2870, 1770, 
1765,1735,1505,1455,1365,1240,1190,1165,1100,1030,990, 
975, 880, 805, 780 cm-l; 'H NMR (CDC13) 17 7.46 (2 H, m, Wl,z 
= 4 Hz, H-15 and H-16), 6.36 (1 H, m, WIl2 = 4 Hz, H-14), 5.49 
(1 H, dd, J1 = 4.5 Hz, Jz = 8 Hz, H-12), 5.15 (1 H, dd, J1 = 6 Hz, 
Jz = 6.5 Hz, H-6), 4.72 (1 H, 16 lines, Wllz = 28 Hz, H-2), 4.42 
and 4.28 (AB system, J = 11.5 Hz, 2 H-191, 2.76 (1 H, dd, J,,, 
= 13.5 Hz, J11,12 = 8 Hz, H-ll), 2.33 (1 H, dd, Jgem = 13.5 Hz, J11,,12 
= 4.5 Hz, H'-11), 2.04 (3 H, 8, OAC), 0.90 (3 H, d, J = 7 Hz, 3 H-17); 
mass spectrum (75 eV, direct inlet), m/z  (relative intensity) 416 

218 (6), 199 (16), 159 (14), 145 (E), 133 (ll), 131 (12), 119 (13), 
105 (26), 96 (14), 95 (42), 94 (68), 91 (26), 81 (30), 77 (16), 65 (13), 
53 (17), 43 (100, base peak). Anal. Calcd. for CaHZ4O8: C, 63.45; 
H, 5.81. Found C, 63.25; H, 5.99. 

X-ray Structure Determination of 1. C&22O7 crystallizes 
in the space group P212121 with Z = 8 and a = 30.139 (l), b = 
11.3698 (3), and c = 10.3159 (2) A. The molecular weight is 374.39, 
and the calculated density is 1.407 g cm-,. A single crystal of 0.2 
X 0.2 X 0.3 mm dimensions was used to measure the intensities 
of 2525 independent Friedel pairs, alternately collected on a 
computer-controlled four-circle diffractometer. Some experi- 
mental details are as follows: w/28 scan mode; 1.20" scan width; 
0.040 s g-' scan spead with the same measurement time for both 
backgrounds as for the peak. Graphite-monochromated Cu K a  
radiation (1.5418 A) was used up to a Bragg angle of 55". No 
intensity decay was observed during the data collection process. 
After the usual correction for Lorentz and polarization effects, 
2038 Friedel pairs were considered as observed according to the 
criterion Z > 2 4  and were used for the structure determination 
and refinement. No absorption correction was applied. The 
atomic scattering factors and the anomalous dispersion corrections 
were taken from the l i t e r a t ~ r e . ~ ~  The structure was solved by 
direct methods.% and refined by full-matrix least-squares methods 
with anisotropic thermal parameters for the nonhydrogen atoms 
using (hkl) reflections. The hydrogen atoms were placed at their 
expected positions, but they were checked in a Fourier difference 
map and were included as fixed isotropic contributors in the 
refinement. 

A weighting scheme was selected to prevent bias in ( wA2F) vs. 
(lFol) and (sin @ / A ) .  Several cycles_of_weighted anisotropic re- 
finement including both (hkl) and (hkl) reflections gave for the 
correct enantiomer the following unweighted and weighted dis- 
crepancy indices: R= 0.061 and R, = 0.057.36*37 

The absolute configuration was determined by comparing the 
more relevant Bijvoet pairs. The absorption correction was not 
necessary because the crystal was almost centrosymmetric, and 
this effect could be considered the same for both reflexions of 
each measured pair. On consideration of reflexions with F,, > 
lOo(F,,), there are 56 Bijvoet pairs with AF, > 0.16 showing an 
averaged Bijvoet difference (A') of 0.661 for the correct enantiomer 
vs. 0.757 for the wrong one (A-). Taking AF, > 0.08, there are 
290 Bijvoet pairs with A+ = 0.875 and A- = 0.926. These results 
support the molecular absolute configuration showed in Figure 

(M+, 4), 372 (31,356 (11,329 (2), 312 (21,298 (41,267 (3), 253 (31, 

1. 

(34) 'International Tables for X-Ray Crystallography"; Kynoch Press: 
Birmingham, 1974; Vol. IV. 

J. P. 'MULTAN"; Physics Department, University of York 
(35) Main, P.; Lessinger, L.; Woolfson, M. M.; Germain, G.; Declercq, 

York, 
England, 1977. 

(36) Stewart, J. M.; Kundell, F. A.; Baldwin, J. C. "The X-Ray 70 
System"; Computer Science Center, University of Maryland: College 
Park, MD, 1970. 

(37) Martinez-Ripoll, M.; Fayos, J. "CONFAB"; Instituto 
'Rocasolanto", CSIC: Serrano 119, Madrid-6, Spain, 1977. 
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In the design of novel inhibitors of peptidase enzymes 
our efforts axe often guided by results obtained with model 
peptides, some of which may contain uncommon or non- 
naturally occurring amino acids. Recently, our attention 
has been directed toward 2-amind-phenylbutyric acid (I). 
This compound, which may be viewed as a homologue of 
the naturally occurring amino acid phenylalanine 
(“homophenylalanine”),’ is a component of new agents of 
pharmacological interest.2 We thus became aware that 
a considerable amount of confusion has existed in the 
literature for some time with respect to assignment of 
absolute configuration to the enantiomers of this unusual 
amino acid. 

