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~~Theappficationdthequotimt”~eaaatioselectivity*Q=dq’inwhichq aad 

q’areenantiomericratiosR/S(or!YR)fortwocompamblecasesofasymmehs#esis 

experimentsis IWamW&dhr~oftwoormore~orathervariableslike 

solvents, substrates aad cohcto~. The importance of this term Q lies in the possibility to form 

and compare values of eamtiosehtihy oyer the whole range from 99,9 % ee (R) to 99,9 % 

ee (S) in a mathmtically corred way and is demonstrated on multiple examples of 

asymmeh hydrogenation of partly new N-acyldehydroamho acid de&a&es with a couple 

of catalysts lWPtupxcoDIpBpq 1 sod I 2. Interesting 
iwersionsofQcouldbtdisco~~~oftlaetypeof~andhdependence of 

thepolarityofsohvats 

ThetermenmtiomaSc~(Wa)k~~appliedto~the~~~ofan~ 

pmccss!However,,on~dd~atalyaisfeeIingtheweaLoasJoftbis meallleoftalgive 

A-B A-mnmmtoftheexcaseaantiomer 
% ee = -*lOO B=amountoftheothesenantiomer 

A+B 

* PaltIxofthesel+ .hhhydae~asCbiralLigandsfbr~Syntb*les 

catalyzedby ~PartVm~eeR,hh~~J.MoLCatat1990,63,319. 
** IutheWstitut&r&g&& ~auderUniv~Rostock,e.V.“.TbeauthorJ 

thank Prof. G. Oehme ibr the accamodation ofthe MPG-group in the htitute. 
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blm 
P = -.l(-J(J 

blp 

[aim = z3pccih rotation of the mixture of erlautiomers 

[alp = specific rotation of one pure enantiomer 

The%ee-orp-valuegivesa~indicationofthecapabitiryof achiralcatalystprodr&gtheprrictically 
important excess pert of a wanted aumtiomer in the course of an enantios&ctive proeesa This part can o&en 

easilybeseparatedbyaimplephysicalmethodstIomtheresidualnuxmate tbrmingpartoftbesameen&omer 

being more or less useless for pm&al utilization if not a mcemate resolution Mlows the sepamtiorl7. 

However, for compatkn of the lniarwcopicbehaviouroftwa~inanasylllmenicprocessorofone 

catalyst under di&remt conditiom the values enantiomeric excess (% ee) and optical yieId (p) give a bad 

indicationoftheseleclingpowainthefollowingthreecases: 

-iftheCbb?llbKhlCtiondiflFers~ 

-ifdi&XlttUlatlti~oantiomersarefinrarnd 

- in a region ofway blgh enantiosdeetivity. 

This difGculties sre in practice ovacome;?d by comparison q of formed enantiomers* A and B: 

A lOO+Yoee 

q =-L= loo-Yeee 

The term q represents the amount of excess enantiomer A produced in relation to the smount of the minor 

enantiomer B obtained (or vice versa giving values lower than 1.0) and is a good measure to express the 

microscopic behaviour of an enantioselective eatslyst. It equals the ratio of the enantiotke or ensntiotopos 

differentiating resction rates l&kSi or vice versa, respectMy_ In TaLde 1 some % -values are compared 

withthecorrespondingvatuesoftheenansiomaicratioq.Thisgivesanimpressionofthevahieofthetermq 

for comparison ofthe seleoting etIi&ncy of catalysts showing largely di&ent % ee and especially in the range 

of high enantioaekti&y - e.g. t&r fnzymes - if sufiiciently precise analytical metboda are available. 

Thevalueqhastheadvantagethatitmaybedividedbyanothereaamiomericratioq’receivedunder~ 

* In principle q is comparable with the well established measure enantiomeric ratio E common in caalytic* or 
enzymaticg-ll kinetic resolution of bothenantiomersAandB~oma~cnrbrhPeasanon_dimen- 
sional value E: 

kfk+t hA P 
B=----_=_=_ 

kslow kg Q 

Kagan and Piid12 named this team “s&eoselectivity factor” S. E respe&vely S repmse& the quotient of 
tworatecoaPtaatslindicatingtherelativerateofthe~reactingeaatrtiomerAandtheslawreacting 

