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Abetraot - Honodehydropeptidee with ,the +ehydroaminoecid frmt in C- 
tandeal or H-terrfnaf position were eynthetbed ee well a# a family vlth 
the general Portia io-APhe-(all),-&eu-OR (n = O-2. it = If ar Ih). Aemtrio 
rcduotion of theee corqpoumle catalyzed by chiral rhodium oorplexce wee 
investigated. The reeulte YC~C discueeed in term oi double aeymetrlc 
induction. A method y(u davelopped to avoid the uee of both eneetiomere of 
the eubetrate or of the catalyst. It conaiets in the total reduction of a 

racetic debydropeptide. 'Zhe products distribution gives aooeee to the two 
desired faoial eelectltitiee. 

INlROOlJClIoN 

Asymnetric hydrogenation of C-C bonds with chit-al rhodium COtalystS prOCeedS in Inmy cases with 

enanticmeric fmcesses (ee) higher than 9C%. Many reviews ore ovoiloble1-7. Most of the cotolysts 

Involve chelOt.ing chlral phosphorus compounds as ligonds, for example (S.S)-dlop 1. (S.S)-bppm 

2, (R.R)-dlpomp 2 or (S.S)-chlrophos 4 (ref.*-I'). 
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me frlJitfu1 we0 Of invest~gotion woa the osymetric reduction of N-0cy1 a,@-dehydroominooclds 

Jj which culmlnoted with on industrial synthesls of (s)-dop&,lO. 

The functional groups connected with the C-C double bond Of 5 play an lnportant role in the 

process of osynwnetric reduction. whose mechanism ~0s carsfully studied12.13.An obvious develop- 

ment in osymsetric synthesis of a-aminoacids 5s the lnvestigatlon of the t%duCtlon of substrates 

of general formulo 2 in which the double bond 1s connected to omlnoocid moieties (either ln R 

or R' groups). A good stereochemical control of the reduction will give a new tool In peptlde 

chemistry and should allow to IotroduCe deuterium or tritium with defined configuration at the 
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new chirol center*. The main problems cre : 
I) to find chlral catalysts overthrowing the effect of the chlrcl Centers of the 

substrate (catalyst strategy control)14. 

II) to check the generality of that method, especially on dehydroamlnoaclds bound to c 

polypeptlde skeleton which could deactivate or modify the COtCIySt by ccmplewctlon. We shall 

describe scme of cur r06ult.6 on these tv0 pOlnt6 Ofter briefly r.vleV&lg what YaS already 

published In the reduction of dehydrcpeptldes. 

PREVIOUS RESULTS 

We lnlt1cted cur work in this field by c careful lnve6tlgctlon of reduction of 

Ac-APhe-(S)-Phe-OR S or Ac-APhe-(S)-Ala-OR I. 

CH -C~;X-.a-OR 8 
6 II 

H 
8 

6 a : R=H 7 a:R=H 
b:R-@+2 - b:R=Okk 

We estcbll6hed that o double csynsn6trlc lnductlcn15 vas operating vlth RhCldicp (18 oatciystT5. 

With (S)-5 on achlccl homogeneous cctcIy6t leads to reduction with (9') configuration (ZO-40% 

dlcstereomerlc excess (de)). 

Ac-APhe-OH when reduced In presence of RhCl(S.S)-dlcp gives (S') conflguratlcn ( SO$ e6) vhlI6 

the comblnctlcn (S)-5 and RhCl(S,S)-dlcp gives the (S') ccnflgurctlon and 9011 de. The mlsmct- 

ched pair (S)-6 and RhCl(R.R)-dlcp gave 65% de with newly formed phenylclanlne In the opposite 

conflgurctlon. Slmllcr results vere obtained by Other6”-*‘, mainly In the Ojlmc group. 

Dlcstereomeric exces66s in the range of g5-98% were easily observed by the use of (R.R)-dlpcmp J 

or (S.S)-bppm 2. Dloxcp g and the dlphcsphinlte 2 gave also good reEUIt.6 In reduction of 

S.z and cnCIOg620*21. 

64 0 

pph, m2 

R-R 

dioxop g 9 

The csymnetric trltlctlon of !I& c&clyzed by RhCl(S.S)-dlop allowed the preparation of 

bls-trltlcted (S,S)-AC-Phe-Phe-DMe**. A Synthe616 Of CI modified enkephalln vcs based on the 

controlled reduction, of two nvincdehydropeptldes which vere SubEe&ently coupled. and on the 

reduction of Ac-ATyr-(R)-Alo-Gly-APhe-(S)-Leu-OMe23. 

PREPARATION OF THE MHYDROPEPTIDES 

The chemistry of dehydroomlnocclds Is on Important topic which vcs recently revieved*4-25. 

