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Summary: B-Hydroxyesters 1 a-d weft transformed into corresponding dianions 

and condensed with di-f-bulylazodicarboxylate to give anfi protected a- 

hydrazino-o-hydroxye31ers 2a-d wilh good diaslereoselecfivities (up lo 94:6). 

Cleavage of protecting groups followed by ester hydrotysis gave the previously 

unknown anli a-hydrazino-P-hydroxyacids 4a-d, which were in turn converted 

by hydrogenolysis inlo anti a-amino-P-hydroxyacids Sa-d. Starting from (S) 

la. enantiomerically pure (2s ,3S ) a//o-threonine Sa was obtained in good 

overall yields. On the contrary, reaction of silyl ketene acetal 10, derived from 

la. with a diazonium sall furnished predominantly the syn isomer, but in 

unsatisfactory yield. 

a-Amino-P-hydroxyacids are an important class of aminoacids both for their essenlial 

physiological role and lheir aclivily as enzymatic inhibilors. 1 Moreover these substances. having three 

different funclional groups, can be elaboraled in several ways and therefore they may be regarded also as 

useful precursors for other biological active molecules. Their use in Ihe synthesis of sugars2 and of p. 

lactam antibiotics3 has been recently reported. 

In the past, several methods for the stereoselective synlhesis of these derivatives have been 

developed.4-7 However, allhough recently some excellent asymmetric syntheses of syn (rhreo) a- 

amino-P-hydroxyacids in hiQh optical purity have been reported, 5c-e*59-5h Ihe preparalion of antr 

(a//o) diastereoisomers slill remains a challenge. Actually this goal was previously achieved onty in few 

cases,5f.6a.6b.6f.51 by methods requinng multi-step sequences and in some cases suffering from lack of 

generalily6aS6c or low s1ereoseIeCl~vily.6b~s~ 

In continuation of a project drecled towards the developinenr of new methodobgies for a-amino-p- 

hydroxyacid synlhesis,e we envisaged that a possible slraighlbrward entry to these compounds could be 

the C-a-aminalbn of b-hydroxyeslers with electrophilic aminating agenls (Ihat is (N&4+ synthetic 

equivalents). B-Hydroxyesters are actually easily available building blocks which can be prepared in 

both enanliomerically pure forms lhrough microbiological~ or calalyticlo reduclion of fl-keloeslers, as 

well as via depolymerualion of a biopolymer,’ 1 microbiological hydralion of unsaturated actds.l2 or 
asymmetric synthesis.13 Moreover previous reports have shown that P-hydroxyesters dianions usually 

react wilh electrc-philes lo give anfi adducts wilh good lo excellent diaslereoselectivities.14 
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With regards to the amination reaction, some reagents for the introduction of [NH2]+ into a carbon 

skeleton are available,‘5 but they generaliy suffer from some drawbacks. Recently a new type of 

synthetic equivalent of [N&J+, di-f-buiylazodicarboxyiale (TBAD) was proposed.16 This reagent 

appears to be particufarfy attractive, since it is stable, commercially available, and ifs reactions with 

ester enolafes and silyl ketene acatals are described to occur smoothly and with good yields. Moreover by 

using this reagent also the hitherto unknown a-hydraz~no-~-hydroxyac~s should be accessible. The 

importance of L and D a.hydrazinoacids has been recognized since tong time ago, especially in view of 

their strong bio!ogical activities as inhibitors of aminoacid decarboxylases.‘? 

We report here the results of aminalion of some P-hydroxyeslers with two (NH2J+ synthetic 

equivalents: TBAD and ~nzen~~onium tetrafluoroborate. 

Treatment of the 0‘0’ -&js-trimethylsilyl kefene acetal derived from (S) 3-hydroxybutyrate 

1~‘~ with TBAD under the conditions described by Gennari laa(TiClq, CH2Cl2, -78°C) led to a complex 

reaction mixture. On the contrary, when 18 was converted by lithium di~sopropylamide (l-DA) in 

letrahydrofuran (THF) into the mrresponding dianion 14a and then aMwed to react with TBAD al low 

temperature, 28 and 3a were obtained in good overall yiekfs (Table 1 and Scheme 1). 

