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STEREOSELECTIVE REACTION OF CHIRAL 

PYRIMIDINONE ENOLATES WITH ALDEHYDES 
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Laboratorium f"r Organische Chemie der Eidgen6sstschen Technisehen Hochschule. 
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Abstract -Hydro-pyrimidinones ((2S.6RJ-3) and ((25')-6) were prepared from methyl cratonate vra 

3-aminobutanoale, and their corresponding lithium enolate and dienolate derivatives were added to 

various aldehydes. The high regno- and stereoselectivities observed in these aldol reactions pave 

the road for the preparation of enant~amer~cally pure 8-hydroxy-p-amino acids. The stluctures of 

the products were confirmed by X-ray crystal suucture analysis (eight examples). 

INTRODUCTION 

As a result of the wide spectrum of applications of a-amino acids, a great deal of attention has been p a d  to the 

development of new methodologies for the preparation of both natural and unnatural a-amino acids in 
enantiopure f o ~ m . ~ - ~  
P-Amino acids, although less abundant than their a-analogues, are also present in peptides,5 and in free form 

they show interesting pharmacological effects.6 Furthermore, p-amino acids are synthetic precursors of 

p-lactams.7 which are potentially biologically actlve and of continuous interest.8 In this respect, a good number 

of methods for the synthesis of racemic p-amino acids have been d e ~ e l o p e d , ~  but only recently has the pre- 

paration of enantiomerically pure derivatives emerged as an important and challenging synthetic endeavor.'O 
The procedures developed so far for the enantioselective synthesis of p-amino acids can be divided into seven 

categories, including: 

+ Dedicated to Arnold Brossi at the occasion of h e  70th birthday. * This paper describes the Diplomarbeit (master's thests) of P. M., ETH Ziirich, 1993. 

The eight crystal smctures in Fig. 1 were determined by B. R. in the course of the Kristallographie-Praktikum 
(undergraduate lab course in crys~llography), ETH Ziinch, 1993: see also acknowledgements. 

# Deplo, de Quimica. Centro de Investigaci6n y de E s a d m  Avanzados del Inst~tuta Polit&nico Nacional. Apartado 

14-740,07000 Mdxico, D.F. Mexico. On sabbatical lewe at ETH Z"rich 1992193. 
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(1)  The "chiral pool" method,'' which refers to the utilization of inexpensive, readily available natural products 
as substrates to he converted into enantiomerically pure p-amino acids via conventional organic synthesis.12 

(2) Asymmetric addition of amines to a,P-unsaturated esters and nitriles13 (Scheme 1) .  

Scheme 1 

(3) Addition of C-nucleophiles to chiral imines'4 (Scheme 2) 

Scheme 2 

(4) Enantioselective hydrogenation of 3-aminoacrylic acid derivatives15 (Scheme 3) 

Scheme 3 

(5) Stereoselective alkylation of p-amino ester or amide enolates. For example, N-acyl-P-amino acid 

derivatives have been doubly deprotonated and then a-alkylated w ~ t h  moderate to excellent selectivity16 

(Scheme 4). 

Scheme 4 

L 

Encouraged by the great potential of imidazolidinone (1) for the preparation of (R)- or (S)-a-amino acids," we 

decided to explore the usefulness of chiral P-alanine derivative (2) as a starting material for the enan- 

tioselective synthesis of (R)- or (S)-p-amino acids.18 In fact, alkylation of enolate 2-Li with alkyl halides RX at 

- 7 5 T  took place with high diastereoselectivity (ds = 86.97%) from the side opposite to the tert-butyl group to 

afford the trans- product^.'^ The hydrolysis of the resulting adducts proceeded with 6 N hydrochloric acid to 
afford the desired a-substituted p-amino acids in good yieldsl8sZo (Scheme 5). 
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Scheme 5 

6; a-substituted 
glycine 1 a-amino acid 

(6) Self-regeneration of stereogenic centers. 

Over a decade ago, Seebach and coworkers carried out transformations in which a-hydroxy and a-amino ac~ds  

were a-alkylated without racemization and without employing a chiral auxiliary reagent.'7a,21 TO this end, the 

starting acid was first converted to one of two possible diastereoisomeric cyclic acetals with pivalaldehyde, so 

that a temporary, auxiliary stereogenic center was created. Then, an enolate was generated by deprotonation 

with base: the original stereogenic center is destroyed (converted to a trigonal center). In the third step, the 

reaction of the enolate with an electrophile, the bulky suhstituent on the acetal center induces the 

stereoselective regeneration of the original center of chirality. Finally, the temporary stereogenic acetal center 

is removed, affording the new a-branched carboxylic acid in enantiopure or enantioenriched fonn (Scheme 6). 

An application of this principle to the enantioselective preparation of P-aryl-P-amino acids has recently been 

descnbed.22 

(7) Enzymatic methods. Very recently, several enantiopure p-amino acids have been prepared by routes which 

involve at one point the enzymatic resolution of racemates.23 
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AIM OF THIS WORK 

Quite recently, we have reported that enantiopure perhydropyrimidin-4-ones (3) and ent-3 (prepared from 

(R)- and (S)-3-aminobutanoic acids) can be alkylated with formation of a single diastereoisomer (4 and ent-4). 
Hydrolysis of these 5,6-dialkylperhydropyrimidin-4-ones led to the important a,p-disubstituted p-amino 

acids (5) and ent-524,25 (Scheme 7).  

Scheme 7 

In the present work, we have determined the diastereoselectivity of the aldol addition of enolate 3-Li to various 

aldehydes RCHO. The creation of two stereogenic centers in this reaction (Scheme 8) could afford up to four 

diastereoisomeric products. 
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Furthermore, in a new application of the principle of self-regeneration of stereogenic centers (see the Intro- 

duction) (R)-3-aminobutanoic acid was to be converted to enantiopure (S)-1-henzoyl-2-rert-hutyl-3,6-di- 

methyldihydropyrimidin-4-one (6), the dienolate 6-Li of which was to be alkylated with methyl iodide and 

added to aldehydes (Scheme 9). 

Scheme 9 
0 

a 

Bz Bz 
(3R)-amino- 6 &Li 
butanoic acid 

It should be appreciated that the aldol products arising from a addition (Schemes 8 and 9) are potential 

precursors of enantiopure P-amino-P'-hydroxy acids (7) as well as of 1'-hydroxy-P-lactams (8). whose 

imponance as antibiotics is well 1eco~nized.26 
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RESULTS AND DISCUSSION 

A. Preparation of Methyl 0-3-Aminobutanoate (11). 

(R)-N-Benzyl-1-phenylethylamine (9) was prepared by monobenzylation of (R)-1-phenylethylamine according 

to the recently described procedure." Following the procedure of Davies and Ichihara,l3e a twofold excess of 

the lithium amide 9-Li is used for the Michael-addition to methyl crotonate which occurs in 83% yield and 

better than 99% diastereoselectivity.28 However, in our hands, removal of the benzyl and phenethyl groups 

from adduct (10) with Pearlman's catalyst [Pd(OH)2/C] in ethanoll3e was problematic owing to incomplete 

hydrogenolysis. Nevertheless, the desired reaction was successful at increased temperature and hydrogen 

pressure, in ethyl acetate as the solvent29,30 (Scheme 10). 

Scheme 10 

PhCH2Br 1. LDA 

Ph 
H 

H, (30 atrn), Pd(OH)2 I C 

EtOAc, 50°C, 25 h &C02Me 

Because additional difficulties were encountered in the scaling-up (3  -t 76 mmol) of the hydrogenolysis step 

(10 -t l l ) ,  and since we could make good use of both enantiomers of the p-amino acid, we resorted to a less 

stereoselective but practical method for the preparation of ester (11). As described previo~sl~,~3b,24a Michael 

addition of (S)-1-phenylethylamine to methyl crotonate gave a 3:2 mixture of (3R.l'S)- and (3S,l'S)-12, which 

were separated by flash column chromatography. The hydrogenolytic removal of the phenethyl group was then 

accomplished by means of palladium on charcoal in solvent ethyl acetate and a hydrogen pressure of 30 a m  at 

50°C (Scheme 11). 