enantiorner B and equals the ratio of both product enantiomers P and Q. The application oftbe quotients of 
two formed disatereomers as measure for diastereosel~13 was applied espeei@ for double 
stereocwerentiating experiments1445. 
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Table 1 A 1oo+o%ee 
Comparison ofthe &es for the enantiomeric comes % a and enaniiomeric ratio q = B = - 

loo-%cc 

% ee % A % B q 

0 50 : 50 

10 55 : 45 

20 60 : 40 

50 75 : 25 

80 90 : 10 

90 95 : 5 

99 99.5 : 0.5 

99.5 99.75 : 0.25 

99.9 99.95 : 0.05 

99.99 99.995 : 0.005 

1 

1.22 

1.5 

3 

9 

19 

199 

399 

1999 

19999 

cmlitions (solvents*, substrates, catalpts and other variables) and gives the possibii to formulate a term 

“relative enantiosel~tivitJr” Q : 

Q=$ 

This term Q seems to be e.specidly important for the eompatison of the etlkdwness of one or more chiral 

catalysts with one standard catalyst. Such a comparison should be done with several substrata and only the 

average value of the relative enantiodct.ivity Q may give a dktinct picture about the suitabii of one special 

catalyst for a particular problem. The relative power of a pair of cataly& may change with the 

&&rate f&mily and sometimes the importance of special parts of the snbstrate structure for espe&lly high 

enantiosele&vity can be demonstrated more impressively. 

We have applied this concept to evaluate the cata@ic &icieucy of two cataty& which in fact are pmcatalysts 

lRh(Ph-l3-glup)(COD)]BF4 1 and ~h43-glup-OH)(COD)~F~ 2 (see Table 2). 

2 

* The usefdness of the quotient Q for comparison of enantiosekcWies in difkent solvents was shown by 

us already earlier especially for cases in which the optical induction changes the directionl7. 
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Substrates Products 

H COOR’ 

)_( 

+H2 COOR’ 

- NHCOR2 
- R3CH2 

R3 
_( 

-‘IlH 

cat* NHCOR2 

3a-z 4a-2 

Table 2 
Asymmetric hydrogenation of 1 mm01 of (Z)-2-acylamido-acrylic acid derivatives 3a-z by 0.01 mm01 
precatalyst 1 or 2 in 15 ml methanol at 25 OC and 0.1 MPa H2 

r Substrate T - 

c 
b 
C 

d 

e 

r 

_!L 

h 
i 

j 
k 
I 
m 
n 
0 

P 
9 
r 
s 
t 
u 
V 

W 

x 

Y 
z - 

Ph Me 
l’h Ph 
3-MeO+AcO-C& Me 
3-MeO-4-HO-C&3 Ph 
3,4-(MeO)+&H3 Me 

” Ph 

H Me 
Ph Me 
Ph Me 
Ph Ph 
Ph Ph 
3-MeO-4-AcO-C$jH3 

* 
” 

3~4-(Meoh-%% 
n 

II 

I 

” 

Y 

I 

3-MeCWHO-CgH3 
1, 
I, 
” 

Rl 

I3 
E 
E 
H 
EI 
E 
E 

Me 
Me 
Et 
Me 
Et 
Me 
Me 
Et 
Me 
Et 
i-Pr 
Me 
Et 
i-Pr 
CH2CH2OH 
Me 
Me 
CH2CH2OH 
CH2CH2OH 

a after esterification by diazomethane 
b in the 0-acetyiated form 
C standard deviation CT = + 1.0 %ee. in all other cases < + 0.5 %ee 

J- 

t 

I 

I 

: 

, 
A 

1 
: 

I 
I 

1 
I 

! 

iii- 
nin 
i- 
2 
2 
IO 
4 
6 
5 - 

I 
6 
6 
6 
4 
5 
5 
5 
!2 
8 
t2 
8 
IO 
!O 
IO 
I2 
11 
L3 
16 - 

:ataly 
sze 

c 
96.6 
95.0 
96.0 
96.9 
96.7 
95.1 

1 T 

41 

86.0 

57.8 
39.0 
49.0 
57.8 
59.6 
39.8 

90.9 21.0 
91.5 22.5 
90.6 20.3 
87.3 14.8 
88.5 16.4 
92.4 25.3 
87.2 14.6 
87.2 14.6 
92.4 25.3 
90.6 20.3 
91.3 22.0 
87.7 15.3 
88.9 17.0 
89.1 17.4 
87.3 14.8 
91.7 23.1 
89.0 17.2 
91.7 23.1 
88.4 16.2 