Introduction of the a.b-un6cturcted dehydrocmlnoccld frcgmsnt Into c peptlde system Is usu011y 

performed by the czlcctcne route. by R-ellmlnctlcn In p serlne or phenylserlne unit or by o 

peptlde coupling on a N-protected a.@dehydrccmlnoccld. SyntheSl6 of smell dehydrcpeptides Is 

frequently not ecsy and we hod to select suitable methods, according to the structure of the 

target. APh6. ATyr and AVcl groups vsr6 Introduced at vcrlcus places In dlpeptlde or higher 

peptldes (till heptcpeptldes) ccntcln1ng cmlnoCCld6 such cs phdnylclcn1ne. tyroslne. leuclne. 

vcllne and glyclne. 

-____---_______ 
l These new chlrol centers ore lcbelled : R' or S'. In order t0 ShoW the difference with the 
already present chlral centers. 



Asymmetric homogeneous reduction of dehydropcptidcs 3853 

The orloctone opprdoch ii illustrated by the tronsfornwrtions S-wlZ, _l33* ‘and “s-+x 

which allow to connect AC-APhe. AC-ATyr or AC-AVal to a polypeptide chain. New dehydropeptldas 

were prepared by this woy’ond are described in the experimantol section: The ozloctone route 

allows also to Introduce 0 dehydrocrmfnwcld unit at the C-terminol position 08 in the conversion 

x4=. 

Tha coupling between frirpnent.8 such as AC-bPha-(Gly)n-Oti 12a and 12b (R- R’- H) with Leu-DMe in 

Presence of DCCI was used to obtoln some N-ocetyl dehydropeptides. here Ao-APhe-(GlV),-Leu-DMe 

(n- 0 to 2) E, * and m. 

##NH ,,&HN?’ - -C N 

0 ii 

Y 

R a : 

A 

n-O,R=R’=H 
b : n = 0, R I R’ = H 

i-” 

c : n * 0. R = CH2iPr, R’ I H 
R = CH iPr R’ . M 

: i :: : ;; R a C”$p,.’ R’ _ ” 
f : n = 1, R - CH’iPr’ R‘ I M 

1_2 
k” 

: n - 2, R = CH21pr: RI = & 
= 1. R = H,2R’ = Et 

i : n = 2, R l Ii, R’ - Et 

+W --cqtl. ___+I CH,-C-N 

0 0 

16 + A NH, CO,R’ - cl+ c Xf-,x, -,,-! 
0 0 

1763 : R = H, R’ = H 
b : R - H, R’ = Et 
c : R = CH2Ph. R’ - H 
d : R = CH2Ph, R’ = Me 
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18 a:Rl=R 
b:R -Pii 

-Ck.R=H 

c: R1.R &:;:i!e 
d : R; l P6. Rp = H. R - Me 

ASvwEraICHwnwGENAlIDN 

The uSS of an ochlrol rhodium cotolyst such OS [Rh(Ph2P(CH2)4PPh2)COD]+ enobles to estimate the 

stereochemical effect of the &msetrlc center of the already present amlnaacld. Every time o 

dehydroomlnoocld moiety Is placed In 0 N-terminal position the substrote control oppeors to be 

small, giving less than 50$ de. This was previously observed with AC-Ache-Phe-OR or 

Ao-APhe-AM-OR. 

We hod slmllor trends In the reduction of AC-APhe-(Gly)l_2-Lou-OMe (13% - 2.4% de). It MS 

Interesting to see what happens with the unsoturatlon located at o C-terminal position. Till now 

there were few reports of such reactions. We found that the stereoselectlvlty Is much higher 

(422 de (I?'), R'JS' - 71/29) with AC-(S)-Phe-APhe-OMe. In the most favorable cases the osynrne- 

trlc Induction given by one amlnoocld residue. vhotever Is Its locotlon. remains low. The 

dlostereofoclol selectivity Is ot best 3:l. This gives good hope to control the stereoche- 

mistry of reduction by the chlrollty of the catalyst If its enontlofoclol selectivity on the 

ochlrol models Is high. The double asymnetrlc induction15 In the matched pair should lead to 

high de while In the mismatched polr the reverse stereochemistry and a lower de is generally 

observed : Mosamune gave a detailed dlscusslon on these concepts In the context of new strote- 

gles for total synthesis using for example asymnetrlc aldallsotlon or asynwnbtrlc epoxldotlonl4. 

All the publlshed work on hydrogenation of dehydropeptldes In presence of chlral rhodium coto- 

1yats IS In agreement with the posslblllty to hove the 'cotolyst control. In the mismatched 

situation. even with llgands such OS dlop which give enantlofaclol ratio of 411 to 10/l 

according to the structure of the ochlrol unsaturated substrate. 

