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The adducts obtained from Tic& and achiral (8-12) or chiral, 
nonraoemic (13-22) isocyanides are combined with aldehydes 
(aromatic or aliphatic) and ketones (acetone, cyclohexanone, ace- 
tophenone) to give, after aqueous workup, a-hydroxyamides 
(27 - 55) [Passerini-type reaction]. The transformation is com- 
patible with a variety of functional groups (aromatic and hetero- 
cyclic rings, amino, ether, ester, and amido groups, halides, and 
phosphonate substituents). The yields range from 14 to over 95% 
(with the lower values in the case of more highly functionalised 
isocyanides). No diastereoselectivity is observed with chiral iso- 
cyanides. If the R groups of the isocyanide (R -NC) form a rather 
stable cation (t-alkyl or benzylic), cyanohydrins may result from 
the reaction, rather than the N-substituted a-hydroxyamides (see 
Scheme 2). . 

In 1975 Crociani and his colleagues reported that tita- 
nium tetrachloride forms adducts with isocyanides which 
were unambiguously assigned the C-(trich1orotitanio)form- 
imidoyl structure (A in Scheme 1)6.71. Since this is one of the 
rare cases in which a titanium-carbon bond is formed with- 
out intervention of a polar organometallic compound 
(transmetalation)’-‘”’. we decided to investigate the use of 
such adducts as nucleophilic reagents. In a first paper, we 
described the additions of methyl isocyanide to aldehydes 
and ketones to give the N-methyl-hydroxyamides shown in 
Equation (1)’”. TiC14-mediated reactions ’’’ of electrophiles 
other than ketones and aldehydes, such as acetals’” and u,p- 
unsaturated carbonyl compounds 14’,  with isocyanides have 
been known before or were published during our  ongoing 
investigation. We have been mainly interested in extending 
the scope of the Passerini-type’”I6’ reaction [Equation (l)] 
with respect to the isocyanide compound ”-- 2’1.  The follow- 
ing questions appeared to be important to us: ( i )  Which 
functional groups may be part of the isocyanide structure 
for the reaction still to take place? ( i i )  Can isocyanides from 
u-amino acids be employed, producing fragments of depsi- 
peptides [Equation (2)]22‘? (iii) Are reagents of type A dia- 
stereoface-selective’” in additions to chiral aldehydes? 
(iv) Do chiral isocyanides show enantioface differentiation 
in additions to aldehydes and ketones? 

The isocyanides for our  investigation were purchased or 
prepared from the corresponding amines. Of the numerous 
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Anwendunpbreite der TiCi,-induzierten Addition von Isocyanideo 
an Aldehyde und Ketone unter Biklung von a-Hydroxycarbodure- 
amiden’) 

Die Umsetzung der aus achiralen (8-12) oder chiralen (13-22) 
Isocyaniden und TIC& gebildeten Addukte mit aliphatischen oder 
aromatischen Aldehyden oder mit Ketonen (Aceton, Cyclohexa- 
non, Acetophenon) liefert nach waBriger Aufarbeitung a-Hydro- 
xyamide (27-55) in einer Passerini-artigen Reaktion. Dies ist mit 
Substraten durchfiihrbar. welche die verschiedensten funktionei- 
len Gruppen enthalten: aromatische, auch methoxysubstituierte 
Ringe, Heterocyclen, Amino-, Ether-, Ester- und Amidgruppen, 
Halogen- und Phosphonatsubstituenten. Die Ausbeuten liegen 
nvischen 14 und iiber 95%, wobei die tieferen Werte bei hoher 
funktionalisierten Isocyaniden auftreten. Mit den chiralen Iso- 
cyaniden wird keine Diastereoselektivitat beobachtet. Bei Deri- 
vaten R -NC, deren R-Gruppe relativ stabile Kationen bildet 
(L B. t-Alkyl-, Benzyl-), kommt es zu einer Cyanhydrine liefernden 
Konkurrenzreaktion (s. Schema 2). 

Scheme 1 
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methods for this conversion’” we chose the formylation with 
phenyl formate (I-phenylethylamine) or with the mixed an- 
hydride of acetic and formic acid (all other cases), with sub- 
sequent dehydration of the formamides using Ugi’s methode 
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[trichloromethyl chlorocarbonate ("diphosgene")/triethyl- 
amineIz4'. Of the required formamides the chiral nonracemic 
representatives 1-7 are new. 

amine as a chiral auxiliary! The generality of this procedure 
and applications with other amino acids are currently being 
investigated in our laboratory. 

HO 
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The isocyanides used are depicted in the formulae 8-24. 
For the conversion of the isocyanides 17 and ent-17 from 
S- and R-phenylalanine, respectively, the N-formyl amino 
acid esters had to be dehydrated very carefully ( -  25 "C/N- 
methylmorpholine instead of tr ieth~lamine)~~':  in this way 
we isolated for the first time crystalline (rather than the 
previously reported enantiomerically pure samples 
of this phenylalanine derivative. The a-isocyano-carboxylic 
acid amides 22 - 24 posed special problems: while the iso- 
cyanoesters 11 and 17 reacted smoothly with S-phenylethyl- 
amine under TosOH catalysis26) to give the amides 20 and 
21, respectively, partial or complete epimerisation had oc- 
curred at the a-carbonyl position after applying the same 
procedure to ent-17! Likewise, diastereoisomeric mixtures 
were formed when 17 and ent-17 were treated with the 
(4S,5S)-5-amino-2,2-dimethyl-4-phenyl-l,3-dioxane in an at- 
tempt to prepare 24 and 23, respectively. Therefore, the 
amide bond was formed before generating the isocyanide 
functional group: (R)-N-formylphenylalanine and (S)-phen- 
ylethylamine as well as (R)- and (S)-N-formylphenylalanine 
and the (S,S)-acetonide of phenylglycinol were condensed 
(ClCOOEtlN-methylmorpholine) to give the corresponding 
formamidoamides 5,6,  and 7; these were dehydrated to give 
the isocyanides 22,23, and 24, respectively (see experimental 
section). The enantiomerically pure I-diastereoisomer 21 was 
also obtained from the racemic phenylalanine-derived iso- 
cyanoester (rac-17) and enantiomerically pure (S)-phenyl- 
ethylamine in a resolution with in situ recycling: an 8.5: 1 
mixture of the I -  (21) and u-form (22) separated after heating 
the components without solvent for two days at 55°C - a 
potentially useful method of preparing (S)-phenylalanine de- 
rivatives from racemic phenylalanine, with phenylethyl- 

Me 0 Me 0 
i II i II 

23 24 

The palladium and the platinum complexes 25 and 26 
were prepared as derivatives of the isocyanide of phenyl- 
alanine 27.28). 
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Reactions of Isocyanides with Titanium Tetrachloride 
and Carbonyl Compounds 

The isocyanides 8-24 were allowed to react first with 
TiC14 and then with aldehydes or ketones, as described pre- 
viously for methyl isocyanide "I. When equivalent amounts 
of the isocyanide and the Lewis acid were mixed in dichloro- 
methane at - 5 to O"C, an insoluble yellow or green-yellow 
precipitate was formed (presumably an adduct of type A, 
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Table I .  Products from the reactions of isocyanides with aldehydes and ketones. i )  The yields from the reactions with isocyanide 8 refer 
to crude product. - i i )  No combustion analyses were obtained for the compounds 41, 44, and 51 to 55, for experimental details please 
cnntact the authors. - iii) One diastereoisomer could be isolated in pure form in the cases of 45. 46, and 50, two diastereoisomers in the 

cases of 42, 43, 41, and 49 

Isoqanlde AldeP.yde or Kelone I P~~ Yield [%I Aldebyde or Ketone 
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Scheme 1). Subsequent dropwise addition of the carbonyl 
compound to this suspension at various temperatures usu- 
ally caused dissolution of the precipitate: within a few min- 
utes a clear yellow to brown solution was obtained. Hydro- 
lytic workup led to the isolation of the crystalline a-hy- 
droxyamides. The results are collected in Table 1. 

With achiral (8- 12) and the simple29' chiral isocyanides 
(14), the yields of hydroxyamides are good to excellent, while 
additional functional groups in the isocyanides (15- 18. 
20-22) cause a decrease of the yields or even prevent the 
reaction from taking place at all (23, 24)"'. 

The chiral isocyanides were chosen to test if their TiC1, 
adducts show enantioface selectivity in additions to alde- 
hydes. As is evident from the data in Table 1 and in the 
experimental section, the diastereoisomeric products are 
formed in ca. 1 : l  ratios in all cases. This result might not 
be too surprising if the reacting species has the Z configu- 
ration around the CN double bond as depicted in B: the 
stereogenic center is too far away to render the insertion of 
the aldehyde CO moiety into the TIC bond diastereoselec- 
tively. On the other hand, the additional hetero atom in an 
isocyanide such as the phenylalanine derivative 17 might 
have caused a geometrical isomerisation to give a chelate 
bond as shown in C, moving the chirality center somewhat 

closer to the titanium, and thus making the addition dia- 
stereoselective. 

C R 
CI N' 

Finally, we tested whether enantioface differentiation 
could be observed in the reaction of benzaldehyde and 
isocyanide 11 in the presence of chiral alkoxy titanates. I n  
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AkAhyde or Ketone 

9- 18 

20 

21 

22 

Prodat YmU [%] 

Table 1 (Continued) 
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this case (D) the chirality center would be even closer than 
in the proposed intermediates €3 and C. 

We used ( - )-menthoxy-trichloro-titanium and the (+)- 
diethyl tartrate dichloro complex for this test. While the 
reaction with titanium tetrachloride was complete after 2 h 
at  0 -  5“C, 15 h at room temperature were necessary with 
the menthoxy derivative. ‘The bidentate ligand prevented a 
reaction from taking place at all. The product 35 obtained 
with the menthoxy complex w a s  optically inactive, i.e. a 
racemic mixture. Thus, all attempts to carry out our mod- 
ification of the Passerini reaction stereoselectively failed. 

