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Cimmaryvs A ahart mild and afficiont aunthatye roate aof & aminn aci1d via alkvlation, Michael
Summary: A short, mild and efficient gyntheltic route of g-amino gcid via alkylation, Michael
addition and carbonyl addition as well as cycloaddition ot aldimines derived from glycine

and slanine esters with bensaldehyde under solid-1li1quid phase transfer catalytic condition
has been studied. The key to solid-liquid phase transfer catslyszed reactions 1s the selection
of 8 base for the various reactsnts. The yield 1s dependent on the base used. The results
obtained using KOH, K2C05 and Nazfﬂj are discussed. The kinetics of salid-liquid PIC benzyl-
ation has been 1nvestigated and we propose a possible mechanism of solid-liquid PTC as an
interface auto-catslytic procedure. The details of some syntheses of e-amino acids are pre-

sented.

1. INTRODUCTION
Among the various approaches to the preparation of higher g{-amino scids, the alkylation
of Schaff bases derived from glycine or alanine esters and aldehydes or ketones 18 probably

the most direct one. The maan Limitation of this techmique 1s the use of strong bases such

as lithium diisipropylamide under anhydrous cundlllonn.(1_6' Nevertheless, a grest improve-
s

ment has been made since the pioneering effort by O'Dnnnell\7 14) led to a s1mple synthesis

f
of p-amino acid via phase transfer catalytic {(PIC) alkylation of ketimine 1‘7’8) and aldimine
(10,11)
2. '
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The practical worth of this methodology 15, hewever, to a large degree determined by the
avairlability of the starting 1mine. Aldimine 3, which has a less acidic t-hydrogen, would be
more suitable than i1mine 1 and 2 for the large scale preparation of f-amino acids. It 1s well
known1%) that the differences of pKa between 1 {pKa = 18.8) ond 2 (pKa = 18.7} or 3 (pKa R
20) led to their different activities 1n PIC reactions. Aldimine 3 undergoes PIC alkylation or
addition and would be more difficult to use than imine 1 or 2. but this problem can be solved
by using & stronqer base 1n the PIC reaction. ¥We have tried the variant condition of using
different bases. If a suitable base in the PIC reaction 1s selected, a better yield can be
obtsined. We report here the investigation of the solid-liquid phase trensfer catelyt:ic alkyl-
ation, Michsel addition and carbony) addition as well as the "1:3-dipolar” cycloaddition of
the readily available benzylidene derivatives of glycine and alanine esters. This obviously

provides 8 particularly simple and practical rcute to pl-amino acids and their derivatives.

* Also spelled as Yao-chung Chianq. To whem correaspondence should be adoressed.
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2. SYNTHETIC ROUTE

The general synthetic route to tk-amino acids and their derivatives via the slkylation,
Michsel addition, carbonyl and "1:3-dipolar"” addition 1n solid-liquid PTC 18 given 1n
Scheme 1.
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The method reported here 18 convenient 1n that 1t utilizes only readily availsble reagents.
It 13 also versatile 1n that each of the three vitul stages, 1.e., protection, main resction,
and deprotection, 18 readily accomplished. Benzaldehyde 18 chosen as the most suiteble pro-
tecting group 4ye to 1ts esse of introduction and removal.
a. Alkylatxon(16-21)

Deprotonation of aldimine 3 under solid-liquid PIC conditions using K2C0 N82CU and KOH

’
8s bases gives a highly active carbanion,whuse reaction with alkyl halides éxves th: alkyl-
ated product &4 in good yield. Table 1 shows the factors influencing the yield of the alkylat-
ed product 4 are complicated and one of the most important factors may be the selection of
the base.

In alkylation of the first ®-hydrogen of 3 with an active halide such as benzyl bromide,
the weaker mixed base of K, CO, and \a, (0

2773 2773
15 observed. With less active halides, such as isoprepyl bromide, the mixed bese of KOH and

can be used and only the monvalkylated product &4a

K.CO, must be used. In the case of dislkylation, potassium hydroxide 18 also necessary. There-
2773 y

for monoalkylation and dialkylation of aldimine 3 can be controlled by the selection of

(15) that the f-hydrogen of

different bases for the solid-l:quid PIC reaction, It 1s known
methyl N-benzylidene alaninsle has the weaker acidity (pKa D> 20) and 18 relatively more stable
than ethyl N-benzylidene amino scetate. [herefor a strony base such as potassium hydroxide
should be uged 1n the alkylation of methy)l N-benzylidene alaninste with 8 less alkyl halide.

1t should also be noled that the velocity of alkylation 1s dependent on the sulid base.
If potassium hydroxide 1s not used 1n the alkylation of methyl N-benzylidene alaninate, the
vclocity of the reaction 15 very slow o no teattion tekes place. Un the other hend, the
velocity and the yield are also obviously influenced by the alkylated resgents. The hagher
the electrophilic activity of the alkyl halides, the shorter the reaction time, end the better

the chemical yield.
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Table 1. Alkylation of sldimine 3 and hydroly«is of 4

