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Abmhwt: Enentiomerically pure hetenxycle 2 is deprotonated at C6 with ferl-butyllitbium at -78 ‘C. The resulting carbonion 

reacts with alkyl halides and aldebydes to give the corresponding alkylated pmducts. Reduction of the double bond followed 

by hydrolysis affords enantiomericalIy pure B_aIkyl-~-amino acids. 

Interest in the synthesis of p-amino acids is due largely to their presence in biologically active natural 
products’ and their use as precursors to p-lactams2 As part of our synthetic effort toward 
(+)-jasplakinolide.3 which contains the @unino acid (R)-p-tyrosinep we became intrigued with the prospect 
of a synthetic method in which introduction of the desired carbon suhtituent at the p-site could be achieved 
in an enantioselective manner. This approach contrasts with other methodologies, which develop the chiral 
center via conjugate addition of an amine to an a$-unsatumted system,5 reduction of a C=C or C=N 
functionality,6 C-C bond formation involving imines and carbon nucleophiles,7 or manipulation of an 
a-amino acid.tfg8 In previous papers we described the synthesis of enantiomerically pure 
dihydropyrimidinone 1: which can be used both as a reagent for the synthesis of P-aryl-B-amino acids1o and 
as a chiral auxiliary in asymmetric alkylation reactions. 1t*12 We have now found that C6 of modified 
heterocycle 2 can be deprotonated at low temperature. Reaction of the resulting vinyl carbanion with 
electrophiles affords the corresponding alkylated products which, after reduction and hydrolysis, give 
~-amino acid derivatives. Herein we report our results. 

CO@3 

Bc d 
70% 

0 

1 2 3 R1 = R or CH(OH)R 

a) 1) n-BuLi, THP, -78 ‘C. 3h; 2) MeI. -78-Z oc, 3h: b) NaOH. MeOH-H20.0 ‘C. 2h; c) 1) n-BuLi, THP. 

-78 ‘C. 3h: 2) MeOCH2CI. -78 ‘C, 3b; d) 1) 1.5 r-B& THP, -78 ‘C, 2.5h; 2) 5 RX or RCHO, -78-23 OC, 12 h 

* Dedicated to Professor Carl Djerassi on the occasion of his 70* birthday. 
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a cH3cHo 81% 

b (cH3)2cHcHO 85% 

E PhCHO 84% 

d a31 95% 

e PhCH2Br 55% (78%3 

I Q13a2’ 55% 

8 Phi 27% 

h (“3ma2’ 0% c16%4 

a) Substrate prepred from 3c, see adjwnt sketch 

b) SuWmte prepsred from 3b, see adjacent sketch 

Aldehydes ate excellent electrophiles 

Compound 2 is derived from 1 by protecting the nitrogen atoms of the heterocycle with base-stable 
groups. Fiit, the amkk is deprotonated with n-butyllithium, followed by methylation with methyl iodide. 
This tea&on requires at least three hours at room temperature. The carbomethoxy group in 1 is then 
cleaved with sodium hydroxide. The resulting amine is protected with the MOM group with an overall 70% 
yield from 1. Excess chloromethyl methyl ether is to be avoided in this step for maximum yield.13 

Compound 2 can be directly lithiated with fert-butyllithium at -78 OC in a manner similar to the 
/3-aminoacrylic acid derivatives teported by Schmidt and coworkers.t4 The vinyl anion so formed is treated 
with electtophiles such as aJky1 halides and aldehydes to give Cdsubstituted heterocycles. Results of these 
reactions are summa+ed in the table below. Methylation is quite successful. Other alkyl halides sffoni 
yields that, whiie not as high, am still useful. Arylation with phenyl iodide affords modest amounts of 
prcd~ct,~~ Treatment of 3d with reti-BuLVMeI afforded 3f.16*17 

