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An easy method for the determination of the enantiomeric excess (ee) of mixtures of o-amino acids, and also for
the elucidation of the absolute configuration of each component of the mixture, is reported. The method is based
on the formation of diastereoisomers by reaction of the enantiomerically pure acetylacetonate derivative [Pd(acac-
0,0")(P-dach)]CIO, (4) [Po-dach = (1R,2R)-CgH1o(NHPPh,),] with p,L-mixtures of a-amino acids AaH (Pd:AaH =
1:1 molar ratio, refluxing MeOH). The reaction occurs with protonation of the acac ligand and N,O-coordination of
the amino acidate group, giving the corresponding [Pd(Aa-N,O)(P.-dach)]CIO, complexes L-5 and p-6. The composition
of these mixtures of amino acidate complexes was analyzed by integration of the corresponding peaks (four doublets,
two for each diastereomer) in their 31P{*H} NMR spectra. A series of 14 o-amino acids was studied (a, alaning;
b, 2-aminobutyric acid; c, valine; d, phenylalanine; e, proling; f, leucine; g, isoleucine; h, norleucine; i, sering; j,
threonine; k, methionine; |, aspartic acid; m, glutamine; n, cysteine), and excellent agreement between the expected
values of ee and those obtained from integration of the 3'P{*H} NMR spectra was obtained. Moreover, the position
of the signals of each isomer is diagnostic, in such a way that the outer doublets are always due to the L-derivatives
5a—I, while the inner ones are due to the p-derivatives 6a—l, allowing the assignation of absolute configurations to
each isomer in the mixture.

Introduction baseline resolution to perform a proper integration). The

One of the most important problems in enantioselective measurement of other nuclei is still raralespite very

processes is the accurate and reliable determination of therelevant advances:s K h . ¢ th ¢
enantiomeric excess (ee) of a given reaction and the correct F'evious NMR work on the esl;tlmatulan of the ee o
assignment of the respective absolute configurations to eacH"@MiN0 acids or esters using metal complexes as CDAs was
isomer. The chromatographic methods (chiral GC, HPLC on Pa@sed on the use of chiral diamirfésjost of them expensive
chiral solid phase$have undergone an impressive growth or tedious bto prepare, or chiral macrocycles derived from

) . ) -
in recent years and are quite adequate for a large number oporphynnél or dach‘} ) In Fhe pub|.|shed descrlptlon_ of the
substances. NMR analysis has also proved to be a powerful,latter the signal splitting is described, but no d_eta|ls _of the
accessible technique mainly through the use of chiral €€ measurements are given. Sevg ah_ nq;/—ammo qus
derivatizing or shift agents (CDAS/CSASIH NMR spectra have been complexed to Pd(ll) derivatives containing the

are the most widely used; due to the ubiquity of the (4) (a) Staubach, B.; Buddrus,Angew. Chem., Int. Ed. Endl996 35,

protons, but this latter fact can sometimes engender serious ~ 1344. (b) Claeys-Bruno, M.; Toronto, D.;"&&ut, J.; Bardet, M.;
. Marchon, J. CJ. Am. Chem. So2001, 123 11067. (c) Lisowski, J.

problems (e.g., overlapped signals and the absence of  \jagn. Reson. Cheri999 37, 287. (d) B, A.; Seebach, CHelr.

Chim. Acta200Q 83, 3262.
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o-Amino Acid ee and Absolute Configurations
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aReagents: (i) PAGINCPh), — 2NCPh; (ii) + AgClO4, — AgCI; (iii) + AgOAc, — AgCl; (iv) + Tl(acac),— TICI.

chiral ligandR-(or S-)-CsH4C(H)MeNMe..*d By this means, Results and Discussion
ee can be determined and, moreover, absolute configurations ] ]
can be assigned j#-amino acids. However, the complexity 1. Synthe5|s of the Precursors &4._ The synthesis of the
of the IH NMR spectra precludes the use of a unique dlphosphl_ne Eldagh has been <_:arr!ed out by reactlo_n of
resonance, and a search for a proper resonance is mandatoi§Pmmercially available (& 2R)-diaminocyclohexane with
in each case. Moreover, in some casesth&IMR spectra  Stoichiometric amounts of BRCI and NE§ (1:2:2 molar
are not useful due to peak overlap, 4% *H} NMR spectra ratios), following published procedurgsThe reaction of
must be used instead. PdCL(NCPh} with P,-dach (1:1 molar ratio, C¥Ll,) results