In some cases (42, 43, 45, 46-50, 54) one or two diaster- 
eoisomers could be isolated in pure form by crystallisation 
and/or flash chromatography. Thus, the enantiomerically 
pure depsipeptide fragments 46-49 and the racemic ana- 
logue 50 containing an a-branched amino acid moiety were 
obtained. With one exception (46)22b), the (relative) config- 
urations of these products were not determined. 

In an attempt to find out wether the reaction with a chiral 
aldehyde is subject to 1,2-induction (Crams’s we 
employed rac-2-phenylpropanal with the phenylalanine de- 
rivative 17 as the isocyanide component: the four possible 
diastereoisomers of 49 were obtained in equal amounts (by 
‘H NMR analysis of the crude product). 

Analysis of the crude products formed in the reaction of 
(R)-phenylethyl isocyanide (13) or r-butyl isocyanide with 
benzaldehyde showed the desired whydroxyamides to be 

present only in low yield. The main product in both cases 
were the cyanohydrins. In addition we isolated l-phenyl- 
ethyl chloride from reaction mixtures involving phenylethyl 
isocyanide (13). 

Scheme 2 
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Similar observations have been made for reactions of iso- 
cyanides with a ~ e t a l s ’ ~ )  (in addition to alkoxy carboxamides, 
cyanohydrin ethers were formed’”)) and a$-unsaturated 
ketones!”) in the presence of TIC&. Obviously, the inter- 
mediates of these transformations (E in our case, Scheme 2) 
give rise to cations (see F) which can split off the substituent 
from nitrogen if the resulting cation is tertiary or bewylic, 
i.e. rather stable. The intermediate F is reminiscent of the 
cation which is thought to be involved in the Beckmann, 
von Rraun, and Ritter reactionsM). 

We thank Dr. E .  Zass  for helpful discussions. Dr. B. Jaun and 
Miss B. Brandenberg for recording the ‘H-NMR spectra. Financial 
support from the Schweizerische Nationalfonds zur Forderung der 
wissenschafttlichen Forschung (Project N o  2.253 - 0.84) and the 
Deutsche Forschungsgemeinschaji (for W. W.), and from the f l e r -  
,nann-Schlosser-Stiftung (for G. A.) is gratefully acknowledged. 

Experimental 
General: Melting points were determined with a Buchi/Tottoli 

melting point apparatus and are uncorrected. - TLC: Kieselgel 
Fertigplatten 60 F?54 (Merck); visualised with UV or with a solution 
of 360 ml of 95% EtOH, 18 ml of conc. I 1 2 S 0 4 ,  3 ml of acetic acid, 
and 9 ml of anisaldehyde. - Fluka Kieselgel 60 (silica, mesh size 
0.040-0.063) was used for flash chromatography. - Specific ro- 
tations were determined with a Perkin-Elmer 241 polarimeter at 
room temperature. - IR spectra were recorded using a Perkin- 
Elmer 297 spectrometer. -- ‘H-NMR spectra were obtained with 
either a Varian EM-390 (90 MHz) or a Rruker W M  300 (300 MHz) 
instrument. ’%KMR spectra were obtained using a Varian CFT- 
20 instrument, ”P-NMR spectra with a Hruker HX 90 instrument 
(90 MHz). All spectra were recorded using TMS as internal stand- 
ard in CDC13 as solvent, if not otherwise mentioned. The diaster- 
eomeric excess was deduced by NMR analysis of the crude prod- 
uct. - Mass spectra were recorded with a Hitachi-Perkin-Elmer 
RMV 6 M instrument. - All solvents, except for dichloromethane, 
were of “purissimum” quality. Dichloromethane was distilled from 
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P4Ol0. ( -)-Menthoxytrichloro titanate was obtained according to 
ref,8b.35) . - All reactions were carried out in oven-dried glassware 
under argon. 

Preparation of the N-Formaniides. - General Procedure I 
IGP I ) :  Synthesis of the N-formamides 1-4. To the amine in 50 ml 
dichloromethane were added four equivalents of the mixed formic 
acetic anhydride. When TLC showed the absence of starting ma- 
terial. the reaction mixture was poured into 200 ml of saturated 
aqueous hydrogen carbonate and extracted with ether. The com- 
bined organic layers were dried, the solvent was evaporated, and 
the residue was distilled or recrystallised. 

N - [ l S ) - l - M e t h ~ l - 2 - p / i ~ ~ n y l e r / i ~ ~ l / o n , i a r t i i d e  ( I ) :  According to 
G P  1. 11.5 g (85 mmol) of (S)-l-phenyl-2-propaneamine yielded 
11.5 g (82%) of 1. - LaJn = -11.4 (c = 5.1 in C1IClJ. - '1i 

7 Hz, 2H.  CHJ, 4.26 (m, 111. H-C-CHJ,  6.56 (br. s. 1 H ,  HN), 
7.16 (s, 5 H .  aromatic tl), 7.93 (s. 1 €1. CHO). 

( R  ~-2-l.'ormnniido-I-tneth~lethyl Formate (2): According to GP I ,  
10 g (0.133 mol) of(R)-( *)-1-amino-2-propanol yielded 9.5 g (54%) 
of2; b.p. 84.C/0.4Torr. - IR (CHCId: v = 3310 cm- '  (NH), 1718 
( C = O ) .  1680 (C=O),  1650 (amide I). 1520 (amide 11). - 'H  NMR 
(90 MHz): 6 = 1.32 (d. J = 7 Hz, 3H,  CH,), 3.44 (m. 211, CH:). 
4.9-5.3(br.m,1H,H-C-CHJ),6.90(br.s,1H,NH),8.10(s.1H, 
NCHO), 8.20 (s, 1 H, OCHO). 

NMR (90 MIiz): 6 = 1.10 (d, J = 7 Hz, 3H, CHI), 2.73 ( t ,  J : 

(IS,ZR)-2-t.'ormamido-I-phen~~lpropanol (3): From 25 g (0.165 
mol) of (1 S,2R)-2-amino- 1 -phenylpropanol according to GP I was 
obtained 12.3 g (42%) of 3 as colourless crystals; m.p. 72-73 C 
(ether). . - [ z ] D  = -96 (c = 1 in CHC13). - I R  (KBr): v = 
3350 c m - '  (OH), 3220 (311). 1635 (amide 1). 1560. 1535 (amide 

4llz,1li,OH),4.28-4.33(rn,IH,H-C-CH,),4.83(t,J = 4Hz .  
IH.H-COH).6.18(br .d .J  = 6Hz . l t i ,NH) ,7 .22 -7 .36 (m.5H,  
aromatic H), 8.04 (d, J = I Hz. 1 H, CHO). - MS: i n / .  (%) = 180 
(0.1, M' + I ) ,  162 ( 6 3 ,  58 (100). 

CloH,,NO1. (179.2) Calcd. C 67.02 H 7.31 N 7.82 
Found C 66.98 H 7.43 N 7.90 

11). - ' H  NMR 6 - 0.98 (d, J = 7 Hz, 3 H ,  CHI). 3.77 (d. J = 

(lS.-'R)-L7-l.'orrnamido- I-phenvlpropyl Acetate (4): To a solution 
of 8.9 g (50 mmol) of 3 in 40 ml of pyridine was added 5.2 ml of 
acetic anhydride at 0';C. After stirring for 70 h at room temperature, 
50 ml of dichloromethane was added and the solution washed with 
five 20-ml portions of saturated aqueous copper(I1) sulfate and sat- 
urated aqueous sodium chloride. The organic layer was dried (ma- 
gnesium sulfate), filtered. and the solvent evaporated to give 7.2 g 
(65%) of 4 as colourless crystals; m.p. 88-91 C (ether), [alD = 

-96 (C = 1 in CHCI,). - I R  (CHCI,): v = 3420 cm- : (NH). 1770 
( C - 0 ) .  1670 (amide I), 1490, 1450. - 'H NMR (90 MHz): 6 = 

1.08 ( d , J  = 7 Hz. 3 H .  C11,). 2.10(s, 3 H ,  COCH?), 4.52 (br. m, 1 H, 
H - C  -CH,), 5.82 (d. J = 4 Hz, 1 H, H - C - 0 ) ,  5.90-6.20(br. s. 
1 H, NH), 7.29 (s, 5H. aromatic H), 8.03 (s, I l l ,  CHO). 

C12H,,NOI (221.3) Calcd. C 65.14 H 6.87 N 6.33 
Found C 65.09 H 6.82 N 6.30 

( I ' S .2R ) -2-Formttmido-3-phen~~l-N/  1-phet i~ Ie th~l )propiot iar t i idr  
(5): (R)-N-Formylphenylalanine (3.0 g, 15.5 mmol) and 2.2 ml (17.0 
mmol) of (S)-l -phenylethylamine were coupled according to the 
procedure described in ref.? White powder. 3.46 g (76%). m.p. 

3300 cm- '  (NH), 1660. 1640 (C=O, amide I), 1545 (amide 11). - 
154- 155 C, [a ]D = -18 ( C  = 1.2 in CII2CI2). - IR (KBr): V 

't l  NMR: 6 = 

13.5 Hz, J = 8.8 Hz, 1 H, CH,Hb), 3.18 (dd, J = 

1.23 (d. J = 6.9 ~ I z ,  3 H .  CH,), 2.98 (dd, J = 
13.5 ~ I z ,  J = 

5.9 Hz, I H ,  CH,Hb), 4.65-4.72 (m. I H ,  HCCH,), 4.89-4.94 (m. 
IH.  HCCO). 5.93 (d. J - =  7.2 Hz. 1 H. NI i ) .  6.53 (d. J - 7.8 H7.. 

