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Absiract : The synthesis of 6-methyl perihydropyrimidin-4-ones (1'S,6R)-3a and (1'S,65)-3b
is reported starting from rac-3-aminobutanoic acid. The aldol condensation of various metal
enolstes of 3a and 3b with benzaldehyde and acctaldehyde is reported. All reactions afford
complete facial diastereosclectivity and good simple diastereoselectivity, depending on the nature
of the enclate and of the aldehyde. The reaction yiclds arc generally good and the aldols have
been characterized by means of 1H NMR spectroscopy and NOEDIFF experiments.

The wso of chiral perihydropyrimidin-4-oncs as starting matesial to enantiomerically pure compounds is
particularly attractive and several synthetic approaches to perihydropyrimidin-4-ones in enantiomerically pure
alkylated at the & position in good yicld and with d.s. > 96%.! 1-Benzoyl-2(R)-tert-butyl-3,6(S)- and 1-
benzoyl-2(S)-ters-butyl-3,6(S)-dimethyl perihydropyrimidin-4-ones were obtained enantiomerically pure and
alkylated with complete diastereoselection. Acid hydrolysis of the heterocycles afforded chiral 2-methyl and 2-
benzyl-3-aminobutanoic acids.2 Furthermore starting from asparagine the (R)- and (5)-2-terr-butyl-1-
carbomethoxy-2,3-dihydro-pyrimidin-4-ones have beea prepared which are uscful starting material of
enantiomerically pure f-aryl-B-amino acids.3

In our program directed towards the synthesis of «- and B-amino acids,# we have resolved the
diastereomeric mixture of (R)- and (S)-6-methylperihydropyrimidin-4-ones 3a and 3b,5 obtained via the
mercuric cyclization of (S)-N-(1-phenyleth-1-y1)-N-benzyloxycarbonyl-aminomethyl allylaceticamide wilizing
(S)-phenylethylamine as the chiral moiety. After few casy steps cnantiomerically pure (R)- and (5)-3-
aminobutanoic acids were obtained in good yield. Morcover high diasterooselectivity has been observed in the
alkylation of the lithium enolates of the 6-methylperibydropyrimidin-4-ones 6

Recently another simple synthesis of 3a and 3b has been eavisaged starting from (S,R)-N-
beazyloxycarbonyl-3-aminobutanoic acid 1. The acid 1 was converted iato the amide 2, which was treated with
paraformaldehyde under acid catalysis,” to afford a mixtuse of perihydropyrimidin-4-ones 3a and 3b that were
casily separated by flash chromatography.
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Herein we report our results on the aldol condensation of the enolates of (R)- and (S)-6-methyl
perihydropyrimidin-4-ones 3a and 3b with benzaldehyde and acetaldehyde, with particular regard to the
stereoselectivity as a function of the nature of the enolate and of the aldehyde.

Results and Discussion

The aldol condassation is a very efficient method for the formation of new carbon-carbon bonds and
several laborstories developed methods to carry out the reaction under high stereocontrol.8 The use of specific
metal enolates, prepareirby exchange reaction of the corresponding lithium enolates with a salt of the selected
metal? allows the develomment of better conditions in order to obtain the desired sterooisomer.

The reaction of lpnzaldehyde with the lithium enolate of compound 3a (Method A, see Experimental
Section), generated under kinetic conditions by reaction of 3a with LiIHMDS at 0 °C in dry THF afforded aldol
products with satisfactny yield. Among the four possible stereoisomers only the products 4a and 4b were
obtained as & single sppw in a 63:37 ratio, as indicated by the 1H and 13C NMR data. The two adducts were
separated and fully chassgterized through the corresponding benzoates Sa and Sb.
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1
Cbz

(1'S,55,5'R,6R)-4a (1'S,55,5'S,6R)-4b
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::g.nm /L 9Bz
CHCly ph .
— H.+ H.—ﬁ\f
(1's,5s, S'R ,6R)-5a l'S.SSJ'S,‘R) b

a: 1) LIHMDS (1 epgiv.), THF, 0 °C, 1h; 2) PhCHO, -78°C.1h.b 1) LIHMDS (1 equiv.), THF, 0 °C,
1h; 2) MX (1 equivwg, -78 °C, 1 h; )HICHO.-‘IS"C,I
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Since enolates of chiral perihydropyrimidin-4-ones have not been previously explored under aldol
condensation conditions, in an effort to rationalize the selectivity of this reaction, other common metal cations
were examined (Method B, see Experimental Section). Table 1 shows the results that we obtained for the aldol
reaction of various enolates of 3a with benzaldehyde. It shows that the zinc mediated aldol reaction (entry 1)
improves the stereoselection producing an excess of the antl adduct. Also if the lithium enolate of 3a is
exchanged with CITi(Oi-Pr)3 (entry 2), an enrichmeat of the anti adduct is also observed (anti/syn ratio 81:19)
The CITY(Oi-Pr)3 was obtsined by mixing TiCl and Ti(Oi-Pr)y in 1:3 ratio according o the Reetz procedure.10

Table 1. Diastercomeric Products Ratio and Chemical Yields for Aldol
Reactions of (1'S,6R)-6-Methylperihydropyrimidin-4-one 3a

entry electrophile M solvent anti/syn  total yield ¥
ratio &
1 PhCHO Q1 cther/THR 85:15 75
2 PhCHO Ti(-Pr)3 THE 81:19 82
3 PhCHO Li THF 67:33 %
4 PRCHO AMe; hexane/THF 50:50 43
5 PRCHO B(OMc)2  CH2Cl/THF 20:80 80
6 PhCHO B(Oi-Pr)2 CH2Cl/THF 20:80 80
7 PhCHO B(OBu); CH2Cl/THF 20:80 80
8 MeCHO Li THRF 25:75 9%

2 The anti/syn ratios were determined on crude reaction mixtures by means of 1H NMR and
Iwmbmmmmmmmmmm

By exchanging the lithium enolate of 3a with a 1M solution of CIAIMe; in hexancs (entry 4), 4a and 4b
have been obtained in 50:50 anti/syn ratio, while a ratio of 20:80 anti/syn was observed using boron enclates
(entries 5, 6 and 7). The chloroborates were obtained simply by mixing a 1M solution of BCl3 in CH2Cl, with
B(OR)3 in 1:2 molar ratio.!! This result proves that the simple diastereoselection is regulated by the nature of
the metal, in fact the anti/syn ratio improves going from the zinc enolate to the titanium, to the lithium, to the
aluminium and to the boron enolate.