Before discussing the new results obtolned here we shall describe the procedures for the stereo- 

chemical analyses. The ratio of the two dlostereomerlc peptldes obtained in each hydrogenotlon 

WOS measured by nmr or hplc. A more accurate value Is also obtolned by an acidic cleavage of 

the crude products ond derlvatlzotlon Into a mixture of N-trlfluoroacetyl Isopropyl omlnoesters. 

This procedure performed on a mlcroscole allows the measure of ee of the amlnoaolds by glc on o 

chlrol stationary phose27. 

In order to do a full discusslon on the double osymnetric Induction It Is necessary to know the 

results of hydrogenation in a pair of dlastereomerlc experiments : (R)-substrate/(R)cqtolyst and 
(R)-substrate/(S)-catalyst or (R)-substrate /(R)-cotolyst and (S)-substrate/(R)-catalyst. 

It is often difficult to get both enontlcmws of o chlrol llgond or of o chlrol substote. In 

these cases we suggest to use the avalloble enontlomer of the catalyst and the rscealc 

substrate. The totol conversion of the lotter Is equivalent of performing together the pair of 

the desired dlostereomarlc experiments. As explained In the Appendix It 18 easy, by sultoble 

analytical methods, to know the osymnetrlc Inductions obtained In the two cases. The results 

obtolned by the various methods are listed in Tobles 1 and 2. 

We Investigated the osymnetrlc reduction of Ac-Phe-APhe-CMe as the flr6t model of a chlrol 
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C-terminal clehydrapeptlde. The results are Indicated in Table 1. they are abtalned by hydtogena- 

tion of the racemic dehydrodipeptide using dlop. bppm or dlpolp as the llgand In the catalyst. 

It Is clear that the aterlc Course of the reduction Is under substrate control tin RhCldlop Is 

the catalyst. 

TABLE 1 

Hy&o&znrtlon of raaemlo debydropeptldee vlth hom@neoue chlral oatalyetsa 

Substrate Cato1yst 
R’-S’ 

Productsb R'+S' (%) R'IS' 

1:u eel ee,, 

Rh(S.S)-dlopC1 25.5:74.5 

Rh(S,S)-bppmC1 48.9:Sl.l 

Rh(R,R)-dlpamp+ 51.8:48.2 

RhPh2P(CH2)4PPh2Cle 29.0:71.0 

Rh(S,S)-dlopC1 

Rh(R.R)-dIpamp+ 

Rh(S,S)-bppmC1 

Rh(R.R)-dIpasp+ 

24.9:75.1 

47.2:52.8 

46.7:53.3 

51.1:48.9 

21.3 7.2 

48.9 46.8 

-91.9 -98.8 

0 0 

31.7 10.5 

-70.1 -62.7 

29.4 25.8 

-47.3 -49.4 

-38.2 1:2.2 

59.8 4.0:1 

45.6 2.7~1 

50.0 3.O:l 

-91.6 1:22.8 

-98.8 1:166 

-42.0 1:2.4 

42.0 2.4:1 

-34.4 1:2.0 

66.0 4.9:1 

-71.8 1:6.1 

-60.6 1:C.l 

20.9 1.5:1 

34.1 2.1:1 

-46.2 1:2.7 

-50.6 1:3.0 

a [substrate]/[catalyst] - 15-20. [substrate] - 0.1 M In MeOH. pH2 - 1 bar, 20°C 
Hydrogenations are quantitative (hplc and nmr analysis). 

b 1 (like) - RR.SS dlastereomer ; 2 (unlike) - RS,SR dlastereomer. 
ee IS positive If R' > S'. and negative If S' > R'. 

z ~',~brt~f~~~fcatalyst] - 3.5, pH2 - 80 bar. 

o Benzene-methanol (1:2) Is used as solvent. 

With (S.S)-dlop and (S)-dehydropeptlde the new asysmmtrlc center MS created with o R'/S' 

stereoselectlvlty - 4:1, while the combination (R.R)-dlop/(S)-dehydropeptlde gives a ratio of 

2:l. With the achlral rhodium catalyst Rh(Ph2P(CH2)4PPh2)Cl on the (S)-dehydropeptlde excess of 

(R') configuration (RI/S' - 2.4:1) was observed. RhCl(R,R)diop catalyses the hydrogenation of 

various types of dehydrophenylalanine derlvatlvesl6-18 with a (RI)-stereoselectivity in the 

range R'JS' - 3:l to 1O:l. 

It is obvious fran the above data set that there Is a .substrate control". the catalyst with 

(R,R)-diop Is not stereoselective enough to overcOme the Inherent (R)-stereoselectlvity of the 

(S)-substrate. Surprisingly the highest dlostereofaclal seleotivlty (4:l) Is obtained ln the 

pair ((S.S)-dlap/(S)-substrate) which should expected to be the "a priori" mlsmctched pair, 

where the asymsetrlc Inductions are predicted to be opposlto. It Is an additional case where 

even semlquantlt.atlVe calculations Cannot lead to the production of the double osymnetrlc in- 

duction. as pointed out by Masaunel4. 