- 

t/2 
min 
-i 
4 
3 
9 
4 
5 
4 - 

2 
3 
3 
3 
3 
3 
4 
5 

12 
5 

11 
I 
8 

14 
8 
5 
6 
7 

12 - 

ably: 

%ee 

E 
95.1 
93.7 
95.2 
94.1 
94.8 
92.0 

92 

56.1 

39.8 
30.8 
40.7 
32.9 
37.5 
24.0 

yr 
!z% 
0.65 
0.69 
0.79 
0.83 
0.57 
0.63 
0.60 

Method 

GC a 
GC a 
GC a 
GC a 
WLC a,b,c 
GC a 
HPLC a 

95.2 40.7 1.9 GC 
94.8 37.5 1.7 CC 
94.4 34.7 1.7 GC 
91.6 22.8 1.5 Gc 
92.3 25.0 1.5 GC 
95.6 44.1 1.8 Gc 
91.3 22.0 1.5 HPLC 
90.5 20.1 1.4 HPLC 
95,7 45.5 1.8 GC 
95.2 40.7 2.0 Gc 
94.7 36.7 1.7 GC 
91.2 21.7 1.4 HPLC 
90.5 20.1 1.2 HPLC c 
92.7 26.4 1.5 HPLC 
89.9 18.8 1.3 HPLC b,c 
95.0 39.0 1.7 GC b 
92.1 24.3 1.4 HPLC b 
95.5 43.4 1.9 HPLC b.c 
90.2 19.4 1.2 HPLC b,c 

1 
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The preparation of the complexes and pwliminq results of hydrogenation stud& have already been 

reporkllgJ9. The &iral prw&ly& 1 and 2 constitute an interesting pair fbr evahmtion under such a 

proposal not only because oftheir importance for the production of GDOPA20 but also because they provide 

deeper insight into questions connected with the concept of the importance of confbrrnationsl rigidity of chiral 

ligsnds for a high enantk&ectivity of their &elates21. Table 2 indicates that the enantioskctivity of the 

complex 2 umying two hydmxy groups exceeds the conformetionaUy more rigid precatalyst 1 in the 

hydrogenation of 19 substrate ester% (3h to 3z) in all the oases studied. The average of the relative 

enantioselectivity doubles nearly: 

&& =9”= 1.6f 0.3. 

91 
However, all the cakxylic acid substrates investigated (3a to 3g) show the inverse bebaviour that means the 

OH-group carrying cat&@ 2 gives - aa primarily expected - lower enantiosele&vity than the more rigid 

catalystl: 

q2 
&jd =; = 0.7f 0.1. 

We think that the catalyst result& from 2 by loss of cychxxtadiene in the course of hydrogenation may suffer 

slightly diivoured or fkvoured conformation changes due to competitive association of solvent, substrate or 

product with the free OH-groups in the 4,6_position of the carbohydrate part of the complex which are less 

probable for the catalyst evolving from 1. 

This change of pyranoside cotiormation should have an e6xt on the chiral conformational alignment of the 

more ore less q~U~3/equatorial oriented P-phenyl groups which must be esse&l in the transition state of 

hydrogenation for the enantioaekctivity22’24. We will follow this concept by extended investigation of similar 

new catalysts with slightly varied structure to select the true explanation especially for the increased relative 

enantioaekctivity Qestw 

In principle it is possible to calculate unknown % ee values for one cata& under application of Q and the 

known % ee’ for the other catalyst’ for instance with one new substrate under identical conditions. 

The dif&rence of the free enthalpies of activation in the selectivity of reaction pairs @Am obeys the equation: 

SAG* = AG,$ - AGMt a* = -RTlnQ = -RTlnz. 

From and 
lOO+%ee 

q= lOO-%ee one receives for the 

unknown enantiomeric wccew: %w_ [(Q-l)xl0000]+[(Q+l)x100%ee’] 

[(Q+l)xlOo]+[(Q-l)x%ee’] 
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Fig. 1 demonstrates the theoretical relation between % ee and % ee’ for some selected Q-values using 

