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tetrahydropyrimidines bearing either one chiral center at C- wo chiral centers at
C-4 and C-8 was peryformed by condensation of (S)- or (R)-2,4-diaminobutyric acid
(Daba) with iminoethers derived from glycine, (5)- and (R serine, (S)- and (R)-tyrosine.
Under the conditions reported epimerization was always comp[’eteiy prevented' at the C-4
center, whereas at the C-8 center, it was completely avoided in the case of tyrosine
derivatives and considerably diminished for the serine derivatives. © 1999 Elscvier Science Ltd.
All rights reserved.
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INTRODUCTION

Among the 800 natural amino acids of (R) or (S) configuration reported in the literature, many are heterocyclic.
Some of them such as proline or pipecolic acid include both groups of the amino acid function in the same saturated
ring. Others, such as ectoine 1a and hydroxyectoine 1b, which have been found to have biological activities, possess
a 3,4,5,6-tetrahydropyrimidine moiety, acting as agonists or antagonists for the receptors of peptidic molecules.!

H - COR,
1a R; =R;=R;=H, R, =OH 1b R =R, =H,R;=Rs=0H
1¢  R; = NH-Peptide, R,= CH2OH, R; = H, 1d R, = NH-Peptide, R; = CH,CH,CONH,
R, = NH-Peptide R; = H, R, = NH-Peptide
1e R; = NH- Peptlde R, = CH,C¢H,OH, 1f Rl NH-Peptide, R, = CH,CH,OH.
R3 =H,Ry= NH—Pcptldc = H, R, = NH-Peptide
1g R, = NH-Peptide, R,= CHOHCOOH 1h R, ZNH R, =R;=H R,=CH
R; = H, Ry = NH-Peptide
Figure 1

More complex 3,4,5,6-tetrahydropyrimidine-based structures have also been reported in all the chromophores of
pyoverdins 2, the chromopeptidic siderophores of the fluorescent Pseudomonas.? However for some pyoverdins,
there is an additional 3 4,5,6 tetrahydropyrlmldme ring on the pepnde chain. l"hxs extra ring results from the
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condensation of 2,4-aiaminooutyTic acid with serine (QEI-L 1 1r Vi) 1¢, gxuw.uuuc \uii-v inrivivj 1d@, ‘L‘yIOSu"xe
(Tyr-CTHPMD) Ie, homoserine (Hse-CTHPMD) 1f and B-hydroxyaspartic acid 1g. In these cases, this complex

amino acid is located at the beginning (Tyr-CTHPMD), in the middle (Ser-CTHPMD & Gln-CTHPMD) or at the
end (Hse-C’IHPMD) of the peptldlc chain of the siderophores.2-3 In addition, the configuration of the components of
this new ammo acid has always been found to be (S) for 2,4-diaminobutyric acid (Daba) and (R) for serine,*>
glutamme, tyTosme and homoserine.3
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The role played by these additional tetrahydropyrimidine rings located on the peptide chain of the siderophores in

the pyoverdin-mediated iron-transport has not yet been established and therefore their synthes: was undertaken 1
order to study their properties.

Figure 2:The chromophoric part of pyeverdins

Several synthetic procedures have been reported in the literature, starting from esters,®-16 nitriles,!” acids!®.1Y or
iminoethers.20.2! The syntheses of 2-substituted-4-carboxy-3,4,5,6-tetrahydropyrimidines bearing a chiral center at
C-4 (Figure 1) have been performed by condensation of Daba with various orthoesters or equivalents.16:21,22,23
Attempts to introduce a second potential chiral center at position C-8 (Scheme 1) have been reported by Jones group
who reacted thioiminoethers derived from serine or tyrosine both protected with a benzyloxycarbonyl group, with a
derivative of Daba having the carboxyl group protected as its methoxycarbonylmethylamide derivative.! However
the yields were low (11% & 42% respectively) and the products isolated as 1:1 mixtures of diastereoisomers, due to
the total epimerization at the C-8 center.

o~ HENTN
’/ w I Na_-COOMe N/\ H
1 5
ZHN._ _CO,H \j,t‘/ ° | ]H 1'\1 COOM
H)E abe s = Y\HN AN e
— 3
ORn H SMe d (9]
OBn
OBn

Scheme 1: a) DCC, pentafluerophenol, piperidine; b) Lawesson's reagent, toluene, 80°C;
¢) Mel, 40°C, d) EtOH, reflux

In view of these unsatisfactory results, we have studied a stereocontrolled synthesis of seven 2-substituted-4-
carboxy-3,4,5,6-tetrahydropyrimidines performed by condensation of glycine, (S)- and (R)-serine, (S)-and (R)-
tyrosine derivatives with (S)- or (R)-2,4-diaminobutyric acid, and report here the conditions where epimerization is

avoided at the C-4 center and discuss those where it can be completely avoided (or otherwise considerably
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RESULTS AND DISCUSSION

Our approach is based on the condensation of an amino acid derivative 3 bearing a reactive electrophilic group E
such as an iminoether, in place of the initial a-carboxylic group, with the nucleophilic (S)- or (R)-2,4-diaminobutyric
acid 4a (or 4b) (Scheme 2). The cyclization requires the protection of all the functional groups which are not
involved in the reaction, except the carboxyl group of the Daba.
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Scheme 2
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I) Synthesis of a tetrahydropyrimidine derived from glycine with one chiral center at C-4:

(4S)- 2-(aminomethyl)-4-carboxy-3,4,5,6-tetrahydropyrimidine 1lu

In order to protect the amine function of glycine, N-benzyloxycarbonylglycine § (Z-glycine) was reacted with
N-hydroxysuccinimide (NHS) / dicyclohexylcarbodiimide (DCC) according to Anderson ef al24 and the activated

actar K trantad tanth o calivbiam Af amiarania sne Aralhlacamaathama ot N0 44 Boenioh sAda w TAO/ a1l
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S E=COQH
ZHN E
~ 6 E=COONSu
7 E= COTVTHQ

Weintraub et al.25 have shown that Meerwein's reagent [(OR3)"BF47] is far superior to dimethyl sulfate for the
alkylation of amides. We have adapted this method for the preparation of the iminoether 8, monitoring its formation
by TLC and used the protocol of Brutsche & Hartke2© in the treatment of amide 7. The iminoether 8 was reacted
stralghtaway with (S)- 2,4- dlammobutync acid (S-Daba) 4a in the presence of dusopropylemylamme (DIPEA) to
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iminoether 8 is probably unstable to air, since when carried out under argon and rernoving the solvent directly under

reduced pressure, the overall yield rose to 66% (Scheme 3).
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Scheme 3

Deprotection of the benzyloxycarbonyl group of 1h by catalytic hydrogenation on Pd/C yielded (4S)- 2-
(aminomethyl)-4-carboxy-3,4,5,6-tetrahydropyrimidine 1u (90%).

As no protection of the carboxylic group of 2,4-diaminobutyric acid was necessary, this prompted us to carry out
similar syntheses of 2-substituted-4-carboxy-3,4,5,6-tetrahydropyrimidines.

IT) Synthesis of 2-substituted-4-carboxy-3,4,5,6-tetrahydropyrimidines possessing two chiral centers
respectively at C-4 & C-8: (Ixj-1x4 1yj-1y3)

Similarly, reacting derivatives of serinamide and tyrosinamide with Meerwein's reagent and condensing the

iminnathare ahtainad unth aithar QY Ar IR\.Naha gave ne all tha Adiactaraniecnmare af darivativee Af 2. 1'.aminn.?’.
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hydroxy)-ethyl- and  2-(1'-amino-2’-p-hydroxyphenyl)-ethyl-4-carboxy-3,4,5,6-tetrahydropyrimidines, namely:
(8R,4S)-, (85,4S)-, (8R,4R)- and (8S,4R)-2-(1'-benzyloxycarbonylamino-2’-hydroxy)-ethyl-4-carboxy-3,4,5,6-
tetrahydropyrimidine  I1xy-1x4, as well as (85,4S)- and (8R,4S)-2-(1'-benzyloxycarbonylamino-2’-p-
methoxyphenyl)-ethyl-4-carboxy-3,4,5,6-tetrahydropyrimidine 1yy & 1y».

