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Summery: The stereochemical course of three new simple methodologies 
for the preparatlon of a-amino-6-hydroxyaclds starting from 
dibentylaminoacetates ,as synthetic equivalents of glycine is described. 
While the a&l-type condensatbn v/a ltthium eno&tes gave results highly 
dependent on the aldehyde employed, producing In some cases 
diastereoselectivlties up to 5:l for the anN isomers, the acid-catalysed 
aldol condensation of silyl ketene acetals ylelded predominantly syn adducts 
with selectlvltles from 51 to 32:l. Finally the acylation-reduction 
procedure gave the best results in terms of yields and stereoselectlvities, 
affordlng syn Isomers with excellent induction (r 13 : 1). 

a-Amino-6-hydroxyacids are important derivatives both as enzymatic inhibitors and as 

precursors to j$lactam antibiotks2 and related compounds. Although a number of methods for their 

stereoselective preparatbn were already known when we started thts researchP they all suffered from 
some drawbacks, like low practiclty and generality, poor stereoselectlvity, or drastk condltbns.4 

In the course of a project directed towards the synthesis of new monocyclic 64actam antibiotics5 

we de&M to search a new methodology for the stereoselectlve synthesis of syn or ant1 a-amino+ 

hydroxyaclds which would fulfill these requlrements: a) the shortest number of steps; b) high 

stereoselectivity; c) mild reaction conditions and hence wide generality; d) employment of easy 

accessible and inexpensive reagents. 
Among the vartous possible ways to conslruct the a-amino-jl-hydroxyacid structure, the 

condensation of a glycine synthetic equivalent wlth an oxygenated functionality is probebly the most 

stralghtforward. In principle this can be accomplished either v/a aldol-type condensatton with 

aidehydes (under bask or acidii conditbns), or by acytation with an actfvated carboxytk actd derfvatlve 

(e.g. an acyl chbrtde), followed by reduction of the reeuitlng a-amino-6-keloesler (Scheme 1).6 While 

the first method Is more direct, the acylatbn-reduction procedure has been shown by us7 and others6 to 

be sometimes superior from the point of view of stereoselectivity. Moreover it should be pointed out 

that, In some particular cases, activated carboxylic add dertvattves could be more easlty accessible than 
the corresponding akMydesg 

We report here our results employtng all these strategies, using the esters of dbenzylamlnoacetic 

acid 1 and 2 as glycine synthetic equtvahmts. The advantage of these synthons is that a) they are easily 

obtained from Inexpensive preaasors; b) the dibeazyl protecting group is stable under a variety of 
condftions. but can be cleeved by hydrogenotysis under neutral conditbns; c) the NH2 group is fully 

protected, that is there are no acidic protons on nitrogen which could Interfere with the condensation 
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SCHEME 1 

t-l), N -coOR’ 
1 :Fi’-Me 

2 :R’=mu LDA 

\ 

bd 
5 :R’-Me 

6 :R’-t8u 

. 
N(Bz1)2 WBW2 MBNa 

17 - 26 
a = 6YN (THREO) b = ANTI (ERYTHRO) 

7 - 16 

reactions; d) the bulkiness of the substituents at nitrogen can be valuable in directing the stereo- 

selectivity of the process. 

As shown in table 1, the condensation of lithium enoiates 3 and 4 with a series of aidehydes 

proceeds with excellent yleids, with the exceptlon of sterlcaily encumbered pivaldehyde. Unfortunately 

the asymmetric induction is usually bw although by increasing the bulkiness of the R2 group a moderate 

to good diastereoselectivity favouriig the 8ntl isomer was found. These results appear to be In line with 

the few reports on aldoi-type condensation by ilthlum enoiates of protected gtycinates.3h1%4b 

in order to interpret these data it was necessary to get informations on the stereochemistry of 

enoiates 3 and 4. When enolate 4 was generated under ‘kinetic” condiUons1o (LDA, THF, -78*C), which 
are the same employed for ail entries in table I. and quenched with either trlmethyisityi chloride 

(Scheme 1) or Pbutyidimethyisiiyi chloride (Scheme 2), only one of the two posslbie diastereomeric 

siiyi ketene acetais was formed. The same behavbur was observed by trimethylsliyi chloride quenching 

of enoiate 3.’ 1 On the contrary, when enoiization was carried out in the presence of 

hexamethyiphosphoric triamide (HMPA) (‘thermodynamic conditlons’)‘O, quenching with &butyi- 

dimethyisliyl chloride gave stereoselectively the other geometric isomer (Scheme 2).13 
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SCHEYE 2 

a: LDA, THF, -60°C; then r-BuMepSiCI; b: LDA, THF, HMPA, -78OC; then fBuMe2SiCI 

NOE experiments on f-butyldlmethylsilyl ketene acetals 27 and 28 (see experimental part) 

showed that the ‘kinetic’ product 27 possessed an E configuration (thus deriving from the Z 

enolatet4), whereas the ‘thermodynamic’ product 28 was Z . This finding is in agreement with the 

usual preference for Z lithium enolates in kinetically controlled enoUra!fon of esters15 and with the 

likely higher stablllty of E enolate because of coordination of lithlum by the dibenzylamino group.t6 
Since the enolates 3 end 4 used in this work were proved in this way to be Z, lhe observed anti- 

selectivity can be explained by the Zimmerrnann-Traxler ts transition states A and B (Scheme 3). B, 

which leads to the syn isomcrrs, shoukf be disfavoured by 1,3-dltial lnteractbn between OR’ and R2. 
However, being the (6rl)pN group particularly bulk, also the ‘gauche’ interaction between it and R2 

should be quite important. It has been proposed that such interaction is greater in transition states like 

A than in those like B.15 So, this latter factor may counterbalance the I,3diaxial interaction, leading 

to results highly dependent from substltutlon, as In the present case. Actually It is weft knownts that 

lithium Z ester enolates show usually only moderate level of diastereoselection in aldol reactions, 

probably because of this problem. As shown in Table 1, best anti selectlvities were observed for R1 = I- 

Bu and when A2 was bulk (Ph, cy-Hex. r-Bu). In these case the 1,bdiaxlal interaction between OR1 and 

R2 must be particularly severe. 