In the course of our research work aramino acid$,we in the formation of the corresponding dichloride derivative
have reported a facile method for the assignment of absoluteCis-Cl2Pd(R-dach) () (see the Experimental Section and
configurations ofa-amino acids, based on the circular Scheme 1), which in turns reacts with AgGIQ:1 molar
dichroism spectra of Pgdamino acidate Comp|exé5We ratio) to give the dinuclear chloride brldge derivative [Pd-
propose here a new useful method for the determination of («-Cl)(P-dach)k(ClO,), (2). Complex2 reacts with silver-
the ee of a given mixture af-amino acids, and also for the ~ (I) acetate (AgOAc; 1:2 molar ratio), affording the acetate
elucidation of the absolute configuration of each component, bridge derivative [Pd(-OAc)(P-dach)}(CIO.). (3), while
based or'P{!H} NMR data. This method uses a Pd(ll) 2 reacts with Tl(acac) (1:2 molar ratio; acacacetylaceto-
complex of the diphosphine RI2R)-CsHio(NHPPh), (P.- nate), giving the mononuclear species [Pd(aCe0")(P-
dach), which is easily preparefiom the cheap, commercial ~ dach)](CIQ) (4) with the acac ligand coordinated as an G,0
(1R 2R)-diaminocyclohexane [R,2R)-CsH1o(NH2),] and used chelate. Complexed—4 are yellow or orange crystalline

as a CDA. solids, quite stable to exposure to the air and moisture at
room temperature for an indefinite time without noticeable
(6) (a) Navarro, R.; Gafay J.; Urriolabeitia, E. P.; Cativiela, C.; &a- ; ' i ;
de-villegas M. D.J. Organomet. Cheni995 490, 35. (b) Navarro, signs of decomposmo_n. Analytic and spectroscopl_c data are
R.; Urriolabeitia, E. P.; Cativiela, C.;'Bz-de-Villegas, M. D.; Lpez, in good agreement with the structures proposed in Scheme
M. P.; Alonso, EJ. Mol. Catal.1996 105, 111. (c) Baéh, A.; Navarro, 1 for 1—-4. The spectroscopic characterizationlef4 (see

R.; Urriolabeitia, E. PJ. Organomet. Chen1998 554, 105. . . . .
(7) (a) Canfn, O.; Cativiela, C.; Daz-de-Villegas, M. D.; Navarro, R.; the Experimental Section and Supporting Information) shows

grri\cl{lﬁtbeitia,wl;:. I;’T?Jtragh:edbron_: Aéygmg:]a@%gd 2061%% Q(%D%- also that theC,-symmetry of the starting ligand is preserved

e-Vvilegas, M. D.; Urriolal eitia, E. Rl. em. u 3 . H H H H H

(8) (a) Fiorini, M.; Marcati, F.; Giongo, G. MJ. Mol. Catal 1978 4, in all these molecules, since only one signal is observed in
125. (b) Fiorini, M.; Giongo, G. MJ. Mol. Catal.1979 5, 303. the 3P{*H} NMR spectra p = 68.54 ppm 1), 68.75 ppm
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(2), 68.53 ppm 8), and 63.33 ppm4)]. The reactivity of c(28)
the precursor8 and4 with severalo-amino acids has been '
examined. Keeping in mind that our final goal is the
characterization of mixtures of amino acids throd¢p{ *H}

NMR measurements, the first logical step seems to be the
study of the reactivity of the suitable precurs@&sand 4
toward enantiomerically pure-amino acids.

2. Characterization of L-Complexes 5a-5n. Parallel
reactions were performed between comple3esnd4 and
a-amino acids [refluxing MeOH, 3 h; comple 1:2 molar
ratio; complexd, 1:1 molar ratio]. The acetylacetonatevas Ci20)
chosen as the best precursor due to its cleaner reactivity
compared with3, which only gave the expected amino
acidate derivative with.-proline (e). In this first step, a
series of 14 enantiomerically purex-amino acids have been
complexed to Pd(ll) as chelatiigjO-amino acidate ligands ) ‘

. : - X c23) clo)
(5a—>5I) through reaction ot with the stoichiometric amount , o - .
. . Figure 1. Thermal ellipsoid plot of the cationic fragment of compl&x
of the free, unprOteCted'ammo acid (See Scheme 1)' The 3H;0. Non-hydrogen atoms are drawn at the 50% probability level. H atoms
N,O-bonding of the amino acidate ligand is observed are omitted for clarity.
regardless of the presence of other functional groups at the
C, of the amino acid$i—5m, except forsn. The behavior
of the L-cysteine is quite different, since the spectroscopic
data of5n show unambiguously thatcysteinate bonds as
a N,S-chelate.
Complexesba—5n were obtained as air-stable solids in