- % ee for inverted optical induction. Estimation of unknown enantioselectivities in this manner, however, 

should be used careful and a lot of disturbii efkcts can be expected, among them Merentiating influe.nces of 

solvents, counterions and tensides on the transition state for two catalysts and in cases of changing 

enantioselectivity with progression of conversion of the asymmetric reaction24 and if catalytic enantioselective 

autoinduction41 arises. For systems showing a nonlinear influence of temperatureon q and q’ aa written in detail 

in a publication about the iso-inversion principle42 it should give domains for which diGculties can be 

expected. Generally caution is recommended in valuation of calculated % ee values regarding the relatively high 

standard deviation of Q 

Fig. 1 

Nomogramm, dependence of unknown % ee 

from known % ea? for selected Q-vahm at 

giventempualme 

V 10.0 

q 25 
. 10 

+ 05 

A 01 

60 

-60 

-loo -be -60 -40 -20 0 20 40 60 60 loo 

% ee ’ 

Experiments in low polar sohents with acid substrates are me in &xature in co-m of their low 

solubility e. g. ia pure ~~IIDX& or tolue&. Nevertheless it is possible to w (Z.)-2- 

acetamido&nami clacid3binsuspensionwithacceptableiste*andwecouldfindapronounced~of 

decreasing relative eaantioselectivity in comparison of the catalysts 2 and 1: 

t&) _t_ 0.07 + 0.02 ( seeTable3). 

This decrease of&b by one order of magnitude Corn 0.7 to 0.07 only by change of the solveM Corn metban 

to aromatic hydrtins was higher thsn w but seems plausible eonceming the decmaae of% ee for 

cataiyst 2. However for the unexpected impx&ve iuueaseoftheenantiomexic. c7tcessusingthecatatyst1fiom 
96.6 % ee (k&q =I 58) lo more than 98.6 % ee (qhH = 142) (S>N-ace@-phenykdauine 

* The additional low solubiity of catalyst 2 in toluene causes the extremely slow hydrogenation rate (see Table 

3). 
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QH 142 
Qb=._b t-c 2.5 

qMeOH 58 

we are still looking for an explanation which includes the inverse efkct for catalyst 2 with substrate ester 3i : 

% ee decreases from 94.8 in methanol to 9 1.9 % ee in aromatic solvents~9. 

QH 23.7 
&=_ = - = 0.6. 

qMeOH 37.5 

Table 3 
Enantiosekctivities for hydrogenation of 1 mmol (Z)-2-ac&amid*c 
solvents (fbr conditions see Table 2) 

scid3bsuspemMinlowpolar 

&b = 0.07 f 0.02 

The advantage that the term relative ermtioseleotivity Q cmtrary to % ee can be averaged for a series of 

comparable pairs of variables in a mathematically correct way may be nsed for the e&nation of the relative 

susceptibility of two or more substrates. This can be demonstrated for carboxylic acids and their esters nsing 

the experiments Tom Table 2 by the value Q = qatid I q&m Table 4 clearly shows the higher enantiomtic 
ratio qhd for the hydrogenation of all acid substrates in methanol by catalyst 1 compared with &tW 

Q1 distinctly exceeds 2.0 in neariy all cases (61 = 2.8 f 0.7) and this corresponds to the results with most of 

the known chiral catalysts. However, comparison with data i?om literatme have their limit regard@ the 

difkrent experimental conditions and especially pohuimetric e&nation of eaantioselectkity was used which 

often has been a source for incorrect values. 

Comparable hydrogenation expeximents can be taken Corn a paper of Brnnner et a1.26 which contains a lot of 

enantiosekctivities for 4 catalysts and 6 substrata suitable for calculations and giving a sign for emeptions of 

relative enantioaekchvity e. g. QBPPFA = Gd / qMer = 0.6 f 0.1 for a ferrocene derived rhodkm@ 

complex. 

For catalyst 2 the average for the relative enantioselectivity & is rather low (& = 1.2 f 0.3) and two pairs 
with inverted Q2 < 1.0 exist, both for N-acetylated DOPA-precursors (93d 1 SRI, 43f 1 q3ph 
The quotient QllQz gives an impression of the swceptibility of the two compared catalysts 1 and 2 in the 

studied case to changes in subs&ate structure. This SuseGptibility is more than twofold for catalyst 1 in 

mwison withthe hydroxy group csrrying precatalyst 2. The latter catalyst indicates only low changes of 
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Table 4 

Mativeenantiosellectivity 

precatalyts 1 and 2 (for txmdSons see Table 2) 

Q = %cia/sester for asymmetk hydrogenation of acid and ester substrates with 

Q= P 

q ester (Rl=Me) 

nl=2.8f0.7 w1.2f0.3 2.4 f 0.4 

enantioselectivity going 6om acid to ester substrates. It should be noted that the quotient 411% in Table 4 is 

remarkably constant (2.4 f 0.4). That means extrema for catalyst 1 correspond to similar deviations for catalyst 

2andshouldbeatkbhxl to structural features of the invesligsted substrates. 