Scheme 11 

4 (30 atm), Pd(C) 

EtOAc, 50% - &C02Me 

h / C 0 2 M e  ( w i t  

(3R1'5)-12 
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B. Preparation of Perhydropyrimidinone (ZS, 6R)-3. 
0-Aminoester (R)-11 was converted in four steps to the enantiomerically pure heterocycle ( 3 )  according to the 

previously described procedure24a (Scheme 12). Thus conversion of (R)-11 to the amide (13)  was followed by 

Schiff base formation with pivalaldehyde. Imine (14)  was then treated with benzoyl chlorideIDMAP to afford 

cyclized heterocycles cis-(2s .  6R)-3 and the trans diastereoisomer (15)  in a ca. 10:l ratio. Chromatographic 

separation and reclystallization gave pure 3 in 30% overall yield from 1124a (Scheme 12). 

C. Aldol Addilions of Pyrimidinone Enoikte 3-Li to Aldehydes. 
In analogy to aldol reactions involving (R,R)-2-tert-butyl-6-methyl-1,3-dioxan-4-one ( 1 6 )  with aliphatic or 

aromatic aldehydes,3I Li enolates of ( 2 s .  6R)-3 (in THF at -78'C) were treated with 1.3 - 2.1 equivalents of 

aldehyde, and then the reaction mixture was quenched with saturated aqueous ammonium chloride solution 

(Scheme 13). 

Scheme 13 

LDA - 
THF. -78°C 

3-Li 17a-19a (major) 17b-19b (minor) 

(specif~cation of R see Table 1) 

16 (major lsomer with 
aliphatic aldehydes) 
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In all cases, only two diastereoisomeric products were observed, out of four possible stereoisomers. The ratios 

of these major:minor products (Table I) were determined from the crude reaction mixture by 13C-Nmr 

spectroscopy: in particular, by integration of the well resolved C(1')-carbon signals. Because the alkylation of 

3-Li has been found to give exclusively the product arising from addition trans to the tert-butyl group,24a the 

configuration shown in Scheme 13 was tentatively assigned to aldol products (17a - 19a), and subsequently 

confirmed by single-clystal X-ray structural determination (see Section G )  of 17a and 18a. On the other hand, 

the configuration of 19a was correlated with that of 17a and 18a by comparison of chemical shifts and coupling 

constants in their 1H-Nm spectra.32 

Table 1. Aldol Additions of the Enolate (ZS,6R)-3-Li. 

-- 

R Products Epimer ratio Yields) 

Phenyl 17 2.2 : 1 57 

Isopropyl 18 4 :  1 5 1 

Methyl 19 7 : 2  58 

a) Referring to the major diastereoisomer after purification. 

As summarized in Table 1, addition of 3-Li to both aliphatic and aromatic aldehydes occurs with very high 
stereoselectivity at the enolate's a carbon (ds > 98%). Apparently, the steric hindrance generated by the axial 

tert-butyl and the C(6)-methyl groups is overwhelming, so that C-C bond formation takes place exclusively 

from the enolate face opposite to these subst~tuents (the Re f a ~ e ) . ' ~ . ~ ~ a  

With regard to the relative topicity with which the trigonal faces of the enolate 3-Li and the aldehydes prefer to 

approach each other, the configuration at C(1') in 17a - 19a indicates that it is like (lk, RelRe)33 (Scheme 14), 

as in the additions of the dioxanone analogue to aliphatic aldehyde~.3~.3~ 

Scheme 14 

D. Preparation of the a,PUnsahrrated Pyrimidinone (S)-6. 

(S)-l-Benzoyl-2-tert-butyl-3,6-dimethyldihydropyrimidin-4-one (6)  could be (as is the case with the dioxinone 

analogue35) a versatile substrate in [2 + 21 cycloadditions, Michael additions, electrophilic andlor nucleophilic 
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substitutions, etc. As indicated in the introduction, a variety of a,bsubstihlted 8-amino acids may be produced 

in a further application of the principle of "self-regeneration of stereogenic  center^"^^,^^,^' (Scheme 15). 

Scheme 15 

........... 

Fi3 

Access to enantiopure (9.6 was achieved via radical bromination of the saturated precursor (2S, 6R)-3, wh~ch 

afforded a ca. 2:l mixture of the monobromide (20) and the dibromide (21).36 This mixture was reduced with 

hydrogen (palladium/C catalyst) to give the desired product (6) in 55 - 60% yield over the two steps 

(Scheme 16). 

Scheme 16 
0 

Bz Bz Br 

Etfl. EtOH 

Bz Bz 

In addition to the expected, enantiomerically pure product (6), which has a characteristic high value18ba22b of 
optical rotation [ale= +442.7' (c = 1.01, CHCIJ), ca. 10% yield of a racemic byproduct was isolated, and 

characterized as 22 (Scheme 1 6  and Section G).  Scheme 17 presents two possible mechanisms (a) and (b) for 

the formation of racemic 22. 
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Scheme 17 

E. Regio- and Stereoselectivity of the Reaction of Dienolate (S)-6-Li with Methyl Iodide. 

Conjugated pyrimidinone (6) was deprotonated with lithium diisopropylamide (LDA) in THF at -7S0C, and the 

resulting dienolate 6-Li was treated with methyl iodide at -78°C. This reaction could in principle afford the 

product of an electrophilic attack at the endocyclic 2-position andlor at the exocyclic 4-position of the di- 

enolate, as mixtures of the corresponding stereoisomers. However, only the product of the reaction at the endo- 

cyclic position was observed as a single diastereoisomer (ds > 98%) in 37% yield (23, Scheme 18). The 

assignment of the trans configuration in 23 was achieved by single-crystal X-ray structural analysis (see 

Section G).  The second product, formed in 35% yield, was identified as the isomer (24) of the starting material, 
which apparently arose from simple a-protonation of the dienolate 6-Li37 (Scheme 18). 

Scheme 18 

\ OLi 

-78°C 2. NH&I 

-78°C 
Bz Bz 

F. Regio- and Stereoselectivity of the Reaction of Dienolate (S)-6-Li with Aldehydes. 
The aldol reaction of dienolate 6-Li with aliphatic and aromatic aldehydes can in principle again proceed at the 

endo- or exocyclic position of the dienolate and, depending on the final position of the double bond, up to eight 

regio- and diastereoisomeric products may be formed (see 25 - 27 in Scheme 19). Furthermore, in the case of 
a$-unsaturated aldehydes, the enolate addition may proceed in a Michael-fashion (see 28 and 29 in 

Scheme 19). 
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Scheme 19 

25 (four stereo~somen) 26 (two stereoisomers) 27 (two stereoisomers) R 

28 (four stereoisomers) 29 (two stereoisomers) \ 

In the actual experiment, 6-Li was generated with lithium-hexamethyldisilazide (LHMDS) (the use of LDA in 

these aldol reactions led to lower yields due to the formation of several side products), and addition of the 

aldehydes at - 7 8 T  gave the results summarized in Table 2. It can be appreciated that with all aldehydes studied 

only the products of addition at the endocyclic carbon were observed. 

Table 2. Aldol Reactions of Dienolate 6-Li. 

R Products Ratio of diastereo- Yieldb) 

isomers (d.1.) [%I 

Phenyl 30 >50 : la) 82 

Methyl 31 3 :  1 78 

trans-CH=CHMe 32 >50 : la) 56 

a) No minor diastereaisorner was detected by I ~ - ~ r n r  spectroscopy 
b, After flash chromatography. 

As was the case in the aldol reactions of the saturated analogue 3-Li, only the products of trans addition were 

observed. The assignment of the configuration of both the major and nunor diastereoisomeric product (31a) 

and (31b) was secured from the X-ray crystallographic analysis of both isomers (see Section G ) .  The most 

surprising result is the fact that the configuration at C(1') in the major isomer obtained with the dienolate is 

opposite to that observed with the saturated heterocycle (Scheme 20)! 
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Scheme 20 
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The aldol additions with benzaldehyde and crotonaldehyde to give 3 0  and 32 proceed with the same 

stereochemical preference. This could be established by I3C-Nmr spectroscopic correlation of the main dia- 

stereoisomeric products (30a) and (32a) with 31a. In particular, the similar chemical shifts for C(5) and C(6) in 

31a and 32a support the assignment of the C(1') configuration for the latter. Thus, it is concluded that the aldol 

additions of 6-Li are completely regioselective, and proceed exclusively from the enolate face opposite to the 
terr-butyl group (the Re face). Furthermore, with benzaldehyde and crotonaldehyde the diastereoselectivity of 
the reaction is essentially complete, to afford the aldol products originating from a relative topicity unlike in the 

coupling step (Scheme 21). These results provide further manifestation of dramatic stereoselectivity induced by 

remote stereogenic centers.38 It is interesting to note that reversal of the stereochemical course of reaction when 

going from aliphatic to aromatic aldehyde substrates is opposite to the situation encountered with dioxanone 

enolates; they give much higher selectivity with aliphatic and no or poor selectivity with aromatic aldehydes.34 

Since we favor the approach trajectory A in which Li binds to both oxygens, as shown in Scheme 21, with 

the R group underneath the heterocyclic ring, this special behaviour of aromatic aldehydes may have to do with 
a charge-transfer interaction between the n-systems of the aldehyde (acceptor) and that of the dienolate (super- 

donor containing two enamine and an enolate moiety!). 