Tw. Tw . Tvz: _Tva

lAl I.A4 l_yl iyz
1x; (8R,4S)R;=Z,R,=Bn 1Ix3(8R4R)R,=Z,Ry=Bn  1y; (85,4S)R;=Z, R; = CH;
1e CAQYD — 7 D. —Nuw 1< QACAD\D —7 DR =MNn Twae (RR ACYR. =7 R, =01,
1472 {0O,FI) I\] L, NG DI 1A4 (00,71 ) IV L, N AXLl AYZ \OBRTS) IN] £y IN3 ¥ B ¥

»
W
O



5160 A. Zamri et al. / Tetrahedron 55 (1999) 5157-5170

O A LA /I JRBCLRIUN 22 (1 XFF ;) D4 ;u

the cyclization of these iminoethers with 2,4- dlammobutync acid (Daba). The symheses of the amides of serine and
tyrosine required a previous protection of their amine and hydroxyl functions (Scheme 4).

+ -
Q NH, BFy4 Daba NN
R OEt3)"BF4’ {
H>I*NH‘ 1(—!72?31273%’( §>[)1\0Et R>?')\HN’L<~[?’OH
NHR, NHR, e NH R, e}
12 R=CH;OR, R, =Z,R,=Bn 13 R=CH,0R;,Ri=2Z,R;=Bn Ix R=CH,0R;,R,=Z R,=Bn
16 R=p-CH,-CsH,-OR;, Ry =Z R3=CH; 17 R=p-CH,-C4H;-OR;, R;=Z,R;=CH; 1y R=p-CH,-CsH-OR;, R, =Z R;=CH;
Scheme 4
A)2-(1'- loxycarbonyl amino-2’-benzyloxy)-ethyl-4-carboxy-3.4.5.6-tetrahydro pyrimidines 1xy-1x4

One of the major problems occurring in peptide synthesis is the epimerization at the Cat carbon atom of the amino
acids. This epimerization is generaiiy related to the nature of the protecting groups of the amine or acid functions and
vn ~ftha vienathona dima 27 Thawaln Jp—— |

anranced uha o - .
is strongly decreased when the protecting groups are of the urethane type.?’ Therefore we have performed several
tvpes of protections of the amine and the hydroxyl functions of serine either as an urethane (benzyloxycarbonyl) for
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the amine and a benzylic ether for the hydroxyl group. The starting point of this synthesis is the preparation of N-
benzyloxycarbonyl-O-benzyl serinamide 11 (Scheme 4). This can be achieved starting from O-benzylserine 9.

OR,
S/E
H* NHR, 9 R, =H, R; = Bn, E = COOH
. iﬁR1=Z,Rz=Bn,F=CC)OH
as COnﬁgﬂraﬂOﬂ 11D -7 D D T — SOV
b R configuration 11 Ry =4, Ry =B, E = COONSu
12R, =2, R, =Bn,E= CONH3

O-benzylserines 9a and 9b were treated with benzyloxycarbonyloxysuccinimide in the presence of tnethylamine

to give {S)- and (R)-N-benzyloxycarbonyl-O-benzylserines i0a and i0b with excelieni yieids 93% and 90%

rD(‘Y\Dl‘h‘ID“I Anu‘la lnn ﬂ“f‘ lnlm were 'Fnrfl'\cr troatad unth \T=I'“rr|rnv‘r(n 1woinimida tn nnrn flf\n Ql\fl‘r')fAA actare 11a and
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11b whlch were then treated with ammonia gas in methylene chloride yielding amide 12a and 12b with an overall
yield of 83% and 88% respectively. Iminoethers 13a and 13b were formed with excellent yields by reacting, in
methylene chloride, triethyloxonium tetrafluoroborate with the amides 12a and 12b and used without further
purtfication in the following step.

The synthesis of the (8R,4S)-3,4,5,6-tetrahydropyrimidine 1xy was performed by condensation of iminoether 13a
with (S) -2,4- diaminobutyric acid dihydrochloride 4a in presence of DIPEA (2 5 equivalents with respect to 2,4-
diaminobutyric acid dihydrochloride) in anhydrous methanol under refiux (Scheme 4). Stariing from amide i3a, a

11 mivtura of diactaranicamare (2R 4Q) 'Iv.. and 12C AQ) 1va Annumnn fram a total animerizatinn at carhan (“
1.1 IUANILV Ul UIAOWUI WANIDULIIVIE O \ul\ -rU} ia l < \uk.) 7\.’" lAz \lbullllls Uil a wias Uyllll\lllballull Al UL o

was obtained with 80% vield (crude). This yield drops to 25% after purification, in agreement with the
Jones & Crockettl, very hkely due to the strong basic character of the amidine group of 3.,45.6-
tetrahydropyrimidine. In order to improve this yield, the crude reaction mixture was acidified to pH 3-4, then

extracted with ethyl acetate: the yield was markedly improved to 69%.
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synthesis. For this $ purpose sev eral parameters were varied in the two successive reactions which give rise to the
tetrahydropyrimidine ring: the formanon of the iminoether and its condensation with 2,4- dlammobutync acid. These
parameters are the pH and the different ratios between triethyloxonium tetrafluoraborate, 2,4-diaminobutyric acid

and the base (DIPEA) (Table 1).
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Method | Amide 14a | (OEt3)*BF4- | (S)-Daba 4a | DIPEA pH Yield 1xq/1x3
Eq Eq Eq Eq % )
A 1 1.1 1 2.5 8.0-8.2 69 50/50
B 1 11 1 20 | 7476 62 50750
C 1 1. 1 2.5 6.8-7.0 54 56/44
D 1 1.5 0.8 1.5-20 | 6.0-64 39 87/13

Table 1: Ratio of the diastereoisomers 1x; and 1x, obtained under various conditions
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conditions there is a total enimerization. The acidity of the nroton on the asymmetric center C-8 is definitelv one of
conditions there 18 a fotal epiny 1. The acidity of the proton on the asymmetnic center (-8 15 defintel 1e of

the determining factors of the epimerization. Therefore, performing the condensation reaction at slightly acidic pH
(6.0-6.4) by varying the proportions of each reactant, we could set up reaction conditions where the epimerization
was very low and obtain mostly 1xg (87% 1xq + 13% 1x3) (Table 1, line D, 87/13): the decrease of the basicity of
the amidine group in these conditions very likely prevents the epimerization of the asymmetric center C-8.1.28

In the same conditions, condensation of iminoether 13a with (R)-2,4-diaminobutyric acid 4b gave mostly 1x3
(92% 1x3 + 8% lIx4) with 33% chemical yield. Similarly condensation of iminoether 13b with (S)-2,4-
diaminobutyric acid 4a gave mostly 1x3 (94% 1xy + 6% 1x1) with 46% chemical yield). Finally the condensation of

iminoethers 13b with (R)-2 A-dmmnnnhnhrrm acid 4dbh hyv the came methad (Scheme ﬁ\ oave mostlv 1xs (899, lt‘ +
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11% 1x3) respectively wnh 31% chemical yield.

Structures and configurations
The absolute configurations and hence the proportion of each diastereoisomer (Table 2) of the two asymmetric
centers C-4 and C-8 were determined:
1. by GC-MS using a chiral stationary phase (Chirasil-D-Val) on the derivatized serine and Daba obtained by total
acid hydrolysis of the mixtures containing each one predominant present diastereoisomer ixq- ixg;
2. by proton NMR at 500 MHz of the same samples.