This Is very different from reduction of AC-APhe-(S)-Phe-Ome where a acatalyst control" was 

obtained with RhdlopC116017.1t Is known that bppm and dlpamp give rhodium catalysts more stereo- 

selective than diop In reduction of various dehydraaslnoaclds (R ond s sterea6electlvlty). The 

same trend was observed for the reduction of Ao-Phe-APho-Oh as indicated by results in Table 1. 

Both catalysts are now able to direot the sterlc Course of the reduction. ulwtevor 1s the 

absolute conflgurotlon of the substrate. In the gpredlctsd mismatched pair" (S.S)-bppn/(R)-sub- 
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strate on exc*ss of (R)-COnflgUrOtloI'I ~05 created (2.7:l) 08 well o5 in the matched pair 

(S.S)-bppm/(S)-substrate (3.OO:l). As always found with dehydropbptfdesl6.16.21 dlpamp gives the 

best stereoselective rhodium cotolyst. In the "predicted matched pair. (R,R)-dlpamp/(‘R)-sub- 

strote led to a high ratio (22.G:l) in (S) conflgurotlon. in the "predicted mismatched 

pair" (R,R)-dlpamp (S)-substrate this ratio amounted up to 166:l. 

It 15 interesting to se5 in this case of "catalyst control. that the multlp~lcatlve .model of 

foci01 -1.9 stereo5electlvltl5s fall to predict which of the two pairs will lead to the highest 

St5reosel5ctlvlty since it 1s the "predicted mismatched pair w uhlch Indeed gives the highest de. 

Ac-Vol-APhe-016 behoves slmllarly to Ac-Phe-@he-C#e. (R,R)-dlop does not control the stereoche- 

mistry In the reduction of the (R)-substrate (mismatched pair) which leads to a (R,S')-dlpeptlde 

(S'/R' - 4.9:1). (R.R)-dlpanp and (S.S)-bppm impose their usual stereochemistry (S' and R' 

respectively) in the reduction of Ac-(S)-Val-APhe-DM5 although the stereoselectlvltle5 are less 

impressive than in the reduction of Ac-(S)-Phe-APhe-OMe. 

Hydrogenation of a set of homologous dehydropeptldes of general formula AC-APhe-(Gly),,-Leu-OR 

(R I ii or Me) leods to interesting experiments. In order to identify a possible effect of the 

choln length (between lauclne residue and the prochlrol double bond) on the sterlc cours5 of the 

reaction some hydrogenations were performed with an achlrol catalyst or with the rhodium-dlop 

cotolyst (Table 2). 

TABLE 2 

Hy&ogenatlon of come dewdropeptldes vlth Rh(R.R)-dlopC1 5~ catalysta 

Substrate se - R'/S' 

Ac-APhe-Gly-OH 64.0 4.6:1 

Ac-APhe-Gly2-OH 53.3 3.3:1 

Ac-APhe-(S)-Leu-OH 57.7 3.7:1 

Ac-APhe-Gly-(S)-Leu-OH 61.6 4.2:l 

Ac-APhe-(Gly)2-DEt 51.7 3.1:l 

Ac-APhe-(Gly)3-OEt 51.2 3.1:1 

Ac-APhe-(R)-Leu-CM5 63.9 4.5:1 

Ac-APhe-(S)-Leu-DMe 13.7 1.3:1 

AC-APhe-Gly-(R)-Leu-OMe 37.7 2.2:1 

AC-APhe-Gly-(S)-Leu-OMe 60.5 4.1:1 

AC-APhe-(Gly)2-(R)-Leu-DM5 65.7 4.G:l 

Ac-APhe-(Gly)2-(S)-Leu-DM5 40.9 2.4:1 

Ac-APhe-(Gly)2-(S)-Lou-OMe 39.4 2.3:1 

0 [substrate]/[catolyst] - 85. [substrate] - 0.25 M in MeOH, PH2 * 1 bar. 20°C 
Hydrogenations are quantitotlve (hplc and nmr OnOlySi5). 

The osymnetrlc Induction given by Rh(R.R)-dlopC1 1s moderate (be - 51 to 61%. R' configuration) 

and fairly constant whatever la the structure of the dehydropeptldes (Table 2). When a (S)-leu- 

clne residue 1s introduced at various dlstonceo of the APhe moiety. 0 very small osymnetrlc ln- 

ductlon MS found with Rh(Ph2P(CH2)4PPh2)CODt as the achlral catalyst : Ac-APhe-Gly-(S)-Leu-OMe 
(de - 13%, (R') configurotlon). Ac-APhe-(Gly)2-(S)-Leu-OMe (de - 2.4%. (R') conflgurotlon). 