In the attempt to Improve the stereoselectivity of this condensation, we examined also other metal 

enolates. While (tri-Cpropoxy)-tltanium(lV) enolatesl 7 were completely unreactive, (trichloro)- 
titanium (IV) enolates, generated from the silyl ketene acetal 5 by treatment with TICI~,~~ dimerfzed 

readily to give dimethyl 2,3-b/s-(dibenzylamino)~succlnates ls (vi&? Mm) and only in the case ot 

reactbn wfth an excess of acetafdehyde, probabfy because of Its high reactivity, the desired adduct could 

be isolated, albeit in low yields (lo-20%) (syn : anti ratio 85 : 15). The presence of an amino group 
in the a posltion evidently facilitates this oxidatlve dimerization. 2o The chloro-dicyclopentadienyl- 

zirconium (IV) enolate, obtained by reaction of 3 with zirconocene dichloride,21 reacted with 

acetaldehyde but with disappointingfy low asymmetric induction (syn : anti 45 : 55). 

Entry 

1 

2 

3 

4 

5 

R’ R2 Producl 

Me 

f 

Me 7 

Me 

f 

Ph 8 

Me n-Hex 9 

Me cy-Hex 1 0 

Me f-Bu 11 

Yleld%~ 

89 

75 

80 

78 

65 

Syn:Antib 

57 : 43 

46 : 54 

71 : 29 

21 : 79 

31 : 69 

R’ R2 roducl 

r-Bu Me 12 t-r I-Bu Ph 13 

I-Bu n-Hex 1 4 

I-Bu cy-Hex 15 

f-Bu I-Bu 16 

Yield% 

91 

74 

86 

77 

56 

SynzAntib 

60 : 40 

18 : 82 

46 : 64 

16 : 84 

20 : 80 

a: Isolated yields; b: Determined by spectrodensltometry and ‘H N.M.R. (see experimental part). 
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SCHEME 3 
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The Lewis acid catalysed aldol-type condensation of esters derived silyl ketene acetats is a well 
known process.** However very llttle has been reported on the reaction of a-hetero-substituted 

derlvatlves.*3 In order to explore thls Interesting field, we syntheslzed the a-dlbenzylamino-O- 

trimethylsilyl ketene acetals 5 and 6 as above descrfbed. Since these derlvattves are pretty unstable in 

the presence of water, the usual hydrolytic work-up must be avoided. 

As already discussed above, only one geometric isomer, possessing E confguration, was formed 

under kinetic conditions. The results of condensation of these sllyl ketene acetals with afdehydes under 

the catalysis of various Lewis acids are shown in Table 2. 

The yields of these reactions seem to be highly dependent from varfous factors: a) the order of 
addltion of reagents: as already pointed out above, treatment of 5 or 6 with TIC4 or SnC14 lead to rapid 

formation of the dimeric succinates. t Q So, in order to get acceptable yields, it is necessary to treat 5 or 
6 with the aldehyde ore_comolexed at 78 C with 1 equivalent to the W _ 0 

-acid; b) stoichiometry and reaction temperature: yields are considerably better if the reaction Is 

carried out at higher temperatures using an excess of aldehyde; c) the nature of R1: the use of f-butyl 

derivative 6 instead than the methyl anabgue 5 minimized the formation of succinates. thus allowing 

higher yields. When all these conditions were satisfied the isolated yiekfs were in the range of 50-70%. 

As regards to asymmetric Inductlon, It Is clear from an examinatbn of table 2 that syn isomers 

are always preferred. With the exception of acetaldehyde and bentatdehyde, the stereoselectlvitles are 
satisfactory. Although the use of lower reaction temperature allowed the obtainment of very hlgh syn : 

snfi ratios, the yields were drastlcatly reduced. 
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‘TABLE 2: Acid catalyzed condensation of silyl ketene l cet8h 5 and 6 
with aldehydes 

82 Syn : And’ Entry R1 ‘WClUCt LewlS ackl Temp. 

I Me 7 BFa*Et20 -65°C 

2 Me 7 SnCl4 -65’C 

3 Me 7 TIC14 -65°C 

4 I- B u 12 TIC14 -65°C 

5 1- B u 12 TiCl4 R.T. 

6 Me 9 TiCl4 R.T. 

7 1- B u 14 TiCl4 R.T. 

8 1- B u 14 TiCI -2O’C 

9 I- B u 14 TIC14 -78°C 

10 1- B u 16 TIC14 R.T. 

11 1- B u 16 Tic14 R.T. 

12 1- B u 13 Tic14 R.T. 

a) Isolated yields; yidds based on unrecovered ester are reported in brickets; b) Determined by 

standardized specaodensitometry (see experimental part) 

The syn selectivity can be explained by the acycfk transition stateI C (scheme 3). Nonbonding 

interactions between R2 and the dibenzylamino group should highly dlsfavour the alternative transition 

state D.l2 We dso examined the acid catalysed condensation of the his-trimethylsilyl ketene acetal 

obtalned from dibenzylamlnoacetic acid by treatment wlth 2 eq. of LDA, followed by quenching with TMS- 

Cl.24 However the reaction of this compound wlth aldehydes pre-complexed with TiClq lead to complex, 

Me 

Me 

Me 

Me 
Me 

n-Hex 

n-Hex 

n-Hex 

n-Hex 

cy-Hex 

l- B u 

Ph 

15 

14 

17 

20 

47 (55) 

24 

56 

29 (52) 

14 (21) 

52 

45 

66 

64 : 36 

55 : 45 

44 : 56 

85 : 15 

70 : 30 

54 : 46 

85 : 15 

91 :9 

97 : 3 

84 : 16 

91 : 9 

61 : 39 

non-analyzable mixtures. 