The diastereomeric ratios of 4a and 4b have been determined by means of the 1H and 13C NMR spectra
of the crude reaction mixtures and all the hydrogens have been attributed through decoupling experiments. In
patticular the 1H NMR signals of Hy of 4a and 4b are casily distinguishable as double doublets at 8 2.57 and
2.67 ppm respectively.

As meationed above, only two compounds have been obtained from all the reactions of enolates of 3
and benzaldehyde. Both the compounds 4a and 4b show a trans relationship between the hydrogens He and
Hy, due to the facial diastereoselection induced by the heterocyclic methyl substituent on Cg. The trans
relationship was confirmed by means of NOEDIFF experiments performed on 4a.12 In fact we noticed the
mmammﬁmmmqmmmammmmmmmamm
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Hy upon irradiation of H,. Thus, as Hg and the Me on Cg have a cis relationship, the perihydropyrimidin-4-one
is 5,6-trans disubstituted.

(1'S,55,5'R,6R)-4a (1'S5,58,5'S,6R)-4b

Owing to the carbobenzoxy group, the perihydropyrimidin-4-ones 4a and 4b show the presence of two
stable rotamers, already observed for this class of compounds.4¢.S Unfortunately 20 °C is the coalescence
temperature, s0 we are obliged to record the spectrum at a higher or a lower temperature. At 50 °C the spectrum
is nicely resolved, but the hydroxyl group hydrogen was not identified as a doublet. So by recording the
spectrum at -40 °C, we obtained a good resolution and the presence of two rotamers. The hydroxyl group
signals appear as doublets at 3 4.79 ppm (J = 3.9 Hz) and at 8 3.61 ppm (J = 3.7 Hz) respectively, and do not
change upon varying the concentration of the substrate. Thus at -40 °C in both aldol desivatives 4a and 4b a
hydrogen bond between the carbonyl of the heterocycle and the hydroxyl group is present and forces the
molecule in a preferential conformation that allows us to astribute the relative configuration at the newly
introduced stereogenic center C'g. In fact the 1H NMR spectrum of 4a is characterized by the value of the
chemical shift of Hg at § 2.57 ppm in CDCY3 with Jg e = 7.4 Hz indicative of an anti stereochemistry, while in
the spectrum of 4b Hy sesonates at § 2.67 ppm with Jy4 fe = 3.7 Hz, typical of a syn stereochemistry (Table
3).82 The comparison of the IH NMR spectra of 4a and 4b at -40 °C and +50 °C shows that the conformation
of the molecules is very imilar.

Furthermore the: low values of JH4 He for 4a (5.8 Hz) and for 4b (5.5 Hz) show that the heterocyclic
rings are rather flat, due to the newly introduced bulky substituent at Cs.

The data are in agreement with a conformation of 4a and 4b similar to that of the starting material 3a
with a zrans relationship between Hg and He as well as an anti and a syn stereochemistry between Hg and Hy
respectively.

In order to establish the inflnence of the aldehyde on the simple diastereoselection, the lithinm enolate of
3a was reacted with acetaldehyde in THE. The reaction proceeds in high yield and with inversion of
diasterecselectivity comspared with the aldols of benzaldehyde, giving 6a and 6b in 25:75 anti/syn ratio. The
mixture of aldols was acetylated and the two acctates 7a and 7b were separated.
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In these examples also, the stereochemical attribution is based on the values of the coupling constants of
H, Hg and He. In fact in the minor compound 6a the Jga zir =7.3 Hz is in agreement with an anti relationship
between Hy and Hy, while for 6b the value of Jaa e = 5.9 Hz is appropriate for a syn stereochemistry 88
Moreover by NOEDIFF experiments both acetates 7a and 7b show an enhancement of the Mo on Cg and of Hy,

upon irradiation of Hy. This implies a trans relationship between Hg and He, although a Jow value of Jagne (4.6
Hz) was recorded for 6a and 6b.

(1's,85,5'S,6R)-7a (1's,55,5'R,6R)-Tb

These results confirm the capability of the lithiom enolate 10 afford an anti selectivity for sromatic and a
syn selectivity for aliphatic aldehydes, already reporied in the literature 954
In order to esiablish the reactivity of perihydropyrimidin-4-one 3b towards aldol condensation, the

lithium and zinc enolates of 3b have been reacted with benzaldehyde and acetaldehyde and the results are
reporied in Table 2.
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Table 2. reomeric Products Ratio and Chemical Yields for Aldol
Reactions of (1'S,6S)-6-Methylperihydropyrimidin-4-one 3b
entry electrophile M solvent anti/syn  total yield ¥
ratio ®
1 PhCHO Li THF 66:34 82
2 PRCHO ZnQ ether/THF 90:10 76
3 MeCHO Li THF 25:75 85
4 MeCHO nQ ether/THR 67:33 82

‘The anti/syn raios were determined on crode reaction mixtures by means of !H NMR and
ltmbmwmmmmmmmﬂwm

The metal enolates of 3b react with benzaldehyde affording the aldols 8a and 8b in good yield and these

are casily separable by flash chromatography. The compounds were characterized by means of 1H and 13C
NMR spectroscopy.

Ph O_ OH O _ OH
X I3 L AE
(1'S,65)-3b)'; axh M NN L o+ Me NJIlH:Ph
H-+N Me H-A\N Me
- H.,(lhﬂe |H.=

(1'S,5R,5'5,65)-8a (l's,SR,S'R,GS) 8b
anti adduct syn adduct
a: 1) LIHMDS (}.¢quiv.), THF, 0 °C, 1h; 2) PhCHO, -78 °C, 1 h.

b: 1) LiHMDS (}.bquiv.), THF, 0 °C, 1h; 2) MX (1 equiv.), -78 °C, 1 b; 3) PhCHO, -78 °C, 1 h.