A -3 1 A Y i A A = 'l](\(')l1 /\TY'I‘I\? PR o1 PRI, S [ — ~ 1 k] men A Al abl. ___ac
Acid hydrolysis (4 days, 110°C, 6N HCl)” of the tetrahydropyrimidines ixy-Ix4, and of the authentic amno acids
as standards (R or § serine, R or S Daba) was f'ollowed by derivatization of the hydrolyzates as O-methyl, N-
pentafluoropropionyl esters of the amino acids according to a method currently used in our laboratory.2%
Compounds planned Compounds obtained
11 + 1%+ 1x: +1x~ (50/50)
1 " 4 | iy S
Tyws T1x+ +1xa (87/13)
1x3 Ixy +1x5 (87/13)
1xy 1x) +1x3 (94/6)
Tw~ Te~ 41w . (Q2/R)
.IAJ _I.A-’ VE \Jh/o}
1w . 1w . Lt1e. /QQ/11)
p 3 4 1A4 'l.&j \07!11}
k Tw. L1e_ FAN/AM
lxl 111 TlAz \JUIJU}

Table 2: Proportmns of the various diastereoisomers of the tetrahydropyrimidines 1x;-1x4 as measured from
ion
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However, from GC-MS, it seems as if epimerization of Daba occurs in relatively high amounts. Actually it varies
according to the condition of hydrolysis. Treatment of the amino acids with 6N hydrochloric acid for more than 24
hours at temperatures above 100° C is known to cause partial epimerization. This epimerization is a function of the
nature of the amino acid, the concentration and the ionic strength of the salts in the medium, the presence of

impurities and finally the particular position of the amino acid in the peptide or in the protein to which it belongs. V-3¢

Thus hydrolysis of the mixture of diastereoisomers 1xy + 1x3 with 6N hydrochloric acid gives a 81/19 ratio of
enantiomers (S) and (R) of Daba If the deprotections of the benzylic and benzyloxycarbonyl groups of compound
ix) with trimethyisilyl iodide precede HCI 6N hydrolysis (4 days) the mixture of enantiomers {S) and (R) of Daba 1s

i a 02/7 ratin If tha hudralucic 1e cantinniad far  dave thic ratin chanoeg ta 60/11 (AQ\ 2 { aminomethul)- A carhowv-
ura 7077 1auu. it uiv ll_yul\]l_ybla 13 VUHILITIULU 1UL O UaYO ULS 1ALV VIIAIEWY 1V V70 L. T T e GituvIavMLy L7 T vkl vvay

3,4,5,6-tetrahydropyrimidine 1u and authentic (S)-2,4-diaminobutyric acid alone give the same proportions of

epimerization, showing the artefactual occurrence of the epimerization of the C-4 center in the tetrahydropyrimidines.
On the contrary in the case of the serine enantiomers, the epimerization does not occur after hydrolysis in the

o
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conditions we used for the tetrahydropyrimidines. Demange et al.33 obtained the racemates of serine and Daba after
acid hydrolysis (12 N HCI, 12 h, 180°C) of the 2-(1'-amino-2’-hydroxy)-ethyl-4-carboxy-3,4,5,6-tetrahydro-

yrimidine moiety of pyoverdin Pf CCM 2798, but the conditions which were used for hydrolysis were much more
drastic. As the amidine group is very stable In this case, the quarmtanve hydrolytic cieavage of the C-N bonds in

noh:ra} 2 A § Atatrahudranurimidin can rnnn"-n dAractie sanditinne 34
IMatuI s J,‘I,J,\I-Wu“ll]\u\)lj_yllllllulllb, wall O\lullc ulaollb NAZLIALRIUALD.
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These results show clearly that epimerization of the asymmetric center C-4 (Daba moiety) does occur only in the
course of the hydrolysis of the 3,4,5,6- tetrahydropyrimidines and not during the process of formation of the

tetmhvdrnnvnmldme ring. In this respect it is an artefact (besides no such emmr»\nnmnn for the C-4 center has ever
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been reported in the literature!-2!). On the contrary epimerization of the asymmetric center C-8 is real and takes
place during the synthesis of the 3,4,5,6-tetrahydropyrimidines. This is very likely related to factors such as pH,
solvent, temperature, and probably to the very nature of the 3,4,5,6-tetrahydropyrimidine moiety. !,28,33,36

IH NMR studies at 500 MHz confirmed these findings showing that the ratios of the major/minor
diastereoisomers effectively present in compounds 1x;-1x4 are the same as those determined for serine by GC-MS
after hydroiysis of the tetrahydropyrimidines. These have been 1dentified by the presence of the signais of protons
H-4 at 390 nom - 396 nom and of sionals of nrotons H-9 at 3.75 nom - 3 .80 nom (Table 3) H-8 is difficult to

4 at 3.90 ppm - 3.96 ppm and of signals of protons H-9 at 3.75 ppm - 3.80 ppm (Table 3). H-8 is difficult
distinguish because of an overlap with the benzylic methylenic protons H-10. These latter occur as AB quartets
differing in shape from one diastereoisomer to the other, in contrast to the H-11 benzyloxycarbonyl methylenic
protons which occur also as AB quartets.

The structures of compounds 1x1-1x4 have been determined by 1D and 2D NMR ('H-'H, 'H-13C correlations at
S00MHz). Using DEPT-135 and 2D heteronuclear 'H-13C correlations, the chemical shifts of the protons and
carbon atoms of compounds ixy-ixg4 were assigned confirming the structures of the 2-(1'-benzyloxycarbonylamino-

7 _honzvlavvoathul_dcarhovu-2 4 § A-f trahvdranurnimidinec Tw«-Tw 4
4L TUCIILYIUAY JTUULY ITT WAl UVUAY = J,5F, o, U™ Lu 1Ay UWUPYHILUUIUS Aaj~rag.

The 13C spectra of the four diastereoisomers are nearly identical and all show a resonance at 163 ppm assigned to
the carbon C-2 atom of the tetrahydropyrimidine ring, with the same value as in related pyoverdins, 3-5-7 this signal
being also present in the simplest 3,4,5,6-tetrahydropyrimidine iu and in the two diastereoisomeric tyrosine

Aarmvatiine 1w and Twse fonan halaun,d Tha anla cionificant Aiffarancra chn M a srhaminnl chific r\{»‘ hamanlagniie
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carbon atoms was found in the 13C spectrum of the 1:1 mixture of di wJ:er..,isenrre.rs x1 and 1x3 where carbon C-9
o

I 1
(70.04 & 7O 16 ppm) and carbon C-11 (74.41 & 74.50 ppm) both occur as a set of two signals of e qual mtensity

differing by ca 0.1 ppm.

NN
10 2

Proton 1x: (]R 49) 1x+ (88 4%) 1xz (8R 4R) 1xs (8S.4R)

wmo 257 (853 7\, T0 ) A& 7 4\ ) i

H-4 3.92(t, 5.1 Hz) 3.98 (t, 5.1 Hz) 8 (1, 5.1 Hz) 3,93 (t,5.1 Hz)

H-9 3.76 (d, 4.8 Hz) 3.80 (d, 4.7 Hz) 3‘80 (d, 4.7 Hz) 3.76 (d, 5.0 Hz)
H-11a 4.53(d, 12 Hz) 4.55(d, 11.5 Hz) 4.55(d, 11.5 Hz) 4.53(d, 12 Hz)
H-11b 4.60 (d, 12 Hz) 4.60 (d, 11.5 Hz) 459, 11.5 Hz) 4.60 (d, 12 Hz)

Table 3: Comparison of the chemical shifts and coupling constants of protons H-4, H-9 and H-11 of the
four  diastereoisomers of  2-(1'-benzyloxycarbonyl-amino-2’-benzyloxy)-ethyl-4-carboxy-3,4,5,6-
tetrahydropyrimidine

6-tetrahydropyrimidine was

3
e th Inrnor‘n“ Pcoudnmnonage

ma nunvardin
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on e o1 nharac n
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-amino-2'-p-hydroxyphenyl)-ethyl-4-carboxy-3,4,5
5 de h

=
(= ¢
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describe the properties of this amino acid, the svmhesrs of (85,4S)- 2- (1- benzvloxvcarbonvlammo-

amino-2 -p-methoxyphenyl)-eﬁlyl 4-carboxy-3,4,5,6 -tetrahydropyrimidine ly), was undertaken. This synthesis was
performed in four steps identically to the synthesis of 1xj-1x4, but using the iminoethers of the protected tyrosines
instead of those of the protected serines.
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The amine functions of (S)- and (R)-tyrosines 14a and 14b were first protected as N-benzyloxycarbonyl
derivatives by reaction of N-benzyloxycarbonyloxysuccinimide with the (S)- and (R)-tyrosines. The free acid
function was then esterified using NHS in the presence of DCC. The activated esters, treated with ammonia gas,

P R R T BRI Y T Y, Y

gave respecuvely amides 15a and 15b with overall y1e1cls 0of 91% and 82%.

