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Sumnary: A short, mrld and efficient synthctir route of &am~nn scld via alkylatlon, Hlchoel 

addrtlon and carhonyl ntld~t~on as well ns ~.yc’lo;~d~lltlol, of .~Id~m~ws dcrlvrd from qlyrinc 

and alenine esters with benlnldehyde under solld-llyuld phase transfer catalytic condition 

has been studied. lho key to solid-liquid phase tren!ifcr catelyred reactions 1s the selection 

of a base for the various reactants. Ihe yield is dcpwdcnt on the base used. The results 

ohtelned uslnc) KM, K2COI and Na2CO) arc discussed. The klnetlcs of solid-llquld PIG banryl- 

atron has been investlqated nnd we propose a possible mc~chsnism of solid-llquld PTC as an 

Interface auto-catalytic proredure. The dctalls of some syntheses of d-amino acids arc pre- 

sented. 

1. INTRODUCTIUN 

Among the various approaches to the preparation of hiqhi?r d-amlnn acids. the alkylation 

of Srhiff bases derived from glyrirrc or alanine esters and aldehydes or ketones 19 probably 

the r~nst direct one. The main lrnitation of th)s terhrrlque 1s the UYC of strong bases such 

ys llthlum dllsrpropylamldc “n&r anhydrous cr~ndi t ions. 
(1-h: 

Nevertheless, a great improve- 

ment has been made since the ploneerlng effort by O’Donnell 
:7-11j 

lrd to a simple synthesis 

of d-amino nerd via phase transfer retelytir :PTC) alkylation of ketimine 1 <?,R) and aldimine 
1. (10.11) 

CH 
6 5L:wi2Corlr t 

C6H5’ 
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~czwiZr~mf t 

H 

1 2 i - 

The practical worth of thin mcthodolc~qy I%, hwevcr, to a larr,c deqree determined by tk 

avellahrllty of the stnrtinq ~mlrw. Aldimrrw >, whlrh hnr; :I 1~~:; aridlc &hydroqen, would he 

more suitable than Imine 1 and 2 for the large scale preparation of &amino srlds. It IS well - - 

known(15’ that the dlffcrenrcs of pKa between 1 1pKo = lR.fII pnd 2 (pKn I 18.7: of 1 (pKa ZZ ._ - 

20) led to their dlffrrent actl\ItIrs In PTr reactIons. Aldlm,nr 3 undergoes PIG alkylal~on or 

addition and would be arc dlffrrult to use than ,mlrw 1 nr 2. hut this problem can be solved - 

by usinq a stronqrr hsw ln thr* PII’ rroctxon. WC ~HVP t rlrd th vnrlilnt ronditlon of usrny 

different bases. If a suitable base in thr PlC reartion is selected, a twttrr yield can he 

obtained. We report here the investiqation of the nolrd-ll@lld ph,lse trensfer catalytic alkyl- 

atron, Michael addition and carbonyl addition as w-11 as thr “1:5-dlpolar” cyrloaddit~on of 

the readily avallahle hmryliden~ derlvatlvca of qlyrlnr and alanlnr raters. This obviously 

provides a partlculerly sill()lr and proctIce1 route to d-nmlno acids and their derivatives. 

l Also spelled an Yen-(*hung rhlanq. lo whr:m corrr?pntldrnw nhorr 1 d br adcnrrflaed. 
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2 . SYNTHETIC ROUTE 

lho general synthctrc route tu c&-omJno acJds and thcJr derJvetJves vJa the elkylatlon, 

Michael eddJtJon, carbonyl and “1: )-dipole? AddJlJon J” solld-1JquJd PlC 18 gJven Jn 

5chcr.e 1 _. 

Schew 1. 

11’ 
“;N_;_COU- ‘* lN “” 

A’ 2. 6N Ml 

1 3. propene oxide 
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HO-C4 
R 3 
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The rthod reported here Js canvcnJent Jn that Jt utJlJrcs only readJly available reagenta. 