Scheme 21 

topiclty ul 

G. X-Ray Crystuiiogruphic Structure Determinations 

The assignment of the configurations of the aldol products obtained in this work is complicated by serious 

broadening of the 'H- and I3C-Nmr signals due to dynamic conformational phenomena which provoke near 

coalescence of most signals at ambient temperature. Spectra with sharper signals could be obtained at 1 0 0 T  

(DMSO-d6), hut configurational assignments based exclusively on Nmr data are never really safe, so we 

decided to determine the crystal structures of several pyrimidinone derivatives described herein. 

We succeeded in preparing suitable single crystals of the six aldol products (17a. 17b. 18a, lab ,  31a. and 31b), 

as well as of the pyrimidinone derivatives (rac-22 and (ZS, 5R)-23). The X-ray crystal structures are shown in 

Figure 1.43 
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Figure I .  X-Ray Crystal Structures of Eight Pyrimidinone Derivatives. For Puckering Parameters, Pyrami 

dalisations of the Amide Nitrogen Atoms and Crystal Data see Tables 3, 4 ,  and 6, respectively. 
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Figure I (cont.) 
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The amide segments in these heterocycles preclude chair conformations with equatorial tot-hutyl groups for 

these six-membered rings, which rather adopt sofa- or twist-boat-like arrangements (see below). Nevertheless, 

a most interesting feature is the quasi-axial orientation of the tert-hutyl group in all compounds.'9,22 The origin 

of this conformational feature is the Al.3-effect exerted by the amide groups:3y the energy required to rotate an 

amide bond all the way out of conjugation is 15 - 20 kcallmol, much larger than the conformational steric 

repulsion originating (in our system) from the axial arrangement of the tert-hutyl suhstituent. All hut one (17a) 

pyrimidinone derivatwes of which we have crystal structures (in total 13!) have the 1-benzoyl C=O group 

pointing towards the rert-butyl substituted acetal center C(2). 

Of course, the structural data presented in Figure 1 permit a safe assignment of the relative configurations of 

the stereogenic centers created during aldol additions and alkylations (see Sections C, E, and m. Since the 

absolute configuration of (+)-(R)-aminobutanoic acid used throughout this investigation has been safely 

assigned (see referenceslh), all structures in Figure 1 show the correct relative and absolute configurations. 

Analysis of the X-ray crystallographic data allows also the proper definition of the six-membered ring 

conformation, in particular by determination of the so-called puckering parameter~.~O In Table 3, we have 

collected the values of the pertinent puckering parameters and the appropriate characterization of the ring form. 

Table 3. Puckering Parameters and Ring Shape Characterization40 in 17, 18,22,23 and31 

Structure 42 43 CP ["I 0 rI Ring shape 

17a 0.548 -0.039 220.86 -85.93 twists)-boat 

17b 0.337 0.136 49.93 68.02 twistal-sofa 

18a 0.428 -0.116 226.91 -74.84 twistal-boat 

18b 0.335 0.141 47.51 67.17 twistal-sofa 

22 0.41 1 0.157 41.54 69.09 twists)-sofa 

23 0.222 -0.338 174.89 -33.30 sofab) 

31a 0.312 -0.269 178.49 -49.23 sofa 

a) Not very pronounced twming. 
b, More sofa than chair. 

In contrast to five-membered ring analogues,'9-4' the endo- and exocyclic amide moieties of the pyrimi- 

dinones described here are only slightly pyramidalized (compare the A values for pyramidalization in Table 4). 
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Table 4. Sums of Bond Angles and Pyrarnidalizations A on Amide N-Atoms in Pyrimidinonesfl7, 18, 22.23 

and 31). 

Structure Z a endo A eudo [A] 2 a exo A exo [A] qa) ~ $ 1  

a) Torsion angle C(2)-N-(carbon~l-C)-(carbonyl-0). 
b, Torsion angle C(6)-N-(carbonyl-C)-Cipso. 

Finally, although a safe determination of the existence of hydrogen bonds from X-ray diffraction data is 

difficult owing to the uncertain position of the hydrogen atoms, the structures correspondmg to 17a and 31b do 

seem to satisfy the requirements which are characteristic of 0-H-0 intramolecular honding;42 i. e., (1) the 

observed 0.-H distance is less than 2.4A, (2) the distance between oxygens is equal to 2.72 rt. o .o~A,  (3) the 

difference r(0-0) - r(O-H) falls in the 0.7 to 1.0.4 range, and (4) the (0-H.-O) angle is greater than 120" 

(Table 5). 

Table 5. Structural Data Supporting the Existence of Hydrogen-Bonding in 17a and 3 lb .  

Structure R (0-H)a) R (0-0)  R(0-0)-R(0-H) Xb) 

a) Distances in A. 
b, Bond angle in 0-H-O=C. 

Space groups, cell constants, number of reflections measured, and final R values for the X-ray analyses 

described in this section are collected in Table 6. 



Table 6. Crystal Data of AN New Structures 

Formula 

Mr 

T 

Crystal system 

Space group 

a [A1 

b [A] 

c CAI 
a[7 

P ["I 
Y ["I 

v [A3] 

z 
Dx (g 

F 10001 

Unique reflect. 

of which I > 40 

Final R 

394.5 394.5 

293 293 

orthorhombic monocliiic 

360.5 

293 

orthorhombic 

p212121 

8.820 (2) 

8.860 (2) 

26.270 (5) 

90.00 

90.00 

90.00 

2052.9 (8) 

4 

1.166 

784 

1585 

1198 

7.37 

360.5 

293 

orthorhombic 

p212121 

6.700 (2) 

16.740 (3) 

18.450 (4) 

90.00 

90.00 

90.00 

2069.3 (8) 

4 

1.157 

784 

1587 

1141 

5.69 

330.4 

293 

monoclinic 

F'21lc 

8.440 (2) 

23.930 (5) 

9.540 (2) 

90.00 

100.00 (3) 

90.00 

1897.5 (7) 

4 

1.157 

712 

2486 

1594 

5.43 

330.4 330.4 

293 293 

orthorhombic onhorhombic 
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EXPERIMENTAL PART 

Melting pomts were determined on aBiichi-510 apparatus in open capillary tubes, and are uncorrected. Infrared spectra were recorded 
on a Perkin-Elmer FT-IR 1600 spectrophotometer. IH- and 1 3 c - ~ m r  specma were recorded in Varian-Gemini-200 spectrometers, in 
CDCh or DMSO-d6 solution with tetramethvlsilane (TMS) as an internal standard. Chemical shifm are eiven in Svalues (nnrn) and . . - ~~~ ~~~ ~ ~ r r ~ ~ ~ ,  

coupling constants 3 are given in Hz. Optical rotations [ a ] ~  were measured at room temperature in a Perkin-Elmer 241 polarimeter, 
in 1 dm cells; concenvation c in g/100 ml. THF was initially distilled over KOH and then heated to reflux over Wbenzophenone 
(under argon) until the blue color of the benzophenone ketyl persisted; at this point the THF was distilled and handled by means of 
syringes and cannulas. The n-BuLi employed (ca. 1.6 M in n-hexane) was titrated prlor to its use.44 tlc: Merck -DC-F2~~  plates; 
detection by uv light. Flash column ~hromatography:~~ Fluko silica gel 60 40-63 pm, and a pressure of 0 2-0.6 bar. Microanalyses 
were performed by the microanalytical laboratories at ETH-Ziirich. 