These results led to the expectotlon that Rh(R.R)-dlopC1 will behave with a "reagent con- 

trol*14, lmposlng the (RI)-conflguratlon ot the newly created osymnetrlc center. This was indeed 

observed when n - 1 or 2 (Table 21, the (S)-substrate (n - 1) or the (R)-substrate (n - 2) 

giving the highest stereoselectlvlty and beelng likely involved in the matched pair. For n I 0 

the (R)-substrate leads to the highest dlostereofoclal selectlvlty. It cnnnot be decided here if 

the reaction 15 under 'susbtrote control" since we do not yet knew the sign of the asymnetrlc 

induction with on ochlrol catalyst. 
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ihe first picture *ioh emerges from these preliminary experiments is coneietent with o moderate 

but definite contribution of the (S)-leuclfle residue. whatever is its locotlon. on the steric 

course of the reduction in presence of Rh(R.R)-diopC1. We ore currently prePorin9 higher hamolo- 

gues (“~2) in order to 888 if for n large enough 0 COnfOrSotiOnOl transmission Could amplify the 

influence of the (S)-leucine moiety thonks to a tertiorv structure. 

EXPERmAL SECTION 

General procedures 

~11 melting points were obtal#ed on 0 Riechert apparatUS. Mass spectra were recorded on o 

Ribermog R-10 10 spectrcmeter. HPLC analyses were accomplished using columns (4.6 X 250 mn) 

pocked with Zorbax ODS Cl8 (Du Pont. particules 5-6 pm dlometer) on on apparatus equiped with o 

Du Pont 6800 pump and o UV ISCO 1850 detector at 230 nm. For preparative HPCC the internal 

dlometer of columns was 9.4 lmn. Speed ws 1 mL/mln (onolysis) or 4-5 mL/min (chr~otogrophic 

isolations). Hydrogenations cotolyzed by rhodium complexes wsre performed in methanol accordin 

to the general procedure of ref 26. Reactions under pressure were runned in a gloss cooted 

stainless steel autoclave. fitted with on inlet septum for introduction of the solvent. Cleavage 

and derivatizotion for the glc enontiomers OnOlySiS Of the products Were Performed as described 

1" ref 28. 

FIMR Spectra 

All 90 MHz 'H NMR spectra were recorded on a Perkin-Elmsr ~32 spectromster. 
prepared in CDC13, 

Samples were 

in 6 values. 
d%MSD mixtures, with TMS 0s internol standard. Chsmlcol shifts are reported 

The spectra of compound6 120-121 ore in agreement with the proposed structures and 
present the following chorocteristic s1gna1s : Acetyl : 2.0-2.1 (a) ; NH (APhe) : g-10 (s) ; 
NH (Glyf : 7.5-S (t) : NH (Leu) : 7.5-6 (d) ; Ar (APhe> ond CH (APhe) : 7.2-7.6 (m) ; CH~ 
(Gly) : 3.9-4 (t) : CH (Leu) : 4.4-4.5 (m) ; CHp (Leu) : 1.6-1.7 (m) ; Ckit~ (Leu) : 0.9-i (dd) 
; OCH3 (ester) : 3.6-3.7 (8) i (342 fethyl 0Ster) : 4.15 (9) ; CH3 (ethyl ester) : 1.2-1.3 (t). 

Materials 

(ZbAc-APhe-OH WOO Purchased fri% Fluke or obtained by hydrolysis of the ozlactone s prepared 
according to Erlenmeyer28 from ocetylglyclne and benzaldehyde. 
AC-APhe-Gly-OH31 120 and Ac-APhe-Gly-Qly-OH 32 12b were prepared by ominolysis of orlactone JIJ 
using the suitable aminoocid or dlpeptlde sodium~lt. 

Ac-APhe-(S)-Leu-OH 12~ - 

Prepared by reaction of sodium salt of (S)-leucine on oxcrolone ?G, ~1s for the synthesis of e. 
The product Is crystallized from methanol (94s yield). 
mp - 220-222oc. 

[al:' - + 5.40 (c - 2. Py) 

AnOlysls C;7H2304N2 Calc : C - 64.13 H 0 6.97 N * 8.80 
Found : C = 63.40 H - 6.98 N * 8.81 

Rocemlc AC-APhe-Leu-OH 12c 

Similar PreporatiOn StOrting from rOcBR)Ic leucine. 632 yield, mp-225-228OC 

Anol~sis C17H2204N2 Cole : C - 64.13 H - 6.97 N . 8.80 
Found : C I 63.47 H - 6.97 N I 8.93 

AC-APhe-(S)-Leu-C#e s 

(S)-12c dissolved in methanol Was quontitotively esterified at OoC by diazomethone dissolved in 
ether. mp - 189oC 

[al:” = -0.20 (c [a] 
20 

= 2. MeOH) ; 
436 

- + 5.50 (c = 2. MeOH) 

Analysis Cl6H2404N2 COlC : c - 65.04 H - 7.28 N . 8.43 
Found : C - 64.81 H - 7.30 N . 8.60 

Rocemlc AC-APhe-Leu-DMe a 

Prepared 06 above. from rocemic z. Ouontitotive yield, mp I 17OoC. 