The NOEDIFF ctperiments performed on 8al2 show the enhancement of the Me on Cg and Hy, upon
irradiation of He and vi¢ijversa, which implies a trans relationship between the substituents on Cs and Cg as

HfCD H,
H+N>m _UN_O Me
Me %3‘ \konn
. H
(1's, 4k 5'S,65)-8a (1'S,5R,5'R,6S)-8b

FM&'HMMGMW&M&WM@;nM‘CM.M
mm-nﬁmmmmnymlmmmmldmmm
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conformation was confirmed by the hydroxyl hydrogea signal of the rotamers, which appears as a doublet at §
441 and 4.35 ( = 6.0 and 6.3 Hz) and 5 3.93 and 4.17 (J = 5.7 and 6.7 Hz) respectively and does not change
upon varying the concentration of the sample (Table 3). The values of the coupling constant Jio 5ir of 6.9 Hz
and 3.2-3.6 Hz accounts for the anti and for the syn stereochemistry respectively.ia

Table 3. Significant !H NMR Data of Aldols 4 and 8 in CDCl3 at 300 MHz at

40 °C
Produet dua  Juame dae  JHemr dmr don Jou.mr
4a 2.57 74 - - 4.81 4.79 39
4.872

4b 2.67 3.7 - - 546 361 3.7

8a - - 2.60 6.9 474 4.35 6.3
4410 600

8b . - 271 3.6 5.37 393 57
2758 3.8 41 67

2 Owing to the presence of two conformers, two chemical shifts values have been reported.

The aldols 9a and 9b were obtained in good yield by reaction of the lithium enolate of 3b with
acetaldchyde (Method A, see Experimental Section) with the prefential formation of the syn adduct 9b, as
previously observed for 3a (Equation S). In contrast the aldol condensation of the zinc enolate of 3b with
acctaldehyde (Method B, see Experimental Section) affords a mixture of aldols 9a and 9b in 67:33 anti/syn
ratio.

0O __ OH
H,
(1'S,65)-3p 29rb_ Me . Me e
H-'J\ M
N Hem
(l'S,SR,S'R,GS)-h (1'S,5R,5'S,6S)-9b
antl adduct syn adduct
a: 1) LIEMDS (1 equiv.), THF, 0 °C, 1h; 2) MeCHO (2 equiv.), -78 °C, 1 h.
b: 1) LiHMDS (1 equiv.), THF, 0 °C, 1h; 2) MX (1 equiv.), -7t);'°c 1 h; 3) MeCHO (2 equiv.), -78 °C, 1 b,
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The mixtures of Sa and 9b were transformed into the corresponding acetates 10a and 10b in 90% yleld

and easily separated by silica gel chromatography. The structural assignment is made on the basis of the IH
NMR spectra of Sa and 9b.

Ph O . OAc
H,
9a +9p _A%O.pyriding M:/LNJTPMe + Me/LN"II!_;Me
H, }l; Hcm
B b

(l'S.SR.S'R,GS)-lOI (1'S,5R,5'S,65)-10b

Although the origin of the different stereoselection among zinc, lithium, titanium, aluminium and boron
enolates is not completely understood, we propose a possible rationalization of the results obtained for 3a with
various aldehydes. The model takes in account the interactions between the enolate and the electrophile in the
transition state, as a function of the metal nature.

To explain the stereochemical outcome we propose the closed transition states 11a and 11b both for
aliphatic and for aromatic aldehydes. In the transition state 11a a 1,3 repulsive interaction between the ligand L
and the aldehyde side chain R is present. On the other hand in the trasition state 11b the side chain R, lying in
the more stable quasi-equatorial pogition, suffers from the 1,3 repulsive interaction with the adjacent methyl
group.

11a — ANTI 11 — S¥YN

The magnitude bf the 1,3 R-L interaction in 11a is dependent from the length of the metal-oxygen bond
and increases with its For instance in the case of the bulky phenyl group of benzaldehyde, for metals
with longer distances like zinc, titaninm and lithium (1.7 - 2.0 A)8a9¢, the phenyl-methyl 1,3
interaction disfavors 1%, favoring the formation of the anti adduct, while, for the shorter oxygen-boron bond
(1.3 - 1.4 A),8890 the :il3 L-R interaction becames predominant, disfavoring the transition state 11a and
favoring the formation i the syn adduct.

Furthermore ediries 1 and 8 of Table 1 show a reversal of diastereoselectivity if acetaldehyde or
benzaldehyde is used M electrophile. This result has already been observed®®24 and can be ascribed to the
differences of steric between the methyl and the phenyl group. In fact, when the clectrophile is
mm:ﬁ;mhm,lﬁummwlmmmwpﬁm
firee from steric inf
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Thus the fucial diasterecselectivity is controlled by the substituent on the perihydropyrimidin-4-one,
while the simple diasterooselectivity is under the control of the metal, due to the length of the metal-oxygen
bond, and strongly depends on the bulk of the aldehyde.

In conclusion, we have explored: (1) the diastereoselectivity of metal-mediated aldol reactions of chiral
perihydropyrimidin-4-ones; (2) the preferential conformations assomed by the aldols, by means of IH NMR
and NOEDIFF experiments; (3) a model that interprets the different results obtained on varying both the nature
of the enolate and the aldehyde.

Experimental

1H NMR and 13C NMR spectra were recorded at 300 MHz and 75 MHz, respectively. Chemical shifts
are reported in ppm relative to the solvent. Infrared spectra were recorded with a NICOLET 205 FT infrared
spectrometer. Melting points were determined in open capillaries and are uncorrected. Flash chromatography
was performed with silica gel 60 (230-400 mesh). Tetrshydrofuran (THF) was distilled from sodium
beazophenone ketyl. Methylene chloride was distilled over CaHj and stored over moleculsr sieves. Other
solvents were used as purchased. ZnCl; was purchased by Aldrich as 1M solution in ether, CLAIMe, was
purchased by Aldrich as 1M solution in hexanes, and BCl3 was purchased by Aldrich as 1M solution in
CH2Cl. TiCly, TOi-Pr)4, B(OMe)3, B(Oi-Pr)3, B(OBu)3 were purchased as pure liquids.

