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Absbre&l_(N,N-~~thylaminomethyl)_2torm (AFChflJ has been resolved into enantiomen 
through an intermediate formation of diiastereomeric complexes with (S)-Ala-&S)-Ala, (s)_Ala-Gly and Gly-@)-Ala. 
By the X-ray anomalous dispersion method the absolute coniiguration of its enantiomers has been determined: 
(-)us AFcm+% (+k# AEm-( 

Alkylation of enantiomeric complexes (R)-and (s)-AFcMT~GlyGly) Cu(U) with acetaldehyde gives, respec- 
tively, (Rbnd (.S)-Thr with an asymmetric yield of 92!%% and (Rk ad (S)-allo-Thr with an asymmetric yield of 
95-lOO%, only the N-terminal glycine being alkylated. 

The AFCMT enantiomers were also employed for retroracemisation of (R.S)-Ala_(Nva; in this case an 
excess of (*Ala and (R)-Nva is obtained for (.!+AFJCMT. (R)- and (S)AFCMT arc not liable to racemisation in 
the course of the threonine synthesis and retroracemisation of depeptides and can be repeatedly employed for these 
transformations. 

A pyridoxaldependent enzyme serine transhydroxy- 
methylase’ may be regarded as a chiral carbonylcon- 
taining reagent which effects the asymmetric synthesis of 
/3-hydroxy-a-amino acids through condensation of al- 
dehydes with glycine via an intermediate formation of a 
SchiiT base of the latter with an aromatic aldehyde 
(pyridoxal). It was shown that the chiral environment of 
such a Schist base on the active centre of the enzyme can 
be imitated in chiral stereochemically inert complexes of 
Co@I), where the ligands are SchiiT bases of the amino 
acid and salicylaldehyde? For the free amino acid to be 
isolated after the asymmetric transformation, the &IO 
complex must be destroyed, and its chirality conditioned 
by the spatial anangement of the liis about the 
Co(III) ion is irrevocably lost? A replacement of sali- 
cylaldehyde with its chiral analogue would allow the 
chiral fragment of the complex to be preserved after 
isolation of the amino acid and, consequently, such a 
compound could be repeatedly employed for asymmetric 
transformations. 

In the present work we report on the resolution of 
racemic l-(N,Ndiiethylaminomethyl)-2-formylcyman 
trene (AFCMT), the absolute configuration determination 

of its enantiomers, and also the employment of this 
compound for the asymmetric synthesis of threonine 
and retroracemisation of depeptides. 

CHO 

/@- 
CHzN (CHa)a 

tin (CO)a 

-AL 

Dipepti CWWs)-Ala. G~Y-WA~, GIY-GIY, uW-AIa- 
(R,s)-Nva were purchased from “Reanal Budapest” and were 
used without further puritication. (S)-Ala-Gly, Thr-Gly. Gly-Thr 
were syntM&d according to the technique givet~.~ The resul- 
ting dipept& were chro~y pure. Enantiomeric 
purityoftheaminoa~inthedipeptideswasdetermenedby 
gk after acid hydrolysis (6 N HCI, lOs”, 24 hr Table 1): 

CWNa was prepared by adding metallic Na into CQOD 
under argon with cooling. MeGNa was prepared by adding 
metalic Na into absolute MeGId under argon with cooling. 

Bacemic AFCMT was synthesii from cymantrene Bccordiqe 
to the technique given,’ m.p. 57-W (from n-heptane). 

‘H NMB spectra were recorded on “R-32” and “Perkin-Elmer 
H-90” spectrometers. II! spectra were recorded on a “UR-20” 

Table 1. Bnantiomeric purity of amino acids from initial dipeptides 

mpeptide % of en8ntlomem 

(SbAl8 m-Al8 (S)4lv8 (Fl)-lk8 

(~b~h-W-~18 95.05 4.95 - 

(8bAi84iy 97.84 2.16 

t31JI-(s)-A18 98.00 2.00 

(B,S)-Al8-(B,S)-h8 49.42 50.58 49.76 50.24 
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spectrometer. Electron spectra were recorded on a “SPECORD 
UV-VIS”. ORD curves were recorded on a “Jasco ORD/UV-Y 
spectropokrimeter. CD curves were recorded on a “Jasco J-20”. 
Specific rotation was determined on a Perk&Elmer 241”. 
Ekctrophoresis of the complexes was carrkd out in a 0.025M 
soln of NaClO, on a “Labor” instrument. Molecular weight of 
(S)_AFCMT_((S)_Ala~~~a~~II) was determined ebullios- 
topically on a Soviet-made precision ebuiliometer “ 3 H-68”. 

Svathesis of AR%T com~kxes with ckimf dipwtides and 
&lutimt of- APCMT into* enantiomers. Cu c&plexes of 
APCMT with chid dipeptide-s were synthesised by using a 
general technique exemplified for the case of (S)-AFCMT-((* 
Ala-(S)-Ala) Cu(II). To a soln of 0.240 g (1.5 mmok) of (S’)-Ala- 
(S)-Ala in 15 ml of O.lN MeGNa in abs. MeGH, 0.2 g of mokcu- 
kr sieves I”Wolfen Zeoso#. 3 A) and 0.435 p: (1.5 mmok) of 
race.micA~MTwere.added.Themixturev&stirredka 
stream of argon at room temp for 10 min in darkness, then 0.319g 
(2nnnok) of anhyd CuSG, was added, and the mixture was 
stirred for another 15 min. The mixture was filtered, the tihrate 
wasevaporatedtocalml,andlSmlofH20wasadded.The 
unreacted APCMT enriched with (JQ-enantiomer was extracted 
with benxene (3 X 20 ml), the benzene soln was evaporated, and 
the residue recrystalhi from n-heptane. The yield of (B)- 
APCMT was 0.132g (0.457mmole) (305%). [all= +270 
(CHCls), [a]% = -1240 (O.lN HCI). Gptical purity was 64%. The 
aqueous soln was evaporated to dryness ix eacuo and the com- 
plex was desalted on a LH-20 Sephadex cohrmn (2 X25 cm) 
elm witb 4: 1 benxene/BtGH. 

