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Racemic (R,S)-4-formyl-5-hydroxy[2.2]paracyclophane (FHPC) was resolved into enantiomers via its Schiff s 
base with (S)- and (R)-a-phenylethylamine (a-PEAM) and its absolute configuration was determined by an 
X-ray diffraction structural study. Scalemic FHPC or its derivatives can be used as chiral auxiliaries for the 
asymmetric synthesis of P-hydroxy-a-amino acids and a-methylphenylalanine with ees ranging mostly from 
45 to 98%. 

Introduction 
The burgeoning field of asymmetric synthesis relies mainly on 
the use of chiral natural compounds or their derivatives as chiral 
auxiliaries for stoichiometric asymmetric synthesis or chiral 
ligands for transition-metal-based catalysis. Still, purely 
synthetic chiral auxiliaries are found to be among the most 
efficient ligands for asymmetric catalysis. Among those 
auxiliaries feature prominently molecules with planar chirality, 
such as derivatives of ferrocene. Chiral arenechromium 
complexes have been used in many stoichiometric asymmetric 
 reaction^,^^ and also very recently to catalyse the addition 
reactions of organozinc compounds to  aldehyde^.^' Further- 
more, a chiral pyridoxal derivative was shown to function as an 
auxiliary in the asymmetric synthesis of P-hydroxy-a-amino 
acids. 

Unfortunately, the compounds with planar chirality derived 
from arene- or cyclopentadiene-transition metal complexes are 
either readily oxidized or are unstable under certain reaction 
conditions. 

We have therefore investigated whether other compounds 
with planar chirality, derived from [2.2]paracyclophane 1, are 
also suitable as chiral auxiliaries, since here the starting material 
is very stable towards light, oxidation, acids, bases, and 
relatively high temperatures. 

We believed that a salicylaldehyde analogue derived from 
[2.2]paracyclophane might be a very useful chiral auxiliary or a 
chiral ligand in the range of chemical reactions catalysed by 
salicylaldehyde or its derivatives. It was already well docu- 
mented that metal complexes of chiral Schiff‘s bases derived 
from salicylaldehyde (or substituted salicylaldehyde) and chiral 
amines (or diamines of P-hydroxy amines) could be used for 
asymmetric cyclopropanation,’ oxidation of sulfides,* epoxid- 
ation of olefins and silylcyanation of aldehydes. l o  Finally, Cu” 
complexes of the Schiff’s bases derived from salicylaldehyde and 
glycine were used for the stoichiometric synthesis of racemic 
P-hydroxy-a-amino acids,’ ’ and Schiff’s bases of amino acid 
esters and substituted benzaldehydes were employed for the 
synthesis of racemic a-amino acids.I2 

We report here the synthesis, resolution and absolute 
configuration determination of 4-formyl-5-hydroxy[2.2]para- 
cyclophane (FHPC), a chiral analogue of salicylaldehyde, and 
also its application for the stoichiometric asymmetric synthesis 
of a-amino acids. Preliminary results of a part of the work were 
published earlier. 

Results and discussion 
Synthesis and resolution of racemic FHPC 
Synthesis of FHPC was carried out according to Scheme 1 in a 
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Scheme 1 
NaOH; v, (CH,O),, SnCl,, Bu,N 

Reagents: i, Br, (Fe); ii ,  BuLi; iii, B(OMe),; iv, H,02, 

multistage reaction; bromination of the parent paracyclophane 
1, Li-Br exchange, reaction of the organometallic intermediate 
with trimethyl borate, and oxidation with H 2 0 2  furnishing the 
phenol 2.14 The ortho formylation with (CH20),, catalysed by 
SnCl, and Bu,N,” gave the expected racemic FHPC.16 
Although the overall yield of the reaction was low (20-30%), the 
initial remaining phenol 2 could be- almost quantitatively 
isolated from the reaction mixture and reused. 

The differing solubility, in hexane, of the Schiff’s bases 3 
derived from (8)-FHPC or (R)-FHPC and (R)-x-phenylethyl- 
amine [(R)-a-PEAM] was used for the resolution of racemic 
FHPC (see Scheme 2). A single crystallization of the mixture 
of the (R,R)-3 and (S,R)-3 diastereoisomers gave almost 
diastereoisomerically pure compound in the precipitate [de 
> 90% according to ‘H NMR spectroscopy, by measuring the 
areas of the resonances of the aldimine hydrogen atoms 
(NXH)]. The diastereoisomeric purity of the isomer could be 
improved and brought to almost 96% by another crystallization. 
X-ray analysis of the sparingly soluble diastereoisomer revealed 
it to have the (R,R)-configuration (see Fig. 1). (R)-FHPC 
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Scheme 2 Reagents: i, aq. HCl, MeOH; ii, (S)-a-PEAM 