(S,R)-N-Benzyloxycarbonyl-3-aminobutanoic acid (1). To a stirring solution of (S,R)-3-
aminobutancic acid (48.5 mmol, 5.0 g) in H20 (30 mL) were added NaOH pellets (97 mmol, 3.88 g). When
the solution was clear, benzyl chloroformate (50.0 mmol, 7.14 ml) in acetone (30 ml) was added at 0 °C. The
mixtore was stirred at room temperature for 1 h, then the acetone was evaporated, and the aquoeus layer was
extracted with ethyl acetate. HCl (6M) was added to the aquecus layer until a pH = 2 was obtained and the
mixture was extracted twice with ethyl acetate. The second organic layer was dried and concentrated under
reduced pressure o give 1 as a white solid in 91% yield (44.1 mmol, 10.45 g): mp 122 °C; IR (film): 3300,
1680 carl; 1H NMR (CDCl3) 8 1.27 (d, 3H, J = 6.8 Hz, CH3-CHN), 2.58 (d, 2H, J = 4.4 Hz, CH;-CHN),
4.12 (m, 1H, CHN), 5.11 (s, 2H, OCH2Ph), 5.27 (bs, 1H, NH), 7.35 (m, 5H, Ph); 13C NMR (CDCk) 8
203, 40.2, 43.8, 66.7, 128.0, 128.1, 128.5, 1363, 155.7, 176.2. Anal. Caled. for CyoH;sNOy: C, 60.73;
H, 6.38; N, 5.91. Found: C, 60.77; H, 6.31; N, 5.83.

[S,(S,R)]-N-(1-Phenyleth-1-yl)-3-benzyloxycarbonylaminobutanamide (2). To a stirring
solution of compound 1 (43.9 mmol, 10.42 g) in dry CHyClz (80 mL), & solution of SOC; (87.8 mmol, 3.2
mL) in dry CH2Cl3 (20 mL) was added dropwise at room temperature. The mixture was stirred for 30 min and
the excess of SOCI2 and the solvent were removed under vacuum. A waxy solid was obtained, and dry CHaClp
(30 mL) was added. The solution was added dropwise to a stirring solution of (S)-1-phenylethylamine (43.9
mmol, 5.59 mL) and tricthylamine (48.2 mmol, 6.7 ml) in dry CH2Cls (10 mL) at 0 °C and stirred at room
temperatare for 2 hours. The mixture was washed with 1M HC1 (40 mL), then with water, dried over NagSO4
and concentrated under vacuum. Flash chromatography (cyclohexane/ethy] acetate 8:2 as eluant) of the residue
afforded a white solid in 80% overall yield (35.1 mmol, 11.94 g): IR (film) 3300, 1680, 1640 carl; 1H NMR
(CDCl3) (mixture of diastercoisomers) 8 1.22 and 1.26 (4, 3H, J = 6.6 Hz, CH2-CHN-CHj), 1.45 and 147
(d, 3H, J = 6.9 Hz, Ph-CHN-CHj), 241 (m, 2H, CH2-CHN), 4.04 (m, 1H, CHy-CHN-CH3), 5.08 (s, 2H,
OCHPh), 5.11 (dq, 1H, J = 6.9 Hz, Ph-CHN-CHy), 5.54 (bs, 1H, NH), 6.05 (bs, 1H, NH), 7.32 (m, 10H,
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Ph); 13C NMR (CDCls) (mixture of diasterecisomers) 8 20.5, 21.7, 42.6, 44.8, 48.8, 66.6, 126.1, 127.4,
127.9, 128.0, 128.5, 128.7, 136.5, 143.1, 155.8, 169.7. Anal. Calcd. for CapH24N203: C, 70.55; H, 7.11;
N, 8.23. Found: C, 70.9% H, 7.14; N, 8.24.

l-Beuyluyurbonyl«h-(l'-plunyleth-l'-yl)-G-metIlylperlllydropyrlml-dln-4-ones (3a) and
(3b). To a stirring tion of amide 3 (35.1 mmol, 11.94 g) in benzene (200 mL) was added

paraformaldehyde (351 10.54 g) and p-toluenesulfonic acid monohydrate (35.1 mmol, 6.78 g). The
mixture was refluxed fod:] h in a Markuson apparatus, washed with aqueous NapCOj, dried over NaSO4 and
concentrated. After (cyclohexane/ethyl acetate 9:1 as eluant) of the residue (1'S,6R)-(3a)

and (1'S,65)-(3b) were|idbtained in 40% yield (14.0 mmol, 4.94 g) and 38% yield (13.3 mmol, 4.68 g)
respectively. For the analifical and spectroscopic data see ref. 5.

Aldol condensation off|(1'S,6R)-6-methylperihydropyrimidin-4-one (32) and benzaldehyde
Method A - To a sthrrinigi solution of pyrimidin-4-one (3a) (1 mmol, 0.35 g) in dry THF (10 mi) was added
dropwise LIHMDS (IMi§bl. in THF, 1 mmol, 1 mL) in dry THF (2 ml) under argon at 0 °C. After 1 hour the
mixture was cooled to -8 °C and freshly distilled benzaldehyde (1 mmol, 0.1 mL) in dry THF (2 ml) was
added dropwise at -78 il Afier 1 h the reaction was quenched with absolute EtOH (1 mL), the solvent was
removed under reduced fifessure, replaced with CH2Cla and washed twice with water. The organic layer was
dried over NazSOy, conciibtrated and chromatographed on silica gel (cyclohexane/ethyl acetate 9:1 as cluant) to
give the mixture of aldoli|(4a) and (4b), obtained as a single spot.

Method B - To a stirrinjjj solution of pyrimidin-4-one (3a) (1 mmol, 0.35 g) in dry THF (10 ml) was added
dropwise LIHMDS (1M #iblution in THF, 1 mmol, 1 mL) in dry THF (2 ml) under argon at 0 °C. After 1 hour
the mixture was cooled #4]-78 °C and MX (1 mmol) in dry THF (2 ml) was added dropwise. The mixture was
lﬁnedformlddiﬁmﬂﬂbu,ﬂlenﬁuhlydisdlledbennldehyde(lmo.l mlL) in dry THF (2 ml) was
mminu-nﬁm 1 h the reaction was quenched with absolute EtOH (1 mL), the solvent was
dried over NazSOy, conciihtrated and clromatographed on silica gel (cyclohexane/ethyl acetate 9:1 as eluant) to
give the mixture of aldolii(4a) and (4b), obtained as a single spot.