1 2 3 Time vyield® Yaelde* of

4 R R™ R X Base ) S?lvent Temp. _hr < 5, (%)
~ Al ~ > /' K . 1 1 s 0
8 H rt L(,"s“'zu“'z . Kzl!), (B! Me(N r.t 4 8u 0
b H €t a-Meoc6u“cnz Cl KZLU,/K“” te('N r.t 20 75 41
c (44 CH2=L‘HCHZ Br KZL'U ’/KUH MeCN r.t 14 89 50
d £t Emoccnz Br KZC()} He(N S0 € 8 S0 2700
e H Lt (:6HSCH2 Br KZL‘US/\ozCU3 MeCN r.t 10 917 72
f H Lt (CH3)2(?H Br K,L05/KOH HeCN r.t 8 60 48
~ ~ " <, LA R ]
g Me Me C6H5LHZULH2 Cl KZLUS/KUH MeCN r.t 16 90 44
h  Me Me l;-HeUC(’HQ(‘HZ C) KZL‘U,/KOM MeCN r.t 14 92 65
1 Me Me  Me, L 1 CH, (! Kzl'l)’/Kl)ll Mol r.t 8 92 47
J Me Me (Me0)2C6H3(,H2 Br Kz(fll)/b([m MeCN r.t 14 90 41
k Me Me cénst H, Cl K,ZLU}/K(]H LMZCI2 r.t 6 96 68
1 Me Me Cuzzrucuz B3c KZCUS/KUH MelN r.t 8 85 56
m Me Me (Cns)zcncu2 Br KOH MeCN r.t 10 41 19
n Me Me (CH})ZFH Br KOH MeCN r.t 10 78 40
[} C6HSCH2 €t C6HSCM2 c1 KO MeCN r.t 8 73 43

* Yield after chromatographic separation. All resctions were conducted using 10 mmoles of the
starting 1mine ( z/R}X/KZCU}/KLH/IEBAC = 1.0/1.2/3.0/1.0/0.1; A/RSX/KZC()}/I[BAC = 1.0/1.2/
4.0/0.1; 2/R3x/K0H/YL8AC = 1.0/1.2/3.0/0.1;, The CH’C\ wag distilled from PO, .

275
** Yield after recrystalization. Based on (. ***¢ R: HOCH,, *=* R>: HOOCCH

2

Compound 4 cen be hydrolyzed directly to the corresponding d-asmino acid 3 by refluxing
1n 6N hydrochloric acid or by a two step hydrolysis in which IN hydrochlouric acid 18 used for
breaking the C=\ bond as well as recovetirg benzaldehyde and following the hydrolysas of
esters 1n 6N hydrochloric acid. We have obtained 15 gf-amino acids via this methodology. (The
yield 18 qiven in Table 1.;

It 18 notable that the benzylaticn of cthyl N-benzylidene amino acetate has been perform-
ed on 8 two mole scale 1n our lsborstory with no reduction i1n yield. It 1s clear from the
above results that this synthetic opcration 1s suitable for the large scale preparstion of
d-amino acids.

b. Michagel addxlxon(zz'ZQ:
An 1nteresting and synthetically useful reaction occurs between aldimine 3 and active
methylene compounds (R”:n. Ar; R6:N; R7:CN. COUR, €OPh) leading to a Michael adduct 6 in good
yield under phase transfer catalytic conditions using solid K CO, as 8 base. The reaction 18

273
gccomplished by simply starring the <olid K,00,, atdimine 3 and electrophilic olefin in aceto-

mitrile 1n the presence of bensyl trnvthylaino:xum chloride (TLBAC) at room temperature for
1-3 hours. The results are shown 1n lable 2.

The good selectivity of moncaddition has been observed when an equimolar ratio of the
substrates 13 used i1n the PIC reaction. for the monoaddition using methyl acrylate or acrylo-

nitrile as substrutes, an excess of K FU, must be used. I all other cases the catalytic

2
amount of K2C05 works very well.
We have found that some gdditior. teaciions can be carried out 1n protic solvents such as
[N}
methanol 1n the presence of the <ol)d KZFU’.(Z” The action of methanol on the reaction 1s

considered to incresse polarization of substrates via formstion of a hydrogen bond. It 1s
noteworthy that the monoaddition of methyl N-benzylidene amino acetate to methyl acrylate as
well as the resction ot wethyl N-bengvlideoe sloninate wilth methyl melhacrylate are unsuccess-
ful 1n protic sclvents.

Owing to the apparent instability of the Michael adduct 6 1n acid solution, the conversion

5345
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Table 2. Michael addition of aldimine 3

L]
1 o2 5 6 7 Yield, %
R )
6 R R R R K,CU,/TEBAC/MeCN  K.CO./MeOM
] B 2%Ys 203
a C"chzcm Me H H COOMe g2ee
b CHCH,CN Me M W N 7200
Me Me M W COOMe 92 85
4 Me Me M HWooON 90 80
¢ Me Me oM W CODMe 94
f 11 Me rou (1] COMK 87
o'l
g Me 0-(:]-(:6“0 1] (ufh 63
h t M Mo COMe 93ese
. t W oo 9200

* Blank entry represents that no expected product was obtained.
** from methyl N-benzylidene amino scetate; _S/dnpul.nroomlc/i(ztiu5 = 1.0(eq.)/2.0(eq.)/0.2(eq.)
soe 2/dxpolarophxle/KZCO}/TEBAC = 1.0(eq.)/1.0(eq.;/3.0(eq.}/0.1(eq.). See the Experimental

Section(Method A},

of the compound 6 to glutamic acid derivatives 7 could be easily finished by the procedure

detailed by the Ref. 2.

c. Cycloaddxtxon(26)
As 8 consequence of our interest in aldimine compounds, we 1nitisted a study to exemine

the possibility of cycloaddition of aldimine 3 under solid-liquid PIC conditions. Table 3

shows that 1:1 adducts are formed 1n good yield 10 both method A (McrN/ILBAC/KZCOB) and method

B (slkanol/K2C03).