1 H. NH), 7.10-7.35 (m, IOH, aromatic H), 8.04 (s, 1 H, CHO). - 
MS (70 eV): m/i  (Yo) = 296 (4, M '). 

CIIIH20N202 (296.4) Calcd. C 72.95 H 6.80 N 9.45 
Found C 72.85 H 6.90 N 9.32 

( 2 S , 4 ' S S ' S ) - N -  ~2.2-Diniethyl-4-phrnvl-1.3-diaxan-S-yl)-2-Forni- 
ar~iido-3-phenylpropionatnide (6): (X)-N-Formylphenylalanine (1.93 g, 
10.0 mmol) and 2.0 ml( l I .0  mmol) of (4S,5S)-5-amino-2,2-dimethyl- 
4-phenyl-1.3-dioxane gave according ro ref?' 3.2 g (84%) of the 
light yellow crude product. This could be used for the following 
step. A small sample was recrystallised for the spectroscopic data; 

v : 3265 cm sh (NH). 1670. 1645 ( C = O ,  amidc I). 1539 (amide 
m.p. 80-81 C, [ a ] ~  = +59.7 ( C  = 1.0 in CH2CI:). - IR (KBr): 

11). - ' € I  NMR: 6 = 1.53 (s, 3H, CH,), 1.57(s. 3H,  Cf13), 2.54(dd, 
J = 

J = 

14.2 Hz, J = 6.7 Hz, 1 H, CH,H,Ph), 2.67 (dd, J = 14.2 Hz, 
5.7 Hz. 1 H, CH,HbPh), 3.82 (dd, J = 1.6 Hz, 11.9 IIz ,  J = 

111, NCHCH20),  4.17-4.26 (m, 2H, CH,O). 4.67-4.73 (m. l H ,  
HNCHCH2Ph). 5.21 (d. J = 1.6 Hz, 1 H, OCHPh).  6.24 (br. d. J = 

6.6 Hz, 1 }I, NII), 6.62 (br. d, J = 8.8 Hz. NH), 6.72-7.37 (m, IOH, 
aromatic H), 8.05 (s. 1 H. CHO). - "C NMR (CDC13): 6 = 18.48, 
29.47, 37.93, 47.30, 52.22. 64.29, 71.78, 99.55. 125.4, 126.7, 127.7, 
128.2. 129.1. 136.9, 138.4, 160.7, 170.1. - MS (70 eV): m / z  (YO) = 

382 (0.1, M+) .  
C::H:bN204 (382.5) Calcd. C 69.09 H 6.85 N 7.32 

Found C 69.08 H 7.07 N 7.23 

(2R .4'S.5'S)-N-(2.2-Dimethyl-4-phenyl- /.3-dioxan-5-yl)-2-form- 
amido-3-phen~lpropionarnide (7): (R)-N-Formylphenylalanine 
(4.56 ml, 22.0 mmol) and 3.87 g (20.0 mmol) of (4S.5S)-5-amino-2,2- 
dimethyl-4-phenyl-l.3-dioxane gave 7.34 g (96%) of the crystalline 
crude product 36', which was recrystallised from ether; m.p. 

v = 3260 cm- '  br. (NH),  1690, 1670, 1645 (C=O, amide I). 1530 
(amidc 11). - 'H NMR: 6 = 1.47 (s. 3 H ,  CH,), 1.53 (s, 311, CHI), 
2.91 -2.94 (m. 2H,  CH2Ph), 3.64 (dd, J = 12.0 Hz, J = 1.9 Hz. 
1 tl, CH,HbO). 4.08-4.12 (m, 1 11, HNCHCH20),  4.18 (dd, J = 

12.0 Hz, J = 1.9 Hz, 111, CIl,HbO), 4.50-4.57 (m. 1 H, NCH- 

IH ,  NH), 6.29 (d, J = 9.2 IIz, IH .  NH), 7.14---7.95 (m, IOH, 
aromatic H), 8.05 (s. 1 H, CHO). - MS (70 eV): m / i  (YO) = 367 

130.0-130.5 C, [%ID = +74.3 (C = 1.1 in CHlCI,). - I R  (KBr): 

C€I:Ph), 5.12 (d, J = 1.8 Hz, 1 H. OCHPh). 5.93 (d, J = 7.0 Hz, 

(4. M ' - 15). 
C::H:hN>O, (382.5) Calcd. C 69.09 H 6.85 N 7.32 

Found C 68.98 H 6.92 N 7.21 

Preparafion ufthe /.rocyariide.s: All reactions involving diphosgene 
were carried out in a three-necked flask equipped with a dry-ice 
rcflux condenser. a dropping funnel, and an argon inlet. 

Phenyl isocyanide (8) and 2-(3.4-dimethoxyphenyl)ethylisocya- 
nide (9)  were prepared according to ref."" and ref."'. respectively. 
2-Morpholinoethylisocyanide (lo), ethyl isocyanoacetate (1 I )  and 
diethyl isocyanomethylphosphonate (12) were purchased from 
Fluka AG (Buchs). (R)-1-Phenylethyl isocyanide (13) and mr-I3 
were prepared according to ref.? [a],, = + 33.2 (neat, 13) [ref.'8': 
[ Z ] D  = + 35.8 (neat)] and [CX]~, = -30 (neat, ent-13). 

Geriernl Procedure 2 ( G P  2): Dehydration of the N-formamides 
I ,  2, and 4. The N-formamide (1 equivalent) was dissolved in di- 
chloromethane and 2.0 to 2.5 equivalents of dry triethylamine were 
added. The solution was cooled to O'-'C and 0.5 equivalent of di- 
phosgene in dichloromethane was added dropwise. After 1 h, the 
solution was poured into 50 ml of dist. water and extracted with 
dichloromethanc. The combined organic layers were washed with 
7.5% aqueous hydrogen carbonate and dried over activated 4-A 
molecular sieves for several hours. Then the solvent was evaporated 
and the residue distilled under reduced pressure. 
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(S)-I-Methyl-2-phenylethyl Isocyanide (14): Following GP 2, 
11.5 g (70 mmol) of 1 afforded 5.5 g (53%) of 14, b.p. 79"C/10-3 
Tom, [alD = +54.6 (neat). - 'H NMR (90 MHz): 6 = 1.29 (m, 
311, CII,), 2.75-2.93 (m, 2 ~ 1 ,  CI I~ ) ,  3.55--3.96 (m, I H ,  11.-C- 
CH3), 7.25 (s, 5H, aromatic H). 

(Rj-2-Isocyano-I-methylethyl Formate (15): From 9.5 g (73 
mmol) of 2 following GP 2 5 g (61%) of 15 was obtained as a 
colourless liquid; b.p. 80°C/25 Torr, [.ID = +39.5 (neat). - '€I  
NMR (90 MHz): 6 = 1.28 (d, J = 4 Hz, 3H, CH,), 3.14-3.52 (m, 
2H, GI2 ) ,  5.06-5.11 (br. m, 111, 11-C-0), 7.95 (s, l H ,  CHO). 

(1S,2R)-2-Zsocyano-l-phenylpropyl Acetate (16): From 7.1 g (32 
mmol) of 4 according to GP 2 was obtained 5.2 g (80%) of 16 as a 
pale yellow oil; b.p. 150"C/8.10-5 Torr, [alD = -53.5 (c = 1.1 
in CHCI,). - IR (film): v = 2140 cm-' (NC), 1743 (C-0),  1490, 

COCH,), 4.04-4.08 (m, III, €I--C-NC),  5.75 (d, J = 4 Hz, l H ,  
H- -C-O) ,  7.38 (s, 5H, aromatic H). 

Methyl (S)-2-Isocyano-3-phenylpropionate (17) and Methyl (R)- 
2-Zsocyano-3-phenylpropionate (ent-17): In a 250-ml three-necked 
flask, equipped with a dry-ice reflux condenser, a dropping funnel, 
and a rubber septum, 10.0 g (48.3 mmol) of N-formyl-(R)-phenyl- 
alanine methyl {[a], = -. 31.7 (c = 1.0 in ethanol)) was 
dissolved in 60 ml of dichloromethane under an argon atmosphere. 
The solution was initially cooled to - 10°C and 10.4 ml(94 mmol) 
of N-methylmorpholine was added via syringe; then, at a temper- 
ature of - 30"C, a solution of 2.9 ml (24 mmol) of trichloromethyl 
chloroformate in 10 ml of dichloromethane was added via dropping 
funnel at such a rate that the internal temperature did not exceed 
- 30 "C. The orange suspension was stirred for 2 h at this temper- 
ature and then allowed to warm up slowly to - 15 "C. Then the 
mixture was hydrolysed with 40 ml of ice/water and the aqueous 
layer was extracted three times with dichloromethane (40 ml each). 
The combined organic layers werc washed two times with 7.5% 
NaHCO, solution once with water and dried over molecular sieves 
(4A) at -30°C for 10 h. The crude product was purified by flash 
chromatography on silica gel, employing pentane/ethyl acetate 
(7: 3). The product was obtained as red-orange crystals. Compound 
ent-17 was prepared in the same way: 7.2 g (79%) of 17 C4.8 g (53%) 
ent-171, m.p. 57-58°C (17) and m.p. 58-59°C (ent-17) [alD 
(17) = -13.2(c - 1.3 in benzene)(ref.25b)Ca:]~ = -19.4(c 7: 1.04 
in benzene)}, [aID (17) = -12.0 (c = 1.6 in methanol) {ref.25a' 
[aJg = - 10.0 (c = 1.0 in methanol)), [elD (ent-17) = + 19.7 (c - 
1.6 in benzene), [alD (ent-17) = f18.6 (c -= 1.0 in methanol). - 
IR (KBr): v = 2158 cm - '  (CNR), 1756 (C-0) .  .- 'H NMR: 6 = 

3.13 (dd, J = 13.8 IIz, J = 8.2 IIz. 111, CH,Hb), 3.25 (dd, J = 

4.9 Hz, J = 8.2 Hz, 1 €I ,  CH), 7.22 - 1.38 (m, 5H, aromatic H). -- 
MS (70 eV): m/z (%) : 189 (0.2, M '). 

C I I H I I N 0 2  (189.2) Calcd. C 69.83 I I  5.86 N 7.40 
Found C 69.88 H 6.03 N 7.57 

1450. - 'H NMR: 6 = 1.31 (d, J = 7 Hz, 3H, CHJ, 2.16 (s, 3H, 

13.8 Hz, J = 4.9 Hz, 1 H, CH,Hb), 3.79 (s, 3H, CH,), 4.46 (dd, J = 

Methyl rac-2-Isocyano-2-phenylpropionate (rac-18): Methyl rac-2- 
ben~yl-2-formamidopropionat~~) (1.5 g, 7.3 mmol) in 10 ml of 
CHCI,, 1.75 ml (14.5 mmol) of pyridine, and 0.33 ml (3.6 mmol) of 
POC13 gave according to ref.39) 0.67 g (49%) of the light-yellow 
crystalline crude product rac-18; m.p. <20"C. - IR (CHCI,): v = 

CH,), 3.78 (s, 311, OCI13), 7.33-7.55 (m, 51-I, aromatic H). - MS 
(70 eV): m/z (%) = 189 (2.1, M+). 