)
cinm ol

1, relevant parameters concerning the data acquisition and
structure solution and refinement are collected in Table 1
and the Experimental Section, and selected bond distances
and angles are given in Table 2. The palladium atom is
located in a distorted square planar environment, surrounded

good yields and were fully characterized according to their by the two P> atoms of the,Rlach ligand, and by the aminic

arly and specoscopi daa s he Supporing nforma- 107 1 e SR O S i beennee 1
tion). The IR spectra of complexdésa—5m show charac- ' P . 0 9 .
) ' . those found in the literatu®® and do not merit further
teristic absorptions corresponding to the presence of the .
; . comments. The most remarkable structural feature is the
coordinated NHi groups (3200 crf region) and the car- relative arrangement of the cyclohexyl fragment of the
boxylate moiety (about 1630 cr).%” In addition, the IR g Y Y g

spectra ofbi and5j show absorptions corresponding to the &Egﬂsggr;scg?edd t:r? oCﬁciigggi?dg; g:‘?hseerrr;g?;iul:g?n&ne
presence of the OH group (3568600 cnt), and the IR PP P '

. minimizing steric interactions. This structural conformation
spectrum obl shows a strong absorption at 1723 crand of the diphosphine moiety seems to be characteristic of the
a weak band at 3604 crhy indicating the presence of the phosp y

free COOH unit. In the case of complesn the N,S- Eéz;s;ri]:eioadﬁecxhst“rgi'?udré Iismccheargcttek;’iaze%ntlgﬁgﬁ
coordination mode is clearly inferred by the presence of P dach)(gl 5-C8D)](CIQ a S-éOD— | 5 ovclooctadiens)
absorptions at about 3300 cin(N—H stretch) and 1732 z : ’ = L1o-Cy ,

., . the arrangement found for the diphosphine ligand is virtually
cm * (free COOH group), and by the disappearance of the the same as that found 5. Thus, the structure adopted by
S—H stretch observed in the free ligand.

As expected. théH and®C{H} NMR spectra oba—5n the diphosphine is the same, regardless the presence of an

! ) achiral ligand such as 1,5-cyclooctadiene or a chiral ligand
show a complex set of signals. Full assignment of all . : . L
. L .. such ag -serinate. This fact is worthy of note, taking into
resonances in th&H NMR spectra was not trivial, and it

was performed with the help of the two-dimensiofi %ngggtrggecﬁ:;‘?i'ncol?fgzgg“o”a' flexibility of the seven
IH COSY andH—'H NOESY correlation spectra measured ~ating g : o
. 1or 1 3. Characterization of the Racemic Mixtures 5/6In the
in complexes5a, 5c, and 5f. However, the3P{*H} NMR S

. second step, and once the N,O-coordination of the pure
spectra show only two well-separated doublets (see Figure

2). The signal at about 66 ppm is attributed to the P atom ?;;g]rgicar?&st’utr(;stgz-;rgi(rl:()) ;ggtse\:\/gzsre(;g; Zywif;izlzhed'
transto the oxygen and that at about 50 ppm to theeaPs

to the N atom. As expected, &n the signal at lowest field the same conditions as those described above (1:1 molar

appears at 58 ppm, due to tharBnsto the S atom of the ratio, refluxing MeOH). These reactions afford the corre-

cysteinate ligand. The large difference observed between thegrr)fg(_j;?gi;2?;:3;2;2?2?rgslcseor??é?g':]o Iae%?gt?r?c_e
chemical shifts of the two P atoma(o(Po) - 6(Py)); see ! ' P b ’

the Supporting Information] is not unusual, and reflects the only L-glutamine is available) in yields similar to those

different nature of the atontsansto the P nuclei.. (9) Onuma, K.-I.: Nakamura, ABull. Chem. Soc. JprL981, 54, 761.
Moreover, the molecular structure of compléik3H,0O (10) I(Da)GOrpTen,I A EJ B(r:aﬁmmeg L,; ADIIeltn, F.TH.;é%réngrld,(%;A\l/\llatson,
H : . . G, Taylor, R.J. em. >S0cC., Dalton Iran . en,
has .been detem_“n?d by X'ray dlffraf:uon mthqu' A F. H.; Kennard, O.; Watson, D. G.; Brammer, L.; Orpen, A. G.; Taylor,
drawing of the cationic metallic complex is shown in Figure R.J. Chem. Soc., Perkin Trans.1®87 S1-S19 (685-706).
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pom
—67.100

———66.911

—52.099
———51.906

Integral
1.0000
0.9769

T T T T T T T T T T
ppm 70.0 67.5 65.0 62.5 60.0 57.5 55.0 52.5 50.0 47.5

Figure 2. 3'P{*H} NMR spectrum of comple$e.

