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AbauLL. In the prercncc ol Lcrrrc acid catalysts 0-rcctyl- (1) and 0-pivrloyl- (2) protected B-D- 
~a1~c1opyran~rylam1ncr ICJCI wvlth rIdehyde& isocyrnider md crrboxylic xcidx ia USi-four-coqponcnl- 
condcnrrIionr IO live the corrccponding N-arlrctovl-amino rcid rmida dorivrtivcm 3. S in almost 
gurnrttr~~vc yields. Zinc chloride’ II Ihe moat cffacIivc Lewis acid utrly8l. AI O*C or even xl room 
lcmpcrrlurc the (2R.6.D)-dtrcIcrcomerc of Ihc xmino rcid derivxtiver 3, S xrc formed with high 
dixsIcrcorclec.IcvIIy. If Ihc stertcrlly more demradinS 0-pivxloyl @.actorylrminc 2 ix wed xt -WC to -2J.C 
the r~ercorclcc~tv~ry ofien cxccdr 2O:l frvourin; the (2R&D) dIuIcrcomcn S. After one rccryrlrllisrlton 
pure (R).rmIno xcld dercvrIIvc* S WC obrxrncd in yicldr of W-959. In xddiIioa IO lbe high yields xnd 
s~ereorelcc~IvI~y Ihe rmIno rcId rynrhcrlr discribcd here hxa the forther rdvrotx~c ~brt it neither 
requires orgxnomctrlllc rexgents xnd tn[ermedirtcx nor exclusion of oxy&en l d moixture. Two step rod 
hydrolyrlr of the N-galrctosylrmino rcld amide derivatives J delivers the caratiomcrically pure (R)- 
rmlno-acids 8 in high yIclds. 

Proteinogenic and non-proteinogenic a-amino acids are valuable starting materials for the 

construction of biologically selective and degradable drugs.1 Consequently, intensive 

research efforts are directed towards the development of stereoselective syntheses of these 

compounds. Among the advances recently reported in this field, most are based on the 

alkylation of chiral glycine enolnes2 01 on the elcctrophilic amination of amide-3or cster- 

enolates: A similar route consists in the asymmetric hdogenatian of enolates followed by 

nucleophilic substitution of the halogen. s These methods have the common feature that 

organometallic intermediates sensitive to oxygen and moisture are formed during the 

process. 
Therefore, both the stereoselective Strecker synthesis6e7and the Ugi-four-component- 

condensationg are interesting from an economical viewpoint, because they circumvent the 

application of organometallic compounds. In these reactions a-aryl alkylamines have been 

used as the chiral auxiliaries.e.* However the chirality of these compounds is destroyed 

during hydrogenolytice~s or oxidative7 removal from the amino acid derivative. In addition, 
phenylglycine derivatives and amino acids with alkene- or sulfur- containing side chains are 
sensitive to hydrogenation or oxidation and cannot be obtained by these methods. 

The Ugi reaction as well as the Streckcr synthesis proceed via aldimines as intermediates. 

We now report on the stereochemical control of the Ugi reaction with carbohydrate derived 

aminesc.lo as the choral templates. Carbohydrates constitute a class of inexpentive natural 

products of high choral content. Apart from chiral pool syntheses and some complex hydride 

reagents, carbohydrate derivatives have been used only in a few cases in asymmetric 

synthesis.11 From the chemical synthesis of glycopeptidesl2 we learned that carbohydrates, 

which play central roles in the posttranslational biological selectivityl3, also exhibit 

considerable complexing abilities toward cations. We concluded that this complexation 
together with the high chirality of the carbohydrates should be useful for the stereocttemical 

control in asymmetric synthesis. l4 In Strecker syntheses of a-amino nitrile derivatives 

galactosyl amines proved to be most effective auxiliaries. l”.ls However in further studies we 
found that the Ugi-synthesis described here is even more effective. 
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The carbohydrate auxiliaries 2,3,4,6-tetrr-0-acctyl-(1) and 2,3,4.6-(cur-O-pivaloyl-B-D- 
~alactopyranosylamine 2 are easily tccerrible even in large amounts in three straightforward 
steps starting from peracylated palactopyranoses. ‘%1s Our first Upi reactions were carried OUI 
with the tttra-0-acetyl derivative 1. Surprisingly, even at room temperature in 
tetrahydrofurane the galactosylamine 1 does not react with aldehydcs, isocyrnidet and 
carboxylic acids. However, the reaction is complete in a few minutes after addition of 
equimolar amounts of a Lewis acid. Among a variety of Lewis acids investigated zinc chloride 
proved to be most effective. Most favourably the reactions (eq. I) are carried out at -2O.C in 
a simple one-pot-procedure and they are complete after 2 to 4 hours. The results are shown 
in table 1. 