The yield of (S’)-APCMT((S)-Ala_(S)-Ak)Cu(B) was 
0.675nunole (45%). The yield of (S)-APCMT<(s)-Ak-Gly) 
Cu(H) was 0.450 mmok (30%). The purity of tbe complexes was 
controlkd by tk on Sihrfol in a 3 : 2 BtGH/CHCb system. 

(B)-APCMT~G~y-(S)-Ak) Cu(If) was additionally purilied on 
sika gel (40/1OOp) in EtOH, by cohecting the fraction containing 
(BR)_APCMT~Gly_(S)-Ala) Cu(II). The yield was 21%. The ek- 
mental analysis ii the co-inpkiei are p&e&d in Tabk 2 

Chiml ABUT froR the com&r. To 0.5 nunole of the com- 
plex in 0.5 ml of fuOH and lOi of HsO, 5ml of 1NHCI and 
then immediately 1 ml of cone amm sok were added. APCMT 
was extra&d with CHC& (3 X 20 ml). The ykld of APCMT was 
determined spectrophotometrically by the absorption of the 
APCMT soln in CHCls at 340 run (E = I.84 X 10s). The ykld was 
9046. Tire sok of APCMT in CHCls was evaporated and the oily 
residue was recrystallised once from 4-5 ml I-heptane. The yield 
was 0.52g (0.18 mmole) (36%). (*APCMT had [a]& = -420 
(CHCls), [a]& = +1940 (1N HCI). Spechic rotation in CHCI, and 
1N HCI did not change upon recrystaUisation, m.p. m. (B)- 
APCMT had the same parameters as (s)-AFcMT, except for the 
opposite sign of rotation. ‘H NMR speebum of (&, (4, (B,S’)- 
APCMT (solvent, ccl.& chemical shifts in ppm with respect to 
HMDS): 26 (singkt, 6H, CH,); 5.2 (muhiplet, ZH, H’-‘); 5.76 
(multiplet, H. H’); 10.13 (sir&t, H. HCO). Quartet of the system 
A B, CH2 group S = 3.49 ppm and S = 4.04 ppm (JAB = 14 Hz) IR 

spectrum of (R)-, (s)_, (R,S)-AFCMT Y cm-‘: 2O30,1960,1930 
(C=G); 1690 (CHO); 279&3110 (C-H of cyckpentadiene ring); 
2750, 2790 (N(CH&. Electron spectrum of (R)_, (s)-, (R,s)- 
APCMT in CHClr: Amu (z) = 290,340 nm (1.94 x ICY; 1.84 x l@); 
A* = 280,315 Ml. 

Synthesis of copper complexes of (R)- and (S)-AFCMT with 
giycylg/ycimz To 0.132g (1 mmole) of glycylgykine in 1Oml of 
O.lN MeGNa in abs. MeGH, 0.15 g of mokcukr sieves (“Wolfen 
Zeosorb, 3 A) and 0.289 g of (R)- or (S’)-APCMT were added. 
Themixturewasstirredinastreamofargonforl0min,then 
0.24g (1.5 mmok) anhyd CusO, was added, and the stirring was 
continued for another 1 hr. The mixture was llltered, the filtrate 
was evaporated to ca 1 ml, and the complex was desalted on a 
LH-20 Sephadex column (2 x 2.5 cm) with 4: 1 benxene/EtGH as 
an ehrent. 

The yield of (S)-APCMT<GlyGly) Cu(II) was 0.6 mmol(60%). 
The yield of (R)-AFCMT-(GlyGly) Cu(II) was 0.62 mm01 (62%). 
The data of the ekmental analysis of the compkxes are presen- 
ted in Table 2 

Isohtbn of dipeptides and amino acids from compl~?~s. The 
compkxes were decomposed as described above, dipepthks 
were desalted on Dowex-50 @-I+ form) and hydrolysed with 
6N HCI at RtF’ for 24 hr. The hydrolysate was evaporated in 
oacuo several times with addition of water and then desalted on 
Dowex-50 @I+ form). Quantitative analysis of amino acids was 
carried out by gk.’ The yield of the amino acids with respect to 
the internal stamhud was g&90%. For the analysis, the dii 
t&s were additionally purhkd with charcoal. Quantitative 
analysis of the diis was carrkd out on an amino acid 
analyser “AAA-881” (0.8 X4Ocm cohunn with resin “aminex 
A-S”, ehmnt, sodium citrate buffer pH = 4.25). 

LMumiaation of (-)w AKMT absolute conjigumtioa. The 
X-ray investigation was conducted on an automatic 4-cycle 
diimeter “Syntex-p21” (AMo. graphhe q onochromator, 
2”s28s46”, Qe-scaQ 867 renections with Fz20). The struc- 
ture was solved by the heavy atom method and refked by the 
kast-square method in full-matrix anisotropic approximation. All 
cakuktions were carried out on a minicomputer “Eclipse Slzoo”, 
using "Syntex-EXI'L" progmns. The finai re-tinement gave R = 
0.054. R = 0.056. The absolute con&ration of (-JAM AFCMT is 
S, & d&rmhed by the Hamihoutest,’ tahing into account 
anomaious corrections for Mn and 0 atoms (for the inverted 
stmcture R = 0.060 and R, = 0.061). 