(1'S,55,5'R,6R)-(4a) : |R (film) 3405, 1704, 1646, 1620 cmrl; 3H NMR (CDCls, 50 °C) § 0.92 (4, 3H,
J = 6.3 Hz, CH-CHN-CH3), 1.58 (d, 3H, J = 7.2 Hz, Ph-CHN-CH3), 2.57 (dd, 1H, JHd nc = 5.8 Hz, JHa uf
= 7.1 Hz, Hg), 3.97 (d, N}, J = 129 Hz, Hy), 4.17 (m, 1H, H,), 4.86 (d, 1H, Jurngq = 7.1 Hz, Hy), 4.92 (d,
1H, J = 12.9 Hz, Hy), 510 (m, 2H, OCH2Ph), 5.95 (g, 1H, J = 7.2 Hz, Ph-CHN-CH3), 7.32 (m, 15H, Ph);
13C NMR (CDCl3, 50[HC) 8 15.8, 20.0, 47.9, 50.6, 51.0, 54.5, 67.8, 73.6, 126.1, 1269, 1213, 1275,
127.7, 12719, 128.2, 12813, 128.4, 128.5, 128.7, 136.2, 139.2, 141.7, 153.6, 169.6.

(1'S,5S,5'S,6R)-(4b) : [IIR (film) 3405, 1704, 1646, 1620 cm’1; 'H NMR (CDCl3, 50 °C) 8 0.80 (d, 3H,
J = 6.5 Hz, CH-CHN-CH3), 1.58 (d, 3H, J = 7.2 Hz, Ph-CHN-CH3), 2.67 (dd, 1H, Jaasc = 5.5 Hz, Jua, e
= 3.4 Hz, Hy), 3.95 (d.liiH, 7 = 12.8 Hz, H,), 4.44 (m, 1H, H), 5.01 (4, 1H, J = 12.8 Hz, Hy), 5.12 (m,
2H, OCHaPh), 547 (d.11H, Jurna = 3.4 Hz, Hy), 592 (q, 1H, J = 7.2 Hz, N-CH-CH3), 7.32 (m, 15H, Ph);
13C NMR (CDCl3) 8 85.8, 20.0, 46.5, 50.6, 50.9, 54.9, 67.6, 72.5, 126.1, 126.9, 127.3, 127.5, 127.8,
1279, 128.2, 128.3, 124, 128.5, 128.7, 136.2, 139.5, 141.2, 153.6, 169.6.
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Benzoates (1'S,5S,5'R,6R)-(5a) and (1'S,5S,5'S,6R)-(5b). To a stirring solution of aldols (4a)
and (4b) (0.68 mmol, 0.31 g) in dry CH2Clz (20 mL), was added triethylamine (1.36 mmol, 0.19 mL), 4-
dimhyhnﬁnopyrkﬂu(OMmmoLDmg)mdnnlnﬁuofbennylchlaids(l.mm0.12mL)indry
CHyC13 (10 mL) added dropwise under argon atmosphere at 0 °C. The reaction mixture was stirred overnight at
rmmulm.m'mmwimwm.dﬂedwermgsmmdmmmm
chromatography (cyclobexane/ethyl acetate 9:1 as eluant) benzoates (Sa) and (Sb) were obtained separately in
85% overall yield,

(1'S,5S,5'R,6R)-(Sa) : mp = 69 °C; IR (film) 1714, 1658 cmr-!; IH NMR (CDCl3, 50°C) §1.12 (4, 3H,J
= 6.7 Hz, CH-CHN-CH3), 1.47 (4, 3H, J = 7.3 Hz, Ph-CHN-CH}3), 3.08 (44, 1H, Jag pc = 2.5 Hz, Jaant =
7.8 Hz, Hy), 423 (d, 1H, J = 11.8 Hz, Hy), 4.26 (m, 1H, H,), 4.82 (d, 1H, J = 11.8 Hz, Hy), 5.08 (m, 2H,
OCHPh), 6.04 (g, 1H, J = 7.3 Hz, Ph-CHN-CHj), 6.4 (d, 1H, Jarnq = 7.8 Hz, Hy), 7.33 (m, 18H, Ph),
8.15 (m, 2H, Ph); 13C NMR (CDCl3, 50 °C) § 15.2, 19.7, 47.0, 50.1, 52.0, 54.7, 617.5, 74.1, 127.0, 1274,
127.8, 127.9, 128.2, 128.4, 128.5, 128.6, 129.8, 133.1, 136.2, 137.6, 139.3, 153.5, 165.3, 166.2; [z]p =
-4.3 (c 1, CHCl3). Anal. Calcd. for C3sH34N2Os: C, 74.7; H, 6.09; N, 4.98. Found: C, 74.72; H, 6.11; N,
4.89,

(1'S,55,5'S,6R)-(5b) : mp = 114 °C; IR (film) 1708, 1656 cmr-1; TH NMR (CDCl3, 50 °C) 8 0.99 (d, 3H,
J = 6.9 Hz, CH-CHN-CH3), 1.44 (4, 3H, J = 7.1 Hz, Ph-CHN-CH}3), 2.85 (dd, 1H, Jud He = 2.3 Hz, JHa Bt
= 4.3 Hz, Hy), 404 (d, 1H, J = 11.8 Hz, H,), 4.73 (m, 1H, Hy), 497 (d, 1H, J = 11.8 Hz, Hp), 5.13 (s, 2H,
OCH2Ph), 6.04 (q, 1H, J = 7.1 Hz, Ph-CHN-CHj3), 6.68 (d, 1H, Jurnd = 4.3 Hz, Hp), 7.35 (m, 18H, Ph),
8.05 (m, 2H, Ph); 13C NMR (CDCls, 50 °C) 3 15.3, 19.8, 45.8, 50.2, 51.2, 54.2, 67.8, 75.7, 126.0, 1274,
127.8, 1280, 128.2, 1284, 128.5, 128.6, 129.7, 133.0, 136.0, 138.2, 139.2, 153.6, 165.0, 166.3; [a]p =
4242 (c 1, CHCl3). Anal. Caled. for C3sH3gN20s: C, 74.7; B, 6.09; N, 4.98. Found: C, 74.65; H, 6.15; N,
5.01,