Table 1. Crystal Data and Structure Refinement &r3H,0

empirical formula G3H38CIN3O10P2Pd Dcalcd (Mg/m3) 1.503

Fw 840.45 u (mm™2) 0.716

temp (K) 100(2) cryst size (m#h 0.22x 0.13x 0.11
radiation ¢, A) Mo Ka (0.71073) no. of reflns collected 17447

cryst syst orthorhombic no. of independent refins 538 F 0.0832]

space group P2,2,2; no. of data/restraints/params 5348/0/452

a(Ah) 9.7196(10) goodness-of-fit df? 0.896

b (A) 18.6420(19) finaRindices | > 20(1)] R1=0.0491, wR2=0.0754
c(A) 20.499(2) Rindices (all data) R* 0.0682, wR2= 0.0797
V (A3) 3714.3(7) absolute structure param 0.01(4)

4 4 largest diff peak and hole {&3) 0.719 and-0.562

described for the pure-derivativesba—5n. The attempted  {'H} NMR spectra of the mixtureS/6 here reported show
characterization of the mixturesf6 by analysis of theH a very good signal/noise ratio within a few minutes of
NMR spectra proved to be very difficult, due to extensive accumulation using routine experiments. The same values
overlapping of the resonances. This fact avoids a proper of the integrals were obtained using delayslpf 1 s ord;
integration of the peaks and the determination of the = 20 s, and due to this fact all measurements have been
diastereomeric molar ratios, making tHd NMR spectra carried out using the shortest delay. The values of integration
unusable for ee determination. presented in Table 3 have always been obtained from the
In contrast, very simple’®P{!H} NMR spectra were signals at about 6466 ppm (Ptrans-O nuclei), since this
obtained, since for each couple of compourkks/a etc.) region shows enough difference between peaks to perform
four doublet signals were observed (see Figure 3 and thea correct integration, while the signals at about 50 ppm (P-

Supporting Information). The simplicity of tFéP{*H} NMR transN nuclei) sometimes show partial ovelapping. As can
spectra and the differences between the chemical shifts ofbe seen from Table 3, excellent agreement was found in all
the same P atom in the two diastereosiom&@fo(L) — studied cases between the expected values for the racemic

0pro(D))] allow a proper integration of the corresponding b,L-mixtures and those measured experimentat2%o).
peaks. Although thé'P nucleus could be somewhat less It is worthy of note that, even if the syntheses are
sensitive than, for instance, thd or the'°F nuclei, the’'P- performed in the presence of an exces® 0famino acids

Inorganic Chemistry, Vol. 42, No. 4, 2003 1009
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Figure 3. 3'P{*H} NMR spectrum of the racemic mixture of complexsste.

(Pd:amino acids= 1:2 molar ratio), the integration of the pattern, we have observed that theter doublets always
corresponding signals in th8P{*H} NMR spectra of the  correspond to the-isomer5 while theinner signals are due
crude material shows almost the same values as thoseo thep-isomer6. The only exception we have found is the
obtained from the 1:1 reactions, and 1:1 molar ratios of the mixture 5n/6n, since the position of the signals does not
two diastereoisomers were measured. That is, the differencegollow the general trends described for the mixtures of
between the expected and the obtained values are not largegomplexes5a/6a to 5I/61, this fact probably being due to
in all cases than 3%, which is within the accepted experi- the different coordination mode of the cysteinate ligand (N,S-
mental error in*'P measurements {5%)."* However, this  yersus N,0-bonding).

value could also imply that a slight diastereoselective 4. Characterization of Nonracemic Mixtures 5/6 Fur-

induction cannot be rulled. out f:om_pletely. This virtual ther extension of the work described in the preceding sections
absence of stereoselective induction is, obviously, a prereq- o )
comes from the study of a more realistic situation, that is,

uisite for the establishment of a method of ee determination. o . .
. iy 1 the presence of a nonracemic mixture @famino acids.
Moreover, the relative position of th&'P{!H} NMR : . . .
. . Thus, mixtures ofL- and p-amino acids with known
signals due to each component of the mixt&@ could be . : .
compositions were reacted with) under the same experi-

diagnostic for the elucidation of its absolute configuration. " o .

Infaglct, the comparison of the chemical shifts in thegmixtures mental conditions. Fqllowmg isolation, tHEP{'H} NMR

5/6 with those obtained for the purederivativesb allows spectra of the regultmg cr.ud§/6 complexes have been

the unambiguous attribution of each signal, since very small measured as routine experiments. The re.sults are collected

differences can be detected in the position of a given IN Table 3. As expected, the resulting mixtu®$ show

resonance in puré and in the mixtures/6. As a general - .P{*H} NMR spectra with theouter signals (-5) always

more intense than thianer ones 0-6), and the agreement

(11) (a) Hulst, R; Zijistra, R. W. J.; Koen de Vries, N.; Feringa, B. L.  between the expected and found values for ee was excellent,
E‘;tr:qachhﬁioonf M“é’:g‘fg%%?c‘m %Stiaégér§§'°§é§ﬁ%{£g§'; even in 95:5 mixtures (see in Figure 4 the series for mixtures