Crystals of (-)us AFCm are orthhombic, a = 7.501(3), b = 
23.065@), c = 7.654(3)A, V = 1324.50 A’; d, = 1.44; L = 
1.45gcm-‘, Z = 4, space group P2,2,2,. Atomic coordinates and 
temperature factors are given in Table 3. Bond kngths and angles 
are given in Tabks 4 and 5 respectively. 

Alkylation of (R)- and (SoAFCMT-(GlyGly)Cu(II) 
comph?.Ws.llliswaseaniedoutaeeordiitothegeneraltcch- 
nique.Theexperimentwasconductedforlhrorfor4hr.A 
typical 1 hr experiment was performed as follows. 

To 0.018 g (0.0356 mmok) of tbe compkx 9 ml of a 08796 soln 

Tabk 2. J&mental analyses of the complexes 

comp1u 

%C IH %a %cu Iml 

Found MO. Found Celo. Found Calo. Found oilo. Found -10. 

(s)-AFcMY-((s)-Al8-(s)-Alu)Ou(II)~ 
l O$t#rB 44.37 44.57 4.21 4.86 7.84 7.80 11.80 11.79 lo.05 10.19 

(S)_((S)-Alr-t$ly)cu(II)* 
l I$O=RC&jOB 41.10 41.59 4.14 4.46 8.00 8.08 11.98 12.22 10.72 10.57 

(R)-nwYrE(o~-(S)-~)~(II)* 

QLp+C2Rp 41.98 41.59 4.38 4.46 8.46 8.08 12.21 12.22 10.53 10.57 

(s)-~(GlpQ)c(II)~ 
l RgO*HcgIi5OH 39.83 40.36 3.75 4.18 8.23 0.30 12.04 12.56 10.44 10.86 

(a)-AI’CMT-(~lyGly)Cu(II)* 
‘Ego’02RgoH 39.89 40.88 4.00 4.57 8.00 7.94 11.72 12.02 9.89 10.39 
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Table 3. Atomic coordinates (Xl@, for Mn X lo’) and anisotropic temperature factors @IO) T = exp [- 
t(B,#a** t. . . t 2E!1Jka%* t - * *)I 

Atom X Y z Bll B22 B33 ?2 B13 *23 

al 13802(22) 15261(7) 21341(21) 33(l) 36(l) 35(l) -5(l) l(l) 7(l) 

O(1) '258(23) 2507(5) -277(18) 112(8) 99(7) 136(g) -19(8) -4(9) 83(7) 

O(2) 3110(13) 2194(4) 4872(14) 79(7) 63(5) 93(7) -18(S) -20(6) -21(5) 

O(3) 4761(13) 1059(5) 732(16) 36(5) 122(a) 103(7) l(5) 26(6) -28(6) 

O(4) 2411(131 -76(4) 3231(10) 76(5) 49(4) 51(5) 34(4) 6(4) 7(4) 

B -2093(13) 1013(5) 6847(11) 40(5) 106(8) 12(4) -8(6) 6(4) l(5) 

C(l) 1300(25) 2118(6) 681(19) 61(8) 68(8) 71(8) -18(10) -5(9) 20(7) 

C(2) 2429(19) 1933(5) 3763(19) 52(7) 36(7) 65(8) -20(6] -9(7) o(6) 

C(3) 3500(20) 1255(6) 1248(17) 46(7) 62(7) 48(7) -15(7) 5(7) -11(6) 

C(4) 509(14) 719(5) 3193(13) 26(5) 32(6) 17(6) -6(5) O(4) -3(4) 

C(5) 87(16) 727(5) 1385(14) 28(5) 28(6) 34(6) 2(S) 6(5) -l(4) 

c(6) -1074(18) 1193(5) 1074(15) 30(7) 53(6) 27(6) -5(6) -5(6) -l(5) 

C(7) -1403(151 1471(4) 2737(14) 28(4) 33(4) 40(5) l(6) O(5) -5(5) 

C(8) -444(15) 1179(5) 4042(13) 29(6) 36(6) 20(5) -13(5) -7(5) 12(5) 

C(9) 1743(16) 324(5) 3991(14) 40(7) 34(6) 40(6) 6(5) c4(6) 13(5) 

cc101 -618(16) 1305(5) 5%3(14) 47(6) 43(6) 26(5) ll(5) -9(5) -9(5) 

C(11) -1931(18) 377(5) 6848(16) 83(9) 35(6) 57(7) -17(6) ll(7) 7(61 

C(l2) -3795(19) 1237(6) 6233(16) 31(6) 136(11) 46(6) 3(8) 3(6) 9(7) 

Table 4. Bond lengths d CA) 

Bond d Bond d 

Mu-c(l) 1.76(l) C(4)-C(5) 1.42(2) 

Mn-c(2) 1.75(l) CtsbC(6) 1.40(2) 

ml-Cc31 1.84(2) c(6bC(7) 1.45(2) 

Mn-C(4) 2.13(l) C(7bC(8) 1140(2) 

Mtwx5) 2.16(l) C(8bC(4) 1.43(2) 

1hr-c(6) 2.15(l) C(4bC(9) 1.44(2) 

m-C(7) 2.14(l) C(9)-0(4) 1.20(l) 

m-C(8) 2.16(l) C(SbO(lO) 1.50(2) 

C(l)-O(l) 1.16(2) C(lO)-li 1.46(2) 

C(2bO(2) 1.16(2) lf-C(ll) 1.47(2) 

ctsbO(3) 1.12(2) P-C(l2) 1.46(2) 

Table 5. Bond angles a?) 