2150 C~II ' (CYR), 1750 (C-0).  - ' H  NiMR: 6 .- 2.03 (s, 311, 

rac-N- (2,2-Diethox~yethyl)-2-isocyano-3-phenylpropionamide 
(me-19): Compound 17 (0.95 g, 5.0 mmol), 0.73 ml(5.0 mmol) of 1- 
amino-2-diethoxyethane, and a catalytic amount of p-toluenesul- 

fonic acid were stirred for 14 h at 80°C (according to the method 
described in ref.26)). The resulting brownish oil was purified by flash 
chromatography, on silica gel (ether) and recrystallised afterwards 
from hexane: 0.61 g (42%), m.p. 64.5-65.O"C. - IR (KBr): v = 
3295 cm- '  (NH), 2155 (CNR), 1675 (amide I), 1570 (amide 11). - 
!H NMR: 6 = 1.15 (t, J = 7.0 Hz, 3H, CHJ, 1.19 (t, J = 7.0 Hz, 
3H, CH,), 3.15 (dd, J = 13.8 HL, J = 7.5 Hz, 1 H, CH,Hb), 3.30 
(dd, J = 13.8 IIz, J = 4.1 112, l H ,  CH,Hb), 3.34-3.72 (m, 6H, 
CH2CH3, HNCH2), 4.35- 4.43 (m, 2H, CHCH2Ph, OCHO), 6.48 
(br. s, 1 H, NH), .7.25 - 7.37 (m, 5 H, aromatic HI. - MS (70 eV): 
m/z (YO) = 290 (0.1, M '). 

CI6IIZ2N2O3 (290.4) Calcd. C 66.18 H 7.64 N 9.65 
Found C 66.21 H 7.78 N 9.59 

(1'S)-Isocyano-N-( 1'-phenylethyljacetnnlide (20): According to 
ref.26) 23% (ref.26) 80%) of a twice recrystallised product was isolated; 
m.p. 121- -125°C (ref.") 122-123"C), CeJ, = -.- 50.2 (c = 1.0 in 
CH2C12). - IR (KBr): v = 3275 cm-' (NH), 2162 (CNR), 1655 
(amide I), 1553 (amide 11). - 'H NMR: 6 = 1.54 (d, J == 7.0 Hz, 
3H, CHJ, 4.07 (d, J = 18.5 €12, l H ,  CN,Hb), 4.14 (d, J = 18.5 Hz, 
l H ,  CH,Hb), 5.12 (mc, l H ,  CH), 6.63 (br. S, l H ,  NH), 7.25-7.38 
(m, 5H, aromatic H). - MS (70 eV): m/z (YO) = 188 (71.3, M+), 
172 (1.2, M +  - CN), 106 (100, M +  - 82). 

( 2 S , I ' S )  -2-Isocyano-3-phenyl-N- (1'-phenylethyl) propionamide 
(21): Compound 17 (2.47 g, 13.0 mmol), 1.65 ml (13.0 mmol) of (S)- 
I-phenylethylamine, and a catalytic amount of p-toluenesulfonic 
acid were mixed and stirred for 14 h at 50°C. The brown solid was 
washed with several portions of ether (100 ml total). 1.8 g (49%) of 
a white powder was isolated, m.p. 137 - 138 "C, = - 36.7 (c = 

1.3 in CHCI,). - IR (KBr): v = 3295 cm-' (NH), 2150 (CNR), 
1670 (amide I), 1555 (amide 11). - 'H NMR: 6 = 1.37 (d, J = 
6.9 IIz, 3H, CH,), 3.16---3.29 (m, 2H, CH2), 4.36-4.39 (m, 111, 
CHCI12Ph), 5.00--5.10 (m, l H ,  IICCH3), 6.37 (br. d, J = 6.4 Hz, 
l H ,  NH), 7.20-7.37 (m, 10H, aromatic 11). - MS (70 eV): m/z 
(Yo) = 278 (4, M+).  

(2,R,I'S) -2-Isocyano-3-phenyl-N-~l'-phenylethyl)propionamide 
(22): E'ormamide 5 (3.0 g, 10.0 mmol) in 30 ml of dichloromethane, 
2.2 ml(20.0 mmol) of N-methylmorpholine, and a solution of 0.6 ml 
(5.0 mmol) of diphosgene in 20 ml of dichloromethane gave ac- 
cording to the preparation of 17 the crude product, which was 
washed twice with ether and hexane; 1.9 g (68%), m.p. 
126-127SoC, [ r ] D  = $-12.5 (C = 1.3 in C1I2Cl2). - IR (KBr): 
v = 3370 cm . '  (NH), 2138 (CYR), 1656 (amide I), 1538 (amide 
11). - 'H  N M R  6 = 1.49 (d, J = 6.9 Hz, 3H, CII,), 3.15-3.22 
(m. 2H, CH,Phj, 4.43L4.47 (dd, J = 6.7 Hz, J = 4.7 Hz, 1 H, 
CNCII), 5.07 (mc, 1 €I, HCCH,), 6.39 (br. m, 1 H, NH), 7.10-7.34 
(m, IOII, aromatic H). - MS (70 eV): m/z (YO) = 278 (4.9, M+), 
105 (100, M f  - 173). 

Resolution with in-situ Recycling of the Isocyanides 1-21 and 14-21: 
A mixture of 2.9 g (15.3 mmol) of rac-17, 2.0 ml (15.3 mrnol) of (S)- 
phenylethylamine, and a catalytic amount of p-toluenesulfonic acid 
was heated without solvent for two days at 55°C. After this time 
a brown solid was obtained. The 'H-NMR spectra of this crude 
product showed an 8.5: 1 mixture of the 1-21 (Rf = 0.47, ethyl ace- 
tate/hexane, 1: 1) and the d o r m  (22) (R, = 0.44, ethyl acetate/ 
hexane, 1 : 1). 

(2R , 4 ' S , S S )  -N- (2,2- Dimethyl-4- phenyl- I ,3-dioxan-5- yl) -2-isocy- 
ano-3-phenylpropionamide (23): The preparation was carried out in 
a similar way to the procedure for 17. From 5.73 g (15.0 mmol) of 
7 in 40 ml of dichloromethane, 1.82 ml (16.5 mmol) of N-methyl- 
morpholine, and 0.9 ml (7.5 mmol) of diphosgene resulted 3.5 g 
(64%) of yellow crystals. Recrystallisation from ether gave white 
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crystals, m.p. 101 - 102 C, [aln = + 137.6 (c = 0.7 in CH?CL). - 
I R  (CHCI,): v : 3430cm. '  (NH), 2140 (CNR), 1685 (C=O. 
amide I), 1525 (amide 11). - 'H  NMR: 6 = 1.58 (s, 3H. CH,), 1.60 
(s. 3H, CIII), 2.24-2.32 (dd. J I= 14.0 I t Z .  J = 10.2 Hz. 1 H, 
C!I,HbPh). 2.92-2.98 (dd, J = 14.0 Hz, J = 3.4 f f Z ,  1 H, C[la. 
HbPh), 3.88-3.92 (dd. J 1.8 Hz, 1 H, CH,H,O), 12.1 I I Z ,  J = 

4.13-4.18 (m. 2H. CHCH,Ph, NCIfCtf?O), 4.29-4.33 (dd. J = 

HCPhO). 7.07 - 7.36 (m. 11 H, NH, aromatic H). - MS (70 eV): 
12.1 HZ. J = 1.8 Hz. I H, Cfi,HbO). 5.25 (d, J = 2.0 Hz, 1 H. 

t ~ / i  (%) = 364 (0.1. M '). 
CzzHz4N:03 (364.4) Calcd. C 72.51 H 6.64 N 7.69 

Found C 72.24 H 6.59 N 7.63 

(2S.4'S.S'S I - N- (2 .2-  Dimethyl-4-phenyl- I .3-ilioxan-5-yl) -2-isocp- 
cino-3-phetiylpropionaniide (24): This compound was synthesised like 
the isocyanides 17 and 23. 7.76 g (20.0 mmol) of 6 in 60 ml of 
dichloromethane, 2.46 ml (22.0 rnmol) N-methylmorpholine, and 
1.2 ml(10.0 mmol) of diphosgene in 30 ml of dichloromethane gave 
after purification (flash chromatography on silica gel, column di- 
ameter 3.0 cm. height 20 cm, ether) 3.8 g (52%) of 24: light yellow 
foam, m.p. 44.0-45.2.C. [a],, = +66.5 (c = 3.2 in CH2C12). - 
I R  (KBr): v = 3340 cm ' (NH). 2139 (CKR), 1695 br. (amide I), 
1525 (amide 11). - 'H KMR: 6 = 1.51 (s, 3H. CH3), 1.56 (s. 3H. 
CHI), 2.97 (dd. J = 13.9 Hz. J = 8.3 Hz. C!j,klbPh). 3.10 (dd, J = 
13.9 Hz, J = 3.9 Hz, 1 H. CH,H,Ph). 3.71 (dd. J = 12.1 Hz. J = 

1.9 HI. 1 H, CH,HbO), 4.03 (dd, J = 8.2 ItZ, J = 4.0 Hz, 1 H, 
CHCH2Ph),4.06-4.11(m,1H,KCHC~120),4.24(dd,J = 12.1 Hz, 

(d. J = 8.9 Hz, 1 H,  NH). 7.17-7.36 (m. 10H. aromatic H). -- MS 
J :- 1.9 Hz, 1 H, CH,HbO). 5.19 (d, J = 1.9 Hz. 1 H. HCPhO), 6.93 