It Js also *ereatJlc Jn th;tt car11 uf the tllrcc vJtit1 stages, J-e., protectJon, MJn reaction, 

and deprotectlon, ~5 readily acconplJshcd. Benzaldehyde Js chosen as the most suitable pro- 

tecting group d,,a to Jts case of JntrodurtJon and removal. 

a. AlkyletJon(‘6-21) 

Ueprotonation of aldJmJne 1 under solid-1JquJd PIC conditions usJng K2CO,, Na2CUJ and KOH 

as bases gives a hJghly ectJve car~nnon,whone reactron with alkyl halrdes gJves the alkyl- 

ated product 5 in good yJcld. Table 1 shows :hc factors influencing the yield of the alkylat- 

ed product & are CO~lJCatCd and one of the most important factors may be the selectJon of 

the base. 

In alkylotJon of the first d-hydrogcrl uf 3 nJth a:) act Jve halJdr nuch as benzyl bromide, 

the weaker mixed baoe of K2COJ oftid \a2CU, rw be uwd and only the monoalkylated product 2 

is observed. WJth less aclive halides, SWII as Jsopropyl bromide, the mJxed base of KW and 

K2CU, must be used. In tlw case of d~elkylot JWI, pr)te’,nJum hydroxrde Js also necessary. Ihere- 

for monoalkylatJon and dJalkylatlOn of aldJmJnc ) can be controlled by the 8electJor~ of - 

different bases for the solid-1:quJd PIC rcortron. It Js known 
(ISI that the a-hydrogen of 

methyl N-benzylldene alanJnclle has the seeker acJdJty @Ice > 20) and is relatively more etable 

than ethyl H-benzylidenc amJno wetote. Ilwrefor a strony base such as potassium hydroxide 

should be used Jn the alkylntJw of methyl N-bcnrylJdcnc alnnJnute with a less alkyl halide. 

It should also be noled that the velocrty of alkylation Js dependent on the oolJd base. 

If pOta8SluT hydroxJde Js not used 111 the elkylotJon of mCthy1 N-benzyliderw alanlnate, the 

velocity of the reaction JLi very slow 01 fw I(:,,( Iior~ lakes place. UI the Otkr hend, the 

velocity and the yield are also obvJuu~ly Jnfluencctl by the alkylated reegantk The higher 

the electrophilic activity of the alkyl IM!I~!I*s, thr z0rurtcr the reaction tJme, end the better 

:he chemical yield. 
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Table 1. Alkylatlon of eld~nlnr 1 and hydrol)~ls of 4 
-- .--_--_ 

4 R’ R2 II’ X Base 
TIW y1rld. Y1cld** of 

Solvent Temp. hr ‘; 
__ __ ____---..- -.-- - - 5, (‘;I _ 

(‘ 1 KLl 13j,W11 I.k.I‘N 

Cl K21 U >/‘KW fk?(‘N 

Ilr K2CU )/KUli MeCh 

Hr K2COJ I4eCN 

Or K2(‘lI~/LloZCU, WCN 

ilr K2CU#KUH I!i!CN 

Cl K2CU3/KUII W*CN 

Cl K2CU l/KOH HcCN 

l-l KLI‘Il~/KUII MvC\ 

Hr K2CUJ/KU+i HCCLI 

Cl K2CU7/KUlI CH2C 12 

Or K2CU/KW McCN 

Rr KM{ f4cCN 

Br KOH MeCN 

r.1 14 

r.t 2U 

r.1 14 

5UC B 

r.t III 

r.t B 

r.t 16 

r.t 18 

r.t H 

r.t 14 

r.1 6 

r.1 H 

r.t 10 

r.t 10 

r.t A 

UU 1u*** 

75 41 

t39 50 

50 27.... 

97 72 

60 4H 

90 44*-e 

92 45 

92 hl 

90 ctl 

96 68 

85 56 

01 1Y 

70 111 

73 41 0 C6H5CH2 Et C6H5W2 Cl I:UH WeCN 

l Yield after chromatoqrephlc separation. All reactions *ereconducted ~e.lng 10 raales of the 

starting lmrne ( 1/R’X/K2CU3/KUI/lEtlAC = 1.0/1.2/J.U/1.0/0.1; J/R’X/K2CUJ/lEBAC - 1.011.21 

4-O/0.1; /R’X/KOH/TLBAC = 1.0/1.2/J.0/0.1;. The CH,C\ was dIstilled from P205. 