Anolysfs C16H2404N2 Calc : C = 65.04 H = 7.28 N . 8.43 
Found : C - 63.79 H - 7.13 N = 8.48 
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Ac-APhe-Glv-(S)-Leu-OH 12e 

Prepared by reaction of Gly-(S)-Leu-ONa on lo. Yield 63% mp - 200-202°C. 

[q - - 107.2O (c = 2, Py) 

Anolvsis CjgH2505N3 COlC : C - 60.73 H - 6.66 N = 11.19 
Found : C - 60.52 H - 6.68 N = 11.10 

Ac-APhe-Glv-(S)-LeuOMe 12f - 

In 40 ml CH2C12 cooled at O°C ore successively added (S)-LeuOMe.HCl (0.9 9. 5 -1). NEt3 
(0.7 ml. 5 mnol), Ac-APhe-Gly-OH (1.31 9. 5 mnol). DCCI (1.03 g, 5 mn01). After 18 h at room 
temperature dicyclohexylureo ~0s removed by filtration. The solution was wa8hed by N HCl. water, 
NaHCO3, water. After evoporatlon of 6olvent and colum chranutogrophy on silicagel (eluent : 
ethyl acetate) the product woe lroloted in 88S yield. mp - 133-137OC. 

= 64.3O (c = 2. MeOH) 

Analvsis C2OH2705N3 Ca1c : c = 61.68 H = 6.99 N - 10.79 
Found : C - 61.34 Ii = 6.91 N = 10.52 

Rocemic Ac-APhe-Glv-Leu-OMe 12f 

Some preparation OS above. from rocemic Leu-OMe.HCl. The product was crystallized in ether. 
79% yield. mp = 136-137OC. 

Analvsis C2GH2706N3 COlC : c = 61.68 H = 6.99 N = 10.79 
Found : C - 61.64 H = 6.95 N - 10.69 

AC-APhe-Glv-Glv-(S)-Leu-OMe a 

Prepared by coupling of 12b with (S)-Leu-OMe,HCl in presence of DCCI (some procedure as in the 
synthesis of (S)-12f). 75% yield. mp = 136-14OoC, 

rd;” = 7.5O (c = 2. MeOH) 

Analysis C22H3006N4 Calc : C = 59.18 H = 6.77 N = 12.55 
Found : c = 59.02 H = 6.83 N = 12.75 

Rocemic Ac-APhe-Glv-Glv-Leu-OMe a 

Prepared similarly to above. 45% yield. mp = 166-17OoC 

Anolvsls C22H3006N4 COlC : C = 59.18 H = 6.77 N = 12.55 
Found : C = 59.85 H = 7.16 N = 12.20 

Ac-APhe-Glv-Glv-OEt 12h - 

Obtolned by coupling between 12a and Gly-OEt.HCl in presence of DCCI.45% yield after crystalli- 
zation In ethyl acetate. mp = 133-134OC. 

Anolvsi~ C17H21N305 COlC : C = 58.78 H = 6.09 N = 12.10 
Found : C = 58.79 H = 6.12 N = 11.9 

Ac-APhe-Glv-Glv-Glv-OEt 121 

Prepared by reaction of Ac-APhe-(Gly)2-OH J2J on Gly-OEt.HCl in presence of DCCI in DMF (4 mL 
for each mm01 of DCCI). After filtration of dlcyclohexylurea, DMF was distilled at 300C under 1 
mntlg. The product crystallizes after addition of ethyl acetate. Crystals ore washed with N HCl , 
water, N NaHC03 , water, and recrystallized in methanol.ethvl acetate (1:lO). 
67% yield, mp = 171°C. 

AnolVsls C,gH2406N4 COIC : C = 56.43 H = 5.98 N - 13.85 
Found : C = 56.25 H = 5.82 N = 13.73 

AC-AVol azlactone s 

5g (25.76 mnol) of rocemlc N-chloroocetylvallne s and 33 mL Ac20 ore stirred at 60°C for 3h. 
After one night ot 25OC. distillation of Ac20 and AcOH, the ozloctone s was distilled at 
55OC,O.l mmHg. 2.759 (77% yield) of crystals, mp = 35-360C. This azloctone 1s very sensltlve to 
moisture. 