RCOOHfrItF 
NH1 . II,-CKO* R,-N8C 

AC0 

fable Diastercoselective &i-Synthesis of N-Gnlactosyl Amino Acids Using 2,3,4,6-tetrr-O- 
acetyl-l3-D-galactopyranosyltmint I (eq. 1) at - 20*C.f 

product RI Faction, time kinetic rat& yield of pure m.p. [alDaa aa3 
(h) (2R:2S) (2R)-5 (Qi) ( “Cl (c-1) 

310 Ph 2.5 90 :lO 80 75b -57.Y 
3b p-Cl-Ph 2 93 : 7 a2 156-8C -65.3” 
3c t-Bu 4 91 : 9 85 180-f” - 8.3” 
3d i-Prop 2 91 :9 43c 140 - o.s*r 

’ ltPLC ( &ode urry detection ) drrrcily taken from the reaction mixture. bArt,z flub cbrom8toRraphy on 

rtls: get with ethyl accttrcllight pc~roicum ether (1 : 2). CRecryttallircd from CH2Ct2lbspwac ; dfttcryr- 

trIllsed from McOll/w~~cr; c After two reefyrfrll~sr~~onc; f In rll cues the yieldr of the diutcreomcoc 

mixture 2RlZS -3 $1 ifmost qurntrt8ttve; I (c - 4). 

The diastereomeric ratio of the Ugi-adducts 3 cannot be easily determined by lH4WR. Due to 
the hindered rgtation of the N-formyl group the pure dirrweomerr of 3 exist in two 
rotamers showing different NMR signals. Effective analysis of the dirstcreotclectivity is 
achieved by analytical HPLC of samples directly taken from the reaction mixture. The 
assignment of ihe absolute configuration of the newly formed chiral center was based on the 
transformation of the derivatives 3 into the corresponding amino acids. In all cases (q. I) 
the (R)-amino acid derivatives 3 are formed preferably. 

NMR experiments on the rldiminer 4 formed from the 2,3,4,6-tetra-O-acyl- 
~alac(osylamines 1 (and 2) with aldehydes aflow a mechanistic ~nte~retation of the 
stereocontrol observed in these reactions .I* A strong NOE between Qe anomeric and the 
sldimine proton shows that the Schiff bases prefer the conformation depicted in eq 2. 

RO OR 
0 

RO ti NH1 . R’-CHO 

Ro 

1 R. AC 
2 R. Pir 

The irocyanide obviously attacks rhe aldimine 48 from the Si-side, i.e., from the side of the 
pyranose oxygen. The Re-side of the aldimine is shielded by the 2- and 3-O-a@ subtdtuent 
adjacent to [he imino group and, presumably, by their coordination to the zinc catafytt. 
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Following this inaerpretation the diastereoaekctivity of this prtxett should be enhmced if the 
O-acyl grorrps of 1 are substituted by rtericrlly more demanding groups. Recently, we could 
show that glycosyluion ructions can be directed more effectively by switcbiy from acetyl 
protected 10 pivrloyl protected carbohydrate derivatives.16 The 0-pivaloyl group has the 
further advrnuge that it is stable to acid- and bm-crttlys8d . rcyi tiigrttioar and 
transesteriftcationr. In contraat to the 0-acetyl groups in 3. the corresponding 0-plvaloyl 
groups should be stable under the rcidic conditions rpplkd during the removal of the 
carbohydrate from the newly formed rmino acid. 