l * Yield after recrystnllzation. Based on .‘_. .a* R’c HUCH 
2 

l ** R’z HO4lCC~i 
2 

Conpwnd 5 can be hydrolyzed directly to the corrcspondlnq &aslno ocrd 2 by rcfluxiny 

ln 6N hydrochloric arid or by J twcl strp hydr:,lyrro in which 1N hydrochloric arid IS used for 

breekinq the C=!X bond as well ns rcco\rrIf%q txnzaldchydc and follow~nq the hydrolysis of 

esters 111 6N hydrochloric acid. MC’ hair rlbtaine0 15 &om~w ncidr, vie this mcthodoloqy. (Ihe 

yield 1s qlverr in Table 1.: 

It is notable that thr henzylolian of ethyl N-bcnlylidcne amino acetate has been pcrform- 

ed on a two mole scale in our laboratory with no rcdurtlon in ylrld. It is clear from the 

above results that thin synthetic opcratron 1s suitable for the lorqe ocole preparation of 

&amino acids. 

b. Hlchael addltlon(22-2c’ 

An interestinq and nynlhctirnlly useful r-cnc tion occurri between aldimine 2 and octivc 

methylene roapoundn ;H59i, AI‘: R6=H; H’zCN, CUU~~. CUl’h) If*odinq to a Michael odduct 6 in good 

yield under phase transfer calolyli~ c.ondllions uslny solld KZCO, as a base. Ihe reactlon is 

.~ccorn(~lislwd by s,tg~ly !&I 1r1 II”] 1111. wlitl K. I’0 
1 5’ 

olc~~mIt~~~ _? and rlcctrcrph11ir olcfin In oreto- 

nitrile In the prnsenrc of bwryl t r~r*lhylam?onrum rhlor~de (ILHAC) nt room tewerature for 

l-3 hours. Ihc results are showrl In lnhle 2. 

Ihe good selectivity of monoaddition has been observed when on equimolar ratio of the 

substrates 1s used 11, thr PIG rcwtiol,. for the monooddltxon us~nq methyl ocrylote or acrylo- 

nitrile as substrates, a,) cxcw!; of K (‘0 2 ~ w:;! be used. In all other cn~rs the catalytic 

amount of !X2CU3 works bvry ~11. 

We hevc found that wmc uddlt 10,. r!*xicw~a call be cerrlcd out in protIc solvents such as 

methanol 111 the prcscrwc of t Iw *;:,IJc! K. I‘U (25: 
2 I’ 

TIw nrtlon of mcthorrul on the rrectron is 

considered lo Increase polarlzelion of substralps via formation of a hydrogen bond. It 1s 

notworthy that the monootld~tic~n of mvthyl N-hcnlylldene mono arctotr to methyl ecrylate as 

well OS the rewlioll of wlllyl N-IwIv~II~~~II~ oli~~~rt~olc *it h m:t llyl acllwcrylole are unsuccess- 

ful in protic solvents. 

Ouiny to the apparent rrwtubillty of thp Nlchael addurl 6 in orid solution, the conversion 
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leble 2. Ml&e1 eddit!orl of elt11n~1rw 7 
--_ - 

6 I?’ 3 
2 RI, 

I+ 11’ Yield: : 
K2CU,/ltl3AC/I4eCN K2CO,/MeOH 

.-_--..- 

a Cti2CH2COw He Ii II I‘lW.e 82.. 

b Cli2CH2CN He ti tl 04 729’ 

r I+3 Cb ti tI COOW? 92 85 

d He Me H ti 0 90 80 

c Me Me 
‘6”5 

tl CUlRC Yl, 

r II HF 1’(11,, II I‘llll4~ 87 

CJ H r(c &-C611U II (‘Ul’h 63 

h H Et H H Cuoc(c 95.‘. 