General Procedurefor the Aldol Additions of Pyrimidinone (2S.6R)-3 (LDA as base).31 In a dry two-necked mund-bottom flask. 
provided with addition funnel, rubber septa and thermometer, was placed under argon diisapropylamine (1.13 eq ) in 10 ml of THF, 
and cooled to - 6 T  before the slow addition of 1.13 eq. of n-BuLi (co. 1.6 M in n-hexane). The resulting solution was surred at -6°C 
for 15 min and then cooled down to - 7 8 T  before the dropwise addition of one eq. af pyrimldinone (3) in 15 ml of THF. Stirring was 
continued for 45 min at -78°C in order to secure the complete formation of enolate 3-Li. The aldehyde (1.3 to 2.1 eq.) was then added 
dropwise via synnge, and the reaction mixture was sttrred at -78°C until no funher changes were detected by tlc. At this point the 
reaction was quenched by the addition of saturated aqueous NH4CI solutian, allowed to warm-up to ambient temperature, diluted 
with an additional amount of water (untd a fluid solution was obtained). and extracted with three portions of Et20. The combinod 
ethereal extracts were dried over anhydrous MgS04, filtered, and concentrated in a rotary evaporator. 

General Procedurefor the Aldol Additions qfPyrimidinone (2s)-6 (LHMDS as base).38 In a dly 20 ml Schlenk-type flask, provided 
with rubber septa and thermometer, was placed under argon 0.23 ml (1 I mmol, 1.1 eq.) of HMDS in 3 ml of THF, and cooled to 
- 6 T  before the slow addition of 0.7 ml (1.1 rnmol. 1.1 eq.) of "-BULL (ca. 1.6 M in n-hexane). The resulting solution was stirred at 
-6°C for 15 min, and then cooled to - 7 8 T  before the dropwise addition of a solution containing 0.29 g (1 mmol) of pyrimldlnone (6) 
in 4 ml of THF. Stirring was continued for 1 ha t  - 7 8 T  in order to secure the complete formatton of dienolate 6-Li. The appropriate 
aldehyde (1.3 to 2.0 eq ) was then added dropwise, either at - 7 8 T  (acetone-dry ice bath) or at -105'C (cyclohexene-liquid nitrogen 
bath), and the reaction mixture was stirred at the same temperature until no further changes were detected by tlc. At this paint the 
reaction was quenched by the addition of 2 ml of acetic actd in 10 ml of THF, allowed to warm-up to ODC, treated w ~ h  10 ml of a 
saturated NaHCO) solution, and extracted with three portions of Et20. The combmed ethereal extracts were dried over anhydrous 
MgS04, tiltered, and concentrated in a rotary evaporator. 

General Procedure for Heferogeneous Catalytic Hydrogenolyszs. In a 100 or 450 ml autoclave was placed the catalyst under argon. 
and a solution of the benrvlic m i n e  in ethvl acetate was added slowlv via svrinee. The autoclave was flushed three times with 

a rotary evaporator 

f3Rl Rl-3-IfN.Bem~l-l'ahen~IethvlJ~minol-bufa Acid Methvl Ester 1lR.RJ-101. Accordine to the eeneral orocedure of Davies .. 
and ~ c h ! h o r ; . ~ ~ ~  1.1 i (5.2 mmd)  ofi~-benivl-1'-ohenvlethvl~amine (9>27 in 30 ml of drv T H F ~ ~  "la& mddr areon in a drv 100 

temperature, and then extracted with three 30 ml portions of Et20. The combined organic extracts were dried over anhydrous 
ME SO^. filtered and concentrated in a rotarv cva&rator to affordthe crude oroduct. which was ourified bv flash chromat&aDhv 

- . .  
(dd. 11 = 12.0,Jz = 5.0, H-C(2)): 3.46 (m, H-C(3)); 3.52 (s, O C H ~ ) ;  3.73 (s, NCHZ-~h); 3.90 (q, i= 7.5, HC(1,)); 7.15-7149 (m, 
10 arom. H). 

(R)-3-Aminobufanorc Acid Mefhyl Ester [(R)-111. According to the general procedure described above for hydrogenolysis, 1.0 g 
(3.2 mmol) of benzylic amine (10) was dissolved in 10 ml of ethyl acetate and treated with 0.15 g of Pd(OH)2/C and 30 atm of Hz at 
50°C during 25 h. The described workup procedure afforded 0.31 g (2.6 mmol, 81% yield) of p-amino ester (11). bp 50-6O0C/ 
0.1 Torr. [ a l ~ = - 2 9 . 0 ' ( ~ = 0 4 5 ,  CHCI)). l ~ - N m r :  1.11 (d,J=6.0,CH)-C(3)); 1.51 (brs, NH);2.29, 2.42(AB,J= 15, J'=9.5, J"= 
5.5, CH2); 3.38 (m, H-C(3)); 3.69 (s, OCH3). 
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(3R.15)- ond (3S,I'S)-3-NI'-Phenylerhyl)ominolbur~oic Acid Merhyl Esters I(R,S)- and (SSj-121. According to the literature 
p r o ~ e d u r e . ~ ' ~ . ~ ~ ~  a solution of 22.8 ml (216 mmol) of (E)-crotonic acid methyl ester and 30.3 g (250 mmol) of (R)-I-phenyl- 
ethylamine in 86 ml of methanol was heated to reflux far 4 d. Following concentration in a rotary evaporator, the crude product 
(yellow oil) was distilled in a Kugelrohr apparatus [IW-103"C/0.4 Torr; lit.?3b bp 90-96°U0.2 Torr] to afford 36.9 g (167 rnmol, 
67% yield) of a colorless fluid oil which according to I H - N ~ ~  contained two diastereoisomeric praducls in a 3:2 ratio. Separation of 
the mixture was accomplished by gradient flash chromatography (n-henanelethyl acetate. 4:l + 7:3) yielded pure fractions of 
(R.9-12 (18.0 g, 81.4 mmol, 33% yield) and ($S)-12 (14.7 g, 66.5 rnmol, 27% yield). 

(3R.I'S)-12: Rf = 0.29 (n-hexanelethyl acetate, 3:l) bp I 10-12O0C10.2 Tom. [ a l ~  = -35.8' (c = 0.50, CHC13). lit.,24a [ a l ~  = -39.1' 
(C = 0.97. CHCW I H - ~ m :  1.07 (d, 1 = 6.0, CH3-C(3)); 1.33 (d, J = 6.0, CH3-C(1')); 1.63 (s, NH); 2.20-2.43 (m, CH2); 2.88 (m, J = 
6.0, H-C(3)); 3 62 (s, OCH3); 3.90 (q, J = 6.0, H-C(1')); 7.16-7.38 (m, 5 morn H). 

(3S,I'S)-12: Rf = 0.19 (n-hexanelethyl acetate, 3:l) bp 120'ClO.l Tom. [ a h  = -46.3' (c = 1.15, CHCI?). lit.,"a [aIn = -49 6' (c = 
1.25, CHCI3). I H - N ~ ~ :  104  (d, J = 6.0, C H ~ - C ( ~ ) ) ; ~ I . ~ I  (d, 1 = 6.0, CH~;C(I')); 1.49 (br s, NH); 228-2.51 (m, C H ~ ) ;  2 97 (m, 
H-C(3)); 3.66 (s, OCH3); 3.87 (q, J = 6.0, H-C(I')); 7.15-7.36 (m, 5 arom. H). 

(RJ.3-Ammoburanoic Acid methyl Esrer [(R)-111 by hydrogenolysis of (RSJ-12. According lo the general procedure described above, 
10.0 g (45.2 mmal) of the secondary benzylic mine  ((RS-12) was dtssolved in 105 ml of ethyl acetate. and hydrogenolyzed with H2 
(30 atm) and 1.0 g of PdIC catalyst at 50°C. Concentration of the reaction mixare (rotary evaporator) gave 6.0 g of the crude product 
contaming the desired product and same ethylbenzene. From integration of the 'H-Nmr specwm, a yield greater than 90% was 
estrmated for (R)-11 which was used directly in the next step (11 + 13). For the physical and spectroscopx properties of (R)-11 see 
above. 

(RJ-3-Aminomethylburanamide [(R)-131. According to the procedure in the literature?4a 11.9 g (101 mmol) of (R)-11 in 140 ml of 
methanol were cooled to 0°C and treated dropwise with 51.8 ml (614 mrnol) of methylamine (40% m H20, 11.85 M). The resulting 
solution was stirred at 0°C during 4 d and then concentrated in the mtaq evaporator fa give 16.1 g (co. 100% yleld) of crude product 
[ I H - N ~ ~ :  1.12 (d, J =  6.0, CH3-C(3)); 1.65 (brs, NH,NH2);2.09 (dd, JI  = 15.0.12 =9.5,H~-C(2)); 2.30 (dd, J] = 15.0.12 =5.5, 
HwC(2)); 2.78 (d, J = 5.0, CH3-NH); 3.23 - 3.40 (m, H-C(3))I. which was used without further manipulation in the following 
transformation (13 -r 14). 