Table 3. Cycloaddition of aldimine 3

1 2 S 6 7 Yield, (%)

8 R R R R R K,C0 ;/ TEBAC/HeCN® K,C0,/R%0He*
a Me Me a-MeU(‘(’Hb H CoPh 82

b Me e CH H COPh 34 85

c M M uCl- Y COPh 37 87

g Me M CHCH:OH “ coPh 63

e H £t 4-Me0-C M, i CoPh 85
fFooMe  Me M e CUUMe 90

g  Me  Me Mg " ChO 92

* Method A ; Sez the experimental Section. ** Method B; See the Experimental Section.

Although the reactions give rise Lo mixtures of all the possible reqgio- and stereo- i1someric
pyrrolidines 8 ( ratio of BA and 80 not to be determined), we are attracted by the simplicaty

(27) In practice, the reactions are

of the process and its potential synthetic flexibilaity.
finished by simply starring aldimine 3 and dipolarophile 1n two phase systems at room tem-
perature for half an hour. The adducts 8a-8e¢ hsve low solubility in alksnol and cen be readily
precipitated out of the rcaction system.
d. Carbonyl addxtlon(22'23>

Our initaal studies of courbony!l addition of the aldimine 3 show that the 1:1 adducts sre
obtained 1n high yield i1n solid-liquid two phase systems. However, these reactions give rise

to mixtures of all the possible reqio- and stereo-isomeric sldimine 9(C) as well as oxazolidine
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9(0). Successful condensation behaviour 18 1llustrated by Tableg, which includes
the conversion of the adduct 9 to g-hydroxyl pi-amino scid 10. Once again, the resction in protic
solvents affords the adventage of simplicity and efficiency of the menipulation, but it is note-
worthy that the reaction of aldimine 3 with low electrophilic aldehydes such ss 4-methoxybenz-

aldehyde 18 unsuccessful.

Table 4. Carbonyl addition of aldimne 3 and hydiolysis of adduct 9

1 2 4 Yield, % 1 A Yield, %
9 R RS R Ae o L Ae ge
a £t “'OZN'Cs"a 95 88 8 H I‘-OZN-C6“0 64 62
b (24 Q-CI-C6HI‘ 75 75 b H Q-CJ-C(’HQ 43 45
c Et C6H5 64 70 c H Lﬁﬂ‘) 10 7
d Me Me H 82 80 d e H 56 54
* A KZCO)/TEBA/HeC\‘; 8: K2C()}/RZUH. In all cases the catalytic quantity of the base 18 enough.
(21)

3. MECHANISM OF ALKYLATION

The 1nfluencing factors and kinetics of liquid-liquad PIC alkylation hsve been widely

by A
(28,29) (30} deal with the mechanism of solid-liquid PTC reactions.

1nvestigated. But few papers
In order to obtain reliable data to evaluate the different factors which govern the kinetic
tendency of these useful well known PIC reactiors, we are now engsged 1n the kinetic study of

solid-liquid PIC benzylation of methyl N-benzylidene alaninate.

Scheme 2.
[’:H PhCH_Br/TEBA/CH,C] EH} (':“3
PhCH:NCHCOOCH’ 2 2772 PhL‘N:N%‘CUUCM, NZN-[i‘-CU(m
KZCOB/Km CHZPh CHzPh
3k 4k Sk

The factors affecting solid-liquid PIC benzylstion of aldimine 3k are complicated. This
paper only deals with the effects of catalyst, quantity and particle size of solid base on
the reaction as well as the kinetics of the reaction. The results sre summarized in Table 5.

Table 5. The influencing factors of the PIC benzylstion of aldimne 3k

Entry KM/KZCOJ Particle s1ze TeBAC Reaction yield by HPLC method
molar ratio of base Mo, molar ratio (%)

1 1.5/3.0 200-220 0.10 99.5

2 1.5/3.0 200-220 0.0% 56.9

3 1.5/3.0 200-220 0.00 2.31

4 3.0/3.0 220 0.10 77.0

S 2.0/3.0 220 0.10 85.0

6 1.5/3.0 220 0.10 89.6

7 1.5/2.0 220 0.10 83.8

8 1.5/0.0 220 0.10 0.20

9 1.5/3.0 100-229 0.0 86.9

10 1.5/3.0 S0 - 70 0.10 719.2

The benzylation here 15 8 typreal PIC veact von, When 1HHAC 14 nol added to the reaction system,

the product 4k is obtained only 1n very low yield. However, a catalytic smount of TEBAC induces

an almost quentitive benzylstion. In certain conditions (Entry 1, 6, 9 and 10) a strong depend-
ence on the base particle size 18 obscrved. The velocity of benzylation increases with decreas-
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i1ng base particle size. Thus, a surface procedure could be presented 1n the resction.

Solid base retio 1s also an important factor influencing reaction yield. When the suitable
ratio of mixed base (KUN/K2C03 = 1.5/3.0) 1s used, the reaction works best.

The kinetics curve of the benzylation shows that the reaction seems to undergo two
stages, 1.e., slow 1nduction period and fast-action procedure to the end. The formation of Lk
and the diseppearance of the substrate 3k or benzyl bromide proceed with the seme exchange.