The ant/ isomer 2a was the major product. The preference for the anti isomer can be explained 

either if its formation is kinetically or thermodynamically controlled. In the first case, on the 

reasonable assumption that in the most stable conformation of dianion a lithium atom is chelated by 

carboxyl and alkoxyl oxygens,14a attack of the electrophile should fake place from the less encumbered 

face of the enolate, leading preferentially to transition state 6 (Scheme 2). In the second case the isomer 

ratio will reflect the relative stability of adducts 8 and 9. Since 8 is expected to have a lower steric 

energy, the anti isomer should be favoured also under equilibrating conditions. In order to clarify this 

point, we performed this reaction under various conditions. 
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TABtE 1: Reaction of p-hydroxybut)VfHe la with TBAD under various 
conditions. 

Entry Temperature Tlme EqLIM Eq TMD Overall yiekP Anti : synb [a]oC 

1 -78°C 3 min 2.5 1.5 77% 75 : 25 + 4.80” 

2 -78°C 3 min 4.2 2.5 77% 77 : 23 + 4.75” 

3 -50°C 10 min 4.2 2.5 75% 84 : 16 + 4.80” 

4 -25°C 60 min 4.2 2.5 56% 94: 6 + 4.70” 

a) Calculated from isolated yield of 2s. taking into auzount the ant/ : syn ratb; b) Determined by CGC; 

c) c 2. ClQ, measured on chromatographed 2a. 

The results listed in Table 1 show thal an increase of temprafure, reaction times, and excass of 

LDA, favours lo a higher exlent Ihe anti adducl, thus suggesting that the reaction control changes from 

kinetic to thermodynamic and that Ihe two spedes 8 and 9 have a greater energy dIfferewe than 6 and 7. 
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This thermodynamic control can derive from equilibration a1 C-2, through deprolonatfen- 

prOtOnalbfL or from a rerf@aldol reachon. In Ihe latter case, however, we should have observed partial 

racemitation, while, on rhe contrary. the optical purity of 2s obtained under different conditions, is 

always the same (Table 1). An alternative hypothesis, explaining the increase of sfereoselectivity with a 

selective destruction by excess LDA of the minor diastereoisomer can be ruled out since the overall yield 

is nearfy constant passing from entry 1 to entry 3 in Table 1. Since a decrease in yield is observed at 

higher temperatures and longer reaction times, the best conditions turned out to be those of entry 3. 

whiih are a compromise between better induction and better overall yield, and which albwed the highest 

isolaled yield of major dlastereoisomer 2a (63%). 

The two isomers could be very easily separated by chromatography, thanks to the high AAf value. 

Hydrolysis of major product 2a with CF3COOHICH2Cl2 followed by in sifu esler hydrolysis gave 

hydrarinoacid 4a in 71% yield. Hydrogenotysis (PtOq, 1 bar) of the hydrochloride then afforded in 80% 

yield (2s .3S ) a//cMhreonine Sa, identical in all respects with an authenhc sample. 1 H NMR and t.1.c. 

showed that no epimerizalion occurred during hydrogenation. The optical rotatory power indicated an 

optical purity 2 95%. 

In order to examine the scope of this new synthesis of anti a-hydrazino- and a-amlno-p- 

hydroxyacids, we studied also the amination of f3-hydroxyesters lb-d.lg The results, listed in Table 2. 

showed that good diastereoselections for the anti isomers are commonly obtained. Once again, in every 

case the two diastereoisomers were well separated on silica gel. thus allowing easy obtainment of 

diastereomerically pure Pb-d. 

For R-CF3 the relative configuration of major product was unambiguously assigned by its 

transformation into know& a//o-trifluorothreonine Sb. For RI n-Hex and A- cy_Hex, the anli and 

syn configurations were tentatively assigned 10 2c,d and, respectively, 3c,d on the basis of a 1.1.~. 

behavior similar to 2a,b and 3a,b (the syn isomer is always faster running) and on the reasonable 

assumption that the stereochemical oulcome of the amination reaction is the same for all p- 

hydroxyesters examined. 

In condusion. this three steps synthesis proved lo be diastereoseleclive. enanliospedfic, efficient 

and of general scope, thus allowing the conversion of easily available optically pure 9-hydroxyesters 

into various anti a-hydrazino- and a-amino-5-hydrpxyacids. 