Another interesting re.WIt emanaW from the comparison of N-acetyhted and N-benzoylated a-amhxuybc 

acids and esters. From Table 5 it can be deduced that both catalysts give a high optical induction for the N- 

acetylated compounds #in line with earlier reports on other chirsl catalysts21~26-2g. For hydrogenation of 

theacidsubstrates3~fandgwithourstandardcatalygt1weovertookedthisfactat~becausethe 

enantioselectivkies lie vary close in the high region of 95.0 to 96.7 % ea. In the begin&g we thought we had 

an especially efEcient catalyst for N-benzoylated substrates. These sre of particular interest Born induhsl 

point of view because the ease of preparation of N-benzoyl-azlactones in high yield via Er1cnmeye.r 

condensation make them very attmcti~e2~. However in fact we only W ikom the strong decrease of the 

dilk-ence %eeiutheregionofmorethsn95%ee(q~39)buttherelative~oselectivityeveniaour 

case gives the average value of 01 = 1.4 f 0.2 corresponding to the fimt discovery of this diierence by 

Kagan21. This is a good example of the worth of the new introduced term Q for comparison of catalysts which 

provides very high emu&selectivity. 

The aforementioned &cts clearly focus on the accumcy of the available methods for the e&nation of 

enantiomericratio.Re@ing ourlow@ndarddeviationofor0.5%eewearesurethatthestatementof 

distinctly higher eaumtkA&ty for N-ace+ted in comparison with N-benz~ylated substratesisvalidalso 

for our catalysts . Deviations of this rule, knowu from older literatu&“~31 seems to be uncertain unless 

they are checked by chromatographic separation of the product enantiomers. 
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Table 5 

Relati~ enantio&&ivity Q = qh / qBz in asymmetric h-on of N-acctylated and N-benzoylated 

substrates fix p&s 1 and 2 

Substrates 

H_COOR’ 

R3 - NHCOR2 

SAC CR2=Mel 
Q= 7 

q Bz &=FW 

The similar swxptiii of both precatalysts 1 and 2 regarding their relative enantioselectivities Q = QAC/QB~ 

against variation of the substrate N-acyl group is indicated by a ratio near one with Ql/Q2 = 1.2 f 0.3 

(see Table 5). Please remember that we obtained a distinct deviation from this more or less expected normal 

case of Ql/a = 1 for comparison of the relative enan~ioselecdvities Q = wd/qest= which gave more than 

the double relative enantioselectivity for pre&alyst 1 to this change in substrate structure (Ql/Q2 = 2,4 f 

0,4; see Table 4). 

CONCLUSION 

It is not onr intention to substitute the terms enantiomeric excess (% ee) and optical yield (p) which remain 

their practical importance to express the yield of the usable excess of one &resGng enantiomer. However, we 

feel the importence to propagate the nse of the well-known bnt seldom applied measure enantiomeric ratio (4) 

as a term which allows to f&m average values about the whole range of enantioselectkity &om 99.9 % ee (II) 

to 99.9 % ee (S). 

The calculation of the relative enantioselectivity Q = q / q’ gives a good possibii for comparison of 

enantioselectivities obtained under special conditions with a standard situation. Q gives especially for 

classifkation Of the asymmetric e&iency of a new chiral catalyst a mnch better impression than a comparison 
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of the non-linear % ee-values for two catalysts. 

The possibii to form ratios of two Q-vahres enables us to compare two &alysts - or other variables - 

regarding the susceptibility of the relative enantioselectivity against classes of substrates, solvents or other 

modifiers. Gf course this practice to form and apply Q is possible for comparison of all kinds of selectivities, 

not only ellantiosekctivities. 
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EXPERIMENTAL 

Polarimetric measmements were made with a Polsmat A automatic polarimeter from Carl Zeiss, Jena. Melting 

points are estimated with a Boetius micro-melting point apparatus and are ther~ore correoted. 