AWe Y) Angle c) 

C(lmlC(2) 92.8(7) C(6)C(7)C(8) 109(l) 
C(lmlC(3) 93.5(7) C(7)C(8)C(9) lo?(l) 
c(1)Hncp* 122.7 C(8)C(4)C(5) lOS(l) 
C(2bC(3) 93.2(6) Ct8)C(4)C(9) 127(l) 
c(2Mlcp* 124.7 C(5iC(4)C(9) 124(l) 
c(3Mllcp* 121.6 C(4)C(9)0(4) 123(l) 
ynC(l)O(l) mO(l) C(4)C(8)C(lO) 129(l) 
MnC(2)0(2) 178(l) C(7)C(8)C(lO) 124(l) 
rnC(3)0(3) 176(l) c(lomc(ll) 113(l) 
C(4)C(5)C(6) 108(l) c(lomc(l2) 111(l) 
C(5)C(6)C(7) 107(l) C(llm(12) 115(l) 

C(S)C(lO)X 115(l) 

* CP - centroid of ojclopentrdienjl ring 
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Tabk 6. Hnantiomeric composition of the mixture of threonines obtained in the condensation of (R)- or 
(SMFCMT_(GlyGly) Cu(II) with acetakkhyde in methanol (O.lN MeGNa in CHsOH), t = zs”, under argon 

Coniigtl- RI10A 

“= Of tti.” 
Thr/Eo- Q1y'm + allo-!rhr 

Aaymnetrio yl.ld*), % 

threoninr ello-thro- 
(R) 

OXliXl~ **) 

---+*I 

s 1 2.42 1.9 
mE*T 

92-98 s 95-loo s 

9 4 2.15 1.2 925 95-100 s 

R 1 2.30 1.5 93 R >99 R 

R 4 2.30 1.2 %R >99 R 

l ) lhunt1ourio QLC arrrlyrio4. 

“) Aoouraoy of allotRr.onlnr optioal purity dotermination 

io 5%. 
***I Bonultr of olx l xperimanto w in th6.o rnnge, 

of freshly distihed acetahkhyde in abs. MeGH and 1 ml of 
1N MeGNa in MeGH (Iinal concn O.lM) were added under argon. 
Themixturewasthermo&ttedat2Y,then10mlHsGand3ml 
1NHCl were added, and the acetaldehyde was extracted with 
ether (5 X 40 ml). Cork ammonia soln (Od ml) was added to the 
aqueous soln, and AFCMT was extracted with CHC& (3 x 20 ml). 
The yield of AFCMT. as determined spectrophotometricaUy, was 
8546. D&tides were desalted on Dowex-50 (H* form) and 
hydrolysed with 6N HCI at IOY for 24 hr. The enantiomeric and 
quantitative composition of the hydrolysate was determined by 
gk” (Table 6). 

Drutafunr exchange in the complexes. This was carried out in 
accordance with the general technique out&ted below. 

To 0.056mmok of the complex, 1Oml of O.lN WNa in 
CDJOD was added under argon. The mixture was thermostatted 
at 25’ for 4hr, then 15 ml of HaO, 3 ml of 1N HCl and 5 min 
afterwards, 0.8ml of cone ammonia sobr was added. AFCMT 
was extracted with CHCls. The yield of AFCMT, as determined 
spec&ophotometricaUy, was 7896. Its specific rotation in CHCls 
had not changed. The dipeptide was desalted on Dowex-50 (H+ 
form) and hydrolysed with 6N HCl at 1OY for 24 hr. The ykld of 
Alawas7796andthatofGlywas6046.ThepresenceOtdeu- 
terium was determined by the GC-MS method. 

Mass spectra of amino acid N-TFA-G-ii esters’ were recor- 
ded on a combined gas chromatograph-mass spectrometer 
“AEIMS-1073” at 70eV and source temp of #wp. Capii 
columns LKB-Am-AC at the temp of loo” were used. The jet 
separator temp was 1500. 

Since the mokcukr ion intensity is low and the ion-molecular 
processes proceed with the formation of the @It EI) ion, ap- 
proximate content of deuterium in the mokcule was determined 
only for M-GPr@ ions. All intensities are given with respect to 
the Muro-GPr ion adopted to be 160%. For Ala and Gly isolated 
from the (S)-AFCMTq(S)-Ala-Gly) Cu(II) compkx after treatkg 
it with O.lN CD,ONa in CMD for 4 hr the MPr t l)/M-GPr 
ratio is close to that for non-deuterated Gly and Ala sampks. On 
the conbary, glycine isolated from the (R)_AFCMT~Gly-(S)-Ala) 
Cu(II) complex has the following distriin of the ions in the 
vicinity of the M-GPr ion: (M-GPr):(MGPr t l):(M-GPr t 

2):(MXPrt3)=1:1.8:7.5:05,whichindicatesahighdegteeof 
exchange of both a-hydrogens of the glycine for deuterium. For 
the Ak isolated from this compkx the (M-GPr t l)/M-GPr ratio 
is close to that for the nondeuterated Ala. 

Retroracemisation of (R,S)-A&-(R,S)-Nrra. To 0.0188 g 
(0.1 mmole) of (Rs)-Ak-(R,s)_Nva; OB9g (0.1 mmok) of (R)- 
or (.9)-AFCMT, 0.0182g (0.1 mmok) of 

coY 
r acetate and 0.15 g 

of molecular sieves (“Wolfen Zeoso#, 3 ) 5 ml of abs. MeGH 
and 0.1 ml of 1N MeGNa were added under argon. The mixture 
was stirred at 40” for 1 hr till complete dissolution of all the 
components, and then it was transferred under argon to 49 ml of 
1NMeGNa in abs. MeGH. The mixture was kept at room temp 
for (a) 1 hr, (b) 3 hr; then 20 ml of HsO, 6 ml of 1N HCI and 
0.5 ml of cone ammonia soln were added. AFCMT was extracted 
with CHCl, (3~2Oml). The yield of AFCMT, as determined 
spectrophotometrically, was 65%. The dipeptide was desalted on 
Dowex-50 (H+ form) and hydrolysed with 6NHCl at 105’ for 
24hr. The enantiomeric and quantitative composition was 
determined by gk.’ The chemical yield of Ak was 6&lo%, that 
of Nva was @-MO%. The percentage of Ala and Nva enan- 
tiomers is presented in Table 7. 