10, 1729. 5d/6d). Thus, not only can the enantiomeric excess of a given

1010 Inorganic Chemistry, Vol. 42, No. 4, 2003



o-Amino Acid ee and Absolute Configurations

pom
—66.343
66.192
—65.140
64.993
pom

——66.398
66.245
—65.190

——65.041

ppm

66.449

66.297

—65.201

———65.057

ppm

———66.369

66.219

-——65.199

————65.054

-

Integral
2.3348
1.000

[

Figure 4. 3P{*H} NMR spectrum (Rrans-O signal) of mixtures obd/6d in different ratios: 70:30, 80:20, 90:10, and 95:5, from left to right.
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Table 2. Selected Bond Lengths (A) and Angles (deg) 5»3H,0 Table 3. Calculated and Experimental Values of ee for Different
Pd(1)-0(3) 2.061(5) Pd(L)N() 2.085(5) -Amino Acids
Pd(1)-P(2) 2.226(2) Pd(HP(1) 2.244(2) amino int int  ee(calcd) ee(exptl)
P(1)-N(2) 1.634(6) P(1}yC(7) 1.803(8) entry acid %L:%D (calcd) (exptl) (%) (%)
P(1)-C(2) 1.809(8) P(2¥N(3) 1.627(6) - - - -
PR)-C(13 1795@)  P(2)C(19) 1823@ 5 Qe c0d0 151 1721 20 268
N(L)—C(31) 1.496(8)  N(2yC(25) 1.474(8) 3 alanine 40:60 115 1143 20  17.7
N(3)-C(26) 1.479(9) O(1rC(33) 1.413(8) 4 alanine 8020 41 481 60 654
0(2)-C(32) 1.232(8) ~ O(3yC(32) 1.275(8) 5 aminobutiric acid 50-'50 1-'1 1. 0-1'1 0 0.5
C(25)-C(30) 1.512(10) C(25)C(26) 1.549(10) 6 valine 5050  1-1 1041 0 196
C(26)-C(27) 1.497(9)  C(21C(28) 1.517(10) 7 valine 60:40 151 1581 20  22.48
C(28)-C(29) 1.535(9) C(29¥C(30) 1.527(9) 8 valine 7030 2331 2371 20 40.66
C(31)-C(33) 1.515(10) C(3HC(32) 1.524(10) 9 . - OS5t L :
phenylalanine 50:50 1:1 1.02:1 0 0.98
O(3)—Pd(1)-N(1) 80.0(2) O(3)-Pd(1)-P(2) 174.60(16) 10  phenylalanine 60:40 1.5:1 1571 20 22.18
N(1)—Pd(1)-P(2) 96.74(16) O(3)yPd(1)P(1) 93.83(15) 11 phenylalanine 70:30 2.33:11 2.335:1 40 40.03
N(1)—Pd(1)-P(1) 173.63(16) P(2)Pd(1)-P(1) 89.36(8) 12 phenylalanine 80:20 41 4.03:1 60 60.24
N(2)—P(1)~C(7) 104.3(3) N(2)}-P(1)>-C(1) 110.6(3) 13 phenylalanine 90:10 91 9.02:1 80 80.03
C(7)-P(1)-C(1) 105.4(3) N(2)-P(1)-Pd(1) 119.9(2) 14 phenylalanine 95,5  19:1  20.34:1 90 90.63
C(7-P(1)-Pd(1)  108.1(3) C(LyP(1y-Pd(1)  107.5(3) 15 proline 50:50 1.1 1.0L:1 0 0.5
N(3)—P(2)-C(13) 106.5(3) N(3)}P(2)-C(19) 109.5(3) 16 prol!ne 60:40 1.5:1 1.80:1 20 28.6
C(13-P(2-C(19) 104.5(3) N(3)}P(2-Pd(1) 113.8(2) 17 proline 70:30 2.33:11 2.58:1 40 441
C(13)-P(2)-Pd(1)  109.5(2) C(19P(2-Pd(1)  112.5(3) 18 leucine 50:50 11 1.04:1 0 1.96
C(31)-N(1)-Pd(1) 112.6(4) C(25IN(2)—P(1) 130.1(5) 19 isoleucine 50:50 11 1.04:1 0 1.96
C(26)-N(3)—P(2) 124.7(5) C(3%0(3)-Pd(1) 117.9(5) 20 nor_leucme 50:50 11 1.02:1 0 0.99
N(2)—C(25)-C(30) 112.7(6) N(2}C(25)-C(26) 112.6(6) 21 serine 50:50 1:1 1.01:1 0 0.5
C(30)-C(25)-C(26) 109.5(6) N(3}C(26)-C(27)  109.1(6) 22 threonine 50:50 11 1.01:1 0 0.5
N(3)—C(26)-C(25) 110.3(6) C(2AC(26)-C(25) 110.4(6) 23 methlqnlne_ 50:50 11 1.01:1 0 0.5
C(26)-C(27)-C(28) 111.7(7) C(27C(28)-C(29) 110.6(7) 24 aspartic acid 50:50 1:1 1031 0 1.47
C(30)-C(29)-C(28) 112.0(6) C(25¥C(30)-C(29) 110.5(6) 25 cysteine 5050 1:1 1011 0 0.5
N(1)—-C(31)-C(33) 110.2(6) N(1}C(31)-C(32) 110.8(6) : : ;
C(33)-C(31)-C(32) 110.8(6) 02y C(32-0@3)  124.7(7) ligand to th_e Pd(ll) center, but also the absolutc_e conﬂgurat!on
0(2-C(32-C(31) 117.5(7) 0(3}C(32)-C(31) 117.8(7) can be attributed to each component of the mixture, proving
O(1)-C(33)-C(31) 107.4(6) that the amino acidate ligand is N,O-coordinated.