13C NMR spectra were recorded on a Tesla BS 58X (20.1 MHz) or on a Bruker AC 250 (62.9 MHz), 

respectively. For MS we used a mass spectrometer AMD 402 (AMD intectra). lH NMR spectra and the proof 

for (Z)-geometry of the new substrates will be given later JR-spectra were taken on a Specord MS0 of Carl 

Zeiss Jena. Hydrogenation experiments commonly with 1 mmole substrate and 0.01 mmol catalyst in 15 ml 

solvent at 25 “C and 0.1 MPa H2 were conducted as described earlier 32. 

Enantiomeric ratio of the volatile ester hydrogenation products 4h, i, j are estimated by GLC on a Hewlett- 

Packard 588OA gas chromatograph as published32. The carboxy group car&g acid hydrogenation products 

4a-g have been derived to the methyl ester by diazomethanej and hydroxy group carrying products as 4e and 

4v-z were acetylated by acetanhydride&riethylamine (1: 1) to decrease their polarity. From Table 2 it can be 

seen, that even for some Dopa-p recursors gaschromatographic separation of enantiomers was possible if they 

were not N-benzoylated. We used 5 m quartz capillary tube (iir diameter 0.2 mm) coated with xE60 G 

valyl-tert-butylamide for hydrogenation products of 4k and 41 (168 “C) and 4m, 4pr (170 “C). The 

enantiomeric ratio of the Dopa-precursors 4e,g,a,o,s-v and 4x-z could be estimated by HPLC on a Knauer 

apparatus a&r the mentioned derivation to methyl esters of acetow compounds. A column 200 x 4 nun i.d. 

with butanecarbonyl-~~~~t~.-butylamide on nucleosil 100-5 was applied33, ehrent n-heptanekopropanol 

(9:l) flow rate 1 ml/mm, detection at 254 mn. For sll compounds we reached base-line separation with the 

exception of the acetyhued 42: 2-acetoxyethyl (Z)-3-(4~~-3-m~~~l~2-benzovtwnino-propenoat 

(a = 1.05). 

The substrates 2-acetamidoacrylic acid (3a) and methyl 2-acetamidoacrylate (3i.1) could be obtained according 

to the cited literatud~~3~. All other substrates were prepared analogous to the wellknown method of 

Erlenmeyer29~36-40. T&y were reuystallked up to NM&purity (l 3C-NMR-spectra). 
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2-Hydro~ethyl (Z)-3_i3,4-dimethoxyphenyl>2benzoylamino (3v): 15 g (54.5 mm01 ) ZPhenyl+ 

(3,4-dimetho~)-oxazol-5-one29,O.S g Na2CO3 and 25 ml ethylene glycol were heated under s&ring to 

80 “C. Ten minutes later tbe azlactone ia dk&ved and the reaction is stopped after further 15 minutes. The 

mixture was stirred in 100 ml of cold water. The separating grease of the ester crystallized during &ring and 

kneading, WBS filtrated, washed with water (18.75 g, 96 % yield) and could be recrystallized tkom 50 ml ethyl 

acetate (53 %) m. p. 122 OC; IR (KJJr) 3432, 3204 (NH, OH), 1714 (C=0, ester), 1632 (amide I), 1598 

(arom), 1516 (amide II), 12&l (C-O, ester), 1250 (A&Me), 1018 (Ar0-Me); 13C NMR (20.1 MHz, DMSO- 

dg) 6 (TMS): 55.1, 55.4 (Ar0cH3), 59.1 (CH20H), 66.5 (COmH2-), 165.-l (COOR), 166.1 (NHCOPh); 

Anal. found C 64.1; H 5.8; N 3.9: C20H21N06 requires C 64.7; H 5.7; N 3.8. MS 0371, Q&-glycol) 

309. 

Methyl (Z)-3-(4-hydroxy-3-methoxyphenyl)-2-acetylaminopropenoate (3~). 30.7 g (0.1 mol) methyl @J-3-(4- 

ac-etoxy-3-methowhenyl)-2-acetylamino-propenoate (3m) were suspended in 170 ml absolute methanol, and 

after addition of 5 ml n/10-sodium methanolate solution in methanol the mixture was boiled on a waterbath up 

to the clearing of the suspension (30 min) and tbrther 30 min. The success of the transeateritication can be 

controlled by TTX (toluen&cetone = l:l, RfO.40 for 3w, 0.26 for 3m ). The washed crystalline product (20.9 

g, 79 % yield) can be recrystallized from 240 ml acetone (17.4 g), m.p. 135-136 “C, 13C NMR (20.1 MHz, 

DMSO-d6) 6 (TMS): 22.3 (NHC0GH3), 51.8 (COOcH3), 55.4 (Ar0cH3), 165.7 &00R), 169.1 

(NHGOCH3); Anal. found C 59.0; H 5.9; N 5.1: C13H15N05 requires C 58.9; H 5.7; N 5.3; MS (l&)265. 