(R)-3-[(2~,2'-Dimethylpr~pylidenj~minol-N-merhylbutnmide [(R)-141. According to the described 16.1 g (co. 101 
mmol) of the crude product (R)-13 was dissolved in 112 ml of CH2CI2, treated with 28.4 ml (204 mmol) of uiethylamine, and then 
dropwise with 22.3 ml (203 mmol) of pivalaldehyde. The reaction mixture was heated to retlux for 7 h with concomitant removal of 
water, until 2.2 ml of it had been collected. Concentration in the rotary evaporator afforded 17.2 g (co. 100% yield) of the desired 
mine, which was immediately used for the formation of pyrimidinane 3 l ~ - N m r :  1.03 (5, t-Bu); 1.16 (d, J = 6 0, CH3-C(3)); 2.30 
(dd, J I  = 20, J2 = 7.5, H p 3 2 ) ) ;  2.40 (dd, J I  = 20,J2 = 4.0, Hs-C(2)), 2.75 (d, J = 5.0, CH3-NH); 3.50 (m, H-C(3)); 6.73 (br s, NH); 
7.51 (s, H-C(1')). 

I-Benzoyl-Z(S)-ren-butyl-3,6fR)- and I-Benzoyl-2(RJ-tert-butyl-3,6(R)-drmefhylperhydropy~imidin-4-one [(ZS,6R)-3 and (ZR.6R)- 
151 Followmg the procedure reported p r e ~ i o u s l y , ~ "  16.1 g (co. 101 mmol) of mine (R)-14 was dissolved in 600 ml of toluene. 
treated with 11.15 g (91.3 mmol) of DMAP, and then dropwise with 16 8 ml (145 mmal) of benzoyl chloride. The reamon mlxture 
was heated to reflux for 24 h and the precipitate that famed war filtered and rinsed with 60 ml of toluene. The filtrate was 
concentrated rn a rotary evaporator to give 31 g of the red-brown crude product, which was purified by flash chromatography 
(n-hexanelethyl acetate, 1:l 3 1.4) to give 8.60 g (29.9 mmol, 29.6% yield) of (2S.6R)-3, and 1.44 g (5.0 mrnol, 5% yield) of 
(2R.hR)-15. 

(2S,6R)-3. Recrystallmd from n-hexandethylacetate, co. 19:l. Rf = 0.25 (n-hexandethyl acetate, I:2). mp 106-107'C Lalo = -89' 
(C = 0 57, CHCI3) [ ~ l t . ? ~ ~  mp 104-105°C. [alD = -94.6 (c = 1.3, CHCl,)]. IH-Nm: 1.05 (s, r-Bu); 1.26 (br d, CH3-C(6)); 2.65 (d, J = 
10.0, CH2); 3.10 (s, NCH3); 4.38 (br m, H-C(6)); 5.53 (br s, H-C(2)); 7 24-7.47 (m, 5 =om. H). 

(2R,6R)-15. Recrystallized from n-hexanelethylacetate, ca 19:l. kf = 0 18 (n-hexanelethyl acelate, l 2). [lit.,24a mp 169-170C. 
[alo24a = +124' (c = 0.8, CHC13). I H - N ~ ~ :  1.00 (d, J = 6.0, CH3-C(6)); 1.08 (s, r-Bu); 2.24, 2.35 (AB, J = 22 5, J' = 2.5, CH2); 
3.17 (s, NCH3); 4.42 (m, H-C(6)); 6.18 (br s, H-C(2)); 7.35-7.80 (5 arom. H). 

I-Benzoyl-2(Sj-tert-butyl-3,6(R)-dimerhyl-5(Sjl'(RJ-l ond lI'(S)-hydroxybenzyl]retrnhydr0pyrim1din-4-on (17a and 17b). 
According to the general procedure for aldol (enolate) reactions described above, 0.86 g (3.0 mmal) of pyrmidinone ((2S,6R)-3). 
0.48 ml (3.4 mmol) of diisopropylamine (DIPA), 2.1 ml of n-BuLi (3.4 mmol, cn. 1.6 M), and 0.49 ml (4.8 mmol, 1.6 eq ) of 
benzaldehvde were allowed to react (reaction time = 6 h). The described workuo orocedure (10 rnl of saturated NHdCI. 5 ml df H?O, 
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(1'R)-l7a. R f  = 0.49 (n-hexanelethyl acetate, 1:2). mp 143-145°C. [@ID = -86.7' (c = 0.29, CHCI3). Ir (CHC13): 3440br. 3010m, 
2%5m,1630s, 1485m, 1415% 1395% 1350% 1160w, 1105w, 1025w, 600w. l ~ - ~ m r :  0.88 (br d, wll2 = 18, CH3-C(6)); 1.06 (s, t-Bu); 
2.89 (brm, w112=20. 1H); 3.11 (s, NCH3); 4.25 (br s, w112= 35, 1 H);4.79 (br m, w1/2= 15. 1 H); 5.52(brs, w112= 13, 1 H); 7.15- 
7.46 (m, 10 arom, H). IH-Nmr (300 MHz, DMSO-d6, IOO0C): 1.03 (5, t-Bu); 1.18 (d, J = 6.6, CH3-C(6)); 2.95 (dd, JI  = 12.0.12 = 
3.4-4.0, H-C(5)); 3.01 (s, NCH3); 4.10 (m, H-C(6)); 5.32 (br s, H-C(1')); 5.45 (2 s, H-C(2). OH); 6.92 (d, J = 6.8, 2 mom. onho-H); 
7.20-7.40(m,8 arom. H). 13c-Nmr: 22.0(2 br),27.8,38.0, 38.8.49.7.51.0, 74.0, 125.8, 126.3, 127.5, 128.1, 128.4, 129.1, 136.1, 
141.2,171.2, 171.6. Ms: 394 (M+, <I), 379 (<I), 361 (4). 337 (32). 231 (56),215 (4), 131 (7). 105 (1CQ.77 (58). 51 (I?), 42 (12). 
28 (17). Anal. Calcd for C24H3fl203: C 73.07, H 7.66, N 7.10: found: C 73.36, H 7.67, N 7.07. 

(1'8-l7b. Rf = 0.29 (n-hexanelethyl acetate, 1:2). rnp 1 19-120°C. [al~ = -185.7' (c = 0.23, CHC13). Ir (CHC13): 3425br. 3005m, 
1625% 1 4 9 0 ~ .  1415m. 1400m. 1355111, 1 1 6 0 ~ .  1105w, 1 0 4 5 ~ .  1 0 0 0 ~ .  920w, 600w. I H - N ~ ~ :  0.71 (br, wl12 = 25, CH3-C(6)); 
I.lO(br s, ~ 1 1 2 -  10, r-Bu); 2.90(br w1/2= 16, 1 H); 3.20(s, NCH3); 4.05 - 4.50 (br, 1H + OH, D2O-exchange); 5.44 (br, w112 = 15, 
1 HI; 5.92 (br, wl/z = 23, 1 H); 7.10-7.41 (m, 10 arom. H). I H - N ~  (300 MHz, DMSO-d6, 100'C): 0.61 (d, J = 6.6, CHyC(6)); 
1.01 (s, 1-Bu); 2.64 (dd, J I  = 6.2,12 = 0.7, H-C(5)); 3.06 (s, NCH3); 4.50 (m, H-C(6)); 5.17 (s, OH); 5.56, 5.62 (2 s, H-C(I'), H-C(2)); 
7.09-7.49 (m, 10 amm. H). I3c-Nmr: 22.7 (2 br), 38.5, 38.6.47.8.51.0, 71 9, 125.8, 126.0, 127.2, 128.2, 128.3, 128.9, 136.1, 140.3, 
170.5. Ms: 394 (Mf, 4 ) ;  379 (<I), 361 (<I), 337 (7), 319 (2), 231 (541, 105 (100). 77 (46), 51 (13), 42 (9), 28 (12). Anal. Calcd for 
C24H3fl203: C 73.07, H 7.66. N 7.10: found: C 73.26, H 7.65, N 7.06. 

. . , 
rracl (reactom tune = 3 h~ The jessrthcd uorkup pru;eJure t 10 1111 01 sd~~ralcd rque~u,  ?4HaCI. 5 ml ufH20, three 211 M I  p.,nmnl d i  

El201 afforJrJ 0.93 g ul the crudc pnduct, u hlth ua, purnfied h! ilush chrumstagr~phy tn-hexmereth)l ~oetale. I 2,tu gl\e 11 46 g 
11 3 mmol. 5 t c 4  yield) oi J~:arareoironw (1&1 and 0 I? p 10 3 nlmol 13''; y~elJ) o i  Jimereolsmer (18b). 