3 (CDC13) : 2.22 (d) : lsopropylidene ; 2.32 (8) : Me. 
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Rocemic Ac-AVal-Phe-OMe fi 

2.3g (16.5 mnol) of azlactone 16 freshly distilled was added ct 0% to freshly prepared rccemic 
H-Phe-O#s dissolved in other. After two days ot 25cC scme ether lr10s evopcroted. A vhlte product 
was obtained and crystallized In water. to glvs 500 mg of pure canpound. mp = 165-167%. 

3 (CCCl3) : 7.26 (III) : Ar and NH ; 6.95 (m) : NH (Phe) ; 4.85 (m) : CH (Phe) ; 
3.7 (s) : CH3 (C+le) : 3.12 (m) : CH2 (Phe) ; 2.0 (8) : AC ; 
1.85 (8) : CH3 (Val) ; 1.65 (8) : CH3 (Val). 

Analvsls C17H2204N2 Colt C - 64.13 H - 6.97 0 - 20.10 
Found C - 63.84 H . 9.06 0 - 20.08 

Ac-(R.S)-Val-(R,S)-PhSer-OMe 1& 

Prepared according to the method described In ref 33. To 6.1 g (38.3 mnol) of rocsmic N-ccetyl 
vcllne. 7.36 g (31.8 mmol) of racemlc PhSer-OMs.HCl ond 16.9 g (38.3 mnO1) of 80PJ3 In 103 mL 

CH2Cl2. are added 12.4 g (95.8 mncl) of IPr2EtN. After one night at rccm temperature titer wx. 
added. 5.11 g of a white powder were recovered after stcndlng at OcC. The nmr spectra (In CDCl3, 
DMSO) 1s in agreement with structure E. 

Ac-(R,S)-Phe-(R.S)-PhSer-OMe 18d - 

Prepared OS for 18c using rccemlc N-acetyl phenylclanlne. 

m (CDCl3,DMSO) : 6.9-8.1 (m) : 2 Ar and 2 NH ; 5.6 (8) : OH : 5.2 (m) : CljOH : 
4.5-4.8 (m) : CH (Phe and PhSer) : 3.65 (8) and 3.7 (6) : CH3 
(Ome, dlasterecnsers) ; 2.5-3.0 (m) : CH2 (Phe) ; 1.8 (8) : CH3 (AC). 

Ac-(R,S)-Veil-(R,S)-PhSer-OH s 

To a suspension of 4.2 g (12.5 mnol) z In water was added 16 ml_ (30 mnol) of 2N NaOH. After 
one night at rccm temperature, the solution wcs neutralized by 2N HCl. The product preclpltctes 
as a white powder, 3.8 g (95% yield). 

Ac-(R,S)-Phe-(R,S)-PhSer-OH 18b 

Prepored OS 180 by scponlflcotlon of 18d. - - 

s (CDCl3,DMSO) : 6.9-8.0 (m) : 2 Ar and 2 NH : 5.8 (6) : OH ; 5.3 (dd) : CijOH ; 
4.5-4.8 (m) : CH (Phe ond PhSer) : 2.6-3.1 (m) : CH2 (Phe) ; 
1.83 (8) : CH3 (AC). 

Rccemlc Ac-Vol-APhe arlactcne z 

3.7 g (11.6 mnol) of 180 and 490 mg (5.7 mnol) of NaOAc wsrs cdded to 24 ml Ac20. After 24 h ct 
rccm temperature Iced water was added. 2.73 g of czlcctcne 19a precipitate (83s yield). 

NMR (CDC13,DMSO) : 7-8.5 (m) : Ar. NH and HC-C : 4.7 (m) : 2 Me ; 1.98 (8) : AC and (m) CH : 
1.05 (m) : 2 Me. 

Racemlc AC-PhedPhe crlactone 19b - 

Prepared from z as described for 3. 

Rocsmlc AC-Vcl-APhe-OMe 200 

To o suspension of 2.73 g of z In methanol MS added a catalytic amcunt of NaONe. After a few 
hours ct rccm temperature a clear solution was obtained. The product was precipitated by cddl- 
ticn of water and MS recrystcllized from Mter. 1.6 g (52s yield) .'mp - 205oc. 

NMR (CDC13,DMSO) : 9.5 (s) : NH (AC) : 7.1-8.1 (m) : Ar. NH (APhe) and HC-C ; 4.35 (m) : CH : 
3.73 (6) : CO2Ma ; 2.05 (m) : CH : 1.95 (s) : AC ; 0.98 (m) : 2 Me. 

Anclysis C17H2204N2 Cclc : C - 64.13 H - 6.97 N - 8.80 0 - 20.10 
Found : C I 63.75 H - 6.79 N - 8.67 0 - 20.68 

Rccemic AC-Phe-APhe-OMe 20b 

Prepared as for 9, recrystallized from ethanol-voter. mp I 181-183cc. 