mixture of a-amino acids be determined by routine integra-  The advantages of this method merit some comments: (i)
tion, regardless of the coordination mode of the amino acidatethe complexe$§/6 are stable to the air and moisture, avoiding
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special cautions to perform the reactions or handle the Synthesis of [Pd(f-OAc)(1R,2R)-(PPhNH)2CgH10]2(ClO4),
compounds (except those derived from the use of perchlorate(3). To a solution of2 (0.200 g, 0.14 mmol) in CkCl, (30 mL)
salts); (i) all starting materials are cheap and commercially Was added AgOAc (0.047 g, 0.28 mmol). This mixture was stirred
available or easy to synthesize in a few steps; (jii) the amount &t room temperature with exclusion of light for 30 min, and then
of amino acid required for complex formation is very small filtered over Celite. The resulting yellow solution was evaporated

. . to dryness, and the residue was treated wifOHB0 mL). The
(typically 10-20 mg) and can be recovered from the metallic yellow solid obtained3) was filtered, washed with ED (20 mL),

complexes after NMR measurements by protonation with and air-dried. Obtained: 0.190 g (92% yiel#P{1H} NMR (CD,-
HCI; (iv) the reactions are really reproducible; (v) complexes Cly, 1t): 6 (ppm) 68.53.

are gdequate_ly soluble in the usual I\_IMR solvents, and no Synthesis of [Pd(aca®,0)(1R,2R)-(PPh,NH),CsH1d)(CIO 2)
special techniques are required, allowing a fast and accuratg4). To a solution of2 (0.4532 g, 0.313 mmol) in C}€l, (30 mL)
determination of the ee by routine measurements. was added Tl(acac) (0.190 g, 0.626 mmol). This mixture was stirred
The application of this method to other nonproteinogenic at room temperature for 30 min, and then filtered over Celite to
amino acids and the elucidation of the structural changesremove the precipitated TICI. The resulting cream-colored solution
promoted by the coordination of the different enantiomers was evaporated to dryness, and the residue was treated wih Et
of the amino acids are currently under study. (30 mL). The cream solid was filtered, washed with@{20 mL),
air-dried, and identified a4. Obtained: 0.428 g (87% yieldj'P-
{H} NMR (CDCls, rt): 6 (ppm) 63.33.
. . . General Method for the Synthesis of Complexes [Pdfamino
The ee of a mixture ofx—am!no aqu can be measured acidate-N,0)(1R,2R)-(PPhNH),CsH1d(CIO.) (5a—5m). Al
accurately, and absolute configurations of each componentcomplexessa—5m were prepared in the same way. The synthesis
can be assigned, in most cases, using this method. of [Pd(L-alaninate+-N,0)(1R,2R)-(PPhNH),CeH 10l (CIO 1) (5a)
is reported here as a representative example. To a solutidn of
(0.100 g, 0.127 mmol) in methanol (30 mL) was addealanine

Safety Note Caution! Perchlorate salts of metal complexes with  (0.0113 g, 0.13 mmol). This mixture was refluxed for 3 h. After
organic ligands are potentially explagi. Only small amounts of cooling, the solvent was evaporated to dryness, and the residue
these materials should be prepared, and they should be handledWas treated with EO (30 mL). The white solid was filtered, washed
with great cautionSeeJ. Chem. Educl973 50, A335—A337. with Et,O (20 mL), air-dried, and identified & Obtained: 0.0923

General Methods Elemental analyses were carried out on a 9 (94% yield). *P{*H} NMR (CDCL, rt): 6 (ppm) 66.31 (d,
Perkin-Elmer 2400-B microanalyzer. Infrared spectra (46000 PiransO, 2Jp_p = 16.6 Hz), 54.69 (d, RransN). *'P{*H} NMR
cm-1) were recorded on a Perkin-Elmer Spectrum One FT-infrared (dmsoés, 1t): 6 (ppm) 64.06 (d, Rrans-O, 2Jp-p = 18.9 Hz), 50.96
spectrophotometer from Nujol mulls between polyethylene sheets. (d, PransN).