In order lo develop a complementary method for Ihe synthesis of syn a-hydrazino- and a-amino- 

f$hydroxyacids, we also studied the condensation of the O,O’-his-trimethylsilyl ketene acetal 10. 

derived from la,‘* with benzenediazonium tetrafluoroborale, according to recent reports’ Se.f 

(Scheme 3).20 Since we have previously demonstrated t 8 that reaction of 10 wilh imines is syn 

selective, we hoped that this behaviour would have been confirmed also in lhis case. 

TABLE 2 : Synthesis of hydrarinoacids 4 and aminoacids 5 VIB 
electrophilic amination of P-ketoesters with TBAD. 

Entry R Product YieW Anti : Syn Hydratinoacid Yieldb Aminoacid Yietdb 

1 Me 2a+30 75%c 84 : 166 48 7 t % 5a 80% 
2 CFJ 2b+3b 62%* 87 : 13e 4b 66% Sb 79% 

3 n -Hex 2c + 3c 74%* 90 : 10’ 4c 54% SC 76% 

4 cy -Hex 2d + 3d al%* 85 : 15' 4d 56% 5d 76% 

a) Isolated yields of syn + anti diastereoisomers; b) Isolated yields; c) Reaction carried out at -50°C. 

10 min.; d) Reaclion carried oul al -78”C, 3 min.; e) Determfned by CGC; 1) Determined by weight of 

the two isolated diastereoisomers. 
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When this condensation was carried oul in pyridine, using 1.4 equivalents of diazonium salt, syn 

azo-derivative 11 was indeed obtained with excellent stereoselectivity (syn : anti ratio 2 95 : 5). 

However the yield was only modest (23%) and every attempt lo increase it by changing reaction 

conditions was unsuccessful .21 Attempts lo obtain lhreonine ethyl ester 13 performing first the O-TM 

cleavage and then the hydrogenation of the corresponding 9-hydroxy-a-phenylazo-ester were fruitless 

because of extensive eliminalbn during Ihe OH debbcking. On the other hand hydrogenation could be 

carried out with good yield (92%) on the silylated azo compound 11, lo give 12, which, after 

deprotection of the 3-hydroxyl group, was successfully hydrogenated to afford lhreonine ethyl ester 13, 

identical in all respects with an authentic sample, in 52% yield from 12. It should be pointed out that 

hydrogenolysis of 11 had lo be slopped at the stage of hyckuine 12, since when the reaction was allowed 

lo proceed towards the N-N bond deavege, extensive decomposition occurred. 

Although this method proved lo be complementary in terms of stereoselectivity with the 

eleclrophilic amination of f3-hydroxyeslers with I -butyl-azodicarboxylale. the low overall yield limits 

its synthetic ulilily. 

EXPERIMENTAL 

Melting points are uncorrected. 1 H NMR spectra were recorded with a Varian FT-80 (90 MHz) 

instrument. Mfcroanafyses were performed with a Perkin-Elmer 240 instrument, and are listed on 

TaMe 3. Optical rotatory powers were measured al 20°C in 1 dm cell using a Jasco DIP-191 



polarimeter. CGC ~UMI~S~S were performed with a Garb Erba Fracfovap HRGC instrument, equipped with 

a RSL 150 capillary column. 

All reacffons employing dry solvents were run under a nitrogen atmosphere. Dry solvents were 

obtained by dislillation under nitrogen atmosphere: fefrahydrofuran (THF) was distilled from polassium 

metal In the presence of benzophenone, dichloromethane from phosphorus pentoxide, pyridine from 

potassium hydroxide. 

Organic extracts were dried over Na2S04 and filtered before removal of the s&vent under reduced 

pressure. 270-400 mesh silica gel (Merck) was used for flash chromatography.22 

Racemic ethyl 4,4,4-trifluoro-3-hydroxybulanoate 1 b,23 3-hydroxynonanoate 1 c,z4 and 3- 

cyclohexyl-3-hydroxypropanoate 1 d2s are known compounds. 