(1'8-18a: R f =  0.48 (n-hexanelethyl acetate, 1:2). rnp 115-117T. [al~ = -54.3' (c = 0.27, CHC13). Ir (CHCI3): 3485br. 3005m. 
2965111, 2 8 7 5 ~ .  1630s. 1 4 8 5 ~ .  1395m. 1355s. IIZOw, 1070w, 1005w, 845w, 6 5 0 ~ .  615w. I H - N ~ ~ :  0.84 (d, J = 7.0, CH~- ;P~) ,  
1.04 (d, J = 7.0, CH$P~): 109 (s, r-Bu); 1.27 (br, CHpZ(6)); 2.30 (m, H-C(2')); 2.85 (d, J = 10.0, H-C(5)); 2.85 (br, 1 H); 3.11 
(s, NCH3); 3.52 (d, J = 12.5, OH, DzO-Exchange): 4.40 (br s, w112 = 28, IH): 5.79 (br s, w l l ~ =  55, 1 H), 7.25-7.45 (m, 5 arom. H). 
IH-Nmr (300 MHz, DMSO-d6, IOO°C): 0.78 (d, J = 6.8, CH3-'Pr); 0.93 (d, J = 6.6, C H ~ - ~ P ~ ) ,  1.01 (s, t-Bu); 1.32 (d, 6.3, CHyC(6)); 
2.16 (m, H-C(2); 2.68 (dd, J I  = 9.7, J2 = 1.1, H-~(5)) ;  3.02 (s, NCH3); 3.16 (ddd, J I  = 8.5,12 = 8.5.13 = 1.5, H-C(1')); 4 03 (d, 
J = 1 3, OH); 4.34 (m, H-C(6)); 5.41 (s, H-C(2)): 7.25-7.34 (m, 2 arom. H): 7.41-7 49 (m, 3 arom. H). I3c-Nmr: 20.2, 20.2, 28.5, 
33.1, 38.1, 39.4, 46.3, 51.4, 77.6, 126.6, 129.0, 129.6, 137.0, 171.7, 171.9. Ms: 361 ((M+l)+, <I), 345 (<I), 317 (3). 303 (73). 
231 (8). 181 (131, 105 (100). 85 (9), 77 (27), 57 (5), 41 (14), 18 (5). Anal. Calcd for C21H32Nz03: C 69.97, H 8.95, N 7.77; found. 
C 70.07, H 8.79, N 7.69. 

(I'RI-18b: R f  = 0.30 (n-hexanelethyl acetate, 1:2). rnp 136-137°C. [al~ = -54.1' (c = 0.32, CHCI,). Ir (CHC13): 3450br. 3005m, 
2965m. 2875w, 1630s. 1485111, 1460m. 1415111, 1395m. 1350% 1 1 5 5 ~ .  1115rn, 9 9 5 ~ .  6 6 0 ~ .  WOW. I H - N ~ ~ :  0.85 (d, J = 7.0, 
CH3-'Pr); 0.99 (d, J = 7.0, CH3-'Pr): 1.10 (s, t-Bu); 1.40 (br s, CH3-C(6), H-C(2')); 2.78 (br d, wl/2 = 18, H-C(5)); 2.90 (br s, w l l ~  = 
15, OH, Dz0-exchange); 3.12 (s, NCH3); 3.98 (dq, I1 = 10.0,12 =2.5, HC(6)); 4.57 (br s, w112 = 30, H-C(1')); 5.92 (br s, w112 = 55, 
H-C(2)); 7.28-7.46 (m, 5 arom. H). I H - N ~ ~  (300 MHz, DMSO-d6, 10O0C): 0.79 (d, J s 6.7, C H ~ - ~ P ~ ) ;  0.87 (d, J = 6.5, CH3-1Pr); 
1.04 (s, t-Bu); 1.34 (d, J = 6.6, CH3-C(6)); 1.52 (m, H-C(2')); 2.47 (br s, H-C(5)); 2.99 (s, NCH3), 3.95 (br m, wll2 = 10, H-C(1')); 
4.43 (br s, w112 = 8. OH); 4.54 (m, J = 5.2, H-C(6)); 5.49 (br s, wl/2 = 10, H-C(2)); 7.29-7.47 (m, 5 arom. H). L 3 ~ - ~ m :  19.9, 19.9, 
23.4 (br), 28.3, 30.6, 38.7, 39.4, 47.9, 76.4, 126.6, 128.9, 129.7, 137 0, 171.6, 171.8 Ms: 361 ((M+l)+, <I), 345 (<I), 317 (I), 303 
(48). 231 (9). 181 (6). 105 (100). 85 (6), 77 (251.57 (4),41 (81,28 (18). 18 (9). Anal. Calcd for C21H32N203: C 69.97, H 8.95, N 
7.77; found: C 70 23. H 8.88, N 7 71. 

I-Benrgvl-2(S)-tert-b~-3,6(R)-dimefhyl5(Sj-l'(Sj-l and (1TR)-hydroxyerhylltetrahydropyrimidin-4- (19a and 19b). 
According to the general procedure of aldol (enolate) reacoons described above. 0.75 g (2.5 mmol) of pyrimidinone ((2S.6R)-3), 
0.40 ml (2.8 mmol) of DIPA, 1.8 ml (2.8 mmol) of ca. 1.6 M n-BuLi, and 0.30 ml (5.3 mmol, ca. 2.1 eq.) of acetaldehyde were 
allowed to react (reaction time = 3 h). The described workuo orocedure (10 ml of saturated aqueous NHACI, 5 ml of H10. three 20 ml 

(1'8-19a: R f =  0.21 (n-hexanelethyl acetate, 1:2). mp 116-117T Ial~ = -33.9' (c = 0.35, CHCI3). Ir (CHCI3): 3465br. 3005m. 
1630s, 1 4 8 5 ~ .  1460m,1410s, 1395s, 1350s, 1125m. 1100m, 1015w, 645w. IH-Nm: 1.07 (s, t-Bu); 1.26 (d, J=6.2,CH3); 1.40(brs, 
wliz - 25, CH?); 2.81 (brd, w l n  - 18, H-C(5)); 3.11 (s, NCH?); 3.95 (brm, W I R  = 23, 1 HI; 4.11 (br s, w1,2= 25, 1 HI; 4.32 (d, 
J = 10.0, OH, ~20-exchange); 5.57 (br s, wliz = 60, H-C(2)); j.25 - 7.48 (m, 5 arom. H). l ~ - N m r  (300 MH~;  DMSO-d6, 100'C): 
1.02 (s, 1-Bu); 1.07 (d, 1 = 6.2, CH3-C(I' )); 1.36 (d, 1 = 6.6, CH3-C(6)); 2.37 (dd, 11 = 4.7, 12 = 1.1-1.4, H-C(5)); 2.99 (s, NCH3); 
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4.25-4.46 (m. H-Ci6l H-Cil'). OH): 5.46 (s. H-C(2)): 7.32 (s. 2 m m .  H): 7.42 is. 3 amm. H). 13c-Nmr: 18.8. 28.3. 38.0.39.6.49.7. . . . .. . . ... 
50.1. 677: 775. 126.4. 129 1 .  1298. 13h.7. 171 5. 1 7 1 . 9 ' ~ *  333 ( ( \ I - I ) ~  <I). 317icl) .  275 1201. 257 17 ,231 , l i )  153r01. 
1115 ,100). 77 (?I I .  41 (51 Anal. Calcd for Clyll2gN203 C 68 65. H X 49. N 8.43. found: C 68.83. H 8.65. N 8 39. 