Scheme 3. The kinetic curve of the benzylation

Diagram A. HPLC conditions: Disgram B.
& Equipment: Backman 334 100
S LDetoctor: uvzsux U.U04 AUFS . ak
: Column: Porasil (300 X & mm) C% 3
? 2 d Lluent: MeCOOFL{5%)/Hexane/ %0
1 g DHE (1), 5%
(%) v~ .
8 16 2% Volume of flow: 0.6 ml/min
C, mg/ul Retention time: {3k) 12'24"
Di1agram A: Working curve of uk. (ak) 11°'32" PhCH28r0

7500 min

Diagram B: Kinetic curve of the solid-liquid PIC benzylation. Reaction time

Having considered all the above results obtained by using the HPLC method, we conclude that
the PIC benzylation of aldimine 3k has the characteristics of surface rcactions and autocataly-
tic reactions. A possible mechanism of thz alkylation 1s proposed as follows:

Scheme 4. A possible mechanism of solid-liquid PTC alkylation

SUDH( | o1y g)Feessssssssassazzzazs SUbH (e (1)

Q’x‘(sf.) zzszzzzzszsszzszzzzczcz a‘x'(l.) (2)
SubH gy + KB/ p ) 2zzzzzzzszszzzzszzzzzzaz K‘Sub_(sf.) + W8 e (3
K‘Sub-(af.) + QX7 ) mmzmmzmezmsmazozzezazzz SWbTQT | ) e KX o) (a)
Sub’o’(l') + RX() ) zmzzszzazszzzzezzazzz SWBR() ) e o’x'“.) (5)

The reaction starts with the extension end absorption of the substrate (SubH) from the
solution onto the solid base surface. The dl-hydrogen of the substrate absorbed on the so'id
base surface 1s broken qQiving rise to the carbanion of the substrate which 18 also absorbed
onto the solid surface. The procedure-{3) may be the slowest step due to including the destruct-
10n of the chemical bond end the change of so0lid crystal lattice enerqy. The carbanion on the
surface is then attracted by the PIC catalyst (Q"X™) and the 1on peir (Sub Q") formed 1s quickly
transfered i1nto the solution. The 10n pair 1n the solution reacts with slkyl halide (RX) to give
the alkylated product (SubR) and the catslyst 18 regencrated. In such a8 way, the reaction 1s
continuously recycled until the end.
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EXPERIMENTAL

Materiels snd methodu. ALL melt's points were recorded on a lhomas-Hoover
apparatus end are uncorrected. 1R spectia were recorded on o n.mul:.h'"nzu MX spectrophotometer.
PMR spectra were measured on an f 18UA 1nstument. Lhemical stufts are recorded as .Y values 1n
ppm relative to IMS. Mass spectrs were obtained employing s VG 70/70 instrument. Analytical

TLC was carried out with precoated 0.2% mm thick si1lica gel plates with fluorescent indicetor
(E. merck). High pressure liquid chromstography was performed with a Backmen 334 gradusl liquid

chromatographer. All solvents were dried prior to use unless otherwise noted.

Preparation of aldimine 3. Starting aldimine 3 was prepared by the
procedure detailed by the Ref. 2, 19, 20. Thus, condensstion of benzeldehyde and amino acid

esters gave rise to the aldimine 3 1n excellent yield at room tempersture.

Ceneral procedure for solid-liquid PIC alkylation of
aldimine 3. fo a mixture of the i1norganic base and the catalyst TEBAC 1n methylene
chloride or acetonitrile wus added a solution of aldimine 3 and alkylated reagent 1n the react-
10n solvent. The reaction mixture was stirred for 6-20 hours at room temperature except for 4d
at 50 C. The reaction was monitored by TLC. After being filtered snd washed with acetonitrale,
the filtrate was concentrated under reduced pressure and the residue was taken up 1n ether.
The ether solution was washed saturated sodium chloride solution and dried by HqSOa. After re-
moving ether, the slkylsted product 4 was obtained.

The detsils of 4c-4f and 4k-40 had been given in the Ref. 19, 20.

4a: The mixture of KZ(.O3 {2.20g, 15 mmol), KOH (0.50g, 8.9mmol), TLBAC (0.14g, 0.61 mmol ),
ethyl N-denzylidene amino acetate (1.4g, 7.3 mmal) and benzyloxymethyl chloride 1n 40 ml aceto-
nitrile was stirred for 14 hours at room temperature. The product 4a(1.82g) was obtained as an
o1l. Yield 80%. IR(film) 3020, 1740, 1645, 1580, 1500, 1250, 1110, 750, 690 cm-‘; 1H-NHR(CUCI’)
1.50(3H, CM3). 4. 10{24, Ucuzﬂe}, 4. 50{aH, tyzucu2Vh;, SO0, Cit}, 6.80-7.20(10H, 2 C6H5),
8.30(1H, N=CH); m/z 311 M%) (C19H21N05 requires 311),

4b: The similar reaction of ethyl N-benzylidene amino acctate with 4-methoxybenzyl chloride
afforded 4b as an o1l 1n 75% yield. IR(f1lm} 3020, 1740, 1640, 1590, 1500, 1450, 1180, 1110,
850, 750, 700 cm”'; TH-NAR(COC;) 1.20(3H, CH 3, 3.40(2H, CH,), 3.80(3H, NCH,), 4.10(2H, OCH))
4.50(1H, CH), 6.80(4H, céna), 7.640-7.70054, Cbns). 8.50(1H, \=CH); m/z 331 (M*).

4g: The reaction of methyl N-bensylidene alaninate and benzyloxymethyl chloride provided
4g as a colorless o1l in 90% yield. IR{film) 3020, 1740, 1640, 1580, 1500, 1250, 1110, 755, 700
cm_1; 1H-MR(CDC13) 1.500 31, CH,), 5.70(31, U‘.'H,), 4,50(4H, L'I_[ZOCI_IZPh), 6.80-7.30(10H, 2 C6”S)'
3.30(TH, N=CH); m/z 311 (M*} (0 gH, N0y

4h: The reaction of methyl N-benzyl:dene alaninate with 4-methoxybenzyl chloride produced
4h 1n 92% yield. IR(film) 3010, 1735, 1640, 1590, 1500, 1458, 1250, 1110, 850, 755, 700 cm-‘;
1H-NMR(CDC13) 1.40(3H, CH3). 5.20(2H, CHZE, 3.7003H, UEH3). 3.90(3H, UCH3). 6.80(4H, C6Ha)'
7.40-7.70(5H, C Ho), 8.2001H, N=CHY; m/z 310 My (c requires 311).

requirtes 311;.