R&suLTsARDDLscusaoN 
To resolve race.mic AFCMT into enantiomers we util- 

ised the ability of bidentate aromatic aldehydes to form 
stable copper complexes with chiral dipeptides? In the 
case of AFCMT the complexes must be diastereomeric 
(Scheme 1) and in principle can be resolved. 

The formation of such complexes proved to proceed 
enantiospecikally. Dipeptides containing an N-terminal 
S-amino acid ((S)-Ala-(S)-Ala, (S)-AlaGly) form com- 
plexes preferably with (-)&MT. AFCMT enriched 
with the enantiomer rotating (+kjs in CHCb can be 
easily removed from the mixture with benzene. Dias- 
tereomeric complexes enriched with a complex of 
(--MT are separated on silica gel in a system 
EtOH-CHCI, (3: 2); in the case of (S’)-Ala-(S)-Ala and 

Table 7. Enantiomeric composition of amino acids obtained after the retroracemisation of (R,?+lh_(R,S)-Nva in 
0.5N MeGNa in MeGH in the presence of stoichkmetrk quantities of (s)- or (R)_AFCMT and copper acetate a 

room temperature in argon atmosphere 

C~~gu.rs+&on Raaotion % of enentioamre 
time (h)- (S)-Ala (RI-Ala (S)-Rva (R)-Rva 

S 1 78.31 21.69 39.43 60.57 

S 3 76.85 23.15 26.20 73.80 

R 1 26.80 73.20 57.84 42.16 
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C”, 51 
CHO + H,NCH(R)CNHCH(K)COIH 

C”(ll, 
c 

R 0 

(S)-Ah&ly the fraction containing a complex with 
(+-MT is not stable and camrot be isolated. 
Decomposition of the remaining copper complex gives 
an enantiomer rotating (-) at 436~1 in CHCb. In the 
case of Gly-(*Ala both diastereomeric complexes are 
formed, which are separated on silica gel in EtOH, but 
the fraction containing the complex with (-)&FCMT 
is not stable and we have.not been able to isolate it in 
pure form. Decomposition of the copper complex of 
Gly-(S)-Ala and (t),ssAFUvlT gave an optically pure 
AFCMT enantiomer rotating (t) at 436nm in CHCL. 
Recrystallisation of the enantiomers till constant specitic 
rotation gives (-b and (t&WCMT whiih have the 
same elemental analyses, mp. (79-gO% IR, ‘H NMR and 
electron spectra. 0RJ.I curves of these compounds are 
mirror images @ii. 1). 

The absohtte contiguration of the chiral AFCMT was 
determined by the X-ray anomalous dispersion method. 

Yk nomenclahue given in Ref. 6 was employed. 

R = CHs, K = CHs 
R=CHs, R’=H 
R=H, R’-CHI 

schenlc 1. 

The absolute configuration of (-)usAFCMT has been 
established as (S)t and, hence, that of (t)dUTXiT as 
(R).t The struchtre of the (S)-AFCMT with numbering 
of the atoms is shown in Fa. 2, the bond lengths and 
angles are given in Tables 4 and 5 respectively. The Mn 
atom is coordiited with uJ-CJH3(COH)(CH2Nh4e~ 
Ii&and and three CO groups. Coordination of the Mn 
atom is octahedral and, accordingly, (O)CMnC(O) angles 
between CO groups are close to 90”. If one considers the 
Cpliind as occupying formally one site in the coor- 
dination polyhedron, the coordination may be regarded 
as distorted tetukdrai, and in accordance with a con- 
siderable bulkiness of the Q-group the angles (O)C-Mn- 
centroid of the Cpring are increased to 121.6-124.7”. 
Complexes of the type (u5-CSH5)Mn(COb have similar 
coordination geometry? The aldehyde group C(9 

‘oa 
4) 

has usual geometrical parameters (C(9)-0(4) 1.20(l) ), 
the length of the bond C(4)-C(9) (1.44(1)A) is only 
sliitly smaller than that of the standard bond C(spq 
C(sp3” (1.48 A). The C(4)C(9)0(2) plane makes with the 
plane of the Cpligand a dihedral angle of 6.9”. Nh&- 

1 

1 
1 3 

Fii. I. Electronic spectrum of (R)-, ($b, (IS’)-AFCMT in CHCI~ (I), ORD of (R)-AFChlT in CHCll (2), ORD of 
(S)-AFCMT in CHCI, (3). 
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) 

obl 

Fig. 2. Structure of (S)-AFCMT with numbering of atoms. 

group is tilted away from the metal atom, the C(QC( 1O)N 
plane is almost normal to the plane of the Cpligand 
(dihedral angle of 87.9’). 

The h&action of (S)- and (R)-AFXMT with Gly-Gly 
and copper ions (CuSO,) in absolute methanol in the 
presence of sodium methylate and molecular sieves leads 
to the formation of the complexes with the yield of 60%. 

To prove the identity of the structure of all the syn- 
thesised complexes, we can put forward the following 
arguments: 

(a) All the complexes after decomposition yielded the 
initial dipeptide in the molar ratio to AFCMT equal to 
1:l. 
(b) The elemental analyses of the complexes correspond, 

taking into account salvation molecules of Hz0 and 
EtOH, to the calculated values (Experimental, Table 2). 

(c) According to the data of the electrophoresis in a 
0.025M soln of NaC104 all the complexes are not 
charged. 

(d) For the (s)_AFCMT-((S)Ala-(S)Ala)Cu(II) 
complex, the molecular weight as determined ebullios- 
topically corresponds to the calculated tigure. 