& (CCCl3,CMSO) : 9.05 (Is) : NM (APkd) ; 7.2-7.8. (n) : Ar. NH (AC) and H&C 
4.87 (II)) : CH (phe) : 3‘.75 (9) : OCH3 ; 2.9 (dd. J - 14 Hz. J I 8 Hz) ani 
3.25 (dd. J - 14 Hz. J -S Hz) : CH2 (Phe) ; 1.9 (8) : CH3 (AC). 

Anolvsls C21H2204N2 COlC : C - 68.83 H - 6.05 
Found : C I 68.33 H - 5.98 
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APPENDIX 

Determinotlon of the various stereoseleCtivitleS involved in osvmnetrlc hydroqenation of racemic 
dehydropeptides in presence of o chirol catalyst 

Let osswne that (R)-catalyst was used and thot conversion of 0 rocemic dehydrodipeptide 

complete. 

(R)-substrate p (RR*) + (RS’) 

“2 
(S)-substrate - (SRI) + (SS’) 

The stereoselectivity in the lndlvldual reduction of the (R)-substrate con be expressed by 
diostereomeric ratio (RR’IRS’) or by the diasterecmeric excees : 

deR - (RR’-RS’)/(RR’+RS~) 

was 

the 

Similarly the StereOselectIvity of the reduction of the (S)-substrate is given by the diostereo- 
facial selectivity (SR’/SS’) or by the diastereomaric excess : 

des - (SRI-SS*)/(SR’+SS*) 

The values of deR and des con be obtained by several methods. 

1 ) The four stereoisomeric products ore resolved by o chlral shift reagent (NMR) or by o 
chromatogrophic method (with chirol stationary phase). Let also assume that peok assignments 

ore possible thanks to reference somples or literature data. In these conditions deR and deS (or 

the diastereofacial selectivities) ore directly calculated using the observed relative onvaunts 
of stereoisomers. 

2 ) A chromotogrophic method on on achiral stotionory phase (HPLC in the present case) allows to 
measure the relative 0m0uflts of the diostereomet-ic products (RR’+SS*) ofld (sR*+Rs’). The result 
will be expressed as the molar fraction D of the (RR’+SS’) diastereomer : 

D - (RR’+SS’)/(RR’+SS’tSR’+SS’). 

The mixture of dipeptides is then cleaved Into indivlduol aminoacids which ore derivotized (see 
experimental section) for enantiomer onalysls by copillory glc (on chiral stotionory phose). The 
aminoocid initially present in the racemlc substrate will appear in glc as 0 rocemic mixture. 

The aminoacid created by the osymnetrlc reduction of the (R) and the (S)-substrate will have on 
enantiomerlc excess : 

A simple ColCulotiOn shows that deR and des con be obtained from the values of 0 and eeRs by the 
following relations : 

des . eeRs - 2D + 1 

deR - eeRs + 2D - 1 

3 ) The situation 1s the some oe in 2 ) but the I! and L diasterecxmws 
separated by prepdrative chromatography before hydrolytic cleovog? and 

ono1ysis (on chiral stationary phase) is there performed to measure 
coming from each dlostereomer. 

(See note b. table 1) are 
derivatization. The glc 
the ee of the aminoacid 

One obtains from &-dlostereomer : 

eel - (RR’-sS* )/(RR’+ss* ). 

The other diostereomer gives : 

ee, - (SRI-Rs*)/(sR’+Rs’). 

It is not necessary to have reference semplee to identify 
re0mer will lead to two aminoaclde vith the came absolute 
0 chlrol Stotlonory phose). 
The StereOSeleCtivities deR and deS con be calculated by 
is reloted to eel or ecu : 

each diaetereoper since the 1 diaete- 
configuation ( easy to see by glc on 

the relOt.iOnS given I,, 2 ) Since eeRS 

I 

eeRS - 2D eel - 2( 1-D)ee, 
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4 ) If the HPLC separation of the dlastereamers is not possible then the hydrolytic CleOvoQe ond 
derivatlzation is performed on the crude reaction mlxt"re.The value eeRS Is obtained OS in 2 ). 
Let us assume that D con be measured by nmr. Then deR and deS are Ccllculoted by the PreviOUS 

relations. If 0 cannot be measured It is necessary to make on addltionol reaction on (R) or (S) 
substrate in order to get deR or deS, deS or deR beelng obtained by calculotlon. The volldlty of 
this method was checked In the hydrogenation of sever01 dehydrodipeptides ond of 

Ac-APhe-(Gly)2-Leu-O in presence of Rh(R.R)-dlopC1 using either the racemlc or the 

(S)-dehydropeptlde. 
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