Fig. 1 
amine and (R)-FHPC as revealed by X-ray analysis 

Structure of the Schiff's base derived from (R)-a-phenylethyl- 

(having positive optical rotation at 589 nm) could be recovered 
from the pure diastereoisomer after the decomposition of the 
latter with a solution of aq. HCl in MeOH. The enantiomeric 
purity of the resolved material was additionally checked by 'H 
NMR spectroscopy, employing europium tris(heptafluor0- 
butyrylcamphorate) [Eu(hfc),] as a shift reagent. Another 
enantiomer [partially resolved (S)-FHPC] could be recovered 
from the remaining hexane solution as described above. One 
molar equivalent of (S)-a-phenylethylamine [(S)-a-PEAM] 
was added to it and the thus formed diastereoisomer (S,S)-3 was 

t ii It 
iii + 

R = W , P h  
B = Et3N, MeONa 

Scheme 3 
ii, RCHO, B; iii, aq. HCl, MeOH 

Reagents and conditions: i, Gly, Cu(OAc),, MeONa, 50 "C; 

recrystallized from hexane solution. In this way enantiomerically 
pure (S)-FHPC (having negative rotation at 589 nm) was easily 
obtained. On the other hand, (S)-FHPC could be obtained from 
racemic FHPC and (S)-a-PEAM, and (R)-FHPC-from 
partially resolved (R)-FHPC and (R)-a-PEAM. The novel 
procedure greatly simplifed the resolution technique, in 
comparison with one reported by us earlier. ' 
Asymmetric synthesis of Phydroxy a-amino acids 
The reaction involves condensation of the chiral CU" complexes 
( S ) -  and (R)-4 derived from glycine and ( S ) -  or (R)-FHPC 
respectively with isobutyraldehyde and benzaldehyde in MeOH 
(Scheme 3). After completion of the reaction, the mixture was 
quenched with aq. HCl, the unchanged initial chiral auxiliary 
was recovered, and the amino acids were isolated. FHPC 
retained its optical purity under all experimental conditions. 
The chemical yield, enantiomeric purity of the isolated amino 
acids, and their synlanti (threolaflo) ratio were dependent on the 
pH of the solution (see Table 1 ) .  At a low pH (Et,N catalysis), 
formation of almost racemic P-hydroxyleucine from complex 
(S)-4 was observed (Table 1, run l), although the yield and 
synlanti ratio were also disappointing. However, at a higher pH 
(MeONa catalysis) the enantiomeric purity synlanti ratio of 
the recovered amino acids were greatly improved and complex 
(29-4 gave rise to syn-(R)-P-hydroxy-a-amino acids (Table 1 ,  
runs 5-7), whereas complex 4 (R)-4 produced their ( S ) -  
enantiomers (Table 1, runs 2-4, 8). Thermodynamic control of 
the stereochemistry of the reaction and a mechanism incorpor- 
ating intermediate formation of a complex with the coordinated, 
ionized hydroxy group of the amino acid moiety (see Scheme 3) 
at a high pH can be invoked to rationalize the observations in 
the same manner as was discussed earlier for the condensations 
with other chiral Schiff's base complexes of Nil' and Cu" derived 
from glycine." As can be seen from Scheme 3, chelation of the 
ionized hydroxy group and C=N moiety forces the ionized 
carboxy group to take up a pseudo-axial position to avoid a 
non-bonding interaction with the H-atom of the HC=N group 
whereas the R-substituent has to position itself on the other side 
of the chelate ring to minimize its unfavourable interaction 
with the carboxy group. The situation corresponded to syn- 
diastereoisomers of the amino acid moiety as the most 
energetically favourable in the equilibrated mixture of the 
complexes. At the same time unfavourable interaction of the 
axial carboxy group with the (S)-paracyclophane moiety was 
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Table 1 Condensation of complexes (Sj- and (R)-4 with isobutyraldehyde and benzaldehyde in MeOH, catalysed by base, under Ar, at 50 "C 

R in Configuration Time synlan t i d.e. %" 
Run RCHO Catalyst of compound 4 (r/h) quotient (conf.) 

Pr 
Pr' 
Pr' 
Pr' 
Pr ' 
Pr' 
Pr' 
Ph 

Et,N 
MeONa 
MeONa 
MeONa 
MeONa 
MeONa 
MeONa 
MeONa 

11.5 
1.5 
4.5 
7.5 
1.3 
4.5 
7.5 
0.5 

4/1 
28/1 
3311 
5811 
13/1 
20/ 1 
1511 
C 

a GLC enantiomeric analyses of the syn-P-hydroxy-a-amino acids were performed on a Chirasil-Val-type phase. ' The chemical yields were in the 
range of 60-80%. Almost racemic product, chemical yield 22%. The amount of anti-isomer was too small to allow us to carry out any meaningful 
measurements. 

c!bCHO " OR 

R = €1, FIIPC 
R=Me.S  
R = P ? , 6  

R' 

7-11 / 

/ 
I 

( R  )- or (S )-7 R = H, R' = Me 
K'\ K" R'\, R" (R )- or (S )-8 R = H, R' = CH,Ph 

l12K+oEt *lrNA..fOEt 
(R )-9 R = M e ,  R '=Me 

0 0 ( R ) - 1 1  R=Pr ' ,  R '=Me 
(R  )-lo R = Me, R' = CH2Ph 

si-attack re-a ttack 

Scheme 4 Reagents: i, LDA; ii, R"X; iii, aq. HCI 

minimal if the configuration of the amino acid a-carbon atom 
was (R)-, with the COz- group projected away from the basket 
of the paracyclophane moiety. 