Aldol condensation of (1'S,6R)-6-methylperihydropyrimidin-4-ones (3a) and acetaldehyde.
To a stirring solution of pyrimidin-4-one (32) (0.27 mmol, 95 mg) in dry THF (5 ml) was added dropwise
LiHMDS (1M solution in THF, 0.27 mmol, 0.27 mL) in dry THF (2 ml) under argon at 0 °C. Afier 1 hour the
mixtare was cooled to -78 °C and freshly twice distilled acetaldehyds (0.54 mmol, 15 mL) in dry THF (2 ml)
was added dropwise at -78 °C. After 1 h the reaction was queached with absolute EtOH (1 mL), the solvent was
removed under reduced pressure, replaced with CH2Cl; and washed twice with water. The organic layer was
dried over Na3SQy, concentrated and chromatographed on silica gel (cyclobexane/ethyl acetate 9:1 as eluant) to
give the aldols (6a) and (6b), obtained as a mixture,

(1'S.58,5'S,6R)-(6a) : IR (film) 3465, 1703, 1648 cmr-l; 'H NMR (CDCla, 50 °C) § 1.26 (d, 3H. J = 6.4
Hz, CH-CHN-CH})), 1.31 (d, 3H, J = 7.1 Hz, HO-CH-CH3), 1.58 (d, 3H, J = 7.1 Hz, Ph-CHN-CH}3), 2.09
(dd, 1H, Juq nc = 4.6 Hz, Jpa ir = 7.3 He, Hy), 3.96 (4, 1H, J = 12.6 Hz, Hy), 4.16 (n, 1H, Hp, 4.21 (m,
1H, H), 4.62 (bs, 1H, OH), 5.07 (4, 1H, J = 12.6 Hz, Hy), 5.14 (m, 2H, OCH2Ph), 597 (g, 1H,J = 7.1
Hz, Ph-CHN-CHj3), 7.32 (m, 10H, Ph); 13C NMR (CDCls, 50 °C) § 16.5, 19.4, 20.9, 48.5, 50.3, 50.9,
52.5, 6710, 675, 121.2, 1279, 128.0, 128.6, 128.7, 128.8, 136.2, 139.3, 155.0, 170.9.
(1'S,55,5'R,6R)-(6D) : IR (film) 3457, 1702, 1654 cm1; IH NMR (CDCl3, 50°C) § 1.23 (d, 3H, J = 6.4
Hz, HO-CH-CHj3), 1.32 (d, 3H, J = 6.4 Hz, CH-CHN-CH3), 1.51 (d, 3H, J = 7.1 Hz, Ph-CHN-CH3), 2.46
(44, 1H, Jagnc = 4.6 Hx, Jug ne = 5.9 Hz, Hy), 3.74 (bs, 1H, OH), 397 (d, 1H, J = 12.9 Hz, H,), 4.05 (dg,
1H, Jut,cn3 = 64 Hz, Jacng = 4.6 Hz, Hy), 4.23 (dq, 1H, Juc,cas = 6.4 Hz, Juc g = 5.9 Hz, He), 5.00 (d,
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1H, J = 12.9 Hz, Hy), 5/i8 (AB, J = 12.1 Hz, 2H, OCH>Ph), 592 (q, 1H, J = 7.1 Hz, Ph-CHN-CH3), 7.31
(m, 10H, Ph); 13C (CDCl3, 50 °C) & 16.0, 19.5, 47.8, 50.0, 50.8, 53.7, 67.3, 67.9, 127.3, 127.8,
128.1, 128.3, 128.5, 1282, 136.1, 1394, 153.9, 169.8.

Acetylstion procedure(#f aldols (6a-b). A solution of aldol (6s-b) (0.25 mmol, 100 mg) in pyridine (1
ml) and acetic anhydride () ml) was stirred at room tempersture overnight. The mixture was concentrated, the
residue was chromatographid on silica gel (cyclohexane/ethy] acetate 9:1) and two acetstes easily separatod. The
products were obtained in gbout 90 % overall yield.

(1'S,55,5'S,6R)-(7a) : IH (film) 1739, 1706, 1662 carl; IH NMR (CDCl, 50 °C) § 1.19 (4, 3H, J = 6.6
Hz, CH-CHN-CH3), 1.34 (d, 3H, J = 6.4 Hz, O-CH-CH3), 1.55 (d, 3H, J = 7.1 Hz, Ph-CHN-CHj3), 2.03
(s, 3H, OCOCHS3), 2.57)(lid, 1H, Jugnc = 4.2 Hz, Juaur = 5.2 Hze, Hy), 407 (d, 1H, J = 11.5 Hz, Hy), 4.37
(dq, 1H, Jgcn3 = 6.6Hz, Jyc ma = 4.2 Hz, Hy), 494 (d, 1H, J = 11.5 Hz, Hy), 5.14 (AB, J = 12.1 Hz,
2H, OCH3Ph), 5.44 (d4,\1H, Jur,cH3 = 6.4 Hz, Jurra = 52 Hz, Hp), 5.96 (q, 1H, J = 7.1 Hz, Ph-CHN-
CH3), 7.32 (m, 10H, Ph)] 13C NMR (CDC13, 50 °C) 5 15.6, 17.4, 20.0, 21.1, 47.7, 50.1, 51.3, 52.3, 61.8,
69.8, 127.4, 127.7, lqu. 128.3, 128.6, 128.7, 136.2, 139.5, 153.8, 166.9, 170.0; [x]p = -40.7° (c 0.3,
CHCl3). Anal. Calcd. fde\CasH3gN20s: C, 68.47; H, 6.9; N, 6.39. Found: C, 68.49; H, 6.88; N, 6.28.
(1'S,5S,5'R,6R)-(7b) : IR (film) 1740, 1706, 1652 cmr-l; 1H NMR (CDCl3, 50 °C) & 1.08 (d, 3H, J = 6.7
Hz, CH-CHN-CHj), 1.3 (d, 3H, J = 6.3 Hz, O-CH-CHj), 1.46 (d, 3H, J = 6.9 Hz, Ph-CHN-CHj3), 1.83
(s, 3H, OCOCHs), Z.B‘Mm. 1H, Hy), 3.99 (d, 1H, J = 10 Hz, Hy), 445 (m, 1H, H,), 490 (d, 1H,J = 10
Hz, Hp), 5.05 (AB, J = 112.3 Hz, 2H, OCH;Ph), 5.15 (dq, 1H, Jurcns = 6.3 Hz, Faragd = 6.6 Hz, Hy), 599
(q, 1H, J = 6.9 Hz, Ph-CWN-CH3), 7.27 (m, 108, Ph); 13C NMR (CDCl3, 50 °C) 8 15.5, 18.3, 19.1, 20.9,
458, 49.7, 51.2, 53.2, 6.7, 69.4, 1274, 127.8, 128.1, 128.3, 128.5, 128.6, 135.9, 138.9, 153.5, 167.0,
169.3; [alp = -13.4 (c (k6, CHCl3). Anal. Calcd. for C2sH3gN20s: C, 68.47; H, 6.9; N, 6.39. Found: C,
68.41; H, 6.78; N, 6.38.