1911213
4i: The alkylation of methyl N-benzylidene alaminate by 3,4-di-methy]_benzyl bromide yield-
ed o1l 41 1n 92% yield. [R(F1lm} 3020, 1730, 1640, 1580, 1500, 1450, 870, 755, 700 cm"1;1H-NMR
(CUCIJ) 1.40( 3H, C”s)' 210060, 2 Ar-FH,). s.2ui2, UHZ). 5,700 31, UCH 6.80(3H, CSH’), 7.3-
7.70{5H, CHc), 8.10(1H, N=CH); m/z 309 (M* (U, M, SN0, Tequires 309).

30

4): Yield 90%. IR(film) 1730, 1640, 1610, 1510, 1450, 1250, 1130, 84U, 755, 700 cm~'; M-

NﬂR(CDClB) 1.50{3H, CH,). 3.20024, CHZ), 3.60(3H, UCH}). }.85(6H,2-UCH3), 6.60(3H, C6H3)' 6.8-
7.40(4H, C6Hh)' 8.30(1H, N=CH): m/z 342 (N} (FZUHZSNUQ requires 341},
4c: The action of ethyl N-benzylidene smino acetate with propene bromide gave 4c in 89%

yield. IR(film) 3020, 1735, 1645, 1670, 1580, 1495, 1200, 1115, 995, 925, 755, 700 cm™'; 'H-
NMRCCOCT5) 1.20(3H, tHy), 2.50(20, CHz), &.0U(2H, OC112), 5.10(24, CH=CHy), 5.60(1H, CH=CHp),



5350 J. YAOZHONG et al.

7.30-7.7005H, C M., 8.300N8, N=F1D; m/7 230(1%) (€, M N0, requires 231).

2
General procedure for hydrolysis of the alkylated
product 4. 4 neoles of Lhe alkylated product 4 was dissolved an 15 al of ether and
10ml of hydrochloric aci1d(IN). The solution was stairred for 12 hours at room temperature, end
the ether was separated, solution was concentrated to dry in vacuuo. Then 15 ml of hydrochloric
ac1d(6N) was added, refluxed for 4 hours. followed by evsporation and addition of 20 ml ethanol
and 10 ml of propene oxide to residue, the solution was heated to reflux for 15 min., and pre-

cipitate was filtered, recrystallized with HZO-EIUH-!l ) to qive amino acid 5. Or after remov-

1ng excess hydrochloric acid, the solution was taken tg the 1soelectric point with ammonie.

5a: Yield: 10%; IR(KBr) 3200-2400, 3400, 165C, 1620, 1510, 1420 cn-1; 1H-NMR(CF}COON) 3.36
(2M,CH2), 3.96(1H,CH), 5.60(1H,0H), 6.67(}H,N’N}); C’H7\05 (found: C, 34.27; H, 6.75; N, 13.35.
calc: C, 34.28; H, 6.61; N, 13.33).

Sb: Yield: 41%; IR(KBr) 3200-2¢00, 1620, 1605, 1500, 1450, 1245, 850 cm™ ‘u-mn(ozm 3.10
(2H, CH,), 3.58(1H, CH), 5.60(1H, OH}, 6.67(3M, N‘n’); €44 N0 (found: €, 61.13; H, 6.40; N,
7.20. celc: C, 61.53; H, 6.69; N, 7.17;.

Sc: Yield: 50%; IR(KBr) 3200-2400, 1620, 1520, 1580, 1400, 995, 920 em s 1H-NHR(020) 2.60
(24, CHZ). 3.70(1H, CH), 5.30(2H, CEZ:CN), 5.60(1H, CE:CHZ); CSN9N02 (found: C, 52.08; H, 7.55
N, 11.56. Calc: C, 52.17; H, 7.83; N, 12.17).

The details of 5d-5f snd 5k-50 had been given 1n the Ref. 19 and 20.

5g: Yield: 44%; IR(KBr) 3400, 3200-2400, 1600, 1620, 1510, 1410 cm-1; 1H-NMR(CF)COl[M) 2.86
(3H, CH}). 3.54(2H, CHZ), 5.61 (1H, DH), 6.42(3H, N’N,); CaﬂgNU}(found: C, 40.46; H, 7.55; N,
11.51. cale: C, 40.33; H, 7.56; N, 11.76).

Sh: Yield: 45%; IR(KBr) 3200-2600, 1650, 1610, 1510, 1460, 1400, 1250, 840 cm™'; 'H-NeR
(D,0) 1.71(3H, CHy), 3.10(ZH, CHy), 5.90(3H, OCH (), 6.70-7.25(4H, C(H, )5 Cy K oNOy (found: C,
64.04; H, 7.33; N, 6.32. calc: C, 63.25; H, 7.17; N, 6.69).

51: Yield: 47%; 3200-2400, 1620, 1600, 1520, 1460, 1400, 870 cm”
(3H, CM}), 2.00{6H, 2 Ar-FH}). 2.70(2H, cnz). 6.70-6.90( 3H, céuj); C
H, 8.49; N, 6.76. calc: C, 68.52; H, B.24; %, 6.76).