(e) The electron spectra of the complexes are practic- 
ally identical (Fig. 3). In the region of d-d transitions of 
copper they correspond to those expected for square 
complexes of Cu(II).” 

(f) The CD spectra of (*and (R)-AFCMT-(GlyGly) 
Cu(ll) have intensive Cotton effects in the region of d-d 
transitions of copper (Fg. 4), which can be realised only 
if AFCMT is coordinated with the copper ion. 

(g) The ORD and CD curves of the complexes 
obtained from (s)_ and (R)-AFCMT are almost mirror 
imaW (E&s. 394). 

(h) The lR spectra of the complexes show a band 
typical for C=N in metal complexes of Schist bases of 
amino acids and dipeptides (165Ocm-I),‘* the C=O band 
of the formyl group of AFCMT (1690 cm-‘) is absent. 
The frequencies of the CO groups bonded with Mn 
(1950,204O cm-‘) are preserved. The bands at 1590 cm-’ 
and 16lOcm- can be assigned to the carboxyl and 
ionised amide groups in the copper complexes of pep- 
tides ‘2~~ The 2750 cm-’ and 2790 cm-’ bands which are 
present in the lR spedrum of AFCMT and characterise 
stretching C-H vibrations of non-coordinated N(CH& 
groups,” disappear in the lR spectra of the complexes. 

Thus, AFCMT with dipeptides forms Schiff bases 
which are tetradentate liis in the complexes with 
Cu(II). 

As has been stated above, the enantiospeciticity of the 
formation of complexes from AFCMT and chiral dipep 
tides is very hii. Comparison of the ORD curves of all 
the complexes obtained in the present work (Fu. 3) 
shows that the main contribution to the optical rotation 
of the complex is made by the chiral AFCMT rather than 
by the asymmetric carbon of the amino acid. The sign of 
the Cotton effect for the complexes is opposite to the 
sign of this effect for the chii AFCMT, and the am- 
plitude of the Cotton effect for any complex is one order 
of magnitude greater than for the initial AFCMT. Thii 
allows spectropolarimetrical monitoring of the ap 
pearance of the complex when a dipeptide. AFCMT and 
a copper salt are mixed in absolute methanol in the 

I 

2- 

l- 

1 1 I 1 1 I I I I I 1 I I 

3tw 4M 500 600 7ao 800 A..,nm 

Fu. 3. Electronic spectra of complexes in !%% C1H50H: (s)_AFMCr-((s)-Ala-(s)-Ala)Cu(IIXla), (S)-AFCMT-((S)- 
Ala-Gly) Cu(II) @a), (R)_AFCMT_(Gly_(S)-Als) Cu(II) (3a), (R)_AF+CMT_(GlyGly) Cu(II) (Sa) and ORD curves of 
complexes in 9646 C&OH: (S)AFC~~I((S)_AI~~S)AI~)CII(II) (lb), (S)-AFCMT-((S)-Ala-GIy) Cu(I1) (2b). (R)_ 

AFCMT_(Gly4S)_Ah) (Co(I1) (3b). (SkAFCMT-(GlyGly) WI) (4b), (R)-AFCMT-(GlyGly) Cu(I1) (Sb). 
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4. CD spectra of complexes: (s)_AFCMT-((s)_Ala-@)-Ala) Cu(II)-1, (s)_AFChiT_((s)_Ala-Gly) Cu(IIb2, 
(R)_AFCMT-(Gly_(s)_Ala) Cu(IIJ-3, (Sj-AFCMT_(GlyGly) Cu(II!-l, (RtAFCMT-(GlyGly) Cu(II)_5. 
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presence of sodium methylate. One hr after the mixing of 
racemic AFCMT, CusO, and Gly-(S)-Ala, mixture 
reveals optical rotation, which corresponds to 20% of a 
pure copper complex of (R)-AFCMT with Gly-(S)-Ala. 
In 2 hr, the optical rotation of the mixture diminishes by 
a factor of 5, which indicates the formation of a second 
diastereomer. Mixing of racemic AFCMT, C&O4 and 
(S)-Ala-(S)-Ala leads within 1 hr to optical rotation cor- 
responding to 27% of a pure copper complex of (S)- 
AFCMT with (S)-Ala-(s)-Ala. Molecular rotation of the 
mixture does not change during next 67 hr. At the same 
time (R)-AFCMT does not interact with (S)-Ala-Gly for 
3 hr at 40”, while (S)-AFCMT easily forms a copper 
complex with (S)-Ala-Gly at room temp. 

Thus, it is shown that in such complexes even a 
sterically undemanding amino acid as (S)-Ala is 
sufficient for recognising AFCMT enantiomers. 

The formation of the AKMT complexes with chiral 
dipeptides being hiily enantiospecific, it may be expec- 
ted that monoalkylation of the amino acid fragments of 
the (R)_ or (S)-AFCMT-(GlyGly)Cu(II) would allow 
yield a high enantiomeric excess of one of the resulting 
dipeptide enantiomers. By analogy with metallic com- 
plexes of salicylidene dipeptides it can be foreseen that 
the N-terminal glycine fragment will have an enhanced 
CH-acidity” and undergo alkylation. 

The proof of the lability of the a-proton of the N- 
terminal glycine in copper complexes of diglycine with 
(R)- and (S)-AFCMT is furnished by the data on the 
deuterium exchange in the (S)-AFCMT-((S)-AlaGly) 
Cu(II) and (R)_AFCMT-(Gly_(.5‘)-Ala)Cu(II) complexes 
in 0.1N C&ONa in C4OD. In the copper complex of 
WAFCMT with (S)AlaGly a-hydrogen is not 
exchanged for deuterium in O.lN CBONa at 25” during 
4 hr either in glycine or in alanine; meanwhile under the 
same conditions (O.lN C&ONa, 25”) in the copper 
complex of (R)AFCMT with Gly-(S)-Ala after 4 hr the 
a-hydrogens of glycine turn out to be almost fully 
exchanged for deuterium. Consequently, it may be sup 
posed that in the copper complexes of diglycine and (R)- 

and (S)AFCMT a-hydrogen of the N-terminal glycine is 
labile, while that of the C-terminal glycine is not. 