Whatever the mechanism of the reaction, the chemical yields, 
s<vn/unti ratio and enantiomeric purity of the P-hydroxy-a- 
amino acids obtained via FHPC-assisted reaction compare 
favourably with the earlier results on the use of a chiral 
pyridoxal-like pyridinophane for the synthesis of similar amino 
acids.5 For example, their synlanti values (1.1-2/1) and des 
24-850/, should be rated against the quotients 15-58/ 1 and de 
77-98% in our case (see Table 1). 

Synthesis of the 0-alkylated derivatives of FHPC 
(R)-FHPC was alkylated with Me1 and Pr'Br to give 4-formyl- 
5-methoxy[2.2]paracyclophane (R)-5 and 4-formyl-5-iso- 
propoxy[2.2]paracyclophane (R)-6, respectively. 

C-Alkylation of the Schiff's bases derived from (S,R)-Ala-OEt 
[or (S,R)-Phe-OEt] and (S)- or (R)-FHPC [or its derivatives] 
Syntheses of the Schiff's bases were carried out by the 

condensation of FHPC and its derivatives with the amino acid 
estersig (see Scheme 4), as described in the Experimental 
section. The Schiff's bases, derived from (S ) -  or (R)-FHPC and 
(S,R)-Ala-OEt, ( 9 - 7  or (R)-7 respectively, and (S ) -  or (R)- 
FHPC and (S,R)-Phe-OEt, (S)-8 or (R)-8,  respectively, were 
alkylated in tetrahydrofuran (THF) [some hexamethyl- 
phosphnic triamide (HMPT) was added] in the presence of 
at least 2 mol equiv. of lithium diisopropylamide (LDA).12" 
Imines (S)-7 and (R)-7 were alkylated with BzlBr, and imines 
(S)-8 and (R)-8 were alkylated with Me1 to afford a- 
methylphenylalanine (a-Me-Phe) in both cases. The Schiff's 
bases synthesized from substrates (R j-5 and (R)-6 [compounds 
(Rj-9, (Rj-10 and (R)-ll;  see Scheme 4 for the designations], 
were alkylated in the presence of 1 mol equiv. of LDA. The 
results of the experiments are summarized in Table 2. 

As could be seen from the data (Table 2, run l), (R)-FHPC 
promoted alkylation of the AlaOEt moiety in imine (R)-7 with 
BzlBr from the re-face of the intermediate Li-enolate (see 
Scheme 4), giving (R)-a-Me-Phe, whereas (S)-FHPC, as 
expected, induced si-attack, producing (S)-a-Me-Phe (Table 2, 
run 2). Alkylation of the PheOEt moiety in compound (R)-8 with 
Me1 gave (S)-a-Me-Phe (Table 2, run 3). The amino acid was 
also derived as a result of the re-face attack of a small electrophile 
on an amino acid ester enolate, having a larger side chain. As 
expected, compound (S)-8 gave (R)-a-Me-Ph (Table 2, run 4). 
The stereochemical course of the reaction could be simply (and 
rather naively) accommodated by assuming significant shielding 
of the si-face in the enolates of imines (R)-7 and ( R ) - 8  [or re-face 
in the corresponding enolates of imines (S)-7 or (S)-S] by the 
phenyl ring of the paracyclophane moiety, situated over the 
enolate plane (see Scheme 4). Examination of runs 1 4  (Table 2) 
indicated that the diastereoselectivity (de) of the alkylation 
depended to some extent on the type of the amino acid side 
moiety and the alkylating agent. Larger des were obtained in 
cases of a large electrophile attacking a small amino acid moiety 
(runs 1,2)? as compared with a small electrophile reacting with a 
large enolate (runs 3,4). The obvious explanation seems to be an 
increase in the value of the difference in energy between the two 
diastereoisomeric transition states accompanying the enlarge- 
ment in the size of the attacking electrophile. Nevertheless, 
the predominant influence of the paracyclophane, shielding 
the si-face of the enolates of imines (R)-7 and (R) -8  and the 
re-face of the enolates derived from imines (S)-7 and (S)-8, 
was retained. 