1 H Et H H C\ 920.’ 

’ Blank entry represents that no expected product was obtelned. 

l ’ From methyl N-ben~yl~tlcrw arnlnc~ owtutv; S/dIpuI.lrc&l le/K2CU, = l.U(cq.)/2.0(eq.)/0.2(eq.) 

l ** /d~polaroph~le/K2CO~/IEBAC = l.O!eq.)/l.O(eq.: />.U(eq.!/O.l(eq.). See the Experlnentel 

S-ectlon(Hcthod A:. 

of the colapound 6 to glutamic erld derivatives ? could be eeslly frnlshed by the procedure 

detailed by the Ret’. 2. 

c. Cycloadditlon (26) 

As a consequence of our interest in aldlmlne compounds. we initiated a study to examine 

the posslblllty of cycloaddltlon of aldlminc 3 under solid-llquld PIC conditions. Table 1 

shows that i : i addurts rirp fornr4 I13 qnr)d yll,id I~I hot h method A (IWN/I~RAC/K~CO~) and method 

B (alkanol/K2C03). 

Table 3. Cycloadditlon of aldrmlrre 2 

8 R’ R2 R5 R6 R’ 
Yield, (%) 

K,Cfl,/lEBAC/HeCN* K?CO ,/R20H** 

a Me Me L4-MeUC61iti II CUPh 82 

b He &z 
‘GH5 

Y COPh M 85 

C MO f-k O-Cl- C6HC I{ CUPh )7 07 

d Me Me C6H5Cti:CIi L4 CUPh 63 

e H Et &-HeO-C6t14 )I CUPh 85 

f Me Mi! u lb CUUIC YU 

9 He He Me ti ChO 92 
~-.-..--- 

l Method A ; See the experlmcntal Section. l * Method 8; See the Experimental %ctlon. 

Althouyh the renct~ocv. qlrca rl’,~ lo rn~xlur~; of all the postr~ble reqlo- and stereo- lsomerlc 

pyrrolidlnes g ( ratlo of e and s not to be dctsrmlncd), we are attracted by the slnpllcity 

of the process and Its potential synthctlc flexlbrllty. 
(27) 

In practice, the reactlona are 

finished by simply stirring aldimlne 3 and drpolarophrlc in two phase systems at room tem- - 

pereture for half an hour. ltw adducts Ra-8r here low solubllrty in alkanol and can be readily 

precipitated out of the rcactlon systcn. 

d. Carbonyl addition(22-23’ 

Our initial studlw o I curb~3l3yI i~d~l~t~n~~ nl tlw nltl~mllw 1 show that the I:1 edducts are 

obtained 1” high yield in solid-liquid twu phase system. However, these reactions give rise 

to mixtures of all the possible reglo- nnd stcrcw-lsomerlc eldlmine 9(C) as well as oxazolldlne 



9(D). Successful condensetlan behavlour IR illuntretcd by Iable&, whlrh includes 

the conversion OF the adduct 9 tog-hydroryl d-amino ecld lo. Once egrln, the reaction in protic 

solventa affords the advantage of sinpliclty and efficiency of ttlp menipuletlon, but it is note- 

worthy that the reaction of eldlmrnr J with low rlcctrophilic aldphydr?s such aa Q-~thoxybenz- - 

aldehyde 1s unsuccessful. 

Table 4. Carbonyl addition uf ~I~IIIIIIW 1 ;~t~tl Irytl~oly:;~!~ of addurt Jt 

9 R’ Rz R’ Yield, % 
10 1~’ I? 

Yield. L 
A’ II’ A* tl* -----__ - -_ 

a Ii Et 1-02N-C6Hq 95 HH ” H c(-02N-CgH0 64 62 

b H Et 4-cl-c6t$ 75 75 b H (r-CI-C6Hq 43 45 

c H Et 
‘gH5 

64 7U C Ii C&l> 10 7 

d Me He H 82 00 d I4.e H 56 54 

l A: K2C03/TEBA/&CY; H: r(2CU,/112UH. Irl all cases thr catalytic qunntity of the bane is enough. 

3 . MECHANISM Ot A L K Y L A 1 I 0 hc2’) 

The lnfluenclny factors and klrwtlco of llquld-llquld I’IC olkylstrrw, hew bwn w,dely 

~“vestlgated.(28*29) But few papersoU! deal with the mechanism of solid-liquid PlC reactlw. 