(S)- or (R)-AFCMT-(GlyGly)Cu(II) interacts with a 
SO-fold excess of the acetaldehyde in O.lN MeONa at 
25”, giving a new set of complexes which after decom- 
position by the usual technique (Experimental) give two 
dipeptides. These dipeptides are not the inital GlyGly, 
and their hydrolysis gives a mixture of diastereometric 
threonines (therolallo ca 2) and glycine in the 1: 1 ratio. 
Chromatographic behavior of one of the dipeptides is 
identical to that of a specially synthesised Thr-Gly. The 
copper complex of GlyGly under these conditions does 
not react with acetaldehyde. 

The data obtained fit into the following scheme of the 
interaction of the (R> and (S)-AFCMT_(GlyGly) WI) 
complexes with acetaldehyde (Scheme 2). 

The chemical yitld of threonines practically does not 
change during lllhr and is go% for the N-terminal 
glycine. If the initial AFCMT is chii, then chiral 
threonines are formed in the course of the reaction. The 
results are summarised in Table 6. 

On completion of the alkylation, a corresponding 
AFCMT enantiomer was removed from the mixture in a 
85% yield by extracting with CHCb. The ‘HNMB, IR 
and electron spectra of the AFCM’T from the mixture 
were identical to the ‘H NMB, IR and electron spectra of 
the initial AFCMT. The interaction of the isolated (S’)- or 
(R>AFCMT with GlyGly and Cu(II) gave a complex 
whose OBD curve in 96% EtOH is identical to the OBD 
curve of the initial complex. This complex was alkylated 
with acetaldehyde under the same conditions. The 
asymmetric yield of threonine did not change. Thus, the 
AFCMT enantiomers can be repeatedly employed as 
reagents for the asymmetric synthesis of threonine and 
threoninecontaining dipeptides from glycylglycine. 

As can be seen from the data presented in Table 6, by 
using chiral AFCMT it is possible to obtain a 92-98% 
enantiomeric excess of threonine. Each of the experi- 
ments, the results of which are presented in Table 6, 
started with the isolation of chiral AFCMT. The enan- 
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Scheme 2. 

tiomeric purity of the initial AFCMT determines how 
great the asymmetric yield of the resulting threonine wig 
be. Unfortunately, polarimetric analysis of the optical 
purity of the AFCMT does not allow detecting the ad- 
mixture of 14% of another enantiomer. Therefore we 
can only state that 98% is the maximum asymmetric 
yield of threonine, attained in the present work A pos- 
sibility that the yield may be increased by additional 
purification of AFCMT and modiication of the reaction 
conditiuns cannot be excluded. 

Examination of possible conformations of copper 
complexes of (S)-AFCMT with chiral dipeptides using 
Dreii models shows that the conformation of the 
system is energetically most favourable when the “bas- 
ket” of Mn(COb looks away from the copper ion. Such 
conformation for (S)AFCMT-((S)-Ala-(&Ala) Cu(II) is 

Eg. 5. Dmidii model of t&rn&x (s)_AFCMT-((s)_Ala-(Rla-o_ 

shown in Fw. 5. Both the ‘I-membered and two S-mem- 
bered &elate rings are strongly distorted. The Me group 
of the N-terminal alanine has an essentially perpendi- 
cular orientation to the plane of the aldimine group, and 
its interaction with the aldimine hydrogen is minimal. It 
is easy to see that the Me group of the N-terminal 
alanine in the pseudo-equatorial position ((R)-Ala) would 
create additional steric interactions with the aldimine 
hydrogen. This explains why the interaction of (s)- 
AFCMT-(GlyGly) C!u(If) with acetaldehyde gives excess 
of the S-form of threonines and why (S)AFCMT forms 
complexes preferably with (s)_Ala-(S’)-Ala and (S)-Ala- 
Gly. Reasoning in the same manner, one can explain 
preferable formation of (R)-Thr from (R)-AFCMT- 
(GWY) WI). 

Stereospectic formation of the complexes allows one 
to suppose that in the interaction of a racemic dipeptide, 
with chiral AFCMT in the presence of copper ions and 
sodium methylate in methanol would lead to a mixture of 
diastereomeric complexes. (Scheme 3, mixture of dias- 
tereomeric complexes No. l), and these complexes 
would have different free energies. Due to the lability of 
the a-proton of the N-terminal amino acid one could 
expect a shift of the quilibrium towards a more stable 
diastereomer, i.e. after the decomposition of the mixture 
one would obtain enantiumeric excess of one form of the 
N-terminal amino acid of the dipeptide. 

Using enantiomers of AFCMT, we have succeeded in 
carrying out retroracemisation of the dipeptide (R&Ala- 
(Z?,S)-Nva according to Scheme 3. The retroracemisation 
of (I?,~Ala-(R,S)-Nva was conducted in 0.5N MeGNa 
in MeGH at room temperature in argon atmosphere in 
the presence of the stoichiometric quantity of copper 
acetate and the corresponding AFCMT enantiomer. 
After decomposition of the mixture (Scheme 3, mixture 
of diastereomeric complexes No. 2) with lNHC1, a 
mixture of dipeptides was isolated, which, after acid 
hydrolysis (6N HCI, IOY’, 24 hr) was analysed by the glc 
method (Table 7)’ 

~)(s)-AFCMT + (R, S)-Ala-@, S)-Nva 

mixture of diastereomeric complexes No. 1 

1 
0.w cI+oN~ 

mixture of diastereomeric complexes No. 2 

L(S)-AFCMT (05%) +’ mixture of dipeptides 

1 
SNHCI 

(S)-Ala + (F?)-Nva 

Scheme 3. 