. . 
&&&on-reduction of M&m ~Q&QS 3 & 4 

Although the two methodologies above described could be in some cases useful, they still lack the 

requisite of generaliiy. On the other hand, based on previous reports on the reduction of a- 

aminoketones, we anticipated that the reduction of a-dibenzylamino-p-ketoesters 17-26 with 

hydrides would proceed with high stereoselectivity to give syn sdducts. 
So we treated the liihium enolates 3 and 4 with a series of acyl chbrides to give ketoesters 17- 

26 in good yields. While in the case of R I= Me these adducts were isolated by chromatography prior to 

reduction (yields ranging from 70 to 90%), for Rt - t-Bu we found more convenient to carry out the 

reduction directly on the crude products. When 17-26 were trotted with NaBH4 In EtOH or MeOH, no 

reactlon took place, even in the presence of a large excess of reducing agent. Nevertheless, when the the 

reaction was performed In aqueous EtOH in the presence of NH4CI as buffering agont.25 reduction 

occurred instantaneously at room temperature. Other buffering agents, like acetic acid or sodium 

dihydrogen phosphate were found to be efficient as well. 

This behaviour can be accounted for by the acidity of the a proton and the presence of a basic, 

electrondonating atom (that is the aminic nitrogen) which can afford intramolecular stabilization to an 

enol-type form like E (Scheme 4). unreactive to hydride attadc. When the reaction was carried out at 

pH < 7, protonation of the amino group prevents this stabilization shifting the equilibrium to the ketonic 

form. The tow yields In the reduction of 25 and 26 are probably due to the severe steric requirements 

of Rl and R2 groups. Since under these buffered conditions the reduction is in competition with fast 

NaBH4 decomposition, a drastic decrease In the rate of reduction can lead to incomplete reaction or even, 

as in the case of 26, to no reaction at all. 
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Table 3. NaBkId REDUCTION OF a-MBENZY tAMINO+KETOESTERS 17-26 

‘teld9V ! SvnzAntib Entry R2 PlroQuct Svn : htib Entrv R1 

1 81 93 : 7 6 I-Bu Me 12 50 89 : 11 

2 70 299 : 1 7 I-Bu Ph 13 57 299 : 1 

3 Me n-Hex 9 75 96 : 4 8 I-Bu n-Hex 1 4 52 89 : 11 

4 Me cy-Hex 1 0 80 95 : 5 9 r-Bu cy-Hex 15 35 90 : 10 

5 Me I-Bu 11 83 299 : 1 10 I-Bu f-Bu 16 _d I 
a: Isolated yields: b: Determined by spectrodensitometry and 1 H N.M.R. (see experimental); c) isolated 

yields from 2 (two steps); d) no reaction occurred. 

SCHEME 4 

F 

X : see text 

As shown in Table 3, the stereoselectivities obtained were gratlfylng. Wlth R1-Me, a syn : anti 
ratio of &jg&l 13 : 1 was obtained. This high stereoselectivity can be explained both by a Felkln model 

F (Scheme 4) or with a Cram cyclic model G in which an electrophile X [which can be the sodium ion27 

or the ammonlum ion (through two hydrogen bonds)28] is chelated by the carbonyl and carboxyl 

oxygens.29 

Although previous examples of reduction of a-acylamino+-ketoesters are known3c~28~30 to show 

a general preference for the anti isomer, we thlnk that the bulkiness of the dibenzylamino group can 

revert this trend by: a) lncreaslng the discrlmfnatbn between Itself and the COORl group In Felkin 

conformation F; b) dlfferentlatlng to a higher extent the two sides of attack In G; c) preventing an 

alternative Cram cyclic model in whkh the electrophile Is chelated by the carbonyl and the amino 

group.26 This coordination may be prevented also by the likely protonatbn of the amino group under the 

reaction conditions (pH c 7.3’ It is worth noting that this high asymmetric lnductbn has been achieved 

without need to use sophisticated reducing agents or low temperature, making this methodology 

particularly practical.s2 

nt of rf&&ve coll&mhQ5 to a-mfhvdroxvesters 7-7 4 _ _ 

Syn diastereoisomers 7a and 12a were transformed Into d,l-threonine 34~ (vi& inha). 

Blmilarly, 8a and 13s were converted into d,l-rhreo-phenylserine 35a. Comparison with authentic 
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sam@m of 648 and 368 8lkwpd umqtihmca~ assignment. Hydrolysis of methyl esters 7-11 and t-butyl 

esters 12-16 to the same aminoadds 29-33 allowed the correlatlon of the two sorbs (scheme 5). 