3b 76% from 2 

a) t-B&i, Rx; b) I-BuL.i, RCHO, c) (A&)20, pyidine; d) NaRIQ 

in this reaction. The product alcohols (as a mixture of __ 
diastereomers which can be separated on column chromatography’s) can be converted to their 
corresponding acetates by treatment with acetic anhydride. The acetate group can then be reduced with 
sodium borohydride in high yield to afford the C6-alkylated heterocycles. Thus, whereas direct alkylation 
of the anion of 2 with isobutyl bromide is unsuccessful, the formation of 3b and subsequent reduction of the 
derived acetate affords 3h in 76% yield from 2 in enantiomerically pure form (vide i&z). Likewise, the 
overall yield of 3e is improved by this three step protocol. 

Completion of the C6 alkylation studies of 2 indicated success in the production of @-alkyl-~-amino 
acids, inasmuch as the previous work from this laboratory on the production of enantiomerically pure 
p-aryl-~-amino acids had verified two important points. Fist, the reti-butyl group at C2 functions as an 
efficient steric barrier to reagent approach. Second, the product amino acids did not undergo racemization 
under strong acid treatment for amide and acetal cleavage. The production of known g-amino acids 
Q-3-aminobutytic acid and Q-3-amino-4phenylbutyric acid was undertaken to exemplify these facts. 

Although there are a few reports of reductions of similar substrates,9a19 hydrogenation of compound 3 
was not straightforward. Attempted hydrogenation of 3d using Pd(OH)2, Pd-C, PtO,, Raney Ni, and Rh on 
alumina as catalyst and with hydrogen pressure up to 50 psi gave no reaction. However, compounds 3d and 
3e were cleanly reduced in good yield with sodium cyanoborohydridetgc to corresponding saturated 
heterocycles 4. The cis relationship between the teri-butyl group at C2 and the new chiral center at C6 was 
established by NMR (NOESY). High diastereomeric selectivity (>95%) was consistently observed. The 
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temperature of this reduction is important; at higher temperatures 
reduced. Unexpectedly, the MOM group is also red~ced.~ 
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(Z 0 “C) the carbonyl group is also 

Me-N*N+xB 
&l& -%+o‘N N’;G+ou. “;/zi 

MC 
* MC 

a) NaBH3CN. HCI. -30 ‘C, 2h; b) 3 CH2=CHOCOCl, CICH2CH2Cl reflux. 5 h; 
c) 6 N HCL 100 ‘C. 2h 

Demethylation of the amine nitrogen and hydrolysis were combined in the last step to give the desired 
@mine acids 5.21 The heterocycle is first treated with vinyl chloroformate in refluxing 1,24ichloroethane. 
The resulting carbamate is then refluxed with ethanolic HCl to achieve dealkylation. aud after removal of 
the solvent the reaction mixture is hydrolyzed with 6N HCl to liberate the B-amino acids.21 

In conclusion, the above route to B-alkyl-B-amino acids, coupled with the approach to f3-aryl-B-amino 
acids already des~ribed,*~t~ allows for the production of diverse members of this important class of 
compounds in enantiomerically pure form. The present work offers the facility of adding what is likely to 
be a strategically important fragment (i.e., the p-carbon alkyl or aryl group) as au electrophile to an 
enantiomerically pure nucleophilic template late in the synthesis, thus simplifying the production of large 
numbers of related compounds. Recently, Enders 22 has published a strategically complementary approach 
involving an electrophilic chiral template/nucleophilic alkyl (aryl) coupling. In addition 3uaristiga has 
recently published the stereospecific catalytic hydrogenation of 6 to 7 with hydrogen iressure of 75 
atmospheres in 98% yield. The application of this protocol to 3, followed by hydrolysis, would afford 5 in a 
shorter sequence in higher yield. Further work on the transformation of 3 to 5 and on the chemistry of 1 is 
in progress and will be reported in due course. 