Substitution of OH by OMe or OPr' (conversion of FHPC 
into the ether 5 or 6) reversed the stereochemical sense of the 
asymmetric alkylation of the AlaOEt moiety, giving (S)-a-Me- 
Phe from compounds ( 4 - 9  and (R)-11 (see Table 2, runs 5 
and 7). The computer-generated [minimal neglect of differential 
overlap (MND0)-calculated] structure of the Li-enolate 
derived from compound (R)-11 revaled that the RO group was 
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Table 2 
derivatives a 

Asymmetric synthesis of a-Me-Phe via alkylation of the Schiffs bases of (S,R)-AlaOEt [or (S,R)-PheOEt] and (S ) -  or (R)-FHPC and its 

Initial substrate 
Alky lating de %' Recovery of the 

Run Des.b R R' agent R"X (Conf.) chiral auxiliary (%) 
~~ 

1 (R)-7 H Me BzlBr 79 ( R )  70 

3 (R)-8 H Bzl Me1 60 ( S )  69 
4 (S)-8 H Bzl Me1 50 ( R )  71 

6 (R)-10 Me Bzl Me1 8 (R) 70 

2 (S)-7 H Me BzlBr 82 ( S )  80 

5 (R)-9 Me Me BzlBr 45 ( S )  80 

7 ( R ) - l l  Pr' Me BzlBr 49 ( S )  80 

ff 2 h, at - 78 OC, LDA, THF-HMPTA (7: I ) ,  overnight at 20 "C. See Scheme 4 for the designations. GLC enantiomeric analyses of a-Me-Phe were 
performed on a P-cyclodextrin-type phase.20 Chemical yields of the amino acids were in the range 50-100%. 10% of (R)-4 [or (S)-41 was found in 
the reaction mixture. 10% of (R)-FHPC was detected in the mixture. 

C(2) 

Fig. 2 The computer-generated (MNDO-calculated) structure of the 
Li-enolate of the Schiff's base derived from 4-formyl-5-isopropoxy[2.2]- 
paracyclophane and glycine ethyl ester 

situated over the enolate plane, thereby shielding the re-face of 
the enolate, whereas the phenyl ring, situated on the other side 
of the plane, shielded the si-face (see Fig. 2). Thus the two 
shielding effects acted in opposite directions; however, the 
shielding provided by the RO substituent exerted a greater 
influence on the stereochemical outcome of the reaction in cases 
of BzlBr alkylation of the AlaOEt moiety. As expected, the size 
of the attacking electrophile influenced the d.e. of the reaction 
(compare runs 6 and 5). The attack of Me1 on the PheOEt 
moiety in compound (R)-10 gave almost racemic product 
(Table 2, run 6). 

Among the chiral auxiliaries used, compound (R)-5 were 
found to possess the greatest stability. FHPC was partly 
alkylated under the experimental conditions (up to 10%) and 
compound (R)-4 was partly hydrolysed (up to 10%) in the 
course of work-up, following the alkylation step. 

Conclusions 
The data reported in this work clearly indicated that chiral 
auxiliaries based on derivatives of [2.2]paracyclophanes can be 
successfully employed for asymmetric syntheses. We believe 
that FHPC itself can be effectively used in future as a ligand 
for the salen-transition-metal complex-catalysed asymmetric 
reactions discussed in the introduction. 7-10 In addition, the 
molecule of FHPC could be easily modified and a set of new 
chiral derivatives of paracyclophane capable of serving as 
chiral ligands or auxiliaries synthesized. 

Experimental 
General 
'H NMR spectra were obtained on a Bruker WP-200-SY or at 
400 MHz on a Bruker AMX-400 instrument with CHCI, (6 
7.27) as internal standard. Optical rotations were measured 
with a Perkin-Elmer-241 polarimeter in a thermostated cell at  
25 "C; [a],-values are given in lo-' deg cm2 g-'. TLC analysis 
was performed on silica gel precoated plates 'Silufol UV-254' 
(Chemapol). Column chromatography was performed on 
Kieselgel60 (Merck). Dichloromethane was washed successively 
with conc. H,SO,, water and saturated aq. Na,CO,, predried 
with CaCl,, distilled twice (successively) over P,O, and CaH,, 
and stored over 3 8, molecular sieves. Acetone and benzene 
were dried over molecular sieves 3 8, and were used without 
further purification. Ethanol was distilled from its magnesium 
alkoxide under argon. THF was distilled from sodium 
benzophenone ketyl under argon immediately before use. (R)-  
and (S)-a-phenylethylamine [(R)- and (S)-a-PEAM] were 
purchased from Fluka and diisopropylamine was purchased 
from Merck; all three were used without further purification. 
The hydrochlorides of a-amino acid ethyl esters were prepared 
according to literature procedures. l9 Compound (R)-10 was 
obtained as an inseparable mixture with starting material (R)-  
4; its identification arose from 'H NMR analyses of the 
mixture. 

GLC enantiomeric analyses of a-amino acids 
The enantiomeric purity of P-hydroxyleucine and P-phenyl- 
serine was checked by GLC analysis of their N-trifluoroacetyl 
isopropyl esters on a Chirasil-Val-type phase, ' fused silica 
capillary column (23 m x 0.22 mm); 100 and 142 "C; carrier 
gas He at  1.4 and 1.8 bar (1 bar = lo5 Pa). The samples of 
a-Me-Phe was analysed as their N-trifluoroacetyl propyl esters 
on a heptakis(2,6-di-O-pentyl-3-O-trifluoroacetyl)-~-cyclo- 
dextrin phase 2o (DP-TFA-P-CD), glass capillary column 
(40 m x 0.23 mm); 143 "C; carrier gas He at 1.6 bar. 