(70 eV): n i / ~  (9'0) = 364 (0.1, M + ) ,  132 (100. M +  - 232). 

cis-Dichlorobislmethpl (S)-2-iSOc)J~flO-3-ph~fly/prO~lOflate-(~SO- 
cyono-C)jpal ladium(II~ (25): PdCI: (177 mg, 1.0 mmol) was sus- 
pended in 10 ml of dichloromethane and a solution of 383 mg (2.2 
mmol) of isocyanide 17 in 2 ml of dichloromethane was added. The 
brown red suspension was stirred for 24 h at room temperature. 
The solvent was evaporated from the almost clear orange solution 
and the crude product was recrystallised three times from a small 
volume of CHCI? and etheripentane ( 1  :2). The solution was kept 
for 2 d in a refrigerator; yellow crystals. 468 mg (84.5%), m.p. 
153.0---154.1 C, [alD = -20.8 (C = 1.03 CH?CL). -- I R  (KBr): 

3.25-3.38(m,4H,CH2). 3.77(s.6H,CH3),4.92- 4.96(m. 2H,CH),  
7.23-7.38 (m. IOH, aromatic H). - MS (FAB): m/: (YO) = 520 

v = 2245. 2263 cm..' (CNR), 1769 (C=O).  - 'ti NMR: 6 7 

( I  7.5, M + - 35~1). 
C::H22CI:N?OjPd (555.8) Calcd. C 47.55 H 3.99 N 5.04 

Found C 46.94 If 4.13 N 4.96 

rran.s-Chloro[meth~~l (S)-2-isocyano-3-phenylpropionate-( isocy- 
ario-C) I b i s (  triphenylphosphane)plarinutn( I I )  Trrraflirorohorare 
(26): Di-~-chlorotetrakis(triphenylphosphane)diplatinum(ll) tetra- 
fluoroborate@'(842 mg, 0.5 mmol) was suspended in 5 ml ofCHC13. 
and a solution of 189 mg (1.0 mmol) of 17 in 5 ml of CHCI, was 
added slowly. Within a few minutes a clear light yellow solution 
resulted. After stirring for 2 h at room temperature the solution 
was concentrated to half of the volume and then mixed with 30 ml 
ofether. 2 d later white crystals could be isolated; 0.94 g, 91 YO yield; 
m.p. 195.5-197.0 'C. [a30 = -17.0 (c = 1.06 in CHCIJ. - IR 
(CHCI,): v = 2218 cm- '  (CNR). 1755 (C=O), 1048 (BFJ. - 'H 
NMR: 6 = 2.21 (dd. J = 14.0 Hz, J = 8.1 Hz, 1 t i ,  CH,Hb), 2.41 
(dd. J = 14.0 i t Z ,  J = 5.8 Hz. 1 t i .  CH,Hb), 3.49 (s, 3H, CHI), 4.19 
(m, br. 1 t i ,  CH). 7.08-7.63 (m, 35H, aromatic H). - "C NMR 
(CDCI,): 6 = 36.6 (s, CH2), 53.5 (s, OCH3), 60.7 (s with '"'Pt sat- 
ellites. J : 17 Hz, CH), 117.8 (br. s, CN), 126.5- 134.5 (aromatic 
C). 164.1 (s. C=O).  "P NMR (CtlCI:'rn,.~acctorlc): 6 = 18.9 

with 19'Pt satellites, J = 2188 Hz). - MS (FAB): in/? (YO) = 943 
(100, M +  - HBF4). 

General Procedure 3 (GP 3 )  for  the Reactioti of Isocyatiides with 
Carhonyl Compounds: To a solution of isocyanide (5.0 mmol) in 
20-30 ml of dichloromethane was added at O'C under argon with 
stirring 2.75 mi (5.5 mmol) of a solution (c = 2 mol/l) of titanium 
tetrachloride in dichloromethane. The colour of the clear solution 
changed from yellow to dark brown. After a few minutes a pale 
yellow precipitate was formed. About 60 min later the mixture was 
treated with 5.0 mmol of the carbonyl compound whereby the pre- 
cipitate disappeared within a few minutes. The clear solution was 
stirred until TLC showed the absence of starting material, then it 
was hydrolysed, and 20 min later the resulting two layers were 
separated. The aqueous layer was extracted twice with dichloro- 
methane, and the combined organic layers were washed with sat- 
urated NalfCOI solution, with water, brine, water, and then dried 
over Na,S04. The unreacted aldehyde could be separated via the 
hydrogen sulfite adduct. Removal of the solvent afforded crude 
products which were purified by flash chromatography and/or re- 
crystallised from ether/pentane or the solvent mentioned. 

2-(4-Brot~ioph~nyl)-2-hydro.\-!:acrtarlilide (28): Following the 
GP 3, 10 mmol of titanium tetrachloride was treated with 1.76 g 
(9.5 mmol) of4-bromobenzaldehyde at 0 C; yield 2.86 g (98%); m. p. 
132- 133 .C (CHC13). - I R  (KBr): v = 3275 cm - '  (NH, OH), 1635 
(amide I), 1595 (amide 11). - !H NMR: 6 = 3.8 (d. J = 4 Hz, 1 H, 
OH), 5.1 (d, J = 4 Hz, 1 H, HCOH), 7.1 -7.6 (m, IOH, aromatic 

(9Sjl00). 
H, NH). - MS (70 cV): tn / ;  (Yo) = 307/305 (M ', 46. 47), 187/185 

C14Hl,BrN02 (306.2) Calcd. C 54.92 I1 3.95 N 4.57 
Found C 55.02 H 4.00 N 4.55 

~-lfvdroxy-3-phenylpropior~anilide (29): The reaction of 10 mmol 
of titanium tetrachloride with 9.5 mmol of 2-phenylacetaldehyde at 
0 C following the GP 3 afforded 2.25 g (98%) of 29; m.p. 
136-136.5'C (CHCI?). - I R  (KBr): v = 3305cm. '  (NH, OH), 
1650 (amide I), 1600 (amide 11). - 'H NMR: 6 = 2.70 (br. s, 1 H, 

14 Hz, J = 6 Hz, 1 H, CH.). 4.40 (m, 1 H. H-COH), 7.10-7.60 
(m, ]OH, aromatic [I), 8.30 (br. s. 1 ti, NII). - MS (70 eV): m/z  

OH),  2.95 (dd, J = 14 Hz. J = 8 Hz, I H ,  CHI). 3.35 (dd, J = 

(Yo) = 241 (M +, 11). 93 (100). 

CI3HISKO: (241.3) Calcd. C 74.67 H 6.27 N 5.80 
Found C 74.68 H 6.33 N 5.80 

2-Hydrosp-2-i~ierhylpropioriatiilide (30): The reaction of 10 mmol 
of titanium tetrachloride and 0.7 ml (9.5 mmol) of acetone at 0'-C 
following the G P 3  yielded 1.49 g (88%) of 3 0  m.p. 133-134,-C 
(CHCI,). - I R  (KBr): v = 3275 cm-:  (NH, OH), 1655 (amide I), 
1605 (amidc 11). - 'H  NMR: 6 = 1.55 (s, 6H, CHI), 2.85 (s, 1 H. 
OH), 7.05-7.65 (m, 5H,  aromatic H), 8.65 (br. s, 1 H. KH). - MS 
(70 eV): m j z  (%) = 179 ( M + ,  26). 59 (100). 

C loH13N02  (179.2) Calcd. C 67.02 H 7.31 N 7.82 
Found C 66.93 H 7.40 N 7.81 

l-Hydrox~cyc.lohexanecarhoxanilide (31): From 10 mmol of ti- 
tanium tetrachloride and 0.93 g (10 mmol) of cyclohexanone at 0 'C 
following the GP 3 was obtained 1.23 g (59%) of 31; m.p. 
172 -173.5 C (CIICI3). - I R  (KBr): v = 3325 cm ' (NH, OH). 
1655 (amide I).  1605 (amide 11). - -  'ti NMR: 6 = 1.35-2.05 (m, 
IOH, cyclohcxyl H), 2.40 (s, 1 H. OH), 7.06-7.60 (m, S I i ,  aromatic 
H), 8.70 (br. s, 1 H, NH). - MS (70 eV): mj: (%) = 219 (M ', 21). 

C13HI ,N02  (219.3) Calcd. C 71.21 H 7.81 K 6.39 
Found C 70.97 H 7.75 N 6.55 

93 ( 1  00). 
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rac- N - [ 2 -  (3.4- Dimethoxyphenyl)ethyl/-2-hydroxy-2-phenylacet- 
arnide (32): To a solution of 0.488 g (2.55 mmol) of isocyanide 937) 
in 20 rnl of dichloromethane was added dropwise 1.5 ml(3.0 mmol) 
of titanium tetrachloride (c = 2 mol/l in CH2C12) at -7O'C. The 
brown solution was stirred for 1 h and then 0.27 ml (2.58 mmol) of 
benzaldehyde was added via a syringe. The obtained light brownish 
suspension was stirred at  -60°C for 6 h and then warmed to room 
temperature during 15 h. Then the wine-red solution was hydro- 
lysed and worked up according to  the G P  3. The oily crude product 
was purified by flash chromatography (silica gel, diameter 3 cm, 
height 18 cm, ether/pentane, 7: 1): 0.186 g (23.1%) of white crystals 
m.p. 92.0-93.5"C. - IR (KBr): v = 3415, 3380 cm-'  (OH, NH), 
1680 (amide I), 1590 (amide 11). - 'H NMR: 6 = 2.67-2.73 (m, 
2H, H:CN), 3.33 (br. s, l H ,  OH), 3.44-3.50 (m, 2H, Ph-CH:), 
3.80 (s, 3H, OCH,), 3.84 (s, 3H, OCH2), 4.95 (s, 1 H, CH), 6.26 (br. 
s, 1 H, NH), 6.55-7.31 (rn, 8H, aromatic H). - MS (70 eV): m / z  
(Yo) = 315 (6.9, M ' ) .  