Conclusion

Experimental Section

1H (300.13 MHz),13C{1H} (75.47 MHz), and3'P{H} (121.49
MHz) NMR spectra were recorded in CDLCD,Cl,, and DMSO-
ds solutions at 25C on a Bruker ARX-300 spectrometéH and

[Pd(L-2-aminobutyrate-k-N,0)(1R,2R)-(PPh,NH),CeH1q]-
(ClOy) (5b). Prepared from4 (0.100 g, 0.127 mmol) and-2-
aminobutyric acid (0.0131 g, 0.13 mmol) as described Sar

13C{1H} NMR spectra were referenced using the residual solvent Obtained: 0.087 g (86.5% yieldj'P{*H} NMR (CDCl, rt): 6

signal as internal standard, whif8P{*H} NMR spectra were
externally referenced to 4RO, (85%). The two-dimensiondH—
1H COSY and'H—!H NOESY spectra of complexesa, 5¢, and

(ppm) 66.49 (d, RransO, 2Jp_p = 17.5 Hz), 52.61 (d, Rrans
N).
[Pd(L-valinate-k-N,O)(1R,2R)-(PPh,NH),CeH10](ClO4) (5C).

5f were performed at a measuring frequency of 300.13 MHz. The Prepared from4 (0.100 g, 0.127 mmol) and-valine (0.0149 g,
data were acquired in a 512 1024 matrix, and then transformed ~ 0.13 mmol) as described fdra. Obtained: 0.083 g (81% yield).
into 1024 x 1024 points using a sine window in each dimension. *P{*H} NMR (CDCl, rt): 6 (ppm) 66.16 (d, Rrans-O, 2Jp_p =

The mixing time was 400 ms for the NOESY experiments. Mass 19.0 Hz), 51.35 (d, RransN).

spectra (positive ion FAB) were recorded from £H solutions
on a VG Autospec spectrometer.

Synthesis of cis-Cl,Pd[(1R,2R)-(PPhNH),CsH1q (1). To a
solution of PAGJ(NCMe), (0.270 g, 1.04 mmol) in CkCl, (30
mL) was added the bisphosphinéx(2R)-(PPhNH),CsH10 (0.502

g, 1.04 mmol). This mixture was stirred at room temperature for 2

[Pd(L-phenylalaninate+-N,O)(1R,2R)-(PPh;NH),CsH10]-
(ClOy) (5d). Prepared from4 (0.100 g, 0.127 mmol) and-
phenylalanine (0.0210 g, 0.13 mmol) as described Sar Ob-
tained: 0.088 g (81% yield$P{*H} NMR (CDCls, rt): o (ppm)
66.47 (d, Ptrans-O, 2Jp_p = 18.7 Hz), 52.16 (d, RransN).

[Pd(L-prolinate-k-N,O)(1R,2R)-(PPhNH) ,CsH10](CIO 4) (5€).

h. During this time a white solid precipitated, which was filtered, Prepared from4 (0.100 g, 0.127 mmol) and-proline (0.015 g,

washed with CHCI, (10 mL) and EfO (20 mL), air-dried, and
characterized a%. Obtained: 0.506 g (74% yield}!P{*H} NMR
(CD.Cly, rt): J (ppm) 68.54.

Synthesis of [Pdf-Cl)(1R 2R)-(PPhNH)2CsH 10| 2(Cl0 ) (2).
To a suspension df (0.300 g, 0.45 mmol) in a mixture of GBI,
(30 mL)/acetone (10 mL) was added AgGl(D.094 g, 0.45 mmol).

0.13 mmol) as described féra. Obtained: 0.100 g (90% yield).
31P{1H} NMR (CDClg, rt): 6 (ppm) 67.00 (d, Rrans-O, 2Jp_p =
23.0 Hz), 52.00 (d, RransN).
[Pd(L-leucinate+-N,O)(1R,2R)-(PPhNH) ,CsH 10](ClO ) (5f).
Prepared fromd (0.100 g, 0.127 mmol) and-leucine (0.0166 g,
0.13 mmol) as described f&a. Obtained: 0.092 g (88% vyield).

This mixture was stirred at room temperature with exclusion of 3P{*H} NMR (CDCl, rt): ¢ (ppm) 66.65 (d, Rrans-O, 2Jp_p =
light for 1 h, and then filtered over Celite to remove the precipitated 18.2 Hz), 54.11 (d, RransN).

AgCIl. The resulting deep yellow solution was evaporated to dryness,

and the residue was treated with,&@t(30 mL). The yellow solid
obtained ) was filtered, washed with ED (20 mL), and air-dried.
Obtained: 0.259 g (79% vyield$P{*H} NMR (CD,Cl,, rt): o
(ppm) 68.75.
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[Pd(L-isoleucinatek-N,O)(1R,2R)-(PPh.NH),CeH 10 (CIO 4) (59).
Prepared fromd (0.100 g, 0.127 mmol) and-isoleucine (0.0166
g, 0.13 mmol) as described f6e. Obtained: 0.097 g (93% vyield).
31P{1H} NMR (CDClg, rt): 6 (ppm) 66.29 (d, Rrans-O, 2Jp_p =
18.8 Hz), 51.20 (d, RransN).
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[Pd(L-norleucinate+-N,0)(1R,2R)-(PPhNH),CeH 10 (CIO 4) (5h).
Prepared fromt (0.100 g, 0.127 mmol) and-norleucine (0.0166
g, 0.13 mmol) as described féa. Obtained: 0.088 g (84% yield).
31P{1H} NMR (CDClg, rt): o (ppm) 66.64 (d, Rrans-O, 2Jp_p =
16.9 Hz), 51.77 (d, RransN).