Aldol condemsation “ (1'S,65)-6-methylperihydropyrimidin-4-one (3b) and benzaldehyde.
The reaction procedure vijs the same followed for compound (3a) and benzaldehyde, acconding to method A or
method B. The reactidn products (8a) and (8b) were casily separated by flash chromatography
(cyclobexanc/ethyl 85:15 as cluant) as waxy solids.

(1'S,5R,5'S,65)-(8a) : 'R (film) 3419, 1706, 1650 cml; 1H NMR (CDCl3, 50 °C) § 1.03 (d, 3H,J = 6.6
Hz, CH-CHN-CH3), 180 (d, 3H, J = 7.1 Hz, Ph-CHN-CH3), 2.60 (dd, 1H, Je zic = 4.4 Hz, Jpe ir = 7.6
Hz, H,), 4.18 (m, 1H, Hi), 440 (d, 1H, J = 12.1 Hz, Hy), 4.82 (d, 1H, Jurne = 7.6 Hz, Hp, 4.88 (d, 1H,J
= 12.1 Hz, H,), 5.05 (i} ZH, OCH3Ph), 6.02 (q, 1H, J = 7.1 Hz, Ph-CHN-CHj), 7.32 (m, 15H, Ph); 13C
NMR (CDCl3, 50 °C) #i16.2, 19.0, 472, 50.5, 54.8, 67.6, 73.7, 127.0, 127.1, 127.2, 127.8, 1279, 127.9,
128.2, 128.4, 128.5, 13#$.7, 136.0, 139.2, 141.7, 169.9; [alp = -14.6 ° (c 0.8, CHCl3). Anal. Calcd. for
CagH3gN20y: C, 73.331iH, 6.6; N, 6.11. Found: C, 73.37; H, 6.71; N, 6.14.

(1'S,5R,5'R £S)-(8D) :/IR (film) 3430, 1707, 1644 cm-]; IH NMR (CDCl3, 50 °C) § 1.01 (d, 3H, J = 6.7
Hz, CH-CHN-CH3), 11865 (d, 3H, J = 7.1 Hz, Ph-CHN-CH3), 2.71 (44, 1R, Jgo sic = 3.9 Hz, Jgo yig = 3.9
Hz, Hp), 4.34 (d, 1H, J ¥ 12.1 Hz, Hy), 4.49 (dq, 1H, JucHe= 3.9 Hz, Juc,cHy= 6.7 Hz, H,), 4.80 (4, 1H, J
= 12.1 Hz, Hy), 4.98 (itl, 2H, OCH2Ph), 5.32 (d, 1H, JHERe = 3.9 Hz, Hy), 598 (g, 1H, J= 7.1 Hz, Ph-
CHN-CHj3), 7.32 (m, ln‘i. Ph); 13C NMR (CDCl3, 50 °C) 5 16.3, 19.7, 46.3, 50.6, 50.8, 67.5, 73.7, 126.3,
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1272, 127.6, 121.7, 127.8, 123.1, 128.3, 128.4, 128.6, 1366, 139.3, 141.3, 153.5, 169.0; [alp =23 (c
1, CHCl3). Anal. Caled. for C2gH3gN204: C, 73.33; H, 6.6; N, 6.11. Found: C, 734; H, 6.58; N, 6.2.

Aldol condensation of (1'S,6S5)-6-methylperihydropyrimidin-4-ones (3b) and acetaldehyde
Miethod A - To a stirring solution of pyrimidin-4-one (3b) (0.27 mmol, 95 mg) in dry THF (5 ml) was added
dropwise LIHMDS (1M solution in THF, 0.27 mmol, 0.27 mL) in dry THF (2 ml) under argon at 0 °C., Afier 1
hour the mixwre was cooled to -78 °C and freshly twice distilled acetaldehyde (0.54 mmol, 1S mL) in dry THF
(2 ml) was added dropwise at -78 °C. After 1 h the reaction was quenched with abeolute BtOH (1 mL), the
layer was dried over NaySOy, concentrated and chromatographed on silica gel (cyclohexane/ethyl acetate 9:1 as
eluant) to give the aldols (9a) and (9b), obtained as 2 mixture.