(1'R)-19b: R f =  0.29 (n-hexanelethyl acetate, 12). mp 88-89T. [aID = -32.1' (c = 0 43, CHCIj). Ir (CHCI3): 3480br. 3005% 2870% 
1630s. 1485m 1460m. 1415s. 1395s. 1350s. I125m. I W h ,  9 2 5 ~ .  8 5 0 ~ .  645w. IH-Nmr: 1.07 (s, I-Bu); 1.42 (d, 1 = 6.6, CH3); 1.0 - 
1.5 (br, CH3); 2.51 (dd, J I  = 10.12 = 2.8, H-C(5)); 3.1 1 (s, NCH3); 3.64 - 4.47 (m, H-C(6), OH, H-C(1')); 5.59 (br s, w112 - 90, 
H-C(2)); 7.25-7.47 (m, 5 arom. H). l H - ~ m r  (300 MHz, DMSO-d6, 80°C): 1.02 (s, t-Bu); 1.07 (d, J = 6.2, CH3-C(1')); 1.38 (d, J = 
6.0, CHvC(6)); 2 60 (dd, It = 7.6,Jz = 2.4-3.3, H-C(5)); 2.96 (s, NCH?); 4.24.4 (m, H-C(6), H-C(1')); 4.40 (d, J = 4.0, OH); 5.44 (br 
s, H-~(2)) ;  7.28-7.33 (m, 2-aram. H); 7.42-7.49 (m, 3 amm. H). 13c-Nmr: 22.4, 23.1.28.4. 38.3, 39.5, 50.8.67.9, 77.5, 126.6, 129.0, 
129.7, 136.9, 171.9 (2x). Ms 333 ((M+I)+, <I), 317 (<I), 275 (44), 257 (4). 231 (19). 153 (13). 105 (100). 77 (20). 42 (4). 28 (24). 
18 (7). Anal. Calcd for C19HZgNz03: C 68.65, H 8.49, N 8.43; found: C 68.80, H 8.37. N 8.08. 

1 - B e n z o y l - 2 ( S ) - t e n - b u r y 1 - 3 , 6 - d i m e r h y l - 5 - b d i h y d p y d i - 4 -  (20) and I-Benzoyl-2(SJ-ten-bury1.3-melhyl-5-bromo-6- 
(brornomethyl)dihydropyr~midin-4-one (21). Followmg the pracedures described in the 1iterature.36a.46 4.7 g (16.3 mmol) of 
pyrimidinone ((2S.6R)-3) in 80 ml of CCI4 was treated with 6.1 g (34.3 mmol) of N-bromosuccmimide and 0.06 g (catalytic amount) 
of 2.2'-azobisisobutyronioile (AIBN, radical initiator), and heated to reflux under argon for 7 h. The reaction mixture was then coaled 
lo 0°C. filtered. and concentrated in a m t w  evarnrator to afford 5.3 e of the crude moduct. which was used wilhout further . . - 
punficadon in the next step (debrominatmn to (253-6). Analysis of the IH-NW SpectNm of this material indicates a 2 1  mixture of 
monobromide (20) and dibromide (21). 

(2s)-20: Rf = 0.24 (n-hexandethyl acetate, 21). IH-Nmr. 1.03 (s, I-Bu); 1.70 (s, CH3-C(6)); 3.24 (s, NCH3); 5.60 (s. H-C(2)); 7 40 - 
7.58 (m, 5 arom. H). 

(W-21: Rf = 0.16 (n-hexanelethyl acetate, 21 )  IH-~mr :  1.12 (s, I-Bu), 3.22 (s, NCH3). 3.52 (d, J = I2 5, H-C(I')), 4.28 (d, J = 12.5, 
H-C(I')), 5.51 (s, H-C(2)), 7.40-7.58 (m, 5 arom. H). 

(2S)-l-Benzoyl-2-ten-buryl-3,6-dimerhyldihydropyimid-4-on [(ZS)-61. According to the literamre procedures,36a,46 5.3 g (ca. 
16 7 mmol) of the mixture of bromides (20) and (21) was dissolved in 150 ml of ethanol and treated with 4.77 ml (34.2 mmol) of 
triethylamine and 1.05 g of PdK under 10 atm of Hz and at 4 5 T  during 6.5 h. The described hydrogenolysis workup procedure (see 
above) gave after flash chromatography (n-hexandethyl acetate, 1:3) 2.3 g (8 mmol. 55.60% yield) (2s)-6 and 0.40 g (1.2 mmal, 
ca. 10% yield) rac-22. 

(2s)-6: Rf = 0.32 (n-hexanelethyl acetate, 1:3). mp 116-117°C. [ a ] ~  = +442.7' (c = 1.01, CHCI3). Ir (CHCI3): 3010m. 2980111, 
1675m. 1645s, 1 4 8 0 ~ .  1400m. 13358, 1280m. 1 1 4 h ,  1085w, 1 0 4 5 ~ .  8 8 0 ~ .  840111, 620w. I H - ~ m r :  1.05 (s, t-Bu): 1.57 (s, 
CH?-C(6)); 3.17 (s, NCH?); 5.48 (s, H-C(2)); 5.59 (s, H-C(5)); 7 38 - 7.58 (m, 5 arom. H). 13c-Nmr: 22.5, 27 7, 37.0, 40.4, 79.3, -. 
113.2, 128.2, 129.1, 131.9, 136.3, 146.9, 163.4, 170.1. Ms: 271 ((M-15)+, <I), 229 (28), 105 (100), 77 (19). 51 (2). 42 (5). 28 (27). 
18 (18) Anal. Calcd forC17HzzNz02: C 71 30. H 7.74, N 9.78: found. C 71.35, H 7.63. N 9.59. 

r a c - 1 - B e n r o y l - 2 - t e n - b u f y l - 3 - ( e t h o ~ y m e t h y 6 - t h y d i h y d p i r n i d i - 4  [(roc)-221. Rf = 0.53 (n-hexanelethyl acetate, 12 )  
mp 136-137". [ a ] ~  = +5.8' (c = 0.38, CHCIj). 11 (CHC13): 3005m. 2975m, 2870w, 1675% 16508, 1450111, 1390111, 1330% 1 2 6 h ,  
1160w, 1130m. 1055m, 840m. 625m. I H - N ~ :  1.04 (s, I-Bu); 1.10 (t, 1 = 6.9.OCHzCH3); 1.59 (s, CHyC(6)); 3.47 (m, OCHzCHd; 
4.42 (d, J = 10.5, NCH7O): 5.48 (s, H-C(2)); 5.58 (d, J = 10.6, NCH7O); 5.83 (s, H-C(5)); 7.35-7.55 (m, 5 amm. H). 13C-Nmr: 15.1, 

( Z S . 5 R J - 1 - B e n r o y l - 2 - t e r t . b u r y 1 - 3 , 5 - d i ~ d i - 4  [(2S,5R)-231. Following the general procedure 
described above for the alkylation of dienolate (6). 0.57 g (2 mmol) of pyrimidinone (6) was dissolved in 14 ml of THF and 
metallated with 1.1 a. of LDA (0.32 ml of DlPA and 1.4 ml n-BuLi. cn. 1.6 MI, and treated with 0.16 ml (2.6 mmol. 1.3 eq.) of 
methyl iodide (reaction time = 4 h). The usual workup pracedure afforded after flash chromatography (n-hexanelethyl acetate,I:Z) 
0.22 g (0.73 mmol, 37% y~eld) of 23. Rf = 0.43 (a-hexanelethyl acetate, 1:2). mp 110-1 I 2 T .  [ a lo  = +124.1' (e = 0.27. CHCl3). l r  
(CHC13): 3005m, 2975m. 2 8 7 0 ~ .  1650s. 1635s. 1485m. 1445% 1410s. 1395% 1 3 7 h .  1340% 1320s. 1150m, IllOw, 890w, 650w. 
I H - N ~ ~ :  1.10 (s.1-Bu): 1.60 (d, 1 = 7.5, CH3-C(5)); 3.16 (s, NCH3), 3.25 (q, J = 7.5, H-C(5)); 4.40 (s, H-C(Im)); 4.79 (s, H-C(I8)); 
5.70(s,H-C(2));7.29-745(m,5arom.H). 13~-~mr:21.4 ,272,38.4 ,40.7 ,41.2 ,75.6 ,  111.8, 128.0, 128.4, 130.3, 135.8, 144.8, 
169.8, 171.6. Ms: 300 (Mt, <I), 285 ( 4 ) .  257 (2). 243 (48). 138 (3). 105 (100). 77 (21). 42 (6). 18 (11). Anal. Calcd for 
C18H24Nz02: C 71.97, H 8.05, N 9.33; found: C 72.20, H 8.26, N 9.13. 
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(2S,SRj-l-Bemoyl-2-ten-buryl-3-methyl-6-melhylnedihydropyiidin-4-one I(2S)-241. Obtained as side product (35% yield) in the 
previous alkylation reaction. Rf = 0.33 (n-hexanelethyl acetate, 1:3). IH-Nmr: 1.10 (s, t-Bu); 3.18 (s, NCH3), 3.29 (d, J = 20.5, 
c (5 )H~) ;  3.56 (dl, J I  = 20.5,Jz = 3.0, C(5)He); 4.36 (s, H-olef.); 4.69 (s, H-olef.); 5 64 (s, H-C(2)); 7.31-7.45 (m, 5 mom. H). 