[Pd(L-serinate+-N,0)(1R,2R)-(PPhNH),CeH10](CIO4) (5i).
Prepared from4 (0.100 g, 0.127 mmol) and-serine (0.0133 g,
0.13 mmol) as described f&a. Obtained: 0.092 g (91% yield).
31P{1H} NMR (DMSO-dg, rt): o (ppm) 67.76 (d, RransO, 2Jp_p
= 15.0 Hz), 52.58 (d, RransN).

[Pd(L-threoninate-k-N,O)(1R,2R)-(PPhNH),CeH 1 (CIO 4) (5j)).
Prepared frond (0.100 g, 0.127 mmol) andthreonine (0.0151 g,
0.13 mmol) as described f&a. Obtained: 0.087 g (85% yield).
31P{1H} NMR (DMSO-dg, rt): 6 (ppm) 65.72 (d, RransO, 2Jp—p
= 17.6 Hz), 49.99 (d, RransN).

[Pd(L-methioninate+-N,O)(1R,2R)-(PPh,NH),CeH 10](CIO 4)
(5k). Prepared fron¥ (0.100 g, 0.127 mmol) and-methionine
(0.0189 g, 0.13 mmol) as described & Obtained: 0.103 g (97%
yield). 31P{1H} NMR (DMSO-g, rt): 6 (ppm) 64.88 (d, Rrans
0, 2Jp_p = 18.2 Hz), 50.32 (d, RransN).

[Pd(L-aspartate«-N,O)(1R,2R)-(PPhNH),CsH 1] (CIO 4) (51).
Prepared frond (0.100 g, 0.127 mmol) and-aspartic acid (0.0169
g, 0.13 mmol) as described f6a. Obtained: 0.093 g (89% vyield).
31P{1H} NMR (DMSO-dg, rt): o (ppm) 65.38 (d, RransO, 2Jp—_p
= 16.6 Hz), 50.09 (d, RransN).

[Pd(L-glutaminate-k-N,O)1R,2R)-(PPhNH),CgH10)(CIO 4) (5m).
Prepared from# (0.100 g, 0.127 mmol) and-glutamine (0.0190

g, 0.13 mmol) as described f6a. Obtained: 0.094 g (88.8% yield).

31P{1H} NMR (DMSO-dg, rt): o (ppm) 64.70 (d, RransO, 2Jp—_p
= 18.6 Hz), 50.33 (d, RransN).

[Pd(L-cysteinate«-N,O)(1R,2R)-(PPhNH)CeH10](CIO 4) (5n).
Prepared fron (0.100 g, 0.127 mmol) and-cysteine (0.0154 g,
0.13 mmol) as described f&a. Obtained: 0.099 g (96% yield).
31P{1H} NMR (DMSO-ds, rt): o (ppm) 58.27 (d, RransS, 2Jp—p
= 19.4 Hz), 51.65 (d, RransN).

Crystal Structure Determination of Complex 5i-3H,0. Crys-

tals of complexbi.3H,0 of adequate quality for X-ray measurements

were grown by slow diffusion of EO into a solution of crud&i
in MeOH/acetone (95:5) at18 °C for 3 weeks. A single crystal

of dimensions 0.2% 0.13 x 0.11 mm was mounted at the end of
a quartz fiber in a random orientation and covered with epoxy.

Data Collection. Data collection was performed at 100 K on a
Bruker Smart CCD diffractometer using graphite-monocromated
Mo Ko radiation ¢ = 0.71073 A). A hemisphere of data was
collected on the basis of thregscan runs (starting = —30°) at
values of¢ = 0°, 90°, and 180 with the detector at@= 30°. For
each of these runs, frames (606, 435, and 230, respectively) were
collected at 0.3intervals and 10 s per frame. The diffraction frames
were integrated using the program SAINTand the integrated
intensities were corrected for absorption with SADABS.

Structure Solution and Refinement The structures were solved
and developed by Patterson and Fourier metAbdsll non-
hydrogen atoms were refined with anisotropic displacement pa-
rameters. The hydrogen atoms were placed at idealized positions
and treated as riding atoms, with an isotropic displacement
parameter equal to 1.2 times the equivalent isotropic displacement
parameter of its parent atom. The structures were refingé,30
and all reflections were used in the least-squares calculations.
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