Since the phenolic hydroxyl group of tyrosine can be alkylated in the presence of an alkylating reagent such as
triethyloxonium tetrafluoroborate in the course of the formation of the iminoethers,3” and being able otherwise to
give the phenoxide ion, a powerful nucleophile, it was essential to protect it. Among the various methods used, the
protection as an ether, such as benzylic ether, is certainly the most widely used. Unfortunately this group can give
rise to problems in structural studies concering the determination by NMR of the absolute configuration of the
asymmetric center C-8 of 2-(1'-amino-2’-p-hydroxyphenyl)-ethyl-4-carboxy-3,4,5,6-tetrahydropyrimidines, since
there is overlap between the benzylic protons of the protecting group and the proton CHa of tyrosine in proton NMR.
We therefore chose protection as a methyl ether.

R,0 R,0. R0
O MR, PNAY e TNA) we
w ‘\M N7
E H H
" 1) e

a (S configuration) & b (R configuration) I DN
14 R, =H, R, =H, E = COOH HO™ ~O ™o
15R, =Z R; =H, E = CONH,
16 R] = Z ng = CH3 == CO}“’HZ
17 R, =Z, R, = CH,, E = C(OEt)=NH 1y1 yz

Methyl ethers 16a and 16b, were prepared from tyrosine derivatives 15a and 15b with 93% and 87 % vyield
respectively, and converted to the corresponding iminoethers 17a and 17b, analagously to procedures described

above,

auw

a was performed identically to the condensation of iminoether

_( 1'-"N-ben Wlngycnrhgnvlamh\‘n-? ’.n-metho vunhpnvn-pfhul 4.

NTULIAL Y A/ QL ULy 1Ga iy P J paiviiy i

ol h a yD
s described above, and viph’]pr‘ (8S AS)
carboxy-3,4,5,6- tetrahydropynmldme 1yq (41%
GC-MS), in contrast to its serine homologue.

o

as a single diastereoisomer (as determined by proton NMR and by

Similarly, starting from amide 17b, the methoxy ether 1yj of (8R 48)-2-(1'-benzyloxycarbonylamino-2’-p-
hydroxyphenyl)-ethyl-4-carboxy-3,4,5,6-tetrahydropyrimidine was obtained with 45% yield, also as a single
diastereisomer.

As for the serine derivatives, the 13C spectra of the diastereisomers derived from tyrosine did not show large
differences between each other, even when the spectra were determined at 125 MHz.

Proton NMR spectra at 200 MHz of compounds 1y and 1yy (Table 4) showed clearly that the chemical shifts of
protons H-4 and H-8 in each diastereoisomer 1y and 1y, are different:

YN/ 7
o d
Proton 1yq (85,48) 1y9 (8R,48)
H-4 3.931(5.6 Hz) 4.00i(5.7Hz)
H-§ 4581 (7.9 Hz) 4.65dd (5.97 &£ 9.4 Hz)
H-9 3.05-3.09m 2.93-3.21m

Table 4: Comparison of the chemical shifts and coupling constants of the protons H-4, H-8 and H-9 of
the two diastereoisomers of 2-(1'-benzyloxycarbonylamine-2’-p-methoexyphenyl)-ethyl-4-carboxy-
3,4,5,6-tetrahydropyrimidine
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- proton H-4 of compound 1yy occurs at 3.93 ppm as a triplet (J = 5.6 Hz) as it occurs, but at 4.00 ppm, for

compound 1y3 (J/ = 5.7 Hz),

- proton H-8 of compound 1yq occurs at 4.58 ppm as a triplet (J/ = 7.9 Hz) whereas for 1y it occurs at 4.65 ppm
as a double doublet (/=57 Hz and /= 9.4 Hz).

These spectra show not only that both diasterecisomers (8S, 4S) and (8R,4S) derived from tyrosine are easy to
distinguish by proton NMR even at 200 MHz, but also that the synthesis of the derivatives of tyrosine occurs without
any epimerization at carbon C-8 and that only one single diastereoisomer 1y or 1yj is formed each time. Optical
rotations of tetrahydropyrimidines 1y and 1y, have been found to be respectively (+64°) and (-6,4°).

The reason for this stability is probably due not only to the weaker acidity of protoh CHe of tyrosine with respect
to the acidity of the corresponding proton of serine, but also to the lesser solubility of the
2-(1'-benzyloxycarbonylamino-2’-p-methoxyphenyl)-ethyl-4-carboxy-3,4,5,6-tetrahydro-pyrimidines 1yy and lyj in
the medium than their homologues derived from serine which can undergo a partial epimerization up to 13% under
the same conditions.

In conclusion, this study has shown that 2-substituted-4-carboxy-3,4,5,6-tetrahydropyrimidines can be readily
synthesized by condensation of unprotected 2,4-diaminobutyric acid with the protected iminoether tetrafluoroborates
of amino acids. However, the carbon atom at the Ca position of the amidine ring (here carbon C-8) can easily be
totally racemized. This epimerization can be considerably diminished or even avoided when the reaction is performed

e -

in shightly acidic conditions (pH 6.0-6.4).

EXPERIMENTAL
QPR WA | SRS g
TIICEEL IIBUICALIUILD
The melting points (mp) were measured in a capillary tube using a Bichi SMP-20 instrument and are

lhe m | i A

corrected. The proton NMR spectra were measured on Bruker AC-200 (20() MHz), AM-400 (400 MHz), ARX- 50
(500 Mhz), AMX 500 (500 MHz) or with gradient instruments. GC-MS analyses were performed on a QMD 1000
Carlo Erba Instrument. The capillary column used was a Chirasil D- 'V'aj Chrompack of 25 m length. The temperature

ennirrs rac ot 19N0 Tha tamiarnten Af thn cnlitlaao antae g ot IANOM Tha cinco grantes

of the source was at 180°C. The emperature o1 ine bplu'bpuqub ugcum was at 25U (. 1né€ inass specira MS)
were determined nqmo either an LKB 9000S or a Thomson THN 208 spectremeter. The FAR (Fast atom

bombardment) spectra were performed using a ZAB-HF instrument (VG Analytlcal, Manchester, United Kingdom).
The relative intensities of the signals are stated in parentheses after the mass m/z of the fragment considered.
LSIMS-MS mass measurements were performed on an Autospec M instrument (Micromass, Altricham, UK) with a

resolution of 10000 using PEG 400 as an internal satndard. The elemental analyses (microanalyses) were performed
in SuﬁSbG'\ﬂ‘g oy the Service de }v{u..luaualybc of the Institut Charles Sadron. The column bhluulatugnapxuco were
performed using Merck 9385 silicagel (Darmstadt. Germany) 40 to 63 pm mesh. Thin layer chromatographies
(TLC) were performed using silicagel analytical plates Merck 5715 (F254) of 0.25 mm thickness. The detection on
TLC plates was performed by UV light at 254 nm or 365 nm or using a spray and heating the plates. The sprays
used were:

-a 0.3% solution of ninhydnn in a mixture of butanol/acetic acid (97:3, v/v).