EXPERIMENTAL SECTION 

General. Melting point determinations are reported uncorrected. Proton (‘H NMR) and carbon (13C NMR) 
magnetic resonance spectra were recorded (in CDC13 unless otherwise noted) at 300 MHz and 75.5 MHz 
respectively. Ultraviolet (UV) spectra were recorded in methanol. Combustion analysis for carbon and 
hydrogen were performed by the staff at Atlantic MicroLabs, Norcross, Georgia. 
Tetrahydrofuran (THF) and diethyl ether were distilled from sodium metal/benzophenone immediately prior 
to use. For anhydrous reactions, ClCH,CH$l was distilled from Cal-I2 immediately prior to use. Pyridine 
was distilled from calcium hydride and stored over KOH. 
Alkyllithium reagents were titrated with l,lO-phenanthroline by the method of Watson and Eastham.= 
n-Butyllithium and rerf-butyllithium were purchased as solutions in hexane. Unless otherwise indicated, all 
other reagents were used as received. All chromatographic separations were perfoxmed on silica gel. 
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(thin film): 3335,2950,1633,1165 cm-‘. 
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(S)-2-tert-Butyl-6-(1-bydroxybenzyl)-l-~tboxym~yl-~methyl-2~dibydr~4(~-py~midinone 
(3c). Analysis by ‘H and 13C NMR of the crude product indicated a 3:2 mixture of isomers at the new chiral 
center. The product was purified with silica gel (EtOAc), giving the pure isomers as colorless oils: isomer 
1: [o]o = +75 (C 0.4. EtOAc); ‘H NMR: 6 0.89 (s. 9H. CC&), 3.03 (s, 3H. NMe), 3.22 (s, 3H, OMe), 4.20 
(s, 1H, NW, 4.16 (d, J = 10.6 Hz, 1 H, -C.&l), 5.10 (d. J = 10.6 Hz, 1 H, -C&), 4.87 (s, lH, CH=C-N), 
5.43 (s. lH, -CkfOH), 7.31 (m, 5H, aromatics); 13C NMR: 8 26.5, 37.1, 41.9, 55.4, 73.3, 83.7, 85.4, 103.7, 

127.1, 128.2, 128.5, 139.9. 154.4, 165.1; IR (thin film): 3295, 2943, 1642, 1537, 1454, 1396, 1237, 1049 
Cm-'; HRMS (EI): calcd for C1sH24N202 @I+-H*O): 300.1838. Found: 300.1838. 

isomer 2: lolo = +42 (c 0.2, EtOAc); ‘H NMR 6 0.68 (s. 9H, CC&), 3.02 (s, 3H, NMe), 3.16 (s, 3H, 
OMe), 4.14 (s, H-I, NCHN), 4.16 (d, J = 10.6 HZ, 1 H, -C&), 4.92 (d,J = 10.6 HZ, 1 H, -C&J 5.51 (s, lo, 

CH=C-N). 5.65 (s, HI. -WOH), 7.35 (m, 5H, aromatics); 13C NMR: 8 26.1, 37.0, 41.4, 55.5, 71.2, 83.0, 
84.9, 100.5, 126.5, 127.9, 128.4, 140.8, 158.5, 165.5; IR (thin film): 3285,2940, 1640, 1100 cm-‘. 

(S)-2-tert-Butyl-l-methoxymethyl-3~-dimethyl-2~-dihydro_4 (3d). The product is a 

white crystalline solid: mp: 90-93 “C; [olo = +394 (c 0.6, EtOAc); ‘H NMR: 6 0.88 (s, 9H, CC.&), 1.94 (s, 
3H, -C&), 3.04 (s, 3H. NMe), 3.20 (s, 3H, OMe), 4.19 (s, IH. NUN), 4.17 (d. J = 11.2 Hz, 1 H, -C&), 
4.84(&J= 11.2Hz, 1 I-I.-C&),4.94(s, lH,CH=C-N); 13CNMR: 6 18.5,26.4,37.1,42.1,55.2,82.8,85.3, 
101.6, 151.7, 164.9; MS(EI): 226, 209, 169, 129, 96; IR (Kl3r): 2935, 1703, 1281 cm-‘; HRMS @I): calcd 
for C12H22N20z: 226.1681. Found: 226.1681. 