51: Yield: 41%; IR(KBr) 3200-2400, 1605, 1620, 1500, 1405, 870, 1260 ca™ '; 'H-NMR(D,0)
1.71(3H, CH)). 3.10(2H, CHZ)' 3.72(3H, OCH}), 3.90(6H, 2 UCH}). 6.91-7.12(3H, CGHJ); C12H17N0a
(found: C, 60.25; H, 7.11; N, 6.52. calc: C, 59.84; H, 6.84; N, 5.95).

1 1H-M4R(020 + DC1) 1.40

12!917N02 (found: C, 69.50;

General procedure for nucleophilic saddition of aldim-
1ne 3. Method A: A mixtures of 0.289(2.0mmol) KZCU}, 0.239(1.0mmol) of TEBAC, 10mmoles
of aldimine, and equivalent of electrophilic olefin 1n acetonitrile (10 ml) was stirred at
room temperature until 1t solidified. After standing overmight, water (100 ml) was added, the
separated solid filtered, washed carefully with water and dried. The crude product was purifi-
ed by recrystalization in methanol or ethanol. In the cases where the resction mixture did not
solidify, after removal of solvent in vacuo, the residue was extracted with ether and dried
with HgSOa. the solvent was removed and the crude product wes taken up 1n methanol so that 1t
became solid or purified by passing chromatography. Method B: A mixture of 0.289(2.0mmol)
K,CO

277y ;
methanol or ethanol (dependent on Rz) was stirred until 1t completely solidified (about 5-30

10 mmoles of aldimine and the corresponding electrophilic olefin (10 mmol) in 10 ml of

minutes). After standing overnight, the crude product was obtained in nearly quentitative yield,
then purified by recrystalization i1n methanol or sbsolute ethanol. In the non-crystalline cases
the treatment 18 the seme as method A.

6a The condensation of methyl N-benzylidene glycinate (10 mmol) with methyl acrylate (20
mmol) 1n method B geve 6a as an o1l 1n 82% yield. IR(f1lm) 1730(C=0), 164D(C=N), 750, 650(Ph)
cm'1; 1H-NMﬁ(CDC13) 2.1-2.4(8H, m, 2 CHZCHZ)' 3.6, 3.7(9M, ss, 3 OCHB), 8.25(1H, 8, Nz=CH);

(found: C, 61.54; M, 6.45; N, 4.10. calc for Cygipyng Co 61.90; W, 6.30; N, 4.01).
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6b: The condensation of methyl N-bensylidene glycinate (10 mmol) with acryo-
nitri1le(20 mmol) 1n the prescnce of KoCUy an methanol geve 6b as en o1l 1n 72% yield.
IR(f1lm) 2240(CN), 1730(C=0), 164C(C=N) cn"; 1H-NlR(CDCl,) 2.2-2.6{BH, m, 2 CHZCNZ)' 3.8(3H, s,
OCHB)' 8.25(1H, 8, N=CH); (found: C, 67.39: H, 6.21: N, 14.92. calc for CMH”N)O2 C, 67.84; H,
6.01; N, 14.84).

6c: The reaction of methyl N-benzylidene alaninate with equivslent amount of methyl acrolste
afforded 6c as a colorless o1l. Yield: 92% from method A and B85% from method B; IR(film) 1725
(C=0), 1640(C=N), IZOO(OCHS). 750, 690(Ph) cm_1; 1H-M4R(E0Cl3) 1.50(3H, s, CH}), 2.20-2.50(4H,
m, CHZCHZ), 3.60, 3.70(6H, ss, 2 IKMS)' 7.40-7.70(5H, m, C6H5). 8.30{14, 8, N=CH); (found: C,
65.25; H, 7.04; N, 5.06. culc for F15H19\U“ C, 64,98; H, 6.86; N, 5.0%).

6d: Yield: 90% from method A and 8G% from method 8; IR{film) 2240(CN), 1725(C=0), 1640(C=N),
1230(0Me), 750, 630(PR) em™ s TH-NMR(CDUL () 1.50(31, s, Clg), 2.35-2.60(4H, m, CH,CH,), 5.70
(34, s, UCHB), 7.35-7.70(54, m, C6“5)' 8.30(1H, s, NzCH); (found: C, 63.77; H, 6.45; N,10.39.
calc for c1a”16N202 C, 68.35; H, 6.% 3 N\, 11,48,

6e: Yield: 94% from method A; [R(t1lm> 172%, 170%(C=0}, 16640(C=N), 1160(UCN3), 750, 690
(C6H5) cm-1; 1H—NHR(CK)CK,) 1.50(3H, s, UNS)' 2.90{1H, m, CH;, 3.30(2H, t, CHZ)’ 3.60(3M, s,
OCHB). 3.70(34, s, UCH}). 7.30-7.70010H4, ™, 2 r6“5;' 8.30(1H, s, N=CH); (found: C, 70.38; H,
6.16; N, 3.55. cslce for C21H2’N00 C, 71.39; H, 6.52; N\, 5.59).

6F: Yaeld: 87% from methodt B; IR(KBr) 17a5(C=03, 1725(C=0), 1630(C=N) en” ' 'H-NMR(COC) ;)
5.4, 3.5(6H, ss, 2 UCH)), 2.7%(24, q, tHz), 8.05(1H, s, N=CH); (found: C, 70.%4; H, 6.23; N,
4.32, calc for C20H21N04 C, 70.79; H, 6.19; N\, 4,13).