Quantum mechanics calculations 
The calculations were performed on an IBM-compatible 
486-processor computer, using a MNDO approach. 

X-ray analysis of Schiff's base (R,R)-3 
Red crystals of the Schiffs base were obtained by crystallization 
from hexane. Crystal data: C,5H,5N0, M = 355.5, ortho- 
rhombic (although the a and b parameters are, in fact, equal, the 
orthorhombic space group was chosen because of the lack of 
tetragonal symmetry in the intensities of reflections), a = 

2 = 4, D, = 1.223 g cm-,, space group P21212,, p = 0.074 
1 1.070(2), b = 11.077(2), c = 15.743(4) A, V = 1930.3(7) A3, 
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mm-', F(OO0) = 760. The unit-cell parameters and reflection 
intensities from a prismatic crystal with dimensions of 
0.2 x 0.2 x 0.2 mm were measured with a four-circle 
automated Siemens P3/PC diffractometer ( T  293 K, Mo-Ka) 
radiation, A 0.710 73 A, graphite monochromator, 8/26 scan, 
2" < 28 < 56", scan speed 2-15 deg min-', scan width of 1.7"; 
no crystal decay was observed. 1591 Independent observed 
reflections with I > 2 4 4 .  The structure was solved by direct 
methods. No absorption correction was applied. All non- 
hydrogen atoms were located in the difference map and refined 
anisotropically, hydrogen atoms were refined in isotropic 
approximation. The weighting scheme w = [02(fl + 0.0001 
F 2 ]  was used. Full-matrix least-squares refinement led to R = 
0.0451 ( R ,  = 0.0467) for the absolute configuration to the 
known (R)-configuration of the asymmetric centre of the 
PEAM moiety; refinement of the inverted structure led to 
approximately the same R- and R,-values. The calculations 
were carried out with an IBM PC/AT-386 computer using the 
SHELXTL PLUS (PC Version) programs. Atomic coordinates, 
bond lengths and angles have been deposited at the Cambridge 
Crystallographic Data Centre. 

In the molecule (Fig. I ) ,  aromatic rings of paracyclophane 
moieties [C(3)-C(8) and C(l l)-C(16)] are planar to within 
0.10 and 0.1 1 A, respectively, and form a dihedral angle of 1.4". 
The phenyl ring C(20)-C(25) in the side chain is planar to 
within 0.01 8, and forms, with the aforementioned planes, 
angles of 82.5 and 81.3", respectively. Bonds C(l)-C(2) and 
C(9)-C( 10) are collinear to within 0.9". The intramolecular 
hydrogen bond has the following parameters: O(1) N(I) 
2.533 A, 0 (1  jH(10) 1.10 A, H(lOjN(1) 1.54 A, 
O( 1 )-H( 10) N( 1) 148". The H( 10) N( 1) line runs almost 
parallel to the best-fit least-squares planes described by the 
paracyclophane rings (the angle is approximately 5"). The 
C(4)-0(1) bond has a length of 1.353 A, and the deviation of 
the 0(1) atom from the C(3)-C(8) plane is 0.07 A. The N(l) 
atom has a planar configuration with the following 
parameters: N( 1)-C( 17) 1.275 A, N( 1)-C( 18) 1.482 A, C( 17 j 
N(1)-C( 18) 121.8". 

Synthesis of racemic FHPC 
Published procedures were used for the synthesis of 
compounds 1 14' and 2.14' ortho-Formylation was carried out 
similarly to a literature method described for the ortho- 
formylation of phenols as follows. To a solution of compound 2 
(5.23 g, 23.3 mmol) in absolute toluene (250 cm3) were added 
SnCl, (1.1 g, 0.49 cm3, 4.2 mmol) and Bu,N (3.02 g, 3.88 cm', 
1.63 mmol) and the mixture was kept at  ambient temp. for 0.5 h. 
Then (CH,O), (2.8 g, 9.32 mmol) was added and the mixture 
was kept at 100 "C for 1 h. After that the mixture was diluted 
with water and acidified with 2 mol dm-, HCl. The organic 
layer was separated and the water layer was extracted with Et,O 
(2 x 50 cm3). The combined organic layers were evaporated to 
dryness and the residue was separated by column chromatogra- 
phy on SO,, with benzene as eluent (R, of FHPC > R,  of 2), 
and the fractions containing FHPC were combined and 
evaporated to afford title compound (1.17 g, 20%). Starting 
material 2 (3.14 g, 60%) was recovered as the next fraction. 
After recrystallization from heptane, FHPC (1.1 g, 19%) had 
mp 201-204 "C (Found: C, 80.95; H, 6.35. C1,Hl,O, requires 

CHO),7.00(1 H,dd,J8.0and1.8),6.40(1H,dd,J8.0and1.8), 
6.30(1 H,d,J8),6.26-6.16(2H,m),5.98(lH,d,Jfl)and3.62- 
2.24 (8 H, m, bridge); A,,,(benzene)/nm 304 and 399; 
v,,,(CDC13)jcm-' 1630 (GO).  