CIIH?INOj (315.4) Calcd. C 68.55 H 6.71 N 4.44 
Found C 68.48 H 6.81 N 4.56 

2-Hydroxy-N-(2-morpholinoethyl)-2-phenylacetamide (33): 2- 
Morpholinoethyl isocyanide (1.4 ml, 10 mmol) was added to a so- 
lution of 1.1 ml (10 mmol) of titanium tetrachloride in 40 ml of 
dichloromethane. The heterogeneous mixture was stirred for 4 h at 
O"C, then cooled to -7O"C, and 9.5 mmol of benzaldehyde was 
added. After the reaction mixture was slowly warmed to  room tem- 
perature and stirred for 24 h at  the same temperature, 25 ml 2 N 

hydrochloric acid was added, and the mixture was stirred for an- 
other 2 h at room temperature. Then the layers were separated, and 
the organic phase was' extracted with two 50-ml portions of 2 N 

hydrochloric acid. The aqueous layer were combined and baseficd, 
filtered through celitc, and extracted with dichloromethane. The 
combined organic layers were dried over magnesium sulfate, the 
solvent was evaporated, and the obtained solid was recrystalliscd 
from chloroform to yield 1.68 g (67%) of 33; m.p. 140.5- 142°C. - 
IR (KBr): v = 3320 cm-'  (XH, OH), 1655 (amide I), 1535 (amide 
11). - 'H NMR: 6 = 2.30-2.50 [m, 6H, (CH,),N], 3.20-3.70 [m, 
8H, CH2-NH, OH, (CH2)20], 5.10 (br. s, 1 H, H-COH), 6.90 (br. 
s, 1 H, NH), 7.30-7.50 (m, 5H, aromatic H). - MS (70 eV): m/z  
(%) = 264 (M ', l), 100 (100). 

C,4H20N203 (264.3) Calcd. C 63.62 H 7.63 N 10.60 
Found C 63.49 H 7.65 IS 10.53 

2-Ifydroxy-N- (2-morpholinoethyl) -4-phenplbutanamide (34): Fol- 
lowing the procedure for the preparation of 33 and using 1.25 ml 
(9.5 mmol) of 3-phenylpropanal instead of benzaldehyde, 1.57 g 
(57%) of 34 was obtained; m.p. 177-179°C (hydrochloride from 
ethanol). - IR (film): v = 3420 cm-I (NH, OH), 1670 (amide I), 
1525 (amide 11). - 'H NMR: 6 = 1.80-2.20(m, 2H,CH2-CH2- 
Ph), 2.30-2.50 [m, 6H, (CH2),N], 2.70-2.80 (m, 2H, CH2-CN2- 
Ph), 3.20-3.50 (m, 2H, CH2-NH). 3.51 -3.80 [in, 4H. (CH2)20], 
4.00-4.25 (m, 1 H, H-COH), 5.00 (br. s, l H ,  OH), 7.20-7.40 (m, 
6H, aromatic H, NH). - MS (70 eV): m / z  (YO) = 292 (M - HCI, 
0.5), 100 (100). 

C16H?5CIN20, (328.8, hydrochloride) 
Calcd. C 58.44 H 7.66 N 8.52 
Found C 58.09 H 7.56 N 8.27 

ruc-N-lllydrox-y(phenyl)acetyl/ylycine Ethyl Ester (35): Using 
0.54 g (0.51 ml, 5.0 mmol) of benzaldchyde and following the G P  3, 
0.52 g (44.0%) of 35 resulted after recrystallisation, m.p. 
97.0-97.8'C (ether/pentanc). - IR (KBr): v = 3365 cm I (OH), 
3195 (NH), 1730 (C=O), 1650 (amide I), 1530 (amide 11). - 'H 
NMR (90 MHz): 6 = 1.24 (t, J = 7.5 Hz, 3H, CH3), 3.65 (d, J = 
4.5 Hz, 1 H, OH), 3.97 (d. J = 6.0 Hz, 2H, HNCH?), 4.15 (q, J = 

7.5 Hz, 2H, CH2CH3), 5.03 (d, J = 4.5 Hz, l H ,  CH), 6.77 (br. m, 
1 H, NH), 7.23-7.44 (m, 5H, aromatic H). - MS (70 eV): m/z 
(Yo) = 237 (5, M+). 

Cl2Hl5NOi (237.3) Calcd. C 60.73 H 6.38 N 5.91 
Found C 60.53 H 6.36 N 5.82 

rac-N-[Hydroxy/4-methoxyphenyl)acetyl/glycine Ethyl Ester 
(36): Using 0.69 g (0.61 ml, 5.0 mmol) of 4-methoxybenzaldehyde, 
according to the GI' 3, 1.21 g (90.0%) of 36 resulted as white crys- 
tals, m.p. 78.0-79.4'T (etherhexane). - lR(KBr): v = 3365 cm- I 

(OH), 3200 (NH), 1732 (C=O), 1651 (amide I), 1514 sh (amide 

(s, 3H. OCH3), 3.95 (d, J = 5.0 Hz, 2H, HNCH?), 4.15 (q, J = 
7.5 Hz, 2H, CI12CH3), 4.97 (s, 1 H,CH), 6.75-7.28 (m,4H, aromatic 
H). - MS (70 eV): m/z (YO) = 267 (10.3, M-'). 

Cl2Hl7NO5 (267.3) Calcd. C 58.41 H 6.42 N 5.24 
Found C 58.17 H 6.35 N 5.33 

11). - 'H NMR (90 MHz): 6 = 1.27 (t, J = 7.5 Hz, 3H, CH3), 3.77 

rue-N-/Hydroxy (4-hrornophenyl)acetv"ycine Ethyl Ester (37): 
Using 0.92 g (5.0 mmol) of 4-bromobenzaldehyde and following the 
G P  3, 0.91 g (70.2%) of 37 resulted as white crystals, m.p. 
110.8 - 11 1 . 6 T  (ether/pentane). - IR (KBr): v = 3358 cm ' (OH), 
3185 (NH), 1730 (C=O), 1649 (amide I), 1530 (arnide 11). - 'H 
NMR: 6 = 1.28 (t, J = 7.4 Hz, 3H, CH,), 3.97 (d, J = 6.0 Hz, 2H, 
HNCII,),4.17(q,J = 7.5 Hz, 2H, CFf?CH?), 5.00(~, lH,CH),  6.95 
(br. m, 1 H, NH), 7.20-7.50 (m, 4H, aromatic H). - MS (70 eV): 
m/z (YO) = 315, 317 (5.4, 5.2, M+). 

ClZHIiBrN04 (316.2) Calcd. C 45.59 H 4.46 N 4.43 
Found C 45.42 H 4.21 N 4.32 

rac-N-(2-Hydroxyunleryljglycine Ethyl Ester (38): From 0.45 ml 
(0.36 g, 5.0 mmol) of n-butyraldehyde, employing a method anal- 
ogous to the G P  3, 0.95 g (96.4%) of white crystals were isolated; 
m.p. 84.4-855°C (ether/hexane). - IR (KBr): v = 3295, 
3245 cm-' (OH, NH), 1749, 1737 (C=O), 1639, 1625 (amide I), 
1542 (amide 11). - 'H NMR: 6 = 0.95 (t, J = 7.3 Hz, 3H, CH,), 
1.29 (t, J = 7.3 Hz, 3H, CH,, ester), 1.40-1.87 (m, 4H, CH2CH2), 
3.04 (br. s, l H ,  OH), 3.97-4.13 (m, 2H, HNCH2), 4.18 (dd, J = 
3.8 Hz, J = 7.9 Hz, 1 H, CH), 4.21 (q, J = 7.3 Hz, 2H, CH2, ester), 
7.11 (br. s. l H ,  NH). - M$ (70 eV): m/z  (YO) = 204 (2.6, M'). 

C9H1,NO4 (203.2) Calcd. C 53.19 H 8.43 N 6.89 
Found C 52.98 H 8.43' IS 6.75 

rac-N- (2-Hydroxy-3.3-dirnethylbutyryl)glycirie Ethyl Ester (39): 
From 0.55 ml (5.0 mmol) of pivalaldehyde, following the G P  3, 
0.83 g (76.4%) of white long needles were isolated, m.p. 52.0 to 
53.0"C (etherihexane). - IR (KBr): v = 3375 cm ' br. (OH, NH), 
1730(C=O), 1652(amide 11); 1552,1540 sh (amide 11). - 'H NMR: 

(br. s, 1 H, OH), 3.78 (s, 1 H. CH), 4.01 (dd, J = 18.2 Hz,J  = 5.3 Hz, 

(br. s, 1 H, NH). - MS (70 eV): m / z  (%) = 217 (0.2, 34'). 

6 = 1.02 [s, 9H, C(CH3),], 1.29 (1, J = 7.1 Hz, 3H, CH?CH1), 2.86 

l H ,  CHaHb), 4.12 (dd, J = 18.2 Hz, J = 5.3 Hz, 1 H, CH,Hb), 6.73 

CI0Hi9NO4 (217.3) Calcd. C 55.28 H 8.81 N 6.45 
Found C 55.42 H 8.80 N 6.27 

rac-N-(2-Hydroxy-2-phenylpropionyl)glycine Ethyl Ester (40): 
Acetophenone (0.58 ml. 5.0 mmol) was injected into the reaction 
mixture as described in the G P  3. This time the precipitate did not 
dissolve. The greenish yellow suspension was stirred for 17.5 h and 
then worked up: 1.02 g (81.0%) of white crystals, m.p. 85.8-86.7"C 
(ether/pentane). - IR (KBr): v = 3365 cm- ' (OH), 3280 br. (NH), 
1725 (C=O). 1652 (amide I), 1531' (amide 11). - 'H NMR: 6 = 
1.24 (t, J = 7.1 Hz, 3H, OCH,CH,), 1.80 (s, 3H, CHI). 3.89 (dd, 
J = 18.2 Hz, J = 5.4 Hz, 1 H, CH,Hb), 3.99 (dd, J = 18.2 Hz, J = 
6.6 Hz, l H ,  C H , N J ,  4.16 (9. J = 7.1 Hz. 2H, CH2), 7.16 (br. m, 
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1 H, NH). 7.25-7.58 (m. 5H,  aromatic H). - MS (70 eV): injz 
(Yo) = 251 (3.0, M ’). 