I” order to obtain reliable data to evaluate the different rectors nhhrrh govern the kinetic 

tendency of these useful well known PIG rrartlws, we are now cnyuqed 1” the kinetic study of 

solid-liquid PTC benzylation OF methyl %-hcnrylldene alenlnete. 

Scheme 2. 

F”3 
m 
I 3 

CIi 
P1iCH2Qr/lCBA/CI12C12 I 3 

PhCH=NCHCOCtCH3 PhCH-N$CLlUCtl, H2N-C-CUUti I 
K2C03/KW i‘H2Ph tH2Ph 

ctk - ,r( 

Ihe factors affecting solid-liquid PTC berrryletlon of aldrmlne 2 are complicated. This 

paper only daels with the effects of catalyst, quantity and pertlcle size of solid beae on 

the reactlon as well as the kinetica of the reaction. lhe results are eunwnarired in Table 5. 

Table 5. The lnfluenclrq factors of tile PTC benryletron of oldrmine 3k - 

Entry KCHi/K2C03 Particle size IEBAC 
Reaction yield by HPLC acthod 

rrrolar ratlo of best. Ho. mular ratio (‘;) 

1 1.5/3.0 

2 1.5/3.U 

3 1.5/3.0 

0 3.0/3.0 

5 2.0/3.u 

6 1.5/3.0 

7 1.5/2.0 

8 1.5/0.0 

9 1.5/3.0 

10 1.5/3.0 

200-220 

200-220 

200-220 

220 

220 

220 

220 

221) 

loo-22!1 

50 - 711 

0.10 99.5 

Il.05 56.5 

0.W 2.31 

0.10 17.0 

0.10 85.0 

0.10 89.6 

Il.10 83.8 

II . 1 U 0.20 

0.10 06.9 

U.lU 79.2 

Ihe benrylutlllll Iww I’i 0 ly~11~‘.11 I’ll’ 11~1,1~1 1,111. MMVI IIIW 1.8 IMII wlclrvl to the reactton system, 

the pro&t 1( is obtalned only 1” very low yield. However, a catalytic amount of ILBAC induces 

a” almost quantitive bmzylatlon. In certain conditions (Entry 1, 6, 9 and 10) a strong depend- 

ence on the hose portrclc ulze IS oh!rc:rvrd. Ilie velorlty of bcrvylat~on Increases with decreae- 
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lng beat pertlcle size. Thus, a surface procedure could be presented in the reactIon. 

Solid base ratio is also an important factor lnflucnclng reaction yield. When the suitable 

ratio of mixed base (KW/KzUl, I 1.5/3.01 16 used, the reaction works best. 

The kInetica curve of the benzylution shows thut the rcactlw seams to undergo two 

stages, 1.a.. slow induction pcrlod and fast-action procedure to the end. The forrotion of WC - 

and the dlsappearonce of the substrate & or bcnryl bromide proceed with the e.am exchwqe. 

Scheme 3. The LInetic curve of the bcnzylatlon 

Diagram A. HPLC condi t Ions: Dlaqran B. 

* 
z 

I 

x cl/i 
Equipment: Beckman 334 

Dctxtor: UV25(IX U.U4 AUfS 

Colurm: Pores11 000 X (4 rrm) 

z 2 . Lluwt: 14cCOOrt;SL)/t**onc/ 

a . Irnl :u.;r.: 
ui 

0 16 28 
Volume of flow: 0.6 ml/mln 

c, W&l Retention time: ;3k) 12’2b” 

Diagram A: Horking curve of Ilk. (Crk) 11’32” - 

Uiagram tl: Klnctlc curve of the roll&llwld PIG bCnzylatlM. a 
Reaction tic: 

the 

t1c 

S”b”(sf.) + KB:of.) 
____________________--- _____________________-- K+Sub-(sf ) + H8(sf ) (3) 

K+Sub-Csf ) + 0+X-( . 1 .I 
1==============11====== Sub-Q+(l ) + KX(sf ) (4) 

. 