(2s ,3S ) and (2R ,3S ) Ethyl 2-(EJ,N’-dl-ferl-butyloxycarbonyl)-hydrazfno- 

3-hydroxybutanoates (2a) and (3a) -Typical procedure : (Entry 3 of Table 1) To a 0.5 N 

solution of lithium diisopropylamide in THF - n-hexane 2 : 1 (51.4 ml, 25.7 mmol), (S) ethyl 3- 

hydroxybulanoate 18 (88% e.e.) (0.80 ml, 6.11 mmol) was added al -6O”C, and the femperafure 

allowed lo reach -20°C during 30 min. The resulting dianion solution was cooled to -SOY? and di-rerl- 

bulylazodicarboxylale (3.52 g, 15.3 mmol) in THF (7 ml) was added. After 10 min. Ihe reaction was 

quenched with acetic acid (2.10 ml, 36.7 mmol), slirred for 15 min. at -50°C, and then allowed lo 

reach room temperature. After dilution wilh water, extraction wilh El20 and usual work-up, flash 

chromatography ( petroleum ether : Et20 1:l) afforded 2a (Rf- 0.32) (1.39 g, 63%), which was 

crystallized from Ef2Olpetroleum elher lo give a while solid. Mp. 97-9&C; [U]D - +4.8” (c 2, 

CHCl3); ’ H NMR (CDCl3, TMS, exchanged with 020): 6 1.30 (1. 7.1 Hz. 3 H, Me CH2), 1.31 (d, 6.6 Hz, 

3 H, Me CH), 1.47 and 1.48 (2 s, 2 x 9 H, 2 x CMe3 ). 4.24 (q, 7.1 Hz, 2 H, CH2Me), 4.23-4.29 (m. 

1 H, CH OH; J2.3 - 6.0 Hz~~), 4.60 - 5.10 (m, 1 H, CH N), 6.65 (bs, 1 H, NH). 

We were not able to separate 3a (Rf - 0.44) from di-ferf-butylhydrazodicarboxylate, which is 

the main by-product. by column chromatography, buf we obtained a pure sample of 3a through Swern 

oxidation of 2a [(COCl)2, DMSO. EtaN. CH2Cl2. -50°C to O°C] 27 folbwed by NaBH4 reduction (EIOH : 

H20 3:l. NH4CI, R.T.)8a of the resulting /I-ketoesler to give a mixfure of diasfereoisomers separated by 

preparative t.1.c. (petroleum ether : Et20 4:6). ‘H NMR (CDCI3, TMS. exchanged wilh 020): 6 1.29 (1, 

7.1 Hz, 3 H, Me CH2). 1.35 (d, 6.6 Hz, 3 H, Me CH). 1.47 8 1.49 (2 s, 2 x 9 H, 2 x CMe3). 3.86- 

4.23 (m, 1 H, CH OH; J2.3 - 6.8 Hz~~), 4.20 (q, 7.1 Hz, 2 H, CH2Me), 4.59 (d, 8.8 Hz, 1 H, CH N). 

6.56 (bs, 1 H, NH ). 

(2s *I 3R ‘) and (2s ‘, 3s ‘) Ethyl 2-(N,N’-dl-terl-butyloxycsrbonyl)- 

hydrerlno-3-hydroxy-4,4,4-trlfluoro-butanoates (2b) and (3b) - The same procedure 

as for la + 3a was applied, with the following variations: molar ratio [LDA] : [lb] was 3 : 1, and the 

reaction between dianion and TBAD was run at -78°C for 3 min. Chromatography (dichloromelhane - 

ethyl ether 95 : 5) gave 3b (8%; Rr = 0.86) and 2b (56%; RI = 0.56). 2b and 3b were obtained as 

while solids from petrofeum ether: 2b: m.p. lOl-103°C: 1 H NMR (CDCI3, TMS. exchanged wifh 020): 

6 1.26 (1. 7.1 Hz. 3 H, Me ), 1.44 (s. 16 H. 2 x CMe 3). 4.21 (q, 7.1 Hz, 2 H, CH 2), 4.40-4.76 (m, 

2 H, CH -CH ), 6.62 (bs. 1H. NH ): 3b: m.p. 64-8S°C; ‘H NMR (CDCl3, TMS. exchanged wilh 020): 6 

1.27 (1, 7.1 Hz, 3 H. Me ), 1.45 8 1.46 (2 s. 2 x 9H. 2 x CMe 3). 4.23 (q. 7.1 Hz., 2 H, CH 2), 4.44- 

4.91 (m. 2 H, CH -CH ), 6.63 (bs. 1H. NH ). 