69: Yield: 63% from method B; m.p. 132-13¢ °C (recrystalized 1n methanol); IR(KBr) 1745(C0-
OMe), 1680(COPh), 1635(C=N) cm_l; 1M-Nm(([jl)cl}) 3.50(3H, s, UFMB). 3.65(2H, d, CNZ). 3.85(1H, m
CHPhC1), 5.15(1H, d, CHCOO), 7.0-8.05(15H, =, 2 (6”5' ( N=CH); (found: C, 71.17; H, 5.18;
N, 3.27. cslc for r25”22

6h: The monoaddition of ethyl N-benzylidene glycinate with methyl acrylste in the presence

oM
NOLCL €, 71,500 M, 5.265 N, 3.36).

of excess smount of KZCU} (3.0 molar ratio) provided the monoadduct 6h as an o1l in 93% yield.
IR(Falm) 1725(C=0), 1645(C=N), 1200(0Ft5, 750, 690(Ph} cm™ s "H-NMR(CDC1;) 1.20(3H, t, CHy),
2.30(4H, m, 2 CHZCHZ)' 3.60(3H, s, UCHS). 4.20(2H, q, OCHZ). 4.35(14, m, CHCOO), 7.30-7.70(5H,
m, C6HS)' 8.30(1H, s, N=CH); (found: C, 64.62; H, 6.97; N, 5.06. calc for C NO, C, 64.98; H
6.86; N, 5.06).

61: The equimolar addition of ethyl \-benzylidene glycinate with acryomitrile via method A
(3.0 molsr ratio K2C0}) yielded the monoadduct 61 Of 92%. IR(f1lm) 2240(CN}, 1725(C=0), 1645
(C=N), 1200(0€t), 745, 690(C M} cm"; 1H-NMR(CDC13) 1.20(3H, t, CHy), 2.35(4H, m, CH,CH,), 4.2
(24, q, OCHZ), 4.35(1H, m, CHCOO0), 7.30-7.70{%H, m, Cb”S)' 8.30(1H, s, N=CH); (found: C, 68.61;
H, 6.77; N, 11,16. calc for cinléNZUZ C, 68.85; H, 6.96; N, 11.48).

88: Yield: 82% from method 8; m.p. 105-106'C (recrystalized in methanol); IR(Fiim) 3260(NH)
1730(C00Me), 1670(COPh), 1180(0He), 1030, B35, 760, 700(Ar) om™'; 'H-NMR(CDCL ) 1.25(3H, 8,CHy)
2.95(1H, s, NH), 3.65(3M, s, UCH}), 3.75(3H, s, OCH}), 4.30(1H, d, CHPhUMe), 4.80(1H, q, CHCOPh)
4.85(1H, d, NCHPh), 6.10-7.55(14H, 2 C6H§' C6Ha): (found: C, 75.73; H, 6.36; N, 3.27. calc for
C27H27Nﬂa C, 75.52; H, 6.29; N, 3.26).

8b: Yield: 34% from method A and 85% from method B; m.p. 175-176 'C (recrystalized in methan-
ol); IR(KBF) 336U(NH), 1745(CO0Mc), 1675(CUPR), 1600, 1260, 1035, 760, 700 cm '3 'H-NMR(CDCI,)
1.25(3H, 9, CH}), 2.85(1H, s, NH), 3.2503H, s, UCH)), 4.35014, d, CHPh), 4.85(2H, m, NCHPh, CH-

COPR), 6.95-7.60(15H, m, 3 C H): 'PC-HIRICDCL ;) 22.0(CH ), 52.5(0CH;), 55.0(CHPR), 56.7(NCHPh)
64.1(CHCOPh), 68.7(CHPh), 175.6(€00), 197.7(COPK); (found: C, 77.89; H, 6.18; N, 3.45. calc for
CoghpsNOy €, 78.20; H, 6.26; N, 3.52..

8c: Yield: 37% from method A and 07% from method B; m.p. 162-164 c (methanol); IR(f1lm)
3330(NH), 1760(C00Me), 1670(COPR), 1595, 1495, 1260, 1020, 830, 760, 700 cm™ '; ’u-w(cocx,)

1.30(3H, s, CHB)' 3.05(H, s, NH), 3.75(3H, s, OCH,), 4.85(1H, d, CHPhCL), 4.90(2H, m, NCHPh,

CHCOPh), 6.90-7.60( 1411, n, Catly, 2 Colnyy (found: €, 72.08; H, %.97; N, 3.22; celc for

159N,
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C26H20C]N03 C, 71.97; H, 6.0U0; N, 35.2%).
8d: Yield: 63% from method B; m.p. 166-147C (methanol); IR(CEEm) S360(NID, 1725(C0OUMe),
1575(COPR), 1605, 1490, 1260, 1170, W05, 765, 695 cn ', 'u-mn(cuc15) 1.250311, 8, CH,), 2.95
(1H, s, N}, 3.50-4.00(1H, CH-C=C), 3.75(3H, s, UFHB), 4.35(1H, t, CHCOPh), 4.85(1H, d, NCHPh),
6.'0-6.60(2H, m, CH=C), 6.90-7.70(15H, m, 3 Céns); (found: C, 79.63; H, 6.45; N, 3.32. calc for
C28H27N03 C, 79.65; H, 6.35; N, 3.29).