-a 0.4% solution of 2.4-dinitrophenylhydrazine in 2M hydrochloric acid.

-a 10% solution of phosphomolybdic acid in ethanol.

Tha anhudrane enluvante ara nhtat ich 3 ™ 1 1
The anhydrous solvents were obtained by distillation from an appropriate drying agent; phosphoric anhydnide for

J A%
methylene chloride and dimethylformamide; calcium hydride for toluene, ether and acetonitrile; sodium for methanol.
The oxygen- or humidity sensitive reactions were performed under argon.

(R)-2,4-diamino butyric acid 4b was prepared as described in reference 38.

A) Glycine derivatives

N-hydroxysuccinimide ester of N-benzyloxycarbonyl glycine 6 was prepared as described in reference 24. The
vield was 83%.

mp 113-115 °C (methylene chloride/petroleum ether ) (ht 113-114°C).24

TH NMR (200 MHz. CD;OH): 2.82 (m, 4 H, CO-CH,-CH,CO); 4.25 (s, 2 H, -CH>-N); 5.11 (s, 2 H, CH-benzyl);
7.27-7.37 (m, 5 H, H-aromatics).
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N-Benzyloxycarbonylglycinamide 7

Compound 6 (2.04 g; 6.7 mmol) was dissolved in methylene chloride (20 mL). The solution was cooled down to
0°C then treated with ammonia gas during 15 minutes. The suspension was filtered and the residue crystallized in a
mixture of methanol and ether (1.23 g; 5.9 mmol). The yield was 89%.

TLC: Rf =038 (methyiene chloride-methanol 85: 15)

mp 134-130 "L (memanouemer) UII 138-139° L,)

M (ETY m/7> 20K (100) 101 I]’l\ 1N 26)Y Q1 £5)

l'u\l—t‘l N A, LT \l\l\.l’ 171 l’ 1w \l- } /1 \J’.
1HNMR(200 MHz. CDCl3): 3.90 (d, J = 5.7 Hz, 2 H, Hz-N) 5.14 (s, 2 H, CH,-benzyl); 5.40 (broad s, 2 H,
NH,); 5.90 (broad s, | H, NH); 7.37-7.38 (m, § _aromati

o { oC
TCaa BN ANLKRj, 1.2 T 1.0 111, i1, AL (.u\nuuuva}.

.
C

» -

-(N-benzyioxycarbonyiaminemethyi)-4-carboxy-3,4,5,6-tetrahydropyrimidine ih

Amide 7 {505 mg; 2.43 mmol) and triethyloxonium tetrafluoroborate (676 mg; 3.56 mmol) were dissolved m

anhydrous methylene chloride (10 mL). The solution was refluxed for 30 minutes under argon. The solvent was
eliminated under a stream of argon then under reduced pressure. To the oil obtained and maintained under argon
were successively added (8)-2,4- diaminobutyric acid as a dihydrochloride (464 mg; 2.43 mmol), methanol (10 mL)

and DIPEA (l 3 ITLL 73 mmm) The mixture was refluxed for 5 hours under argon. The buspensmn was e‘:’vaporateu

to dryness under reduced pressure and the mixture dissolved in water, acidified to pH 3-4 by addition of a IN

I\l
b

solution of hydrochloric acid. The aqueous phase was evaporated under reduced pressure, and the residue
crystallized in water to yield colourless crystals (455 mg; 1.6 mmol. 66%).

TLC: Rf 0.52 (butanol-water-acetic acid 4:1:1, v/v).
mp 247-248 °C dec. (methanol/water). (lit: 251 °C).23
MS (CI): m/z (M+H)t =292 (37), 246 (5), 184 (100), 108 (73).

TH NMR (200 MHz; D70): 1.98-2.27 (m, 2 H, H-5); 3.33-3.58 (m, 2 H, H-6); 4.24 (s, 2 H, CH; glycine); 4.40 (t,
J=4.3 Hz, 1 H; H-4); 5.20 (s, 2 H, CHy-benzyloxycarbonyl); 7.47 (s, 5 H, H-aromatics).

Calculated for C14H;-N:04 C%57.61  H%589  N%1439  0%2209
Found C%5742  H%S584  N%1428  0%2214
A\ P faceslinasnn 4l e AL £ 4 5L Y. H P

(AC = I\ A nesaale
{45)-2-(aminomethyl)-4-carb
5% na]ladmm on charcoal (

aldiyg aleodl (2 12 Ll

mixture of methanol (10 mL) and IN aqueous h;drochl TiC af cxd (0 5 mL) The suspen51on was kept under argon thcn
flushed with hydrogen, and finally stirred vigourously for 2.5 hours. Hydrogen was then replaced by argon and the
suspension was filtered on a Celite column and the filtrate evaporated under reduced pressure to yield a white

[T ONa/N\
pUWUCl \10 7 lllg, U l 1 uuum U s0).

Rf 0.2 (ethyl acetate /formic acid/water 4:1:1, v/v) (Detection with ninhydrin).

i IN2 _INL O (nnthanalls -
mip 2U5-206 U (imetnanoy watex)

MS (ED) m/z: 157 (27), 140 (5), 128 (5), 112 (100), 96 (69), 83 (63), 67 (25), 56 (41).
LSIMS-MS Mass Measurement: Found (M+H) " = 158.092694; CsH;2N;0, requires 158.092952

'H NMR (200 MHz; CD3;0D):

H-4 H-5 H-6 H-8
1u (this work) 3.98 (t,J/=5.2 Hz) 2.13 (m) 3.42 (m) 3.71 (s)
From reference | 4.04 () 2.19 (m) 3.47 (m) 3.67(s)
BC NMR (125 MHz, CD;OD): 23.51 (C5); 38.66 (C6), 41.97 (C8) 54.53 (C4); 163.36 (HN-C=N), 175.21
(COOH)

B) Serine derivatives

(S)-N-benzyloxycarbonyi-O-benzyi serine 10a
(8)-O-benzylserine 9a (1 g, 5.1 mmol, Fluka) was suspended in a mixture of dioxane (8 mL.) and methanol (2 mL).

To the suspension was added triethylamine (2.1 mL; 153 mmol) then, dropwnse, a solution of (N-
benzyloxycarbonyl) succinimide (1.396 g, 5.61 mmol) in 10 mL dioxane. The mixture was stirred for 1 hour after
which the solution became clearer. The solvents were removed under reduced pressure and the residue was treated
with 20 mL water acidified to pH 2-3 with 1N hydrochioric acid. The mixture was extracted with ethyl acetate (3 x

10 mL). The organic phase was washed with water (2 x 10 mL) then with a saturated solution of sodium chloride,
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dried over magnesium sulphate, filtered and evaporated. The pale yellow oil obtained (1.75 g) was purified by
chromatography on a column of silicagel (50 g) eluted successively with methylene chloride, then with a mixture of
methylene chloride/methanol, 90:10, and yielded pure (S)-N-benzyloxycarbonyl-O-benzyl serine 10a (1.56 g, 4.1

AP CT.7AY

mmoi, ¥37o) as colourless cryswls

TLC: Rf 0.71 (butanol-acetic acid-water 4:1:1, v/v) (Detection with ninhydnn).

11808 1 ada A ()}

mp 114-115°C (ethyl acetate-ether) (lit 118-1 19 C. ethyl acetate)."

1H NMR (200MHz, CDC13) 3.67-3.98 (m, 2 H, CH,-B serine); 4.52 (m, 1 H, CH-« serine); 5.12 (s, 2 H, CH;-

benzyl); 5.64 (s, 1 H, NH); 7.28-7.35 (m, 5 H, H-aromatics).
The same reaction performed in identical conditions on (R)-O-benzylserine 9b gave (R)-N-benzyloxycarbonyl

O-benzylserine 10b with 90% yield (mp 94-96°C, chloroform).