Consequently 2,3.4,6-tetra-0-pivaloyl-8-D-ttlrctoryl-amine 2to.ts.t’ was subjected to 
Ugi-reactions under the conditions described rbove. In comparison to 1 somewhrt longer 
reaction times are required: at -25°C rbout 24h; at -78%’ add with rterically demanding 
aldehydes about 3 days. However. the diastereoselectivity of the process (q. 3) increases to 
lS-35:l in favour of the (2R.8-D)-isomer of 5.9 

In particular, the (R)-diastereomer of the tert-leucine derivrtive SC (table 2) is formed 
exclusively from pivalaldehyde at -78°C. The other diutereomu cannot be detected even by 
400 MHz-proton-NMR and by analytical HPLC. After ona simple recrystallitrtion either from 
heptane or dichloromethanelheptane the pure (2R,8-D)-dirstereomers S are obtained in 
yields of 75-95 % (see table 2). Only in the cases of 58 and Sb flrsh chromatography is 

required for purification. 

Pi*0 OPiv 

0 

c%- 

~~__ __- 
Pi*? ,OPlr 

- 

rid NM, l RI-L,,“’ Y~-n=L 

PlrO 
zncl,*on, 

_ -a-. _ _._A Hcm-T plvo~~K- q.3 
PI*0 8.” RI 

2 S 

TableZ: Diastereoselecdve Ugi-Synthesis of N-Galactosyl Amino Acid Derivatives 5, 
Using 2.3,4,6-Tetra-O-pivaloyl-B-D-galactosylamine 2 (q. 3 ) 

pro- RI reaction cond. kinetic ratio yield of m.p. 
duct ‘C/time (2R:2S)8 pu= W%) 03 

[aIDa a(% 

( f - 1) 

51 n-C3H7 -78124 94 : 6 80 98-1OOc -4.lC 

5b i-CJH7 -78/2d 

SC t-C4H9 

Sd Ph- 

Se 2-Fury1 

5f 2-Thienyl 

5g Ph 

Sh p-Cl-Ph 

51 p-N02-Ph 

Sj Styryl 

5 kd r-Cyano- 

propyt 

-25/3d 

-2Si24h 

-2Sl24h 

-25124h 

018h 

-2Sl24h 

014h 

-2Sl24h 

-2Sl24h 

9s : 5 86 

96 : 4b 80 

9s : 5 80 

9s : 5 90 

96 : 4 93 

91 : 9 81 

97 : 3 92 

94 : 6 91 

9s : 5 7s 

93 : 7 80 

xmorpbourC -1.2e 

162-3 -8.6 

88-90 -13.7 

122-4 -33,9 

124 -29,7 

144 -37.4 

133 -38,6 

138 -3S.6 

148-50 -24.9 

176-8 -11.4 

‘IIPLC (diode xnxy &WCIIO~) brcctly Men from the reruioo mixture; bAt -7s*c: (zR:~s) >loo:l; 
CScpxrxtcd by fkxh chromxlosrxphy; dPhenylirocyxni& wu wed; OS-2 in CIQ. 
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Table 2 illustrates that the Ugi reaction using the pivaioyl protected gaJaczosylamine 2 8s the 
chiral template offers a very effective access to (R)-amino acid derivatives having quite 
different side chains. ScericaJly demanding (SC) M well as unhmnched (58). benzylic (Sd), 
aromatic (51. Sh). heterouomatic (Se, 51). unsaturated (51) and fuactionrlixed @It) amino 
acid derivatives are available stereoseiectively in high yialds. In particular the efficiency of 
this method becommes evident in the stereoselective formation of the (Rf-pnitto- 
phenylglycine derivative 51 prone to rrcemisation, 

in the cases of the phenylglycine derivatives Sg-SJ the (S)-diastereomers (Z&S-D).S can 
be seprr!ted and identifiid. In order to prove their rwcture, they can be obtained even in 
preparative yield after epimerisation of the pure (2R,&Q)-jsomers 5 with crtaiytic amounts 
of sodium methoxide in tetrahydrofuranc and subsequent separation ‘by flash 
chromatography (eq. 4 and table 3). 

(2RJI.D).5g.I 
I. CH,ONatYUF 

c 

2. Acolt 

eq.4 

tRllS-(ILD)-5s.f 

Tahfe3: Formation of the (2&R-D)-Diastereomen of N-Golactosyl Phenylglycine Amides From 
Pure (ZR,S-D)-5 Jsomers (eq. dp. 