(2s l , 3s ‘) end (2s ‘, 3R l ) Ethyl 2- (N,N’ - dl - terf - butyloxycarbonyl) - 

hydra&to-3-hydroxynonanoates (2~) and (3~) - The same procedure as for 2b + 3b was 

applied. Chromatography (petroleum ether - AcOEl from 9 : 1 to 7 : 3) gave 2c (67%, RI= 0.47 wilh 

petroleum ether - AcOEt 75 : 25) and 3c (7%, Rr- 0.60 wilh pelroleum ether - AcCEl 75 : 25). 

2c was obtained as a while solid from petroleum ether: m.p. 87.90°C; ‘H NMR (CDCI3, TMS, 

exchanged with 020): 6 0.83-l .51 (m, 16 H, n -CsH 13 t CH 3CH2O), 1.46 8 1.48 (2 S, 2 x 9 H, CMe 

a), 3.98-4.21 (m, 1 H. CH OH), 4.23 (q, 7.1 Hz. 2 H, CH 20). 4.76-5.01 (m. 1 H. CH N), 6.61 (bs. 
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‘t4 NMR and t.l.c. (n-BuOH - H20 - acetone - NH@-4 8 : 6 : 1 : 1) with kn autientfc sampte of 4.4.4- 

trifluoro-allo-threonine.sC 

(2s’. 3s’) 2-Amino-3-hydroxynonanoic acid (SC) - The hydrogenation was carried 
out as for 6a. After eddilion ot tiOH and fiiatkn of the catafyst, the filtrate was percofated on &vex 
50 WX8 as above, krt the filer was further washed with 10% NH&H. The solution resuhkg from thii 

operatbn was added to the one obtained by efution of the r&n to give, after evaporation to dryness, SC 
as a white solid (61%), which was recrysfallized from EtOH - E120; m.p, 214.216OC (dec,); 1H NMR 

(0.13 N fXXD20, Me3SiCD2CD2CCXM): 6 0.82-1.59 (m, 13 H, n-CsHl3), 4.00-4.t7 (m, 2H, CHN + 

c)rlof-Q. 

(2S’, 3s’) 20Amino-3-cyclohexyl-3-hydroxypropanolc acid (Sd) - It was 
prepared by Ihe same method employed for SC (yfefd - 58%); m.p. 175-t8O”C (dec.) (EIOH - Et20); 

tH NMR (0.13 N DCUD20, Me~SiCD2CD2COOHf: 6 0.94-2.00 (m, 11 H, cy_HexyI). 3.64 (dd, 8.5 8 

2.4 Hz, 1 H, CH OH), 4.31 (d, 2.4 Hz, 1H. CN N). 

(2R’, 35’) Ethyl 2-(phanylato)-3-trlmsthylrilyloxy-butanoate (11) - To 933 

mg of 10 (3.46 mmol) dissolved in anhydrous pyridine (10 ml), PhN28F4 (333 mg. 4.89 mmol) was 

added as a soud al -35°C. After 18 h, the reaction was diluted with Et20 and t 5 N HCI (28 rnf); the 

organic phase was separated and washed with brine. After usual work-up and ffash oftromatography 

(petroleum ether - Et20 1 : 1). 11 was oblained as a reddish yellow oil (226 mg, 0.73 mmof; 22%); 

tH NMR (CDCl3, TMS) 6 0.12 (5, 3 H. MesSi). 1.16 (d. 6.0 Hz, 3 H, Me CH). 1.26 (t, 7.1 Hr. 3 Hi 

Me CH2f. 4.19 (q. 7.1 Hz, 2 H, CN pMef, 4.45 (d, 7.8 Hz, t H, CH N), 4.85 (cfq, 7.8 & 6.0 Hz, 1 H, 

CH Me), 6.82-7.40 (m, 5 H, Ph). An isomer of 11 was Isolated in about 1% yield (14 mg, 0.05 

mmol): we dii not ascertain if it was the snfi diaslereoisomer or a g~me~i~al (a! the N-N bond) 

isomer of 11; 1 H NMR (CDCl3, TMS): C 0.02 (s, 9 H. Me $Si). 1.28 (1. 7.1 Hz, 3 H, Me CH2), 1.31 (d, 

6.2 Hz, 3 H, Me CH), 4.24 tq. 7.1 Hz, 2 H. CH 2Me). 4.29 (d, 7.7 Hz, I H. Ctf N). 4.77 fdq, 7.7 8 6.2 

Hz, 1 H, CH Me). 7.16-7.91 (m. 5 H, Ph). 