The relathfe configuratbn of compounds wtth R 2, *Hex, cy-Hex, and t_Bu could be assigned on 

the hasls of 1H end 1% n.m.r. anekgles. The most caracterlstk features for the f-bulyf esters 12-16 
are the fofbwlng (oee T&tea 5 end 6): a) the C&N(Bzl)p tH chemtcal shfft, which Is afways higher for 

ant/ compounds (wkh a UMerenCe ranging from 0.04 lo 023 ppm); b) the cQ6erenoB of chemical shift 
between the two diastereotopic protons of tie N-C& group, whkh is always larger fof syn isomers (the 

difference between the two A8 varies from 0.13 to 0.19 ppn); c) the 1% chemical shift of carboxylic 

carbons (C-l), whkh is always higher for enfl Isomem, with a AS varying from 2.49 to 3.14 ppm; d) 

the 1% chemical shift of cH2-N carbon, which Is always hloher for snri isomers (A6 is in the range 

0.44-0.80 ppm); e) the ‘SC chemical shift of N-CH2-G carbon, which is always higher for aif/ 

Isomers (A6 from 0.45 lo 1.71 ppm). A support for this assignment comes from the t.1.c. on silica gel 

plates. Using diethyl ether as eluant, the syn isomer Is ahvays faster running for all the aminoakohok 

7-16. 

SCHEME 5 
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29: I32 = Me 30: R2- Ph 
31: R2 - n-Hex 32: R2= cy-Hex 
33: R2 = I-Bu 
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34: I32 - Me 

3% R2 - Ph 

a) KOH. EtOWHzO; b) CF&OOH; c) b, Pd-C, 95% EtCH 
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The saponification of methyl esters 7a,b-lla,b with KOH in MeOHIH20 proceeded uneventfully 

to give aminoacids 29a,b-S3a,b in good yields @O-90%). On the other hand t-butyt esters were 

hydrolysed by trifiuoroacetic acid at 0-C. in lower but still satisfactory yleids (60.76%). No 
epimerization was detected during these hydro&.es by t.1.c. or lH n.m.r. 

Finally. the removal of the dibentyi protecting group was realked in excslient yields (SO-96%) 
by hydrogenolyais in refluxing 95% ethanols to give the desired a-amlno-&hydroxyaclds.34 

In conclusion we have demonstrated that dibenzylaminoacetates 1 and 2 are very versaIlle reagents 
for the preparatbn of a-amtno+hydroxyacfds. The acylation-reduction strategy startirq from methyl 

ester I is the method of choice for the synthesis of syn isomers. Although r-butyl ester 2 seems to be 

less preferable. in view of the slightly lower yields and stereoselectivities in the reduction, as well as 

lower yfelds in the hydrolysis step, it can be still very usefut in deaiing with rationalities sensitive to 

the basic conditions required for methyl ester hydrolysis. From this point of view, 1 and 2 should be 

regarded as complementary. The ester enoiate afdol-type condensation represents in some cases an useful 
and simple entry to anti a-amino-~-hyd~xyacids, aithough stereoseiectivities are not dramatlcally 

high. Finally, the acid catalysed condensation of silyl ketene acetal 6 may be employed for the 
preparation of syn a-amino-P-hydroxyacid when the acyl chloride is not easily avaitable, or in 

reaction with chlral aldehydes.12 

Application of these methodologies to the diastereoselectlve synthesis of poiyfunctionallsed 
compounds of biologi~l interest, as well as chiral modi~ation on synthons 1 and 2 are being developed 

in our laboratories. 

EXPERIMENTAL 

N.m.r. spectra were recorded as CDCl3 solutions on a Varian FT 80 or on a Bruker WP 80 
spectrometers using tetramethylsilane as internal standard. NOE experiments were carried out on a 
Bruker WP 80 instrument, using a flip angle of ca. 90’ and an acquisttion time of 4.09 E. A saturation 
time of 8 s. with an r,f. power setting of 581 (bw. power irradiation) was used to a9ow the NOE to build 
up. 1.r. spectra were measured with a Perkln-Elmer 257 as CHCI3 solutions. Elemental analyses were 
performed with a Perkin-Elmer 240 instrument. Spectrodensltometry analyses were performed with a 
CAMAG TLC-SCANNER using a Holed-Pa~~rd 3390 A integrator. Samples were deposed on silica gel 
60 F254 plates (Merck) using an automatic deposer CAMAG Linomat Ill. Standardkation was made 
performing the anaiyses of mixture of known composition. 270-400 mesh silica gel (Merck) was used 
for ~romatography. Organic extracts were dried over Na2S04 and filtered before removal of the solvent 
under reduced pressure. All reactions employing dry solvents were run under a nitrogen atmosphere. 
The preparation of t-butyi dibentyiaminoacetate 2 has already been reported elsewhere.12 

Methyl dibsnzylsmfnorcstate (1) - A solution of dibenxylaminoacetic acid35 (log, 39.2 
mmol) in dry MeOH (20 ml) and dry 1,2dlchloroethane (40 ml) was treated with cont. H2SO4 (4 ml, 
71.8 mmol) and heated at reftux for 26 h. After concentration to small volume under reduced pressure, 
the residue was diluted with water (10 ml) and treated with 2N NaOH until pH N 10. Extractbn with 
Et20 and evaporation of the solvent gave a white solid which was recrystallized from 95% EtOH to give 
pure 1 (9.21 g. 8%). M.p. 41-43°C; Found: C, 75.85; H. 7.20; N, 5.15Ye; C17HlgN02 requires C, 
75.81; H, 7.11; N, 5.20%. IH n.m.r.: 6 7.20-7.50 (lOH, m. aromatics); 3.82 (4H, s, C&-Ph); 3.69 