2R.g-D-5 

Sg 

Sh 

diastereomeric ratio’ Rfb 25,%-D-S 

(2R : 2s) R S m.p. ~a~D~cml~~~3) 

3: 1 0,66 0,40 224 +4a,9 

3:2 0.58 0,41 174 +36,7 

Si 3:2 0,42 0,32 208 +16,6 

CAf~er rcprotonition; bon stttc* se1 with ethyl rtctat:Jligh~ petrtdaum etkcr(t:3); CEquilibrrtioa time Y‘S 
3 dryr a mom ccmp. 

The results summarized in table 3 suggest that the enotates of 5 are reprotonated diastereo- 
selectively to give preferably the (ZR)-diastereomers 5. 

The N-grtactosyl-amino acid derivatives 3 and 5 mre starting materials for the 
synthesis of a broad range of valuable chiral products, e.g. B-amino alcohols and 1,2- 
diamines. The most interesting ones are the R-amino acids themselves. Since the N-formyi 
amino acid amides S are stable toward aqueous acids their ckavage cannot be achieved in a 
single step. Therefore, the N-formyl group is first removed using hydrogen chloride in 
methanol. Then the N-glycosidic bond is cleaved by addition of water. 

6 90-9s 9b 7 
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The 0.pivaloyl galaclose 6 can be reisolated in yields of 9@95%. It can easily be converted 
into the starting auxiliary 2. Finally, the amino acid mida 7 are hydrolyzed in aqueous 
hydrochloric acid. Subsequent deprotonation delivers the free enrntiomerically17 pure R- 
amino acids 8 (see table 4). 

a Hydrolysis of N-Galactosyl Amino Acid Amides 5. 

product RI overall yield (%) [alD22 

8a I-C,H9 90 -8,8”(c& 1,5n HCI); 

[o)D2’- -7O (c-5, Sn HCl)t9 

8b Ph-CHI a2 +6,Y (c-l, 1,Sn HCl) 

[a]+ +7,m” (c-1, lnHc1)” 

ac Ph 85 -157” (c-l, In HCl) 
[o]DZo- -155’ (C-1, In HCl)21 

ad p-Cl-Ph 90 - 140“ (c-O.S, In HC1)2* 

[alD2’- -138.7O (c-1. In HC1)21 

8c HCXX-(CH2)J- a7 -21,s’ (c-0.7, 2n HCI) 

[Ci]D’6- -u (c-0.7, 6n HC1)22 

The optical purity of the (R)-amino acids is checked by t.1.c. using ‘chiral plate’ Ia. 
In conclusion, the U8i-reaction using the 8alactorylamines 1 and 2 as the cbiral auxiliaries 

provides an efficient route to (R)-amino acids of quite different structure. It proceeds in a 
simple one-pot-procedure. Hi8h stereoselectivity is achieved. The pure diastereorabrs 3 and 
5 are easily obtained in high yields’ by iecrystallisrtion or chromatography. Furthermore, 
organometallic reagents or intermediates and exclusion of oxy8en are not required. 

General: 400 MHz-1H-NMR-spectra were recorded on Bruker AM-400 in CDCll; optical 
rotations were measured with a Perkin-Elmer 241 polrrittuter; analytical HPLC was cerried 
out with LKB-equipment including diode acray detection (190-370 nsn) on nvmed phase 
columns (10014 mm ID. 120-3 Cla) with methanol/water mixtures es eloent. 