Be: 85% from method 8; m.p. 101-102 °C {ethanol); IR(KBr) 3280(NH), 1735(C0O0Me), 1675(COPh),
1615, 1600, 1515, 1185, 1040, 830, 750, 700 cm_1; 1H-\MR(CDC13) 1.15(34, t, CH’), 2.95(1H, s,
NH), 3.70(3H, s, UCHs), 4.05(3H, m, CH-COUCHZ). 4.45(1H, m, CHCOPh), 4.90(1H, d, NCHPh), 6.40-
7.9%(16H, m, 2 Cﬁ”&' rﬁ”b): (tound: U, 79,39 0, 6.69; N,5.19; calc for C27N27NUA C, 75.52; H,
6.29; N, 3.26).

8f: Yield: 90% from method A; [R(f)Im) 3320(NI3, 1740(CO0Me), 1200, 750, 700 cm 1H-NMR
(CDC15) 0.90(1H, 3, NW), 1.3003H, s, CH), 1.50(31, d, CHy), 2.00-2.90(2H, m, CH)), 3.10-3.65
{3H, ss, 0cr13); 3.70(3H, s, OCHy3, 4.00, 4.65(1H, s3, NCHPh), 7.20(5H, s, C6H5); m/z 291 (M%),
232(M*-COOMe, base peak); {found: U, 65.27; M, 6.96; N, 4.89. calc for C16HpqN0, €. 65.72; H,
7.22; N, 4.89).

8g: Yield: 92% from method A; IR(f1lm) 33S0{\H3, 1730(C004e), 1700, 2730(CH=0), 1150, 750,
700 cm™'; 1H-\MR(C[){.'15) 10080, m, CHe), 1.0003H, s, CHyd, 1.700TH, my NH), 2.75(H, m, CH),
3.65(3H, m, CH), 3.75(3H, m, OCHS), 4.50( H, m, CH}, 7.60(5H, q, C6HS)' 9.75(14, 8, CHO); m/z
361 (M), 266(M"-CHy), 232(M"-CHO}, 202(M"-COOMe, base peak).

Sa: Yield: 95% from method A and 92% from method B; m.p. 103-105 ¢ (recrystslized 1n ethan-
ol)i IR(F1lm) 3320(\H), 1725(CONEL), 1650(weak, C=N}, 1225, 1075, 855, 700 cm™ ' 'H-NMR(COCL,)
0.85, 0.95(3H, tt, CH}). 3,95, 3.90(6H, m, NH, (‘ncuucuz). 5.05¢1H, m, L‘HPhNOZ), 5.25, 6.05(1H,
ss, CHPh), 6.90-7.95(9H, m, Cbe, C6H5); m/z 361 (M), 269(M-CO0Et); (found: C, 62.31; H, 5.50;
N, 8.66. calc for c18“18N205 C, 62.16; H, 5.26: N, B.19).

9b: Yield: 75% from both method A and method B; m.p. 99-101 °C (ethanol-hexsne); IR(KBr)
3325(NH), 1735(CO0EL), 1650(weak, C=N), 1200, 1050, 825, 750, 690 cm-l; 1H-NMR(CDCI;) 1.25(3H,
m, cn3). 2.95(1H, s, NII), 3.70-6.6003H, m, LHLOLLN Y, 4,95, S.15(101, tt, CHPhCL), 5.70, 5.8%5
{1H, dd, CHPh), 7.10-7.75%(9H, m, C6HA. C6HS}; m/z 332 (M* + H), 258(M-CO0tt, base peak); (found:
C, 65.43; H, 5.46; N, 4.22. calc for C .H ClNO, C, 65.16; H, 5.43; N, 4.22).

1818
9c: The crude yield: 64% from method A and 70% from method B; It was directly hydrolyzed to

1

yield 10c.
9d: The crude yield: 82% from mecthod A and 80% from metnod B; It was directly hydrolyzed
to 10d.

Hydrolysis of the carbonyl saddition product 9. In the same
treatment as hydrolysis of the alkylated product 4, f-hydroxy-g-smino acid 10 was obtained by
hydrolysis of the carbonyl sdduct 9.

108: Yield: 64%; m.p. 180-183 Cldec); IR(KBr}, 3570{UM), 5200-2000(N’H5). B26(CH,) ca";
1Pi-N4i?(cF3t:0(l)) 3.35(1H, d, CH), &.5%(1H, d, CH), 6.80-7.20(¢H,q, réua); (found: C, 47.67; H,
4.42; N, 12.06. calc for C9H1UN205 , 47.79; M, ¢.42; N, 12.59).

10b: Yield 43%; m.p. 153-195°C (dec.); IR(KBr} 3400{QH), mm-zsoom’ﬂ}). 1630(C007), 830
(CH,) emts 1H-N’4R(020) 4.10(1H, 9, CHCOD), S.35(1H, t, CHA), 7.50(4H, s, CH, )5 (found: C,
47.87; K, 4.86; N, 5.95. calc for C9M10C1NU} C, 50.12; H, 4.64; N, 6.50).

10c: Yield: 10% from 9c of method A and 7% from 9c of method B; m.p. 190-192°C; IR(KBr)
34G0(0H), 3100(N*Hy), 1610(C007), 70D(C M) em ‘n-mR(DZ(J) 4.00(1H, d, CH), 5.25(1H, s,CHAr)
7.90(5H, s, C6H>); (found: C, 99.%0; H, 6.31; N, 7.68. calc for C9H”N05 C, 56.97; H, 6.08; N,
7.73).

10d: Yield: 56%; m.p. 253°C; IR(KBr} SGUUCOM), 3100-2600(\H}), 1610(C00°7) en™'; TH-NR(D,0)
1.4503H, 8, CHy), 3.80(2H, q, CH,); (found: C, 39.85; H, 7.84; N, 11.45. celc for C HgNOy C,

40.33; H, 7.5%; N, 11.76).

2
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