(3H, s, OC&); 3.32 (2H, s, C&C-o). 
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(E ) ~,lv~Dib~nryt-2~mrtRo~~2-t~~thyirltytoxy-ethonrmtns (S) - A solution 
of 1 (2.03 g, 7.54 mmoi) In dry THF (18 ml) was added al -6O.C to a 0.4M solution of lithium 
dii~pro~~m~e in TtlF : ff-hexane 4 : I (21.4 ml, 8.66 mmol). After 10 min. tri~th~si~f &bride 
(1.4 ml. 11-03 mmoi) was a&&d, and tha temperature allowed L3 rise si&y b R.T. After 1 h at R.T., 
the sofvent was evaporated under reduced pressure. The residue was taken up in dry CHSCIS to give a 
0.5M suspemkm. The solId S&IS were removed by ftttration (through a MiUipofeTY 1Ou Riter) or, more 
convenlentfy. through decantatfon. after 1 night at -25%. The solutfon obtatned in tftis way can be 
stored at -25% and used as such for add catatysed condensations. A sample was evaporated to dryness 
and taken up in dry WC13 for ‘H n.m.t. analysis: 6 7.33-7.41 (1OH. m, aromatks); 4.34 (1H. s, N- 
C&&); 3.63 (4H, s, Cfi2’Ph); 3.52 (3H, s. OC&); 0.12 (3X, 6, C&&i). 

(E )N,N’-Dibonryl-2-f-butoxy-2-trlmethylsliyloxy-ethenamine (6) - it was 

prepared witft the same procedure used fof 5. t H n.m.f.: 6 7.18-7.42 (lOH, m, aromatics): 4.55 (1 H, 
s. N-CH-C); 3.80 (4H, s. C&Ph); 1.32 (SH. s, C(CH3)3); 0.08 (SH, s, C&j-Si). . 

(E ) N,N’-Dfbsnryl-2-t-butoxy-2-(t-butyldfmethylailyloxy)-ethenamine (27) 
- A solution of 2 (300 mg, 0.963 mmol) in dry THF (1 mi) was added at -60°C to a 0.3 M solution of 
iithlum dfkopfopylamlde in THF : n-hexane 4.3:l (3.5 ml, 1.06 mmoi). After IO min. a soiutbn of I- 
bu~idimethyisl~i chloride (159 mg, 1.05 mmoi) in dry THF (1 ml} was added and the temperature 
albwed to rtse to R.T. After stining for 2 h and 30 min. at R.T., a pH 7 ptrosphata buffer soiutbn was 
added, and the mixture extracted with r!-pentane. The ofgank layer was washed thrice with a pH 7 buffer 
gluten, dried (NazS04) and evaporated to dryness to gfve 27. me same fsomef was also obtained when 

HMPA was added to the reaction mixture just after &butyldimethyisHyl chlorideto ‘H n.m.1.: S 7.12. 
7.40 (10 H. m, aromatics); 4.60 (1 H, s, C&C); 3.79 (4 l-i, s, C&-Ph); 1.30 (9 H. s, OC(CH&); 
0.88 (9 H, s. (CH$sC-Si); 0.02 (6 H, s, C&-Si). irradiation of C&-Si signal gave a NOE of 3.4% on 
C&C proton. 

(Z ) N,N’-Dlbenryl-2-f-butoxy-20( f-butyldlmethylsilyioxy~-ethenamlne (23) 
- A 0.3 M solution of LDA in THF : n-hexane 4.3:1 (3.5 ml, 1.06 mmoi) was cooled to -78°C and treated 
with HMPA (0.909 ml). After 2 min. a solution of 2 (300 mg, 0.963 mmoi) in dry THF (1 ml) was 
added. After 30 min. the sotutbn was treated with ~bu~~ethyisiiyl chbdde (159 mg, 1.05 mmoif 
in THF (1 ml) and the temperature allowed to rtse to R.T. After stirring for 3 h, the reaction was 
worked up as above to give 28. tH n.m.f. (CDCi3): 6 7.13-7.48 (10 H, m, aromatics): 4.63 (1 H, s, 

CH-C); 3.64 (4 H, s, CH&Ph); 1.13 (9 t-l. s, OCfC&3)3); 0.98 {9 H. s. {C&&$-Si); 0.19 (6 H, s, 
C&-Si). irradiation of (C&)J-C-O signal gave a NOE of 12.7% on C&C proton. 

General procedure for llthlum enolate aldol-type cobdensatlon to glve U- 
dfbenzyfamlno-~-hydroxyeators (7a,b)-(16a,b) - A solutfon of ‘dif~propylamine (0.84 ml, 
6.00 mmoi) in THF (14 ml) was treated at O*C with 1.4N n-RuLi in n-hexane (3.9 ml, 5.50 mmoi). 
After 20 min. the solution was ccloled to -6O.C. and treated with 1 or 2 (5.00 mmolf In THF (14 ml). 
After 10 min. the akbhycb (5.50 mmol) was added and the solution was stirred for 30 min. at the same 
temperature, quenched with satufatsd aqueous NH&I, extf=ted with Et@, and evaporated to dryness to 
give a crude product. The dlastereomeric ratios were determined by standardized spectrodensiiometry 
(eluant: n-hexane : Et20; the syn isomer is always faster runnfng) or I ti. n.m.r. (by integrating the O- 
C(CH3)3 signals for 12a,b-168,b; the COOC& signals for lOa,b-lla,b; the C&-CH-OH signals for 
fa,b; the CH-OH signals for 6a,b; only in the cese of 9a,b the ratio could not be determined by n.m.1.). 
Silks gel chromato~~hy of the crude products (eiuants: n-hexane : Et20 6 : 2 for 12a,b-16a,b; 
CH2Cl2 for ta,b, lOa,b, lla,b; CH2Ci2 : Et20 95 : 5 for Qa,b; CH2Ci2 : Et20 96 : 2 for 6a.b) 
afforded the pure diastereoisomers. Ail of them gave consistent elemental analyses. isolated yietds are 
reported in Table 1, t H n.m.1. are reported on Tables 4 and 5. tsC n.m.1. of f-butyi asters 12a,b- 
168,b are reported on Table 6. 
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TABLE 4: 1~ n.m.r. ot a-dlbentylrmino-8-hydrox~$to~o (7).(11). 