1-Benroyl-2(Sj-tert-butyl-3-melhyl-5(S)-[~Sj-hydroxybenryl~-6-mefhylenedihydropyrimidin-4-oe [(2S,5S,I'S)-301. Following the 
general procedure described above for aldal (dienolate) reactions, with 0.20 ml(2 mmol, 2 eq.) of benraldehyde, at -78T,  and with a 
reactm time of 1.5 h. The described workup procedure gave 0.58 g of the crude product (yellow solid), which was purified by flash 
chromatography to glve 0.32 g (0.82 mmol, 82% yield) of pure 30. Rf = 0.43 (n-hexandethyl acetate, 1:2). mp 156-158T. [ale = 
+79.0' (c = 0.41, CHC13). Ir lCHCI3): 3010m, 29751x1, 1670m. 1635s. 1485m, 1455rn. 1405s, 132% 1050m, 8 9 0 ~ .  625w. I H - N ~ ~ .  
0.92 (s, 1-Bu); 2.99 (br s, wl/2 = 12.5, NCH3); 3 67 (br s, wl/2 - 10, IHI; 5.38 (br s, wllz = 20, IH); 6.89 (br s, wllz = 35, IH); 
3.8-6.4 (br, 3H); 7.10-7.45 (m, 10 mom. H). I 3 c - ~ m r :  27.1, 37.8, 41.5, 53.2, 77.1, 77.5, 114.2, 127.0, 127.6, 128.1, 128.5, 128.6, 
130 6, 135.6, 137.9, 141.3, 109.7, 170.8. Ms: 335 ((M-57)+, <I), 317 (<I), 286 (<I), 271 (<I), 229 (36), 105 (100). 77 (33), 43 (1 I). 
28 (6). 18 (19). Anal. Calcd for C24H~~N203: C 73.44, H 7.19, N 7.14; found: C 73.20, H 7.42, N 6.92. 

I-Benzoyl-2(Sj-ten.b~ryl-3-rnefhyl-5(S)-[l'(Rj-j and [I1Sj-hydroxyethylj-6-methylenedihydropyrimidi-4- [I'(R)-31a and I'(S)- 
31bl. Following the general procedure described above for aldol (dienolate) reactions, wlth 0.07 ml (1.3 mmol, 1.3 eq.) of 
acetaldehyde, at -7X°C, and with a reaction time of 2.5 h. The usual workup procedure gave 0.35 g of the crude product (yellow 
solid), which was purified by flash chromatography (n-hexanelethyl acetate, 1:2) to give 0.17 g (0.51 mmol, 51% yield) of 
diastereoisomer (31s) and 80 mg (24% yield) of diastereoisomer (31b). 

(1'R)-31a: Rf=0.23  (n-hexaedethyl acetate, 1:2). mp 171-173°C. [ a ] ~  = +184.2' (c = 0.65, CHCI3). Ir (CHCI?). 3430br. 3010m. 
2975m. 1625s. 1485m. 1405s. 1330s. 1075m. 1 0 4 5 ~ .  890rn. 650w. IH-Nmr: 1.01 (s, t-Bu); 1.22 (d. 1 = 6.3, CH3-C(1')); 3 10 
(s, NCH3), 3.31 (br d, ~ 1 1 2  - 6.5, H-C(5)); 4.12 (br d, W I / ~  = 14, OH); 4.28 (brm, wll2 = 15, H-C(1')); 5.00 - 5.16 (2 br r, H-C(2). H- 
alef); 5.33 (br s, w1/2 = 10, H-alef.); 7.32-7.50 (m, 5 arom. H). I H - N ~ ~  (300 MHz, DMSO-d6, IOO0C): 1.1 l (d, I =  6.4, CH3-C(Im)); 
2.93 (d, J = 2.0, H-C(5)); 3.04 (s, NCH3); 4.46 (m, H-C(I')), 4.66 (s, H-olef.); 4.70 (s, OH): 4.86 (s, H-olef.), 5.54 (s, H-C(2)); 
7.31-7.48 (m, 3 arom. H): 7 63-7 70 (m. 2 arom. HI. I 3 c - ~ m r :  19.5, 26 7, 37.3.40.5, 52.1, 724, 77.4, 113.9, 126.7, 128.2, 129.8, 
135.3, 138.2, 169.0, 170.4. Ms: 331 ((M+l)+, <I), 312 (<I) ,  273 (14). 255 (4). 229 (66), 201 (3). 151 (12), 105 (loo), 77 (32), 51 (3), 
42 (5),28 (41, 18 (I). Anal. Calcd for C19HzcjN203. C 69.06, H 7.93, N 8.48; found: C 69.35, H 7.90, N 8.38 

(1's)-31b: R f =  0.31 (n-hexandethyl acetate, 1.2). mp 145-146°C. [ a ] ~  = +225.6' (c = 0.18. CHC13). Ir (CHCI3): 3395br. 3010m. 
2975% 1650s. 162% 1 4 8 5 ~ .  1395s. 1335s. 1155w, 1 0 9 0 ~ .  905w, 630m. I H - ~ m r :  1.09 (s, r-Bu): 1.21 (d, J = 6.2, CH3-C(1')); 
3.00 (d, J = 7.5, H-C(5)); 3.17 (s, NCH3); 4.14 (m, H-C(1')); 4.77 (br s, w l , ~  = 10, H-olef.), 4.90-5.10 (br, OH); 5.02 (s, H-C(2)); 5.63 
(br s, wl,z - 10, H-olef.); 7 33-7.45 (m, 5 arom. H). 13c-~rnr :  22.4, 27.3, 384.40.5, 53.4, 70 2, 77.1, 112.4, 116.9, 127.7, 128.6, 
130.3, 135.8, 169.7, 171.5 Ms: 312 ((M-18)'. <I), 284 (<I), 273 (I) ,  255 (3). 241 (I), 229 (33), 186 (7). 124 (4), 105 (100). 77 (22). 
51 (3). 42 (9). 29 (12), 18 (29). Anal. Calcd for C19H~6N203: C 69.06, H 7.93, N 8.48; found: C 69.04, H 8 23 N, 8.28. 

I-Benzoyl-ZfSJ-tert-bufyl-3-methyl~5~Sj-l'(R)-hydroqbut-2-enylj-6-me1hylened~hydopyimidi-4-one [(I'R)-32). Following the 
general pmcedure described above for aldol (dienolate) reactions, wlth 0.1 I ml (1.3 mmol, 1.3 eq.) of crotonaldehyde, at -105'C. and 
with a reaction time of 2 h. The crude product (0.39 g, red-brown) was purified by flash chromatography (n-hexanelethyl acetate, 1:2) 
to afford 0.20 g (0.56 mmol, 56% yield) of pure (I'R)-32. Rf = 0.42 (a-henanelethyl acetate. 1:3). mp 147-148°C. [ a ] ~  = +208.C 
(C = 0.26, CHCl3). Ir (CHC13): 3425 br, 3005% 2970% 1670111, 1625% 1485111, 1445111, 1405% 1330% 1085m. 1025m. 970m. 8901% 
650w. IH-Nmr: 1.01 (s, t-Bu); 1.68 (d, J = 6.4, CH3-C(3')): 3.12 (s, NCH3); 3.46 (br d, wll2 = 6, H-C(5)); 4.45-4.67 (br m, H-C(I'), 
OH); 5.04-5.17 (2 br s, H-C(2). H(olef.)C-C(6)); 5.29 (br s, wll2 = 10, H(olef.)C-C(6)); 5.50 (dd, JI  = 15.5,J2 = 5.6, H-C(2)); 
5.81 (dq, JI  = 15.5, 12 = 6.4, H-C(3')); 7.32-7.51 (m, 5 arom. H). I 3 c - ~ m r :  18.1, 27.2, 37.8, 41.2, 51.9, 77.0, 77.5, 113.8, 127.6, 
128.7, 129.8, 129.9, 130.6, 135.8, 138.7, 169.4, 171.1 Ms: 256 (Mt, <I), 312 (<I), 273 (14). 255 (4), 229 (66), 201 (3), 151 (12), 
105 (1001, 77 (32), 51 (3). 42 (5). 28 (4), 18 (I). Anal. Calcd far C21H28N~03 C 70.76, H 7.92, N 7.86; found: C 70.84, H 8.19, 
N 7.66. 
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