(S)-6-Benzyl-2-tert-Butyl-l-methoxymethyl-3-methyl-2,3-dihyd~~(~-py~midinone (3e). Procedure 
1: The general procedure for the alkylation of 2 was employed. ‘Ihe product was purified by 
chromatography (EtOAc) as a colorless oil. 

Procedure 2: Compound 3c (1.01 g, 3.18 mmol, mixture of isomers) was dissolved in THF (2 mL) and 

acetic anhydride (0.3 mL, 3.49 mmol) was added. After stirring at room temperature for 2 h, the reaction 

mixture was diluted with ether (20 mL) and washed with saturated NaHC03 solution. The organic portion 
was dried (MgSO4) and solvent was removed by evaporation. The residue was dissolved in MeOH (15 mL) 

and sodium borohydride (0.60 g, 15.6 mmol) was added. The reaction mixture was stirred at mom 
temperature for 4 h, extracted with ether and purified by chromatography (EtOAc), affording 3e as a 
colorless oil: [CC]D = +284 (c 0.3, EtOAc); ‘H NMR: 6 0.83 (s, 9H, CC,&,), 3.07 (s, 3H, NMe), 3.22 (s, 3H, 

OMe). 3.58 (m, 2H, -C&Ph). 4.18 (s, lH, NO, 4.12 (d, J = 11.2 Hz, 1 H, -C&), 4.95 (d, J = 11.2 Hz, 1 

I-I, -C&), 497 (s, lH, W=C-IV), 7.23 (m, 5H, aromatic); 13C NMR: 6 26.5, 36.2, 38.5, 41.9, 55.4, 83.0, 
85.5, 102.8, 127.1, 128.3, 129.1, 136.2, 165.0; IR (thin film): 2950, 2920, 1685, 1135 cm-‘; HRMS (EI): 
calcd for C1sH2aN202+1: 303.2072. Found: 303.2072. 

(~)-2-tert-Butyl-6-ethyl-l-methoxymethyl-3-methyl-2~-dihydr~(l~-py~midinone (39. The product 

iS isolated as a colorless oil: [U]D = +341 (c 0.2, EtOAc); ‘H NMR: 6 0.90 (s, 9H, CC&,), 1.11 (t, J = 7.1 

Hz, 3H, -CHpC&), 2.32 (m, 2H, -W$H3), 3.06 (s, 3H, NMe), 3.22 (s, 3H, OMe), 4.20 (s, lH, NCHN), 
4.17 (d, J = 11.2 Hz, 1 H, -C&), 4.82 (d, J = 11.2 Hz, 1 H, -C&), 5.05 (s, lH, CH=C-N); 13C NMR: 8 11.9, 
24.9, 26.5, 37.2, 42.1, 55.4, 82.6, 85.1, 100.6, 151.7; IR (thin film): 2940, 1698, 1280 cm-‘; HRMS (~1): 
calcd for C13H24N202+1: 241.1960. Found: 241.1952. 

(S)-2-fe~-Butyl-l-~thoxy~thyl-3-mhyld-phenyl-2d-dihydro-4(~-py~~dinone (3g). 'he 

Product Was iSOkWd aS a COlOrleSS oil: [o]~ = +290 (c 1.2, EtOAc); ‘H NMR: 8 1.05 (s, 9H, CC&e), 3.16 

(s, 3H, NMe), 3.18 (s, 3H, OMe), 4.39 (s, lH, NCHN), 4.38 (AB system, 2H, -CH,-), 5.45 (s, 1~. 
CH=C-N). 7.43 (m. 5H. phenyl); 13C NMR: 6 26.6, 36.9, 41.7, 56.4, 82.8, 84.3, 104.4. 128.4, 129.1, 130.4, 
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