(S)-N-benzyloxycarbonyl O-benzyl serinamide 12a
Compound 10a (1.5 B 4.6 mmol) and N-hydroxysuccinimide (052 g, 4.6 mmol) was dissolved in dioxane (10 mL)

N A

and the solution cooled down io 0°C. A solution of DCC (‘l usx4 g, 5.0 mrnox) in dioxane (‘l mL) was then added

dropwise in 15 minntes. The muxture was kent at 0°C for 45 more minutes and the solvent removed. The residue was
wvr FYAJDW ALl A o/ LRARKANAGWI. A AR ARIASRVULA W VY ST l\V L2 < L S T RAAVI W ARLAEIMAVWD MiIW JVITYWIAY IVILIV YT WAL, AW L WDIMWW TYAWD

dissolved in methylene chloride (25 mL), and treated at 0°C. with ammonia gas for 5 minutes, then warmed to room
temperature, filtered and concentrated under reduced pressure. The residue was crystallized in a mixture of
chloroform and diethyl ether to yield (S)-N-benzyloxycarbonyl O-benzyl serinamide 12a as colourless needles (1.33
g, 4.05 mmoi, 83%).

TLC: Rf 0.5 (methylene chloride-methanol 9:1).

mp 141-142°C (chioroform/methanol).

MS (CI, NH3) m/z: (M+H) =329 (100), 312

ANIRF VL, GVRTER “Z ivyv

(4) 285 (5) 221 (7.5). 195 (4
)5 282 R2), 222\ 1.20), 272R%

(J’l

Y 107 (15 %)
) 107 .

1L

'H NMR (200 MHz; acetone-D6): 3.70-3.86 (m, 2 H, C 2 B serine); 4.34-4.43 (m, 1 H CH -a serine); 4.55 (s, 2
H, CHy-benzyl), 5.1 (s, 2 H, CHy-benzyloxycarbonyl ) 45 (m, 2 H, NHj); 7.07 (m, NH); 7.28-7.37 (m, 10
H, H-aromatics).

Calculated for C1gHo0N204 C% 65.85 H% 6.09 N% 8.54 0% 19.51

Found C% 66.05 H% 6.26 N% 8.66 0% 19.28

(R)-N-benzyloxycarbonyl O-benzyl serinamide 12b

This amide was prepared from compound 10b using the same procedure used for compound 10a. The yield was
88%.

mp 141-141.5°C.
LSIMS-MS Mass Measurement: Found (M+H) ™ = 329.149396; C1gH2,N,0, requires 329.150132
I'H NMR of 16b was identical to that of 16 a.

Synthesis of a 1:1 mixture of diastereoisomers of 2-(1'-N-benzyloxycarbonylamino 2'-benzyloxy)-ethyl-4-
carboxy-3.4,5,6-tetrahydropyrimidine 1x; (8R,4S) & 1x; (85,4S)

Compound 12a (156 mg, 0.48 mmol) and triethyloxonium tetrafluoroborate (100 mg, 0.52 mmol) were refluxed
under argon for 2 hours in anhydrous methylene chlonde (3 mL). After removal of the solvent under reduced
pressure, (S) -2,4-diaminobutyric acid 4a (92 mg, 0.48 mmol, Fluka) as its dihydrochloride was added under argon to
the iminoether 13a thus obtamned. After addition of anhydrous methanoi (5 mL), then DIPEA (210 pl, 1.2 mmol), the
solution was refluxed for 2 hours, the solvent evaporated to dryness and the residue treated with water (25 mL) and
acidified to pH 3-4 by addition of 1N HCI. The aqueous phase was extracted with ethyl acetate (3 x 10 mL), and the
organic phase washed with a saturated solution of sodium chloride, dried over sodium sulphate, filtered and
evaporated under reduced pressure. The residue was purified by chromatography. on a silicagel column (5 g) eluted
first with methylene chioride, then with increasing amountis of methanol in the same solvent io yieid a 1:1 nuxiure of
diastereoisomers 1xy & 1x3 (137 mg, 0.33 mmol, 69 %).

Rf® 0.36 (methyiene chioride-methanoi 8:2 v/v).
mp 182 -184 °C (mixture of diasterecisomers).
MS (CI, NH3) m/z: (M+H H)" =412 (5), 304 (1), 260 (2), 196 (5), 152 (100), 126 (53), 108 (25), 91 (5)
'H NMR (500 MHz, CD30D): 1.93-2.03 (m, 1 H, H-5a); 2.12-2.23 (m, 1H, H-5b); 3.34-3.39 (m, 2-H, H-6); 3.74
(d,J=49Hz 1 H H-9);380(d, J=48Hz | H;H-9),389(t,J=56Hz 05H, H-4),39 (t, J=62Hz; 05
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H; H-4), 4.50- 4.67 (m, 3 H: HI 1 & H-8); 5.08 (d, J = 123 Hz, 1 H, H-10a); 5.14 (d, J = 12.3 Hz, 1 H, H-10b);

7.25-7.38 {(m, 10 H; H-aromaiics).
Protons H-4 et H-9 are each present as a set of two signals both in a ratio of 1: 1.

13C NMR (125 MHz CD30D): 23.05 (C5); 39.37 (C6); 54.41 (C4); 54.81 (C8); 68.41 (C10); 70.04 & 70.16 (C9);
7441 & 74.50 (C11); 129.16% (C2', C6’, C2", C6"), 129.31 (C4', C4"); 129.60% (C3", €', C3", €5"); 137.78**

{Ci’); 138.84** (C1"); 158.22 (O-CO-N); 163.07 (HN-C=N); 174.81 (CGOH).
Calculated for C,,H,5N;05 (%6422 H%6.13 N% 1021
Found C% 63.82 H% 6.04 N% 10.05

[o]D: +37.6° for the 50:50 mixture of diastereoisomers (c 0.9; methanol/HCl 6N 2%).

(8R,4S)-2-(1'-N-benzyloxycarbonylamino 2'-benzyloxy)-ethyl-4-carboxy-3.4,5,6-tetrahydropyrimidine 1xy
(S)-N-benzyloxycarbonyl-O-benzyl serinamide 12a (250 mg, 0.76 mmol) and triethyloxontum tetrafluoroborate (217
mg, 1.14 mmol) were refluxed for 2 hours in anhydrous methylene chloride (5 mL) under argon. After removal of
the solvent under reduced pressure (S) -2,4- diaminobutyric acid 4a as its dihydrochloride (116 mg, 0.6} mmol,
Fluka) and methanol (10 miL) were added. The solution was then treated with DIPEA (260 pi, 1.53 mmol) and
refluxed for 2 hours. After removal of the solvent under reduced pressure, the residue was treated with water (25
mL) and acidified to pH 3-4 using 1N HCI. The aqueous phase was extracted with ethyl acetate (3 x 15 mL). The
organic phase was washed with a saturated solution of sodium chloride, dried over sodium sulphate and evaporated
under reduced pressure. The residue was then purified by chromatography on a silica gel column (10 g) made up in
methylene chloride, eluted with increasing amounts of methanol in the same solvent, to yield a solid product (123

lug U JU LN, .)7/0}

LSIMS-MS Mass Measurement: Found (M+H)™ = 412.187595; C5,HasN:Os requires 412.187246
13

4.

IH MNR (500 MHz;, CD30D): 1.94-2.05 (m, 1H, H-5a); 2.13 - 2.24 (m, 1H, H-5b); 3. 28 - 3.42 (m, 2 H, H-6);
376 (d,/=4.8 Hz, 2 H, H-9),3.92 (t, J=5.1 Hz, 1 H, H-4); 4.55-4.65 (m, | H, H-8), 4.53 (d, /=12 Hz, 1 H, H-
11a); 4.60 (d, /=12 Hz, 1 H, H-11b); 5.08 (d, /=12 Hz, 1 H, H-10a); 5.14 (d, /=12 Hz, 1 H, H-); 7.28 - 7.36
(m, 10 H, aromatics).