Methyl (Z)-3-(4-hydro~-3-methoxyphenyl)-2-benzoylaminopropenoate (3x). In 100 ml absolute methanol 100 

g (0.3 mol) 2-phenyl-4-(4-acetoxy-3-methoxybenzal)-oxazol-S-one4O and 2.4 g NaOH were retluxed under 

stining. The thick mass resolves, the solution colours deeply red, and fadenes in the course of the reaction to 

orange. A&r Sltration from some unaoluble impurities while hot the product quickly c&all&, yield 70 % 

light yellow crystals; m.p. 156157.5 “C (iaopropanol); IR(KBr): 3304 (OHJW), 1718 (C=O,ester), 1644 

(amide I), 1602 (arom.), 1520 (amide II), 1284 (C-O, eater), 1258 (Ar-OMe), 1032 (At0Me); 13C NMR 

(20.1 MHz, DMSO_d6) 6 (TMS) 51.9 (C00~H3), 55.2 (Ar0~H3), 165.7 gOOCH3), 165.9 (NHGOPh); 

Anal. found C 66.0; H 5.3; N 4.0: C18H17NO5 requires C 66.1; H 5.2; N 4.3. MS (M+) 327, @- 

0CH3) 296. 

2-Hydroxyethyl (Z)-3-(4-hydroxy-3-methoxyphenyl)-acetylamino-propenoate (3~). 61.5 g (0.2 mol) Methyl 

(Z)-3-(4-acetoxy-3-methoxyphenyl)-2-acetylami.nopropenoate (3m) was heated in 200 ml ethylene glycol after 

addition of 5 ml methanolic solution of sodium methanolate (ca 0.04 mol NaOMe) for 6 hours. Added and 

formed methanol was evaporated twice during the time of reaction. Excess ethylene glycol waa distilled under 

vacuum (10 Torr) at the end of the reaction and the residue (72.7 g) could be recxystalhaed from 300 ml of 

water. The solid product becomes colourless by washing with water and a mixture of diethylether / 

isopropanol. The dry product (33.6 g, 50 %) shows m. p. 148-150 “C. A further crop can be received from the 

mother liquor. 13C NMR (20.1 MHz, DMS0d6) 6 (TMS) 22.3 (NHCKH3 ), 55.4 (Ar0GH3), 59.0 

(CH2OH), 66.3 (C00cH2-), 165.2 GOOR), 169.3 (-NH$JXH3); Anal. found C 57.0; H 5.9; N 5.1: 

C14H17NO6 requires C 57.0; H 5.8; N 4.7. MS @) 295, (h@ - CH2=C=0) 253, & - glycol) 233. 
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2-Hydroxyethyl (z)_3-(Chydroxy-3-m~~~l~2-benzo pqumate (32). 17 g (51 mmoI) 2- 

phenyl-4_c4-acetoxy-3-~~~~~l-S~ne 40, 0.5 g Na2CO3 and 25 ml ethylene glycol were heated 

understirringto8OoCaadescribedunder3vandgivesaredbrownliquidmasswhichwennwacgivento300 

mlofcoldH2O.The~prscipitrrtesatfustaeagregaewhichsolidifieswithin 24hours. 1Ogcanbe 

renystallized from SO ml,- mp. 125 “C. IR@Br) 3400,3320,3136 (NH,OH), 1712 (C=O, ester), 

1640 (tide I), 1592 (arom), 1516 (amide II), 1274 (CO, ester), 1242 (A&Me); l3C NMR (20.1 

MHz, DMsO-d6) 6 (‘I?&) 55.2 (m3), 59.1 (CH20H), 66.4 (COOQ.l2-), 165.2 @OR), 166.1 

(NHcOPh); Anal. found C 63.9; H 5.4; N 3.9: C&ilgNO6 requires C 63.9; H 4.4; N 3.9; MS @I+) 357, 

(M+-glyW1) 29s. 