A solution of 4 mm01 of 2,3.4,6-tetra-0-scetyi-6-D-(rlrctopyra~ylamine 1 or 23.4.6~tetro- 
0-pivrloyl-II-D-galactopyranosylamine 2, 4.1 mmd of the respective rldebyde (see tabk 1 
and 2). 4,4 mmol formic acid and 4,2 mmol t-butylisocyanida in 30 ml tetraltydrofunne is 
cooled to the temperature given in tabk 1 or 2. 4 mmol zinc chloride (as a 2.2 molar solution 
of the diethylether complex in dichloromethane) is added and the reoctioa is monitored by 
1.1.~. ( ethyl ace,tste/light petroleum ether 1:l or 1:3 respectively ). After complete 
consumptian of the starting material (1, 2 or rldimines 4 ) the solvent is evaporated in 
vacua. The residue is dissolved in 50 .ml of dichloromethaoe, extracted twice with 100 ml 
saturated aqueous sodium bicarbonate and twice with water. The organic layer is dried over 
M8S0,. filtered and evaporated in vacua to give the mixture of diastereomers 315 in almost 
quantitative yield. The pure (2R)-diastereomers are obtained by recrystallitrtion from 
heptane, dichloromethanelheptane or by flash chromatography. Results and physical data of 
the compounds 3 and 5 are summarized in tables I and 2. For nomenclature, elemental 
analysis and typical IH-NMR-signals see tables 5 and 6. 
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Table 400 MHz-t H-NMR-Sip&s (IWO rotamen) and Elemental Anrlyris of N-Pormyl-N-(2,3,4,6- 

tetr~-O-~cetyl-6-D-g~lxctopyr~aoxyl)-(R)-~mlno-xcid-N’-tert-butyl-~m~de~~. 

elemental rnrlysis 
pro- amino acid * H-NMR 6 (ppm) talc.: C H N 

H-1 Id I) CHO 1s) w fotmd : C H N 

30 phenylglycinea 4.69 (9.6 Hz)* 8,60’ 5,450 ST.42 6.43 4.96 
5,85 (9.4 Hz) a,22 5.39 51.46 6.73 4.64 

3b p-chlorophenyl- 4,75 (9.6 Hz)* a,57* 5,65* S4.11 5.89 4.68 
glycinea 5.83 (9,3 Hz) a,21 5.85 53.87 5.91 4.47 

3c tert-leucine~.b 5.82 (8,7 Hz)* 8,600 4,700 ss,12 7.41 5.15 
s5.01 7,33 5,08 

3d valinca+u 5.34 (9.6 Hz)* 8.50. 4.05. 54.33 7,22 5,28 
54,28 7,33 5.18 

l Ma)Or ro~amcr:~ Pull name IS fomcd by lnrcrcing the name of the amino acid into the headline 

dcnomtortton. b Minor rotamer IUIS thm 10%. 

The (2R)-diastereomers of Sg, 5 h or 51 (2 mmol) are dissolved in SO ml of dry 
tetrahydrofurane. Sodium methoxide (20 mg, 0,2 eq.) is added, and the suspension is stirred 
for 3 d at room temperature. The formation of the (2S)-epimer is monitored by t.1.c. and 
HPLC. After addition of 0,I ml of acetic acid the solvent is evaporated in vacua. The 
diastereomers (ZR,g-D)-5 and (2S,g-D)-5 are separated by flash-chromatography on silica gel 
using ethylacetatellight petroleum ether (1:4) as the eluent. The results and the 
chrracterisation of the (S)-amino acid derivatives are shown in table 3 and 6. 

To a solution of 2 mmol of 5 in 10 ml of dry methanol at OT 3 ml of saturated hydrogen 
chloride in methanol are r&led. The mixture is stirred lh at O*C and 3h at room temperature. 
After the starting material has disappeared (t.1.c. control) 2 ml water are added and the 
mixture is stirred for l2h. The methanol is evaporated in vacua, the residue taken up in 20 
ml water and extracted twice with IO ml of n-pentane. After drying with MgSO4 the 2.3.4,6- 

tetrr-0-pivaloyl-D-galactopyranose 6 is isolated from the organic layer in almost quantitative 
yield. 

The aqueous layer is also evaporated in vacua to yield the amino acid rrnidcs 7 as the 
hydrochlorides almost quantitatively. They rre treated with 10 ml of 6n hydrochloric acid at 
80°C until the compounds 7 are completely hydrolysed (t.1.c. control, about 24-48h). After 
evaporation in vacua ,the remaining crystalline residue is dried by codistillrtion with toluene 
(IO ml) from it. Then it is dissolved in water and deprotonrted by passing through a column 
of ion exchange resin (Amberlife IR 200). The resin is washed until Qe eluent becomes 
neutral. Then the amino acid II is liberated from the resin by elation with 3% aqueous 
ammonia. After evaporation of the ClU8le in vacua the free (R)-amino acids are obtained as 
colorless crystalline residues. The results and characterisations arc shown in table 4. 
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m 6: 400 MHz-IH-NMR-Signals (two rotrmerr) and Elemental Analysis of N-Pormyl-N- 
(2,3.4,6-~e~ra-O-pivaloyl-6-D~galac~opyranosyl)-(R)-Amino Acid-N’-tcrt-Botyl-AmiderSC 