C, 80.88; H, 6.41%);6,(C,D,) 12.61 (1 H, S, OH), 9.47 (1 H, S, 

Resolution of FHPC 
A solution of racemic FHPC (1.38 g, 5.48 mmol) and (R)-a- 
PEAM (0.63 g, 0.7 cm3, 5.48 mmol) in benzene (38 cm3)-EtOH 

(10 cm3) was refluxed in a flask equipped with a Dean-Stark 
trap filled with MgS04 for 3 h. The resulting mixture of 
diastereoisomeric (R,R)- and (S,R)-3 was recrystallized twice 
from hexane. Isomer (R,R)-3 (0.70 g, 36%) had mp 158-160 "C 
(Found: C, 84.6; H, 7.1; N, 3.7. C,,H,,NO requires C ,  84.47; 
H, 7.09; N, 3.94%); [a];, +365 ( c  0.60, benzene); G,(CDCl,) 
14.4 (1 H, s, OH), 8.27 (1 H, s, N=CH), 7.52-7.25 (5  H, m, Ph), 
6.75(1H,d,J7.8and1.8),6.51(2H,m),6.35(1 H,dd,J7.8and 
1.8), 6.22 (1 H, d, J7.8), 5.76 (1 H, d, J7.8), 4.52 (1 H, q, a-H), 
2.38-3.52 (8 H, m, bridge) and 1.7 (3 H, d, Me); 
;l,,,(benzene)/nm 293,3 17sh and 375. 

Compound (R,R)-3 was hydrolysed by being refluxed with 
aq. HCl in MeOH, the organic material was taken up into 
benzene (2 x 15 cm3), and the extracts were dried over MgSO, 
and evaporated to give (R)-FHPC as yellow crystals. (R)-FHPC 
(0.46 g, 33%) had [ a ] i 5  + 572.9 (c 0.55, benzene). 

The combined hexane filtrates, containing partially enriched 
(S,R)-3, after evaporation and hydrolysis gave a partially 
resolved (S)-FHPC (0.86 g, 62%) with -222.7 (c 0.58, 
benzene). This compound and (S)-a-PEAM (0.43 cm3, 0.41 g, 
3.41 mmol) afforded isomer (S,S)-3 (0.52 g, 27.2%) with 
[a]k5 +345 (c 0.60, benzene), mp 161-162.5 "C. Hydrolysis of 
compound (S,S)-3 gave (S)-FHPC (0.35 g, 25%) with Cali5 
- 573.9 (c 0.38, benzene). 

Determination of the enantiomeric purity of (R)-FHPC 
'H NMR investigation of the samples, containing racemic 
FHPC (0.02 mmol) and Eu(hfc), (0.02 mmol) in CDCl, (0.5 
cm3), gave well resolved resonances of the H-C=O protons 
of the enantiomers of FHPC with a U-value of 0.73 ppm. 
Examination of the samples containing shift reagent and 
(R)-FHPC with [a]:, +472 (c 0.45, benzene) under the same 
experimental conditions indicated that the sample had 82% 
enantiomeric purity. 

(R)-4-Formyl-5-methoxy [ 2.21 paracyclophane, (R)-5 
A mixture of FHPC (0.1 g, 0.40 mmol), Me1 (0.6 g, 0.26 cm', 4.0 
mmol) and K2C03 (0.5 g) in acetone (4 cm3) was refluxed for 
12 h. Then the mixture was diluted with benzene ( 5  cm3), 
washed successively with saturated aq. Na2C03 and water 
(2 x 10 cm3), and the organic layer was separated, evaporated 
to dryness, and the resulting oily residue was recrystallized from 
hexane. Compound (R)-5 (0.056 g, 53%) had mp 105-106 "C 
(Found: C, 81.5; H, 7.0. C18H1802 requiresc, 81.17; H, 6.81%); 
G,(CDCI,) 10.15 (1 H, s, CHO), 6.79 (1 H, dd, J7 .8  and l.8), 
6.67(1H,d,J7.8),6.58(1H,dd,J7.8and1.8),6.59-6.30(3H, 
m, ArH of paracycl.), 4.15-3.98 (1 H, m, bridge), 3.8 (3 H, s, 
OMe) and 3.45-2.60 (7 H, m, bridge). Compound (R)-4 had 
mp 85-86 "C; [a]k5 - 130.15 (c 0.43, benzene); &,,,(benzene)/ 
nm 294 and 358. 