Carpwdd wb C&N C&-Ph Cjj-OH Aromatics Othore 

(3H, 6) (lH, d) (4H. A0 l YB~.) (1H) . .(lOH. k) 

78 MO 3.82 3.07 (9.6) 3.42, 4.02 3.00-4.20 7.30 1.08 (3H. d. C&-W. 

(13.3) (m) J I 6.0 Hz.) 
7b Me 3.85 3.13 (9.4) 3.44, 3.08 3.70-4.10 7.32 1.20 (3H, d, C&CH. 

(13.6) (m) J I 6.3 Hz.) 
0a Ph 3.66 3.49 3.54, 4.19 5.02 7.33 7.24 (SH, 8. uomrtlcs) 

(10.0) (13.2) (d, 10.0) 
8b Ph 3.90 3.65 (9.4) 3.64, 3.89 5.09 7.35 7.04-7.30 (SH, m, 

(13.8) (d, 9.4) aromatics) 
98 n-Hax 3.81 3.13 (9.6) 3.39, 4.02 3.60-4.00 7.29 0.70-1.50 (13H, m. 

(13.4) (m) &tax) 
Sb n-Hex 3.80 3.21 (8.9) 3.89, 4.42 3.60-4.00 7.29 0.70-1.50 (13H, m, 

(13.3) (ml n-Hex) 
10m cy-Hex 3.81 3.35 3.38, 4.03 3.60-4.00 7.29 1.00-1.80 (llli, m. 

(10.0) (13.3) ( I cy-Hex) 
lob cy-Hex 3.82 3.37 3.40. 3.68 3.60:4.Op 7.30 1.00-1.80 (tlH. m. 

(10.0) (13.3) (m) cy-Hex) 

118 1-Bu 3.81 3.31 (9.5) 3.27, 4.02 3.75 7.29 0.66 (QH, 8, (C)&)3) 
(13.1) (d. 9.5) 

lib r-Bu 3.82 3.1 O-3.40 3.54, 4.16 3.00-3.90 7.29 0.75 (OH. s, (Ck)31 
(m) (13.3) (m) 

a) Spectra taken In CDCI3/020; 6 in ppm from TMS; J in Hz. In kadtets. 

TABLE 5: 1H n.m.r. of a-dlbentylrmlno-p-hydroxyestors (12)-(16). 

corrrpard R2 wclt)3 C&N C&-Ph CkWH Aromatics Othrrr 

(OH. l ) (lH, d) (4H. AB SW.) (1H) (lOH, bs) 

12a Me 1.57 2.92 (9.6) 3.46, 4.03 3.80-4.20 7.29 1.07 (3H, d, C&&H, 

(13.3) (ml J I 5.9 Hz.) 

12b Me 1.60 3.01 (8.7) 3.52, 3.90 3.80-4.20 7.31 1.16 (3H, d, C&,-CH, 

(13.3) (m) J I 6.3 Hz.) 

138 P?l 1.34 3.29 3.49, 4.15 4.90 7.32 7.12 (5H, c. aromatics) 

(10.0) (13.5) (d, 10.0) 
13b Fll 1.59 3.48 (9.3) 3.39, 3.92 4.98 7.32 6.90-7.20 (5H, m. 

(13.7) (d. 9.3) aromatics) 

14D n-Hax 1.57 2.99 (9.6) 3.45, 4.04 3.70-4.00 7.29 0.85-1.50 (13H, m, 
(13.3) (m) n-Hex) 

14b n-Hex 1.58 3.09 (6.9) 3.50. 3.90 3.70-4.00 7.20-7.37 0.65-1.50 (13H. m. 
(13.3) (m) (m) n-Hex) 

151 cy-Hex 1.57 3.20 (9.9) 3.44, 4.04 3.70 7.26 1.00-1.60 (\lH. m, 

(13.3) (1. 10.0) cy-Hex) 
ISb cy-Hex 1.59 3.24 (9.2) 3.48, 3.89 3.40-3;00 7.29 1.00-1.80 (1lH. m, 

(13.4) (m) cy-Hex) 

16a I-Bu 1.59 3.13 (9.7) 3.36, 4.01 3.71 7.30 0.65 COH, s, (C&h) 
(13.1) (d. 9.7) 

16b 1-Bu 1.56 3.36 (1.9) 3.61. 4.09 3.56 7.19-7.39 0.71 (OH, 8, (Clj&) 

(13.7) (d. 1.9) (m) 

a) Spectra taken In CDCl3/020; 6 In ppm from TMS; J In Hz. in brackets. 
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TABLE 6: 1% NYA OF a-dfbentylrmlno-@-hydroxye8ter8 (lP)-(t6f8 

128 Mo 109.46 67.61 63.14 19.11 61.6326.45 54.63 136.32 129.14, 126.51. 127.4 

12b I& 172.10 67.16 66.20 l0.W 82.06 26.64 S5.58 136.94 
f66.2O~f67.18, 

129.06, 126.27. 127.17 

138 Rl 168.53 66.06 69.66 140.35 61.7526.1764.7?1~6.~S 120.23. 126&I, 126.01. 
(80.661 (66.08) 127.81.127.52. 

13b ph 171.67 66.58 73.03 140.96 62.17 28.62 55.11 136.60 126.69, 128.10, 127.92. 
127.61, 126.96 

14e n-Hex 169.44 66.22 66.74 33.90 61.77 26.46 54.75 136.26 129.14, 12651, 127.39. 
(66.74) (66.22) 31.74, 29.28, 26.68. 