Method B - To a stirring solution of pyrimidin-4-one (3b) (0.27 mmol, 95 mg) in dry THF (5 ml) was added
dropwise LIHMDS (1M solution in THF, 0.27 mmol, 0.27 mL) in dry THF (2 ml) under argon at 0 °C. After 1
hour the mixture was cooled to -78 °C and ZaCl; (1M solution in ether, 0.27 mmol, 0.27 mL) in dry THF (2
ml) was added dropwise. After 1 hour, freshly twice distilled scetakiehyde (0.54 mmol, 15 mL) in dry THF (2
ml) was added dropwise at -78 °C. After 1 h the reaction was quenched with absolute EtOH (1 mL), the solvent
was removed under reduced pressure, replaced with CH2Cl2 and washed twice with water. The organic layer
was dried over NaaSOy, concentrated and chromatographed on silica gel (cyclohexanefethyl acetate 9:1 as
eluant) to give the aldols (9a) and (9b), obtained as & mixture,

(1'S,5R,$'R,65)-(%) : IR (film) 3438, 1701, 1646 cm'!; IH NMR (CDCl3, 50 °C) 8 1.29 (d, 3H,J = 6.6
Hz, CH-CHN-CH3), 1.40 (d, 3H, J = 6.3 Hz, HO-CH-CH3), 1.55 (4, 3H, J = 7.1 Hz, Ph-CHN-CHj3), 2.22
(34, 1H, Jge sic = 5.4 Hz, Jyie if = 54 Hz, Hy), 3.68 (bs, 1H, OH), 3.98 (dq, 1H, JurHe = 54 Hz, Jarcuy =
6.3 Hz, Hy), 4.35 (m, 1H, H,), 4.39 (d, 1H, J = 12,1 Hz, Hp), 4.90 (m, 2H, OCH,Ph), 501 (d, 1H,J =
12.1 Hz, H,), 5.98 (q, 1H, 7 = 7.1 Hz, Ph-CHN-CH3), 7.32 (m, 10H, Ph); 13C NMR (CDCl, 50 °C) 8 163,
19.3, 22,0, 47.8, 50.0, 50.6, 54.3, 67.4, 61.5, 1270, 127.6, 127.7, 128.0, 128.4, 128.5, 135.9, 1394,
153.8, 169.8.

(1'S,5R,S'S ,65)-(9) : IR (film) 3438, 1701, 1646 cor!; 'H NMR (CDCl3, 50 °C) § 1.29 (4, 3H,J = 6.6
Hz, CH-CHN-CHj), 1.31 (d, 3H, J = 6.3 Hz, HO-CH-CH}3), 1.55 (d, 3H, J = 7.1 Hz, Ph-CHN-CHj), 2.47
(44, 1H, Jie 5ic = 4.7 Hz, JHe 1if = 4.7 Hz, He), 3.68 (bs, 1H, OH), 3.98 (dq, 1H, Jurne = 4.7 Hz, Juccus =
6.3 Hz, Hy), 4.35 (m, 1H, H), 4.40 (d, 1H, J = 12.1 Hz, Hy), 4.93 (m, 2H, OCH2Ph), 5.03 (d, 1H, J =
12.1 Hz, Hy), 5.98 (g, 1H, J = 7.1 Hz, Ph-CHN-CH3), 7.31 (m, 10H, Ph); 13C NMR (CDCH, 50 °C) § 16.0,
19.1, 19.9, 47.3, 50.0, 50.6, 54.2, 67.4, 67.5, 127.0, 127.6, 127.7, 128.0, 128.4, 128.5, 135.9, 1394,
153.8, 169.3.

Acetylation procedure of aldols (98-b). See the acetylation procedure of aldols (6a-b).

(1'S,5R,S'R,6S5)-(108) : IR (film) 1737, 1707, 1642 cnrl; IH NMR (CDCl3, 50 °C) 8 127 (d, 3H, J =
6.8 Hz, CH-CHN-CHj3), 1.33 (d, 3H, J = 6.5 Hz, O-CH-CH3), 1.56 (d, 3H, J = 7.1 Hz, Ph-CHN-CH}),
1.97 (s, 3H, OCOCHj), 2.58 (dd, 1H, Jijoar = 4.5 Hz, Jie e = 2.9 Hz, Hy), 443 (4, 1H, J = 11.8 Hz, Hy),
448 (m, 1H, He), 4.78 (4, 1H, J = 11.8 Hz, Hy), 5.06 (m, 2H, OCH;Ph), 5.39 (dq, 1H, Jur cus = 6.5 He,
JurBe = 4.5 Hz, Hp), 6.02 (q, 1H, J = 7.1 Hz, Ph-CHN-CHy), 7.3 (m, 10H, Ph); 13C NMR (CDCls, 50 °C)
8 157, 17.7, 19.7, 210, 50.2, 51.5, 52.4, 53.3, 67.6, 70.6, 127.3, 127.7, 121.9, 128.5, 128.6, 128.7,
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139.5, 142.8, 158.2, 169.9; [a]p = -23.5 (c 0.2, CHCl3). Anal. Caled. for O25H3gN20s: C, 68.47; H, 6.9;
N, 6.39. Found: C, 68.55] H, 6.92; N, 6.35.

(1'S,SR,5'S,6S)-(10b) : IR (film) 1740, 1709, 1647 car}; TH NMR (CDCl3, 50 °C) 8 1.28 (d, 3H, J =
6.8 Hz, CH-CHN-CH3),i1.36 (d, 3H, J = 6.4 Hz, O-CH-CH3), 1.57 (4, 3H, J = 7.1 Hz, Ph-CHN-CHj),
1.81 (s, 3H, OCOCHj3), 2{45 (dd, 1H, Jye 5ir = 6.9 Hz, Jye 5c = 1.6 Hz, He), 448 (d, 1H, J = 11.7 Hz, Hp),
458 (m, 1H, ), 4.72 (4 1H, J = 11.8 Hz, Hy), 5.02 (m, 2H, OCH2Ph), 5.19 (dq, 1H, Jarcr3 = 6.4 Hz,
Jgne = 6.9 Hz, Hp), 6.04/(q, 1H, J = 7.1 Hz, Ph-CHN-CH3), 7.30 (m, 10H, Ph); 13C NMR (CDCl3, 50 °C)
5 15.3, 18.5, 19.1, 20.8, 45.9, 50.2, 51.6, 53.9, 67.6, 69.4, 127.8, 128.2, 128.5, 128.6, 128.7, 136.1,
139.3, 153.7, 166.7, 169.§; [alp = -52.2 (c 0.5, CHCl3). Anal. Calcd. for C25H3oN20s: C, 68.47; H, 6.9;
N, 6.39. Found: C, 68.49] H, 6.85; N, 6.41.
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