(R)-4-Formyl-5-isopropoxy [ 2.21 paracyclophane, (R)-6 
To a solution of (R)-FHPC (0.167 g, 0.63 mmol) in DMF (2 
cm3) at 0 "C was added Bu'OK (0.148 g, 1.32 mmol) and the 
mixture was allowed to reach room temp. Then 2-bromo- 
propane (0.65 g, 0.5 cm3, 5.3 mmol) was added to the resulting 
orange solution and the reaction mixture was stirred at 90 "C 
for 5 min. Then the reaction mixture was cooled, diluted with 
Et20, washed successively with saturated aq. NaHCO, and 
water, and extracted with Et,O (2 x 10 cm3). The combined 
extracts were evaporated to dryness and the oily residue was 
chromatographed on SiO, with benzene as the eluent to give the 
starting material (R)-FHPC (0.0204 g, 2% recovery) and 
compound (R)-6 (0.14 g, 71.773, which was recrystallized from 
hexane. Compound (R)-6 (0.1 13 g, 57.7%) had mp 79-81 "C 
(Found: C, 8 1.1; H, 7.7. C20H2202 requires C, 81.59; H, 7.53%); 
G,(CDCI,) 10.18 (1 H, s, CHO), 6.83 (1 H, dd, J 7 . 9  and 1.9), 
6.66 (1 H, d, J7.8), 6.59 (1 H, dd, J 7 . 9  and 1.7), 6.45 (1 H, dd, 
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J7.8 and 1.8), 6.40(1 H, d, J7.8), 6.37 (1 H, dd, J7.8 and 1.8), 
4.15 (I  H, sept, J6.15, CHMe,), 4.08 (1 H, m, bridge), 3.36-2.71 
(7 H, m, bridge), 1.48 (3 H, d, CHMe,), and 1.10 (3 H, d, 
CH Me,); [cx]k5 - 143.0 (c 0.28, benzene). 

Synthesis of the chiral Cull-complexes of the Schiff's bases 
derived from FHPC and Gly, (S)- and (R)-4 
A mixture of (R)- or (S)-FHPC (0.15 g, 0.595 mmol), Gly (0.05 g, 
0.67 mmol) and Cu(OAc),-H,O (0.14 g, 0.7 mmol) in 0.23 mol 
dm-3 MeONa solution in MeOH ( 5  cm3) was stirred at 50 "C for 5 
h. Then the mixture was evaporated and the residue was purified 
on a Sephadex LH-20 column with benzene-methanol (3: 1) 
as eluent, to yield Schiff's base complex ( S ) -  or (R)-4 (0.215 
g, 93%). 

Condensation of complex (S)- or (R)-4 with aldehydes 
General procedure is illustrated by the synthesis of P-hydroxy- 
leucine employing complex (R)-4 as the starting material and 
MeONa as catalyst. A mixture of (R)-4 (0.27 g, 0.59 mmol), a 
0.28 mol dm-3 solution of MeONa in MeOH (6 cm3) and 
isobutyraldehyde (0.22 cm3, 0.174 g, 2.36 mmol) was stirred at 
50 "C for several hours and worked up as described below. 

Recovery of FHPC and amino acids from the Cu" complexes 
To a solution of the complex in MeOH was added 2 mol dm 
HCl(8-10 mol equiv.) and the mixture was refluxed until FHPC 
precipitated from the solution. The mixture was extracted with 
benzene, the combined extracts were evaporated, and FHPC 
was purified on SO, (benzene). The amino acid was isolated 
from the aqueous solution by ion-exchange chromatography on 
Dowex-50 (H+). 

Synthesis of the Schiff's bases 7-1 1 
The general procedure is illustrated by the synthesis of 
compound (R)-7. To a solution of (R)-FHPC (0.075 g, 0.298 
mmol) in benzene (3 cm3) were added a solution of (S,R)- 
alanine ethyl ester hydrochloride (0.068 g, 0.298 mmol) in 
EtOH (1 cm3) and a solution of Et3N (0.030 g, 0.04 cm3, 0.298 
mmol) in EtOH (0.24 cm3). The mixture was refluxed for 3 h in a 
flask equipped with a Dean-Stark trap filled with MgSO,, then 
the solvent was evaporated off under reduced pressure, the 
residue was mixed with benzene (5 cm3) and the insoluble 
material was filtered off. The remaining solution was evaporated 
under reduced pressure and the oily residue was purified by 
column chromatography on SO,. Initial elution with benzene 
gave starting (R)-FHPC (0.001 5 g, 2% recovery), then a mixture 
of benzene and EtOH (1 5 : 1) was used to eluate a mixture (0.123 
g, 97%) of two diastereoisomeric Schiff's bases of compound 
(R)-7 which had GH(CDC13) 13.77 (0.5 H, s, OH), 13.73 (0.5 H, 
s, OH), 8.31 (0.5 H, s, N S H )  and 8.29 (0.5 H, s, N S H ) ,  6.88 
(1 H, m, ArH of paracycl.), 6.63-6.17 (5 H, 111, ArH of paracycl.), 
4.42-3.99 [3 H, m, CH(CO,Et)(Me)(N=CR) and OCH,Me], 
3.52-2.48 (8 H, m, bridge), 1.67 [3 x 0.5 H, d, CH(C0,Me)- 
(NSHR)],  1.58 [3 x 0.5 H, d, CH(CO,Et)(Me)(N=CR)], 1.35 
(3 x 0.5 H, t, OCH,Me) and 1.27 (3 x 0.5 H, t, OCH,Me). 
Compound (29-7 has the same set of 'H NMR parameters. 