(S)-2-Hydroxyethyl N-benzoyl-3,ethoxyphenylalanhWe (4~): Hydrogenation of 2.5 mm01 3v in 15 ml 

methanol within 45 min, evaporation, and recrystakation from 4 ml ethyl acetate gives 58 % Sv, m.p. 94 - 96 

oC [U]D2s + 32.4 (c 2, CH2C12); 13C NMR (62.9 MHz, DMSo_d6) Zi(TMS) 35.7 GH2Ar), 54.4 (CHNH), 

55.2, 55.3 &H3OAr), 58.8 (CH2OH), 66.2 aH2OCO), 166.4 (COO) ,171.7 (CONH); Anal. found C 63.95; 

H 6.19; N 3.84: C2@2~N06 requires C 64.33; H 6.21; N 3.75; MS @l+) 373, (I&-OCH2CH2OH) 312, 

@4+-PhCONH2) 252. 

(Q-Methyl N-acetyl4hydroxy-3-metho~henylalaninate (4~): Hydrogenation of 2.5 mm01 3w with 0.01 

mm01 catalyst 2 in 15 ml methanol within 60 min, evaporated oily substance pretreated with acetone becomes 

solid, recrystakation from 4 ml isopropanol/n-pentane (1:l) gives 53 % 4w, m.p. 125-128 T, [a]D2S 26.9 

(c 2, acetone); l3C NMR (62.9 MHz, CDC13) 6 (TMS) 23.1 cH3CONH), 37.5 (CH2Ar), 52.3 &H3OCO), 

53.8 (CHNH), 55.9 @¶3OAr), 169.7 (COO), 172.2 (CONH); Anal. found C 58.10; H 6.43; N 5.26: 

C13Hl7NOS requires C 58.42; H 6.41; N 5.24; MS @I+) 267. 

(S)-Methyl N-benzoyl4hydroxy-3-methoxyphe@lanmate (4x): Hydrogenation of 2.5 mtnol 3x with 0.01 

mmolcatalyst2in1S~methanolwithin6omin,evaporatad~b~~reayscallizedfirpm 4mlethylacetate 

gives 69 % 4s, m.p. 149-141.5 “C, [a#5 + 70.6 (c 2, CH2C12); l3C NMR (62.9 MHz, DMsO&) 6 

(TMS) 36.8 &H2k), 51.8 GH3OCO), 54.6 (CHNH), 55.3 GH3OAr), 166.3 (COO), 172.3 (CONH) ; Anal. 

found C 65.19; H 5.78; N 4.33; C&I$VOS requires C 65.64, H 5.81; N 4.25; MS (M!) 329, (h@- 

PhCONH2) 208. 

(S)-2-Hydroxyethyl N-~4~~0~-3-rn~o~h~~~te (4~): Hydrogenation of 2.5 mm01 3y with 

0.01 mm01 catalyst 2 in 15 ml methanol within 2 h gives 0.75 g of an syrupy product 4y; [ah25 + 18 (c 1, 

acetone); 13C NMR (62.9 MHz, DMsO-d6) 6 (TMS) 22.2 &H3CONH), 36.4 (CH2Ar), 53.8 (CHNH), 55.5 

(CH3OAr), 58.8 (CH2OH), 66.1 (Q-QOCO), 169.3 (COO), 171.8 (CONH); Anal. found C 55.51; H 6.41; N 

4.80; C14Hl9N06 requkes C 56.56; H 6.44; N 4.71. 
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(S)-2-Hydroxyethyl N-benzoyl4hydroxy-3-methoxyphuryIaIanmate (4z ): Hydrogenation of 2.5 mm0132 with 

0.01 mm01 catalyst 2 in 15 ml methanol within 80 min, evaporation, reorystdlization &om 8 ml ethyl acetate 

gives 74 % 4z, m.p. 134.5-136 “C, [aID - 20.8 (c 2, acetone); 13C NMR (62.9 MHz, DMSO-d6) 6 

(TMS) 35.9 &H2&). 54.6 (CHNH), 55.4 &H3OAr), 58.9 (CH2OH), 66.3 &H2OCO), 166.4 (COO), 171.9 

(CONH); Anal. found C 63.22; H 5.90, N 4.00; Cl$I2INO6 requires C 63.50; H 5.89; N 3.90; MS (I&) 359, 

@I+- OCH2CH2OH) 298, (M+-PhCONH2) 238. 
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