22.55, 14.06 

14b *Hex 171.95 65.67 69.67 33.10 61.68 26.59 55.55 139.06 129.09, 126.21. 127.12 
31.79, 29.30. 24.82. 
22.61. 14.11 

158 cy-Hex 169.46 63.06 70.25 40.62 81.70 26.46 54.68 138.26 129.16, 126.50, 127.39 
30.39, 26.70, 26.44 
26.28, 25.67 

15b Cy-i-k+X 172.06 62.55 73.87 38.27 81.92 26.64 55.44 13D.17 129.23, 128.25. 127.13, 
30.92, 26.99. 26.46, 
26.31, 24.37 

168 t-h 169.26 60.63 71.91 34.56 61.71 26.41 54.64 137.65 129.33. 128.50, 127.51. 
25.41 

16b r-Bu 172.32 59.0s 61.75 35.96 62.10 28.37 55.39 139.56 128.96, 126.14. 126.97, 
25.Ql 

8) Spectra taken in CDCb; 6 in ppm from TM. 

Generrl procedure for tit8niUm tett8chtOridO Cat8fy8ed COnden88tfOn Of $ilyl 
ket8ns rcetrfr (5) 8nd (6) wlth 8ldehyde8 to gtvo a-dfbenzyl8mfno-~-hydroxy88ter8 
(?r,b)-(168,b) - A solution of the afdehyde (4 mmol) in dry CH2Cl2 (20 ml) was cooled to -76% 
and treated with a 1M solution of TiCLq In CH2Cf2 (1 ml, 1 mmol). After 5 min. the flask was removed 
from the cooling bath, stirred for 1-2 min. at R.T. and flnally treated with a 0.5M solution of 5 or 6 in 
CH2Cl2 (2 ml, 1 mmof). After 1 min. the reaction was quenched with 5% NH40H. and filtered through a 
celife pad. The fwo phases were separated, and the organic layer evaporated to dryness to give a crude 
product which was anaiysed and purified as above described. Isolated yields and dl8sfereomeric ratios are 
reported in fable 2. 

General procedure for the 8CyhtiOn Of (1) and (2) wlth 8~~1 chfOrid88 to give a- 
dfbenzyf8mfnO-P-kefO08fOr8 (lf)-(26) - A solution of dilsopropylamlne (0.64 ml, 6.00 
mmol) inTHF (14 ml) was treated at 0°C with 1.4N n-SuU in n-hexane (3.9 ml, 5.50 mrnd}. After 
20 min. the solution was cooled to -60°C, 8nd treated with t or 2 (5.00 mmol) in THF (14 ml). After 
10 min. this solution was added dropwise at -60% to the solution of acyl chbrfde (5.50 mmol) in dry 
THF (5 ml). After 5 min. from the end of the additfon the reaction was quendred with wafer, extracted 
with Et20 and evaporated to dryness to give the crude products. f-Butyl esters 22-26 were used as such 
for the reduction reaction. On the contrary, mefhyf esters 17-21 could ako be purified by sflica gel 
chromatography (for 17, 18, eluant CH2Cl2, and 21, eluant n-hexane : AcOEt 9 : 1) or preparative 
t.1.c. (n-hexane : AcOEt 9 : l)(for 19 and 20). 

17: YI 78%; 1 H n.m.r.: 6 7.25-7.45 (lOH, m, aromatics); 5.20 (if-l, s, C&N): 3.78 8 3.92 

(4H, AB sysf., CH2-Ph, J 14.5 Hz.); 3.70 (3H, s, C&O); 2.20 (3H, s, C&&-O). 18: Y= 82%; t H 

n.m.r.: 6 7.17-7.79 (15H, m, aromatics); 5.10 (it-f, s, CH-N); 4.00 (4H. s, C&1-Ph); 3.68 (3H, s, 

C&O)- 19: Y- 80%; 1 H n.m.r.: 6 7.25-7.40 (lOH, m, aromatics); 4.15 (if-l, s, C&N); 3.63 h 3.94 
(4H, AB syst., CH2-Ph, J 13.5 Hr.); 3.78 (3H, s, C&O); 2.40-2.65 (ZH, m. C&&=0); 0.79-1.70 

(llH, m, CsHlt). 20: Y- 63%: 1 H n.m.r.: 6 7.25-7.45 (lOH, m, aromatics); 4.29 (if-f, s, CH-N); 
3.83 a 3.93 (4X. AB syst.. C&Ph, J 13.5 Hz.); 3.74 (3X. s, C&O); 2.60-2.90 (1 H, m, c&C-o); 
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0.80-1.80 (lOH, m,. C&O). 21: Y- 87%: 1H n.m.r.: 6 7.30 (lOH, k. arometics); 4.62 (lH, s, CH- 

N); 3.86 6 4.11 (4H, AB syst., C&-Ph, J 13.8 Hz.); 3.73 (3H, s, C&O); 1.00 (9H, s, C(C&)3). 

Genoraf procedure for reductfon of kotoeatora (17)-(26) to gfra cc- 
dlbonryfamfno-p-hydroxyaatera (7a,b)-(168,b) - A solution of ketoesters 17-26 (1.00 
mmof) In 95% EtOH (12.5 mf) was treated with NH4CI (1.06 Q. 20.1 mmof) and with 9.75 ml of 
water. To this mixture NaBH4 (0.187 g, 4.96 mmol) was added in three portions every 10 min. 10 

minutes after.tie fast addition, the mixture was concentrated nearly to dryness at reduced prcPssure, 
taken up with HzO and CH2Cf2, and the pH corrected to 9 with NH4OH. The phases were separated, and the 

organtc phase evaporafed to gfve the etude products which were anafysecf and puriffed as above described. 
Isolated yields and diaateraomerb ratios are reported in Table 3. 