Compound (R)-8 was isolated as a mixture of two diastereo- 
isomers and had GH(CDC1,) 14.4 (0.5 H, s, OH), 13.6 (0.5 H, s, 
OH), 8.08 (0.5 H, S, N X H ) ,  7.97 (0.5 H, S, N=CH), 7.35-7.20 
(5 H, m, Ph), 6.90-6.10 (5 H, m, ArH ofparacycl.), 6.60 (0.5 H, d, 
ArH or paracycl.), 5.05 (0.5 H, d, ArH of paracycl.), 4.38-4.10 
(3 H, m, OCH,Me and CH,Ph), 3.52-2.28 [9 H, m, bridge and 
CH(CO,Et)(CH,Ph)(N=CHR)], 1.39 (3 x 0.5 H, t, OCH,Me) 
and 1.25 (3 x 0.5 H, t, OCH,Me). The mixture of diastereo- 
isomers (29-8 has the same 'H NMR parameters. 

Compound (R)-9 as a mixture of two diastereoisomers had 
GH(CDC13) 8.37 (0.5 H, s, N S H ) ,  8.34 (0.5 H, s, N=CH), 6.84- 
6.34(6 H, m, ArH of paracycl.), 4.41-4.00 [3 H, m, CH(C0,Et)- 

(Me)(N=CHR)andOCH,Me],3.66(3 H,s,OMe),3.41-2.36(8 
H, m, bridge), 1.66 [3 x 0.5 H, d, CH(CO,Et)(Me)(N=CHR)], 
1.52 [3 x 0.5 H, d, CH(CO,Et)(Me)(N=CHR)], 1.36 (3 x 0.5 
H, t, OCH,Me) and 1.25 (3 x 0.5 H, t, OCH,Me); 
il,,,(benzene)/nm 289 and 347. 

Compound (R)-10 as a mixture of two diastereoisomers had 

7.40-7.05 (5 H, m, Ph), 6.64-5.80 (6 H, m, ArH of paracycl.), 4.32 
(2H,q,0CH2Me),3.58(3 x 0.5H,s,OMe),3.10(3 x OSH, 
s, OMe), 3.45-2.48 [11  H, m, bridge, CH,Ph and CH(C0,Et)- 
(CH,Ph)(N=CHR)] and 1.33 (3 H, t, OCH,Me); il,,,(benzene)/ 
nm 289 and 345. 

Compound (R)-11 as a mixture of two diastereoisomers had 
GH(CDC13) 8.30 (1 H, s, N=CH), 6.80-6.10 (6 H, m, ArH of 
paracycl.), 4.30-3.95 [3 H, m, OCH,Me and CH(C0,Et)- 
(Me)(N=CHR)], 3.86 (1 H, sept, J 6.15, OCHMe,), 3.10-2.38 
(8 H, bridge) and 1.60-0.90 [I2 H, m, OCH,Me, OCHMe, 
and CH( CO , E t )( Me)( N S H R ) ]  . 

&(CDC13) 8.23 (0.5 H, S, N S H ) ,  7.9 (0.5 H, S, N S H ) ,  

Alkylation of the Schiff's bases 7-11 
General procedure is illustrated by the synthesis of cr-Me-Phe via 
alkylation of compound (R)-7. To a solution of diisopropyl- 
amide (0.019 g, 0.027 cm3, 0.38 mmol) in absolute THF (0.8 
cm3) at -78 "C was added a 2.9 mol dm-3 BuLi solution in 
hexane (0.13 cm3, 0.38 mmol) and the mixture was stirred for 0.5 
h at that temp. Then solutions of HMPT (0.5 cm3) in THF 
(1 cm3) and compound (R)-7 (0.067 g, 0.19 mmol) in THF (1.5 
cm3) were successively added. After stirring of this mixture for 
another 0.5 h a solution of benzyl bromide (0.070 g, 0.05 cm3, 0.4 
mmol) in THF (0.2 cm3) was added and the mixture was 
allowed to warm slowly to ambient temp. (within several hours) 
and was left overnight. Finally the reaction was quenched with 
saturated aq. NH4Cl (10 cm3) and extracted with benzene 
(3 x 10 cm3). The combined benzene layers were washed with 
water (2 x 10 cm3), the solvent was evaporated off under 
reduced pressure, and the residue was treated as described below. 

Recovery of FHPC and a-Me-Phe after alkylation of 
Schiff's bases 7-1 1 
To a solution of alkylated Schiff's base (R)-7 in MeOH was 
added an aq. solution of (S)-Leu (0.012 g, 0.095 mmol in 2.1 
cm3) (as an internal standard for GLC) and aq. 2 mol dm-3 HCl 
(8-10 rnol equiv.) and the mixture was refluxed for 2 h before 
being extracted with benzene (2 x 10 cm3), and the combined 
organic extracts containing (R)-FHPC was purified on SiO, 
(with benzene as eluent). The water layer was evaporated to 
dryness. To the residue was added 6 mol dmP3 HCl (5-7 mol 
equiv.) and the mixture was heated for 6 8  h. The resulting 
amino acids were isolated from the aq. solution by ion-exchange 
chromatography on Dowex-50 (H'). 
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