Resolution of 2-amino-4-phenylbutyric acid, by crys- 
tallization of the N-formyl derivative as its brucine salt, 
was first reported by du Vigneaud and Irish in 1938.3 
These workers assigned the natural L-configuration to the 
dextrorotatory isomer ( [ a I N D  +48.8’, 1% in 1 N HCl) on 
the basis of comparison of the pH dependence of its spe- 
cific rotation with that of naturally occurring amino acids. 
Additionally, in a series of feeding experiments initiated 
by Knoop4 and verified by du Vigneaud? it was concluded 

(1) Note that other types of homologues of phenylalanine can ale0 
For example, i has been reported and referred to aa ‘8- exist (i, ii). 

homophenylalanine”. See Ondetti, M. A.; Engle, S. L. J. Med. Chem. 
1975, 18, 761. 

(2) Patchett, A. A.; Harris, E.; Tristram, E. W.; W y a t t ,  M. J.; Wu, 
M. T.; Taub, D.; Peterson, E. R.; Ikeler, T. J.; ten Broeke, J.; Payne, L. 
G.; Ondeyka, D. L.; Thorsett, E. D.; Greenlee, W. J.; Lohr, N. S.; Hoff- 
sommer, R. D.; Joshua, H.; Ruyle, W. V.; Rothrock, J. W.; Aster, S. D.; 
Maycock, A. L.; Robinson, F. M.; Hirschmann, R.; Sweet, C. S.; Ulm, E. 
H.; Gross, D. M.; Vaasil, T. C.; Stone, C. A. Nature (London) 1980,288, 
280. 

(3) Du Vigneaud, V.; Irish, 0. J. J. Bid. Chem. 1938, 122, 349. 
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that the N-acetyl derivative of the levorotatory isomer is 
“less readily handled by the body” and thus corresponds 
to the unnatural D isomer. In 1964, Dirkx and Sixma5 
correlated the positive Cotton effect observed for the 
dextrotatory isomer ([a]”5600 +47O, 0.1% in 0.1 N HC1) with 
that observed for naturally occurring isomers of a number 
of other amino acids, including phenylalanine. Also in 
1964, preparation of isotopically labeled L-homophenyl- 
alanine by submitting racemic material to D-amino acid 
oxidase and recovering unchanged amino acid was reported 
but without physical d a h 6  In 1970, Sakota and co- 
workers’ subjected N-acetyl-dl-cY-amino&benzalpropionic 
acid to hydrolysis with “Biodiastase”. Hydrogenation of 
the resulting free amino acid gave levorotatory 2-amino- 
4-phenylbutyric acid ([cY]”OD -18O, 1% in HCl), which was 
claimed as the naturally occurring L isomer; a literature 
citation used to support this claim refers only to a synthesis 
of the racemic material.8 In 1976, Arold and co-workersg 
reported resolution of 1 by a procedure virtually identical 
with that reported earlier by du Vignea~d ;~  the levorota- 
tory isomer ([a]””D -45.6”, 1% in 1 N HCl), however, was 
assigned the natural L configuration without comment. 
This material was subsequently incorporated into a no- 
napeptide bradykinin analogue. Indeed, the levorotatory 
isomer ([a]”D -47’, 1% in HC1) was offered commercidy 
as “~-cr-amino-4-phenylbutyric acid” as late as 1981.1° 

Confusion concerning the absolute configuration of 2- 
amino-4-phenylbutyric acid is related to the fact that this 
substance has not been chemically converted to a com- 
pound of known absolute configuration. Such a trans- 
formation has now been accomplished, thus unambigu- 
ously establishing the absolute configuration of this im- 
portant amino acid. 

Reaction of the sodium salt of (-)-2-amino-4-phenyl- 
butryic acid’l with di-tert-butyl dicarbonate in aqueous 
tert-butyl alcohol afforded t-BOC derivative 2, which was 
characterized as its dicyclohexylammonium salt. Ru- 

B P 
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11 AuClJNa106 

21 IC,H,,),NH I 
? O F  

-CO,H BOC.HN-CO~H 
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thenium tetraoxide oxidation of 2 (free acid) using the 
modification recently reported by Sharpless and co- 

(4) Knoop, F.; Blanco, J. 2. Physiol. Chem. 1925, 146, 267. 
(5) Dirkx, I. P.; Sixma, F. L. J. Recl. Trau. Chim. Pays-Bas 1964,83, 

(6) Underhill, E. W. Can. J. Biochem. 1966,43, 179. 
(7) Sakota, N.; Okita, K.; Mataui, Y .  Bull. Chem. SOC. Jpn. 1970,43, 

(8) Gagnon, P.; N o h ,  B. Can. J. Res. B 1949,27, 742. 
(9) Arold, H.; Reissmann, 5.; Onschig, D. J. Prakt. Chem. 1976,318, 

420. 
(IO) ‘Chemalog Hi Lites”, Vol. 5 (Chemical Dynamics Corp., South 

Plainfield, NJ, April 1981). This designation has recently been changed 
to (-)-ru-amino-4-phenylbutyric acid. 

(11) Chemical Dynamics Corp. Stock No. 05-4525-00, see ref 10. 
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