C13Hl7NOj (251.3) Cald .  C 62.14 H 6.82 N 5.57 
Found C 61.86 H 6.93 N 5.60 

( R ) -  and I S ) - N - [  ( R ) - I - P  h ~ ~ ~ y l e t h y l ] r ~ r ~ i ~ ~ d ~ l a ~ ~ ~ i ~ e  (42): The iso- 
cyanide 13 (0.66 g. 5.0 mmol) and 0.51 ml (5.0 mmol) of benzalde- 
hyde were treated following the G P  3 to give the two diastereoiso- 
mers, which could be separated by flash chromatography. 

42a: Yield 90 mg (7%); R, = 0.17 (etherjpentane = 4 : l ) ;  m.p. 
88-89.5.C; (a]” = 0 ( c  = 1 in CHCI]). - ‘H NMR: 6 = 1.42 (d. 

6 Hz, 1 H,  H-COH),  4.97 (p. J = 7 Hz. 1 H, H-CCH,), 6.79 (br. 
d, J = 8 Hz, l H ,  NH), 7.11-7.30 (m. IOH, aromatic H). - “C 

74.1 2. 48.63, 21.26. 

J = 7 Hz, 3H,  Cffi), 4.16 (d, J = 4 Hz, l H ,  OH), 4.82 (d, J = 

NMR: 6 = 171.6. 142.7, 139.6, 128.6, 128.3, 127.3, 126.7, 126.0, 

42b: Yield 100 mg (8%); HI = 0.24 (ether/pentane, 4 :  I); m.p. 
112- 112.5 ‘C [a]” = +3.5 (c = 1 in CHCI,). - ‘H NMR: 6 = 
1.42 (d, J = 7 Hz, 3H.  CHj). 3.68 (d, J = 4 Hz, 1 H, OH), 4.98 (d, 
J = 4 Hz, 1 H, H-COH),  5.07(p. J = 7 Hz, 1 H. H-CCH]),  6.45 
(br. d, J = 2 Hz, l H ,  NH), 7.21-7.35 (m, 10H. aromatic H). - 
I3C NMR: 6 = 171.5, 143.8, 139.6, 128.6, 128.4, 127.3, 126.8, 125.9. 
73.99, 48.45, 21.85. 

C16HI ,N02  (255.3) Calcd. C 75.27 H 6.71 N 5.49 
Found C 75.00 H 6.62 N 5.63 

( R ) -  and ( S ) - N - /  ( l S ) - l - r ~ i e ~ / i ~ v l - ~ - p h e n y l e t h y l ] ~ ~ ~ a ~ ~ d e l u ~ ~ i d e  
(43a, 43b): According to G P  3, 0.75 ml ( 5  mmol) of the isocyanide 
14 and 0.51 ml (5 mmol) benzaldehyde aNorded the two diaster- 
eoisomers, which could be separated by flash chromatography and 
whose relative configuration was determined by comparison with 
a sample derived from mandelic acid. 

43a (I-diastereoisomcr): Yield 340 mg (25%); Rr = 0.13 (petro- 
leum ctherjethyl acetate, 3:2); m.p. 83-84.C; [a]” = -69.8 (c = 

5 in CHCI,). - ‘H NMR: 6 = 1.09 (d. J = 6 Hz. 3H. CH!), 2.72 
(d. J = 6 Hz. 2H. CII?), 3.71 (s. 1 H, OH). 4.18 (m, 1 H, H-CCHJ,  
4.88 (s, 1 H, FI-COH). 6.22 (d. J = 6 Hz, 1 H, NH), 7.08-7.31 (m. 
IOH, aromatic H). 

C 1 7 H I V N 0 2  (269.2) Calcd. C 75.81 H 7.11 N 5.20 
Found C 75.63 H 7.27 N 5.09 

43b (u-diastereoisomer): Yield 300 mg (22%); R f  = 0.22 (petro- 
leumether/ethylacetate3:2),m.p. l19-120-C;[all,  = +30.2(c = 
5.1 in CHCI,). - ‘ H  NMR: 6 = 1.09 (d. J = 7 Hz, 3H. CHJ, 2.68 

4.23-4.28(m,1H,H-CCH3).4.90(d,J  = 4 Hz .1H.H-COH) .  
5.78 (d, J = 7 Hz, 1 H. NH), 6.89-7.37 (m, 10H. aromatic H). 

(R)- or ( S i - N - /  ( lR.2Sj-2-acetoxy-I-tnethvl-2-phenylethyl]man- 
delamide (45): The isocyanide 16 (1.03 g, 5 mmol) and 0.51 ml 
(5 mmol) of benzaldehyde were treated according to G P  3. Upon 
treatment with pentaneiether. one of the diastereoisomers crystal- 
lised from the crude product, yield 0.55 g (33%); R ,  = 0.13 (petro- 
leum ether/ethyl acetate, 3:2); m.p. 123-123.5’C; [aln = -102 
( c  = 1 in CHCI,). - ‘H  NMR: 6 = 1.04 (d. J = 7 Hz, 3H,  CHI), 
2.03 (s, 3H,  COCH,), 3.50 (br. s. I H. OH),  4.42-4.50 (m, I H, 

H-COAc), 6.35 (br. d, J = E Hz, 1 H, HN), 7.23-7.34 (m. IOH, 
aromatic H). 

C19H21N04  (327.4) Calcd. C 69.71 H 6.47 bi 4.28 
Found C 69.56 H 6.62 bi 4.29 

(dd. J = 6 Hz, J = 6 Hz, 2H. CH?). 3.80 (d. J = 4 Hz. 1 H. OH), 

H-CCH,), 4.95 (s, 1 H, H -COH), 5.75 (d, J = 4 Hz, 1 H, 

( R ) - N -  I Hydroxyphenylucrtyl)  - (S/-pheny/a/anine Methyl  Es-  
ter?2b’ (46): lsocyanide 17 (0.95 g, 5.0 mmol), 2.75 ml (5.5 mmol) of 
a solution of titanium tetrachloride in dichloromethane ( c  = 2.0 

moljl), and 0.51 ml (5.0 mmol) of benzaldehyde reacted in accord- 
ance to the G P  3. After 10 h, the mixture was worked up as de- 
scribed above. The crude product (diastereomeric ratio 1 : I) ,  a 
brownish oil was purified by flash chromatography on silica gel 
(column diameter 3.0 cm. height 15 cm, ether/pentane 4: 1) to yield 
0.54 g (34.9%) of the enantiomerically pure 46 (white crystals), m.p. 
112-113’C. [a]” = +84.3 (c  = 1.0 in CHCI,) (ref.””’ [z]? = 
+99.2 ( c  = 1.0 in CHCI,)). - IR (KBr): v = 3470 c m - ’  (OH), 
3358 (NH), 1733 (C=O),  1655 (amide I), 1505 (amide 11). - ‘ H  
NMR: 6 = 3.02 (dd, J = 13.9 Hz, J = 6.4 Hz, 1 H, CH,Hh), 3.14 
(dd, J = 13.9 Hz, J = 5.6 Hz, 1 H, CH,ffb). 3.69 (s, 3H.  CHI), 4.83 
(m, 1 H, HNCH), 5.00 (s, I H ,  HOCH), 6.82 (br.m, I H ,  NH), 
7.00-7.34 (m. IOH, aromatic H). - MS (70 eV): injz (YO) = 313 
(17.9, M + ). Furthcr 0.58 g was isolated from the column as a mix- 
ture of the two diastereoisomers (diastereomeric ratio 10: 1). which 
could not be separated. 

( R) - and ( S )  - N -  [ Hydroxy- lI-brotnophenyl) acetyl]- ( S )  -pheiryl- 
ulaniiie Methyl Ester (47a, 47b): With 0.93 g (5.0 mmol) of p-bro- 
mobenzaldehyde and 0.95 g (5.0 mmol) of 17, following the G P  3, 
a brownish crystalline crude product (diastereomeric ratio 1 : 1) was 
isolated. Both diastereoisomers could be separated by flash chro- 
matography on silica gel (column diameter 3.0 cm, height 20 cm, 
etherjn-pentane 4 :  1). 

1st diastereomer 47a (configuration not assigned) (R, = 0.20), 
yield 0.34 g (17.5%), m.p. 137.0-138.1.’C. [a]” = +9.4 ( c  = 1.0 
in CHCIJ. - 1R (KBr): v = 3375 cm ’ (OH), 3230 (KH), 1739 
C=O). 1645 (amide I), 1529 (amide 1 1 ) .  - ‘H NMR: 6 = 3.04 (m. 

(m, 1 H, HNCH), 4.96 (d, J = 3.8 Hz, I H ,  HOCH), 6.32 (d, J = 
8.1 Hz, 1 H. NH), 6.78-7.50 (m, 9H,  aromatic H). - M S  (70 eV): 

C,8H:8BrN04 (392.3) Calcd. C 55.12 H 4.63 N 3.57 
Found C 54.99 H 4.80 N 3.48 

2H. CH,). 3.64 (d, J = 3.8 Hz, 1 H, OH), 3.72 (s, 3H,  CH?), 4.86 

I ~ I / Z  (‘10) = 391, 393 (8.8. 8.7. M + ) .  

2nd diastereomer 47b (configuration not assigned, R f  = 0.27). 
yield0.40g(20.2%),m.p. 125.5-126.5.C.[a]D = +84.6(c = 1.04 
in CHCI,). - ‘H NMR: 6 = 3.02 (dd, J = 14.0 Hz, J = 6.7 Hz, 

(br.s, 1 H, OH). 3.72 (s. 3H,  CH3), 4.79-4.86 (m. 1 H, HNCH),  4.99 
(d, J = 3.6 Hz, 1 H, HOCH), 6.80(m, l H ,  NH), 6.97-7.49(m, 9 H ,  
aromatic H). 