General procedure for the hydrolyaia of methyl eatara (7a,b)-(118,b) to give a& 
dlbonzylamino-B_hydroxyacfda (2Qa,b)-(33a,b) - A wspension of 7a,b-lla,b (1 mmol) in 
0.5N KOH in MeOH : H20 7 : 3 (12 ml, 6 mmol) was stined at room temperature for the time required 
for reaction completion (from 5h to 2 days). The resulting solution was neutralized with 0.3M KH2P04 

(20 ml, 6 mmol), evaporated to dryness, and taken up with A&Et and brine. Separation of the phases 
and evaporation of the sofvent gave crude products which were purified by silica gel chromatography 
eluted with AcOEt or AcOEt : n-hexane. All compounds were oils and gave satisfactory elemental analyses. 
1 H n.m.r. spectra were taken in CDCld D20. 

29a: Y- 90%; IH n.m.r.: 6 7.31 (IOH, s, aromatics); 3.90-4.10 (IH, m, W-OH); 3.64 8 4.06 

(4H. AB S)‘6t., C&-Ph, J 13.2 Hz.): 3.15 (IH. d, C&N. J 9.1 Hz.); 1.19 (3H, d. C&j. J 6.5 Hz.). 

29b: Y= 89%; tH n.m.r.: 6 7.33 (IOH, s, aromatks); 4.10-4.30 (IH, m, Cd-OH); 4.03 (4H, s, C&- 

Ph); 3.39 (IH. d, C&-N, J 5.3 Hz.): 1.34 (3H, d, C&j, J 6.4 Hz.). 30a: Y- 91%; 1H n.m.r.: 6 7.31 

(IOH, s, aromatlcs); 7.18 (5H, s, aromatics); 5.05 (IH, d, W-OH, J 9.0 Hz.): 3.66 fi 4.04 (4H, AB 

syst.. Cl&-Ph, J 13.3 Hz.); 3.51 (IH, d, W-N, J 9.0 Hz.). 30b: Y- 93%; ‘H n.m.r.: 6 7.27 (IOH, s, 

aromatics); 7.15 (5H, s. aromatics); 5.21 (IH. d, CJi-OH, J 8.0 Hz.); 3.86 (4H, S, C&Ph); 3.79 

(lH, d, W-F-N, J 8.0 Hz.). 310: Y- 68%; ‘l-i n.m.r.: 6 7.29 (IOH, s, aromatics); 4.00-4.20 (IH, m, 

Cd-OH); 3.59 8 4.03 (4H. AB Sy61., C&-Ph. J 13.0 Hz.): 3.15 (IH, d. C&N, J 9.3 Hz.); 0.75-1.20 

(13H. m, Cetfl3). 31 b: Y- 85%; 1 H n.m.r.: 6 7.36 (IOH, s, aromallcs); 3.32-4.45 (6H, m, CH-OH. 

C&-Ph, W-N); 0.85-1.58 (13H, m, C&3). 328: Y= 82%: ‘H n.m.r.: 6 7.29 (IOH, s. aromatlcs): 

4.00-4.20 (lH, m, CH-OH); 3.55 & 4.04 (4H, AB syst.. C&Ph, J 13.4 Hz.); 3.37 (IH, d, CH-N, J 

9.7 Hz.): 1.00-1.58 (IIH, m, C&l1 1). 32b: Y= 83%; 1 H n.m.r.: 6 7.38 (lOH, s, aromatics); 3.99- 

4.69 (6H, m, CM-OH, C&-Ph, W-N); 0.90-1.55 (IIH. m, C&l). 33a: Y- 78%: ‘H n.m.r.: 6 

7.3l(lOH, s, aromatics); 3.80 (IH, d, CH-OH, J 9.6 Hz.); 3.41 6 4.04 (4H, AB syst., C&-Ph, J 

13.3 Hz.): 3.34 (lH, d, W-N, J 9.6 Hz.); 0.69 (9H, s, C(CH3)3). 33b: Y= 79%; tH n.m.r.: 6 

7,38(lOH, s, aromatics); 3.64-4.62 (6H, m, C&OH, C&Ph, CH-N); 0.84 (9H, s, C(C&)3). 

General procedure for the hydrolysis of t-butyl eaters (12a,b)-(168,b) to give 
a-dibenzylamlno-p-hydroxyacfda (29a,b)-(338,b) - 12a,b-168,b (1.00 mmol) were 

dissolved at O’C in triffuoroacetlc acid (10 ml) and stirred at the same temperature for the required 
time (from 30 min. 10 8h). After evaporation of the solvent under reduced pressure. the crude products 

were chromatographed on silica gel (A&Et or n-hexane : AcOEt). Yields: 298 : 58%; 29b: 61%; 308: 
76%; 30b: 64%; 318: 67%; 31b: 69%: 32a: 62%; 32b: 65%: 338: 67%; 33b: 71%. 

(d,f) Threonfne (34a) - A solution of 298 (100 mq, 0.334 mmof) in 95% ethanol (IO ml) 
was hydrogenated over 10% palladium on carbon (30 mg) for 5h a1 reflux. After filtration of the 
catalyst, the solution was evaporated to dryness to give pure 34a as a white solid (36 mg, 90%), pure 
at t.1.c. and 1H n.m.r., and Identical to an authentic sample. 

(d,l) three Phsnyfaarlne (35a) - It was prepared with rhe same procedure utilised for 

34~: Y= 94%. This compound was Identical at UC. and 1 H n.m.r. with an authentic sample. 
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