Protons H-4 and H-9 are each present as a set of two signals both in a ratio of 87/13

Ratio of the diastereoisomers 1x3/1xy: 87/13 (determined from the 'H NMR spectrum and from the GC-MS
analyses)

13C NMR (125 MHz CD30D): 22.96 (C5); 39.34 (C6); 54.45 (C4); 54.69 (C8), 68.43 (C10); 70.04 (C9); 74.41
(C11); 129.15* (C2’, C6°, C2", C6"); 129.31 (C4’, C4"); 129.60* (C3°, C57, C3", C5"); 137.75%* (C17); 138.80**
(C1"); 158.28 (O-CO-N); 163.36 (HN-C=N); 175.21 (COOH)

Frlra:- 122 Q0 Fn 1 Q: terathanAl /LT AN 20/0N

{“YIp). 722.0 (L U.T, HICUHIAIIVYIICL VIN £70)

(85,45)-2-(1'-N-be oxycarbonylammo—l’ benzyloxy) ethyl -4- carboxy-3,4,5,6 tetrahydlopynmldme 1xy
The same reaction performed under identical conditions on {R)-N-benzyloxycar UUIlyl {-benzyl serinamide 12b and
(S)-2,4-diaminobutyric acid 4a yielded mainly (8S,4S) 1xy (46%).

LSIMS-MS Mass Measurement: Found (M+H)™ = 412.187620; Cy,HasN30s requires 412.187246

1H NMR (500 MHz; CD30D): 1.94-2.05 (m, 1 H, H-5a); 2.13 - 2.24 (m, 1H, H-5b); 3.29 - 3.42 (m, 2 H, H-6)
3.80(d,/=4.7Hz, 2 H, H-9), 3.98 (t,J=5.1 Hz, 1 H, H-4); 4.53-4.65 (m, ] H, H-8); 455 (d,/=11.56 Hz, 1 H,
B-11a);460(d,J=1156Hz 1 H H-11b};5075(d,/J=122Hz 1 H H-10a); 5.15(d, /=122 Hz 1 H H-10b};
7.28 - 7.36 (m, 10 H, aromatics).

12 AT 247 73 A L ATT A Am LLNEN AN AR (NS LA AN (VAN EA DY MO\, L0 AL [NIAN, PN V£ (O, 1A SN
«>C NMR (100 MHz CD30D): 23.05 (C5); 39.37 (Co); 54.35 (C4); 54.81 (C8}; 68.46 (C10); 70.16 (C9); 74.50
(C11): 129.15* (C2°, C6, C2", C6"); 129.31 (C4°, C4"); 129.60* (C3°, CS°, C3", C5"); 137.78** (C1°), 138.84**
\\41 l” liwr7.12J \\/A v I Qb /o7 & \\/—' F) A 2 ” A b NI \\/J 3 W g Wy NS ,, A IO \\./L }’ AU
(C1™); 158.22 (O-CO-N); ]63 07 (HN-C=N); 174.81 (COOH).

[alD = -41.6° (¢ 0.9; methanol/HC1 6N 2%).
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(8R,4R)-2-(1'-N-benzyloxycarbonylamino-2'-benzyloxy)-ethyl-4-carboxy-3,4,5,6-tetrahydropyrimidine 1x3
The same reaction performed under identical conditions on (8)-N-benzyloxycarbonyl-O-benzyl serinamide 12a and
(R)-2,4-diaminobutync acid 4b yielded mainly (8R,4R) 1x3 (33%).

LSIMS-MS Mass Measurement: Found (M+H)™ = 412.187536; C5,H2N3Os requires 412.187246

TH NMR (500 MHz; CD30D): 1.94 -2.05 (m, 1 H, H-5a); 2.13 - 2.24 (m, 1 H, H-5b); 3.28 - 3.43 (m, 2 H, H-6),
3.80(d,/=4.7Hz, 2 H, H-9); 3.98 (t, /= 5.1 Hz, 1 H, H-4); 4.53-4.65 (m, 1 H, H-8),4.55(d,J=11.56 Hz, 1 H,
H-11a); 4.59(d, J=11.56 Hz, 1 H, H-11b); 5.06 (d, /=13 Hz, 1 H, H10a); 5.14 (d, /=13 Hz, 1 H); 7.28 - 7.36
(m, 10 H, aromatics).

Protons H-4 and H-9 are each present as a set of two signals both in a ratio of 92/8.

Ratio of the diastereoisomers ix3;1x4: 92/8 (determined from the !H NMR spectrum and from the GC-MS

13C NMR (100 MHz CD30D): 22.80 (C5); 39.25 (C6); 54.45 (C-4); 54.51 (C-8); 68.44 (C10); 70.18 (C9); 74.40
(CI1); 128.98* (C2', €6, €2, C6"); 129.28 (C4', C4"); 129.54% (€3, €5, €3", C5"); 137.65** (C1°); 138.78%*
(u "); 158.36 (0-CO-N); 163.14 (HN-C=N); 175.80 (COOH).

11I€ Sain wuu, O11 per IUIHICU lrl lucllllU'dl COI lull.IUll OII (1N - lV UEIMle?&yLdIDUﬂyl-U—DUnZyl scnnd_mme 14D a.nu (K}-
2 4-diaminobutvric acid 4b vielded mainlv (8S 4R) 1x.4 (319%)

> ROVRALY DI QLA TRF RCEURAS MEGREY AR 224 070
LSIMS-MS Mass Measurement: Found (M+H)+ = 412.187900; CzpHaN30s requires 412.187246
IH NMR (500 MHz; CD30D): 1.94- 2.05 (m; 1 H; H-5a); 2.13 - 2.24 (m, 1 H, H-5b); 3.29 - 3.43 (m; 2 H; H-6),
3.76{(d;/=48Hz, 2 H, H-9);3.93 (t, /=5.1 Hz, 1 H, H-4); 452-4.65 (m, 1 H, H-8); 453 (d,/=12Hz 1 H, H-
11a);,4.60(d, J=12Hz 1 H HI11b), 5.07(d, J=13Hz, 1 H Hl0a); 513 (d, /=13 Hz 1 H HI0b); 728 - 7.36

(m, 10 H, aromatics).

Protons H-4 et H-9 are each present as a set of two signals both in a ratio of 89/11.
Ratio of the diastereoisomers 1x4/1x3: 89/11 (determined from the 'H MNR spectrum and from the GC-MS
analyses).

13C NMR (125 MHz CD30D): 22.78 (C5); 39.19 (C6); 54.31 (C4); 54.42 (C8); 68.41 (C10); 70.05 (C9); 74.35
(C11); 129.10* (C2’, C6, C2", C6"); 129.29 (C4’, C4"); 129.57* (C3’, C5°, C3", C5"); 137.69** (C1"); 138.77**
(C1"); 158.20 (O-CO-N); 163.23 (HN-C=N); 174.63 (COOH).

[a]D = -30.8°C (c 0.9; methanol-HCI 6N 2%).

C) Tyrosine derivatives
(S)- and (R)-N-benzyloxycarbonyl tyrosinamides

Using the same sequence of reactions by which we prepared the serinamides, we made the tyrosinamide derivatives
15a and 15b starting from (S)- and (R)-tyrosine 14a and 14b (Jansen chemicals). The yields of 15a and 15b were

91% and 82% respectively
TLC: Rf 0.45 (methylene chloride/methanol 9:1, v/v).

FAB-MS: (M+H)* =315.2 mu.

'H NMR (200 MHz; CD30D): 2.69-3.30 (m, 2 H, CH-B); 4.03 (dd, 1 H, /= 5.4 and 9.1 Hz, CHot); 5.00 (d, J =
12;5 Hz, H10a); 5.02 (d, J = 12;5 Hz, H10b);); 6.68 (d, J = 8.3 Hz, 2 H, H-3" and H-5" Tyr); 7.04 (d, 2 H, J = 8.4
Hz, H-2" and H-6" Tyr) 7.28 (m, 5 H, H-2’, H-3’, H-4’, H-5" & H-6").