ekmentol anrlysit 

pro- amino acid ‘H-NMR b(ppm) cak.: C H N 

duct famtd: C H Y 
Sa (R)-a-amino- 5.90 (9,2 Hz)* 8,29* 

butyric acid 4.00 (8.9 Hz) 8,61 

5 b (R)-valine 595 (8.9 Hz)* 8,32* 
..a 8.65 

SC (R)-tert-leucine 6,17 (9.S Hz)* 8,50* 
6.04 (8,8 Hz) 8.73 

Sd (R)-phenyl- S,90 (9,2 Hz)* 8.77’ 
alanine 5.38 (9.5 Hz) 8.39 

SC (R)-(2-furyl)- 5.90 (9.3 Hz)* 8,42’ 
glycine ..a 8,40 

51 (R)-(2-thienyl)- 5.92 (94 Hz)* 8,38* 
glycine ..I 8.34 

5g (R)-phenyl- S.95 (9.4 Hz)* 8,19* 
glycine ..I 8.42 

(S)-phenyl- 6,OO (9,s Hz)* 8.1s. 
glycine 4.71 (9.6 Hz) 8,46 

5 h (R)-p-chloro- $93 (9.3 Hz)* 8,20’ 
phenylglycine SO6 (9,4 Hz) 8,36 

(S)-p-chloro- S.99 (9,4 Hz)* 8,13* 
phenylglycine 4.83 (9,6 Hz) 8.40 

Si (R)-p-nitro- $96 (9,0 Hz)* 8,29’ 
phenylglycine 512 (9.3 Hz) 8,33 

(S)-p-nifro- 6,02 (9,4 Hz)* 8,16. 
phenylglycine 5.03 (9,3 Hz) 8,38 

Sj (R)-a-amino-4- SO0 (9.4 Hz)* 8,28* 
phenyl-3- 5.91 (9.4 Hz) 8,43 
butenoic acid 

Skb (R)-a-amino-S- 4.97 (9,3 Hz)* 8,32* 
cyano-pentanoic 5.96 (9,s Hz) 8,S6 

3,900 
..a 

4,96* 
3.50 

3,1s* 
..a 

5,36* 
SO8 

61,48 8.09 3.88 
61.6s 8.19 4.09 

s,20* 60,14 7,91 3.79 
S.29 60.22 7,79 3,73 

5.08’ 
5.53 

4.84, 
S,26 

s,01* 
S,32 

4,79* 
s,14 

$10. 
s,21 

4.92. 
5,ll 

4,60* 
4,57 

4,28* 
e-8 

61.87 8,94 4.00 

61,9l 8.91 3,86 

61.87 8.94 4.00 
62.07 9,04 3.84 

62.33 9,OS 3,93 
62,4S 9,02 3,90 

64,32 8.37 3,7S 
64.S4 8.14 3,68 

63,91 8,2S 3.82 
63,97 8,19 3.89 

63,91 8.2s 3,82 
64.02 8.22 3.80 

61.04 7.7s 3.65 
60.9s 7,62 3.86 

61.04 7.7s 3.6s 
61.38 7.98 3.75 

60,22 7,6S S.40 
S9.83 7,34 S.69 

60.22 7.65 S.40 
60,19 7,71 $47 

64,88 8,23 3,69 
64,9S 8.22 3.77 

62,97 7,72 S,6S 

62,86 7.56 S,38 
acid 

‘Major rorrmer; ‘SIgnal can no1 be tdcntlIied; b this compound ir formed as the N’-pbcnylrcaide 

from phcnylisocyrnidc. 
denomtnrtlon. 

c Pull name 1s lormcd by insertin; rho nrmc of ~bc rmiao acid iato tbo 

1.1 
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