C ,”H,”BrN04  (392.3) Calcd. C 55.12 H 4.63 N 3.57 
Found C 55.38 H 4.60 N 3.43 

1 H, Cff,Hh), 3.15 (dd, J = 14.0 HZ, J = 5.6 HZ, I H, CH,Hh), 3.40 

N - [  ( Z R  or S ) - ~ - H y d r o . ~ y v a l e r y l ] - ( S ) - p h e n v / u l a n i n r  Methyl Ester 
(48): Butyraldehyde (0.45 ml, 0.36 g. 5.0 mmol) was injected into the 
mixture of isocyanide 17 and titanium tetrachloride at - 2 5 . C  (see 
G P  3). After stirring for 20 h the reaction was worked up as de- 
scribed above. Flash chromatography of the brown oil (diastereo- 
meric mixture 1 :  1. R ,  = 0.21. 0.24) on silica gel (elution with ether/ 
pentane) gave 0.48 g (34.3%) of one of the diastereoisomers (Rr = 
0.21) as white crystals. m.p. 78.6-79.6”C. [a]$ = +69.9 ( c  = 0.97 
in CHCI?). - IR (KBr): v = 3335, 3210 cm- I br (OH,  NH), 1743 
(C=O) ,  1635 (amidc I ) .  1528 (amide 11). - ‘H NMR: 6 = 0.9 (1. 
J = 7.2 Hz, 3H.  H,CCHI), 1.35- 1.76 (m. 4H,  CH2CI12), 2.8 (s, br, 
1 H, OH), 3.08 (dd, J = 
(dd. J = 

13.8 Hz. J = 6.6 Hz, 1 H, CII,Hh), 3.16 
13.8 Hz. J = 5.8 Hz, CH,Hh), 3.71 ( s ,  3H. OCH,), 4.06 

(m, I H ,  HOCH), 4.86 (m. l H ,  HNCH), 6.86 (d, J = 7.8 Hz, 1 H, 
NH), 7.10-7.31 (m, 5H,  aromatic H). - MS (70 eV): tn/z (Yo) = 
279 (2.0. M + ). - Further 0.34 g could be isolated from the column 
as a mixture of both diastereoisomers. 

CISH21NOI (279.3) Calcd. C 64.50 H 7.58 N 5.01 
Found C 64.31 H 7.77 N 4.93 
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N-[ (2R or S)-2-IIydrosy(3R or S)-3-phenylbutyrylJ-(S)-phenyl- 
alanine Methyl Ester (49a, 49b): The reaction was carried out in 
the same way as described for compound 48 with 0.67 ml of rac- 
phenylpropionaldehyde. The crude product was treated with 
40 ml ether and the resulting yellow brownish waxy substance was 
purified on silica gel (flash chromatography, ether/pentane, 4: 1). 
Two of the diastereoisomers (diastereomeric ratio 1 : 1 : 1 : 1) could 
be separated as white crystals. 

1st diastereoisomer 49a (configuration not assigned) (R,  = 0.4) 
335 mg (19.5%), m.p. 125.0-126.1 "C, [a10 = +83.0 (c = 0.88 in 
CHCI,). - IR (KBr): v = 1730, 1748 (C=O), 1655 (amide I), 1525 
(amide 11). - 'H NMR: 6 = 1.23 (d, J = 7.1 Hz, 3H, CH3), 2.13 
(d, J = 4.5 Hz, 1 H, OH), 3.07 (dd, J = 14.0 Hz, J = 4.8 Hz, 1 H. 
CH,I&), 3.10 (dd, J = 14.0 Hz, J = 4.2 Hz, 1 H, CH,Hb), 3.37 (qd, 
J = ' 7.1 Hz, J = 3.3 Hz, 1 H, H -CCH3), 3.72 (s, 3 H, CH3, ester), 
4.18-4.20 (m, 1 H, HOCH), 4.85-4.92 (m, 1 H, HNCH), 6.82 (d, 
J = 7.6 Hz, 1 H? NH), 7.08-7.36 (m, lOH, aromatic H). - MS 

C'&N04 (341.4) Calcd. C 70.36 H 6.76 N 4.10 
Found C 70.22 H 6.80 N 4.01 

(70 eV): n7/z (%) = 341 (1.2, M'). 

2nd diastereoisomcr 49b (configuration not assigned) (RI = 0.2) 
310 mg (16.1%). m.p. 131.2-132.8"C, [a],, = +17.4 (c = 0.93 in 
CHC13). - 'H NMR: F = 1.39 (d, J = 7.3 Hz, 3H, CH3), 2.58 (d, 
J = 5.9 Hz, 1 H, OH), 2.74 (dd, J = 13.7 Hz, J = 5.8 Hz, 1 H, 
CH,Hb), 2.93 (dd, 13.7 Hz, J = 5.6 Hz, 1 H. CH,Hb), 3.37 (qd, J = 

7.3 Hz, J = 4.3 Hz, 1 H, HCCH,), 3.66 (s, 3H, CH3, ester), 4.20 (dd, 
J = 4.2 H z , J  = 5.9 Hz, 1 H, HOCH),4.77-4.83 (m, 1 H, HNCH), 
6.59 (d, J = 8.1 Hz, 1 H, NH), 6.67-7.35 (m, lOH, aromatic H). - 
MS (70 eV): m/z (%) = 341 (3.0, M '). 

C'~H23N04 (341.4) Calcd. C 70.36 H 6.76 N 4.10 
Found C 69.73 H 6.71 N 3.97 

N-[(RS)-Hydroxy(phenyl)acet~~l]-~RS)-phenyIglycine Methyl 
Ester (50): Methyl ruc-2-isocyano-2-phenylpropionate r ~ c - 1 8 ~ ~ '  
(0.95 g, 5.0 mmol) was dissolved in 20 ml of dichloromethane and 
2.75 ml of a TiCI4 solution (c = 2 mol/l in CHzC12) was added at 
- 10°C. The green solution was stirred at - 10°C for 1 h and then 
0.53 ml (5.0 mmol) benzaldehyde was injected via syringe. Then the 
solution was stirred at room temperature for 24 h; workup'accord- 
ing to the GP 3. One of the diastereoisomers could be separated 
on silica gel (flash chromatography, ether/pentane, 4: 1), 0.53 g 
(34.1%) yield, m.p. 70.0-71.8"C. - IR (KBr): v = 3362 cm- I 
(OH), 3320 br. (NH), 1738 (CO), 1653 (amide I), 1515 br. (amide 
11). - 'H NMR: 6 = 1.99 (s, 3H;CH3), 3.66 (s, 3H, CH3, ester), 
5.03 (d, J = 2.2 Hz, 1 H, HOCH), 7.20-7.44 (m, 11 H, NH, aro- 
matic H). - MS (70 eV): m/i  (%) = 313 (0.3, M '). 

CIXH19No4 (313.4) Calcd. C 68.99 H 6.11 N 4.47 
Found C 68.54 H 6.14 N 4.44 

CAS Registry Numbers 

I :  15547-39-4 / 2: 112681-08-0 / 3: 81626-21-3 / 4: 112681-09-1 / 
5:  112681-10-4 / 6:  112681-11-5 / 7: 112711-93-0 / 8: 931-54-4 / 9: 
63609-01-8 / 10: 78375-48-1 / 11:  2999-46-4 / 12: 41003-94-5 / 13: 
21872-33-3 / 14: 68778-11-0 / 15: 112681-12-6 / 16: 112681-13-7 / 
(S)-17: 43041-59-4 1 (R)-17: 112790-04-2 / (kf-17: 63526-79-4 / 
(-k)-18: 112681-14-8 / (+)-19: 112681-15-9 120: 65484-42-6 / 21: 
112681-16-0 / 22: 112681-17-1 / 23: 112681-18-2 / 24: 112711-94-1 / 
25: 112681-49-9/ 26: 112681-51-3 / (+)-27:  106942-26-1 /(*)-28: 
112681-19-3 / (+)-29: 112681-20-6 / 30: 2760-38-5 / 31: 112681- 
21-7 / (ff-32: 112681-22-8 / (+)-33: 112681-23-9 /(*)-34.HCl: 
11 2681-24-0 / (*)-35: 1 12681 -25-1 / (+)-36: 1 12681-26-2 / (f)-37: 
112681-27-3 (_+)-38: 1 12681-28-4 / (f)-39: 112681-29-5 / (+)-40: 
112681-30-8 / (*)-41: 112681-31-9 /42  (isomer 1): 76353-13-4 / 42 
(isomer 2): 90783-11-2 / 43a: 112681-32-0 / 43b: 112681-43-3 / 44 
(isomer 1) :  112681-33-1 / 44 (isomer 2): 112681-45-5 / 45 (isomer 

1): 112681-34-2 / 45 (isomer 2): 112790-06-4 / 46 (isomer 1): 79546- 
49-9 / 46 (isomer 2): 79546-39-7 / 47 (isomer 1): 112681-35-3 / 47 
(isomer 2): 112681-44-4 / 48 (isomer 1): 112681-36-4 / 48 (isomer 
2): 112681-46-6 / 49 (isomer 1): 112681-37-5 / 49 (isomer 2): 112790- 
05-3 / 49 (isomer 3): 112790-07-5 / 49 (isomer 4): 112790-08-6 / 
(*):SO (isomer 1): 112681-38-6 / (+)-SO (isomer 2): 112681-47-7 / 
51 (isomer 1): 112681-39-7 / 51 (isomer 2): 11271 1-97-4 / 52 (isomer 
1): 112681-40-0 152 (isomer 2): 112681-48-8 / 53 (isomer 1): 112681- 
41-1 / 53 (isomer 2): 112790-09-7 / 54 (isomer 1): 112681-42-2 / 54 
(isomer 2): 112790-10-0 / 55 (isomer 1): 112790-03-1 / 55 (isomer 
2): 112790-1 1-1 / (S)-PhCH2CHMeNH2: 51-64-9 / (R)-MeCH(0H)- 
CH,NH,: 2799-16-8 / (1S.2RkPhCH(OH)CHMeNH7: 37577-28-9 / 
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nyl-1,3-dioxane: 35019-66-0 / Cyclohexanone: 108-94-1 
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