Calculated for C;7HgN204 C%6497  H%S5.73 N%892  0%2038
Found C%6484  H%S5.73 N%888  0%2037

Protection of the hydroxyl group of N-benzyloxycarbonyl tyrosinamides

(S)- or (R)-N-benzyloxycarbonyl tyrosinamide 15a (or 15b) (1.0 g, 3.18 mmol) and potassium carbonate (878 mg,
6.36 mmol) were susnended in anhvdrous dimethvliformamide (6mL) Methyl iodide was added (059 mI.. 96

JIKERVI] YYWAW SUSPHVIIUMVM Il GRILY VI VUS UIIVUIY AAVESIGIIUMY (Vilkisj, 1VIVULYI IVWIUL VY A\V.Y S LRk, SV

mmol) and the mixture stirred for 5 hours. After filtration and addition of water (15 mL), the filtrate was acidified to
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pH 2-3. The precipitate was filtered, washed with diethyl ether and dried under reduced pressure to give a colourless

S()ll(l Wlm 370 ylem ID!' i6a (ana 87% IOI” 10[))

TLC: Rf 0.58 (methylene chloride-methanol 9:1, v/v).
H

QO FAL N\ 1 1£0_ 1IN0 /4L
b gl N \I.DI) dailld 107=1/V U (10D).

gH21N>Oy4 requires 329.150132

(s, 3 H, OCH3); 431 (dd, J = 5.3 and 9.3 Hz,
Hz, H10b); 6.68 (d, J = 8.3 Hz, 2 H, H-3" & H-5"

x b e TY A3 TY A9 YT TY 9N\

m, 5 H, H-2’, H-3°, H-4’, H-5" & H-6").

LSIMS-MS Mass Measurement: Found (M+H)* = 329.150029; C,
3.75

H NMR (200 MHz, CD30D): 2.72-3.12 (m, 2 H, CHy-p);
1 H, CHa); 5.00 (d, J = 125 Hz, H10a); 5.1 (d, J = 12:5
28

- e XY AN O TY ru T -

tyrosine); 7.04 (d, 2 H, /= 8.4 Hz, H-2" & H-6" Tyr) 7.2

(8S,45)- and (8R,4S)-2-(1'-N-benzyloxycarbonylamino-2'-p-methoxyphenyl)-ethyl-4-carboxy-3,4,5,6-
tetrahydropyrimidines (iyy) & (iyj)

(S)- or (R)-N-benzyloxycarbonyl methoxytyrosinamide 16a (or 16b) (443 mg, 1.35 mmol) and triethyloxonium
tetrafluoroborate (384 mg, 2 mmol) were dissolved in methylene chloride (5 mL). The mixture was refluxed for 2
hours under argon. After removal of the solvent under reduced pressure, (S)-2,4-diaminobutyric acid 4a (257 mg,
1.34 mmol) and DIPEA (0.58 mL, 3.38 mmol) were added under argon. The mixture was refluxed for another 4
hours then acidified to pH 2-3 and evaporated under reduced pressure. The residue was purified by chromatography
on a column of silicagel (10 g) eluted with increasing amounts of methanol in methylene chloride to yield (8S,4S)-2-
(1'.N-benzvloxvearbonvlamino-2'-n-methoxyvohenv-ethul-4-carboxv-3 4.5 6-tatrahvdro-pyrimidine 1v: (276 mo

U1 TANTUGILL Y IVAY VGl WAL Y IR & T/ TIUVUIVA Y PRICILY 1 JTUl Y 1T LAl UUAY T0 5, U, UTICU QU Y W UT P Y L LU 1yl \&4VU Ly,

0.55 mmol, 41 %) (or (8R,45)-2-(1'-N-benzyloxycarbonylamino-2'-p-methoxyphenyl)-ethyl-4-carboxy-3,4,5,6-
tetrahydropyrimidine 1y (45 %)).

TLC: Rf 0.32 (methylene chioride-methanol 9:1, v/v).
(8S,45)-2-(1'-N-benzyloxycarbonylamino-2'-p-methoxyphenyl)-ethyl-4-carboxy-3,4,5,6-tetrahydro-

pyrimidine (1yy)
LSIMS-MS Mass Measurement: Found (M+H)* = 412.187765; C;H,6N30s requires 412.187246

'H NMR (200 MHz, CD;0D): 1.90 -2.20 (m, 2 H, H-5); 2.92 - 3.15 (m, 2 H, H-9); 3.20 - 3.35 (m, 2 H, H—)

(s, 3 H, OMe); 3.93 (t,/=5.6 Hz, 1 H, H-4); 458 (t, /=79 Hz, 1 H ‘H ) 4.99 (d, /—ubuz) 309(d,]

O IIINW. £ 02 /4 7—-—0 711, 5 1LY U‘)"f.“.-l'l'_l' Y srmmoiran):
114, 111VU ), V.00 (U, J 0./ 1L, & I, 117D dilU I1-J 1Y1lUSUIT),

-7.32(m, S H, H-2’, H-3’, H-4’, H-5’ & H-6").
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130 NIMR 7195 MY, O AN 27 £ {05)- 1Q A (O
C NMR {125 MHz LU £2.05 (LD); 56,40 (L
1

.
. ’
(C10); 115.18 (C3", C5" Tyr); 128.34 (C1" Tyr); 128.81* (C2°, C6"); 129.25 (C4’); 129.55 *(C3°, C5°); 131.56
(C2", C6" Tyr); 137.67 (C1°%), 158.07 (C4" Tyr); 160.58 (O-CO-N); 164.65 (HN-C=N); 175.93 (COOH).

[a]D = +64° (¢ 0.9 methanol/HCI 2%).

Calculated for Co9Hy5N305, 1.5 HCI, 1H,O

(8R,45)-2-(1'-N-benzyloxycarbonylamino-2'-p-methoxyphenyl)-ethyl-4-carboxy-3,4,5,6-tetrahydro-
pyrimidine (1yj)

LSIMS-MS Mass Measurement: Found (M+H)" = 412.187345; C2,H6N;0s requires 412.187246

'H NMR (200 MHz, CD30D): 1.88-2.20 (m, 2 H, H-5); 2.90-3.24 (m, 2 H, H-9); 3.27 - 3.38 (m, 2 H, H-6); 3.75
(s, 3 H, OMe); 4.00 (t, J = 5.67 Hz, 1 H, H-4); 4.65 (dd, J= 5.97 Hz & 9.4 Hz, 1 H, H-8); 495 (d, J = 12;5 Hz,
Hl()a CH2-benzy10xycarbonyl) 5.08 (d,J=12;5 Hz, H10b CH2 benzyloxycarbonyl) 684 (d,J=86Hz 2 H, H-
3" and H-5" tyrosine); 7.21 {(d, /= 8.6 Hz, 2 H, H-2" & H-6" tyrosine); 7.24 - 7.33 (m, 5 H H-2’, H-3’, H-4’, H-5’
& H_6")

& 137V .

13C NMR (125 MHz CD30D): 22.68 (C5); 38.46 (C9); 39.00 (C6); 54.18 (C4); 55.73 (OMe); 56.08 (C8); 68.11
(C10): 11517 {F’l" cs" Tvr\ 1728 537 ((‘I" T\rr\ 128 R1* N")’ ce’ \ 12918 l(‘A \ 129 §3* {("'i Ccy \ 131 47

\~ivy, L PFAe BNy 140,01 2L 12 1L7.202

(C2". C6" Tyr), 137.67 (C1°): 158.04 (C4" Tyr); 160.49 (0-CO-N); 164.63 (HN-C=N); 175.54 (COOH).

[y — £ A
&b =-6.4
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