Dipqtides are separated from the mixture quan- 
titatively. As can be seen from Table 7, both the N- 
terminal and C-terminal amino acids are retroracemisation. 
A 5-fold increase of the MeGNa concentration in MeGH, 
compared with the alkylation conditions of the copper 
complexes of (R)- and (S)AFCMT with diglycine, leads 
to labilisation of the a-proton of the C-terminal amino 
acid.16 As expected, for the (S)- and (II)-AFCMT, the 
preferable conhguration of the N-terminal fragment of 
the dipeptide is S and R respectively. For the C-terminal 
fragment, however, the enantiospeciiIcity reverses, and 
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for (S’)-AFCMT the preferable configuration of the C- 
terminal amino acid is R, while for (R)_AFCMT such 
preferable con!iguration is S Evidently, distortion of the 
chelate ring formed by the C-terminal fragment of the 
dipeptide is also essential. For the complexes from (s)_ 
AFCMT R-conSguration of the amino acid fragment is 
favourable, since in this case the alkyl substituent is in 
the axial position, and its steric non-bonding interaction 
with the CO of the coordinated amide group is minimal 
(Fi. 9. 

After decomposition of the mixture with IN HCl, a 
corresponding AFCMT enantiomer having the same 
specific rotation in CHCll as the initial AFCMT was 
obtained in the 65% yield. Consequently, by using 
AFCMT enantiomers, it is possible to effect retroracemisa- 
tion of dipeptides. The AFCIUT enantiomers are not liable 
to racemisation in the course of the threonine synthesis and 
retroracemisation of dipeptides. 

AckrwwMgemenf-The authors thank S. V. Vitt and M. B. 
Saporovskaya for the quantitative and enantiomeric & analyses 
and for the MS analysis. 

‘P. hf. Jordan and A. Akhtar, Biochun. J. 116,227 (1970); hf. S. 
Chen and L Schirch. L Bid. Chem. 10.3631 (1973). 

vu. N. Belokon’, V. k. Belikov. S. V. Vitt, M: M. &&aya and 
T. F. Savel’eva, J. Chem. Sot. Cha. Comm. 86 (1975); Yo. N. 
Belokon’, V. M Belikov, S. V. ViU, T. F. Savel’eva, V. M. 
Bwbclo. V. I. Bakhmutov, G. G. Aleksandrov and Yn. T. 
Struchkov, Tetmhedron 33,2551(1977). 

‘J. R. Vaughan and R L Gsato, J. Am. Chem. Sot. 74, 676 

(1952); P. G. Katsoyannis and K. Suzuki, Ibid. 84,142O (1%2). 
‘S. Makanarksin. P. Birrel and E. Gilav, J. Chromntogr. sci. 8, 
177 (1978); M. B. Saporovskya, E. A. Paskonova, s. B. Nii- 
itina. S. V. Vitt and V. M. Beliiov. Isa. AN !SSSR. ser. &him. 
676 (1974); S. V. Vitt, M. B. Saporovskaya, E. A. Paskonova, 
S. B. Niitina and V. M. Belikov, Ibid 1318 (1974). 

sN. M. Loim, N. A. Abramova, Z. N. Pames and D. N. Kur- 
sanov, 3. ~anometal. Chfvn. in press. 

6K. SchM@, M. Fried and H. Falk, Monefch Ghan. 98, 576 
(1%4); R S. Cabn, C. K. Ingold and V. Prelog, Angew. Churn. 
78,413 (1966). 

‘W. C. Hamilton, Acta crgsmlogr. 18,502 (1%5). 
‘A. Nakahara, Bull. Chem. Sot. Japan 32,1195 (1959). 
9k F. Berm-It and R. E. Marsh, Acta crystallogr. 16, 118 (1963); 
M. R Churchill and F. R. Scholer, Znorg. C/tern. 8,195O (1969); 
F. Mathey, A. Mitschler and R. Weiss, 1 Am. Chem. Sot. 188, 
5748 (1978); N. I. Pyshnograeva, V. N. Setkina, V. G. Andri- 
anov, Yu. T. Struchkov and D. N. Kursanov, 1 Organomet~. 
Cha. 187,431 (1978). 

‘DTabIes of interatomic distances and co&uratior’ in molecules 
and ions. Special publ. No. 11, London (1958). 

“B. J. Hathaway and D. E. Billing, Coord. Chem Reu. 5, 143 
(1970). 

‘*hf. K. Kim and A. E Martell, J. Am. Ckersr. Sot. 88,143 (1970). 
“H. C. Freeman, Metal Complexes of Amino Acids and Peptides, 

in: Inowanic Biochemistry @dited by G. L. Eichhom), Vol. 1, 
p. 121. Elsevier, Amsterdam-London-New York (1973). 

“D. A. Baldwin and G. J. Leigh, 1 Chem. &x.(A), 1431 (1968); 
K. C. Pate1 and R. R. Patel. J. Inonr. Nucl. Chum. 39. 1325 
Wm. 

“F. Fujioka, Y. Nakao and A. Nakahara, Bull. Chem. Sx. Japan 
49,477 (1976). 

16R D. Gillard, P. R. Mitchell and N. C. Payne, Chem. Comm 
19,lDO (1968); I. G. Browning, R. D. Gillard, J. R Lyons, P. R. 
Mitchell and D. A. Phipps, I. Ckem. 5ix. Dalton 1815 (1972). 

Ta Vol. ‘6, No. S-l 