(2R’, 35’) Ethyl 2-(phenyfhydrarfno)-3-trimethytsilyfoxy-butanoate (12) - 
200 mg of 11 (0.65 mmof) were dissolved in anhydrous CHpCI2 (20 ml) and hydr~enat~ at 

atmospheric pressure and room temperature in the presence of a catalytic amount of 10% paffadium on 

charcoal. After 50 min. the catalyst was filtered off and the sofvent evaporated to give a yelbw oil. 
Chromatography (petroleum ether - Et20 9 : 1) afforded 12 in 82% yield (165 mg, 0~53 mmol); 1 H 

NMR (CDCl3, TMS): 6 0.08 (s, 3 H, Me 9Si), 1.36 (t, 7.1 Hz, 3 H, Me CH2), 1.44 (d, 6.3 Hz. 3 H. 

Me CH), 3.42 (d, 2.2 Hz, 1 H, CH N), 4.21 (q, 7.1 Hz, 2 H, CH pMe), 4.29 (dq, 2.2 & 6.3 Hz, 1 H, 

CH Me), 6.74-7.29 (m, 5 H, Ph). 

(2R*, 3s’) Ethyl Z-amfno-3-hydroxy-butanoate (13) - 95 mg of 12 (0.31 mmol) 
dissofved in dry CH2Clp (12 ml) were treated with 6 ml of a 0.16 M solution of n Su4NF.3H20 in dry 

CH2Cl2 (0.96 mmol) at room temperature. Alter 1 h, evaporation of solvent and flash chromatography 

(petroleum ether - Et20 1 : 1) afforded ethyl 3-hydroxy-2-(2.phenylhydrazino)butanoale in 62% 

yiefd (46 mg, 0.19 mmol); tH NMR (CDC13, TMS, exchanged wilh D20): 6 1.32 ft. 7.1 Hz, 3 H, 

Me CH2), 1.40 (d, 6.5 Hz, 3 H, Me CH), 3.47 (d, 4.7 Hz, 1 H, CH N), 4.03-4.39 (m, 1 H, CH Me), 

4.28 (q. 7.1 Hz, 2 H, CH 2Me), 6.72-7.33 (m, 5 H, Ph). 

Ethyl 3.hydroxy-2-(phenylhydrazino)butanoate (40 mg, 0.17 mmol) was hydrogenated in 95% 

EtOH solution (2 ml) at atmospheric pressure and room temperature in the presence of a catafytic 

amount 01 10% palladium on charcoal for 20 h. Filtration of catafysl and removal of sofvenl afforded 

(2R *, 35 ‘) ethyl Z-amino-3-hydroxybutanoate in 84% yield (21 mg. 0.14 mmol); 1 H NMR (CDCfs, 

TMS, exchanged with D20) b 1.24 (d, 6.2 Hz, 3 ti, Me CH), 1.29 ft. 7.1 Hz, 3 H, Me CH2), 3.25 (d, 5.3 

Hz, 1 H. CH N), 3.87 (epp quintet, 6.1 Hz. 1 i-f. CH Me), 4.22 (q, 7.2 Hz, 2 H, CH 2Me). 



Syntbais of mui a-hydrazmo- clod z-arninc+hydroxyacxB S%l 

- 

TABLE 3: Ebmentsl Analyses ot compounds 2,4, and 5 

28 

2b 

PC 

Id 

4a 

4b 

4c 

4d 

SC 

tid 

c% H% N% c% 
52.94 8.22 7.77 53.02 

46.97 6.65 6.67 48.15 

58.02 9.16 6.56 58.31 

57.98 8.77 6.61 58.58 

35.64 7.46 20.67 35.82 

25.06 3.81 14.79 25.54 

52.99 9.38 13.72 52.92 

52.92 8.78 13.72 53.45 

56.83 9.94 7.34 57.12 

56.97 9.11 7.40 57.73 

C&lJtkbd 

H% 

8.84 

6.53 

9.32 

8.89 

7.51 

3.75 

9.89 

8.97 

10.12 

9.15 

N% 

7.73 

6.73 

6.48 

6.51 

20.88 

14.89 

13.71 

13.05 

7.40 

7.48 

- 
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