0 mm 

Having considered all the above results obtained by using the HPLC method, we conclude thet 

PTC benrylation of aldiminc 3k haa the charactcrlstlcs of surface rzections and autocately- - 

reactions. A possible mechanism of th? alkylation is proposed as follows: 

Scheme 4. L\ posslblc mechanism of solid-liquid PIC alkylation 

Su~(llquld)---====-~~===~=~~==~=~= SubH~surface~ (1) 

Q*x-(*f.) 
---=:I=-:==:=;:I=TITIZI Q+x-(l ) (2) . 

Lb-a+(1.) + HX(l.) 
1==1=1=========1=-11~== !&bR(l ) + Q+x-(l.) (5) 

The reactlon starts with the extension end absorption of the substrate (!?&4i) from the 

solution onto the eolld base surface. lhe d-hydrogen of the substrate absorbed on the solid 

base surface 1s broken q~vinq rise to the carbanlon of the substrate *hlch 1s UlaO absorbed 

onto the solid surface. The procedure-O) may be the slowest step due to including the destruct- 

ion of the chemical bond and the change of solid crystal lattice energy. The carbanloo on the 

surface is then attracted by the PlC catalyst (0*X-) and the 10” pair (Sub-P+) formed 1s quickly 

trenefered into the solution. The 10” pair in the solution rcects with alkyl halide (RX) to qlve 

the alkylated product (SubR) ntld the catulyst 18 reqcrrcratcd. In such a way, the reectlon la 

continuously recycled unti 1 the end. 
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t x P 1’ R I :4 t \ 1 A I 

Hatar1elo u 0 d I” e 1 I1 I, d :, . All Iln.~ll I!; porlll:; W’,(’ ,lTlJrtk*d 011 a Ilwni8!~-lkJuvcr 

II! !1)wc11 ;i ww w( 01 &tl IHI :I Cl~r.tc~l:~l) 
1M 

apparatus and BCP unccwrectc~tl. h21) MX npr.ctrwhotonc?tcr. 

F’MR spectra were rseurad o(, an t IMUA rnstuw~ll. Lhcplael sl~lll!i z#rt* rccortkd as b valwe I” 

ppm raletlva to II-C. Maae spectra were obtalned gloy~ng a VC X1/70 lnstrwnent. Analytlcol 

TLC waa carried out with prcruated 11.25 rrm thick s~lic-e qel plates with fluorescent indlcotor 

(E. merck). High pressure 11wld chromatography was performed rlth a Heckman 3% gradual Ilquuld 

dwonatographcr. All solvents wcrc dried prior to use unless otherwlsa noted. 

Preparation of old1m1ne 2. Starting aldlmlne 1 was prepared by the 

procedure detailed by the Ref. 2, 1Y. El. IIwR. condensutlon of benroldehyde and amino arid 

esters gave rise to the eldlmrrre 7 in excallcnt yield at room tarrpcratura. - 

General procedure for solid -11qu1d I’ 1 C olkylotion of 

aldimlne 1. lo a mlxture of thr inorganic hasr and the catalyst ILHAC in mathylenl? 

chlorlbc or acetonrtrrle was ad&d a solution of oldrmine ) and nlkyletpd reagent 111 the react- - 

ion solvent. The reaction mixture was stirred for 6-20 hours at room temperature except for 5 

at 50 C. The reaction WOY monitored by ILC. After being fllterad and washed with ecetonitrile, 

the flltrota was concentrated under reduced pressure and the residue *as taken up in ether. 

The ether solutlon was washed saturated sodium chloride solutial and dried by HqSOo. After rc- 

moving ether, the alkyletcd product 5 WHO obtalnad. 

The details of &c-&f and (rk-(ro had Seen given ln the Ref. 19, 20. - - 

5: Ihe mixture of K2CO) :2.2llg, 15 rmwl), KIM iO.SOg, A.9mw,l), TLRAC (U.l4g, 0.61 anOl), 

ethyl N-benzylidena amino wetatts C 1 .4q, 7.) mr~11) and bcnzyloxymrrthyl rhlorldc in A0 ml occto- 

nltrlle was stirred for l(1 hours ot room tcrrycreturr. Ihe product *(1.82g) *oy obtylrled yy yn 

011. Yield 80%. lR(fllm) X120, 17&U, 16Cr5, 1SYU. 1500, 1250, 1110, 760, 690 cm -1; ‘tl-rJ4R(Cwl>) 

1.50(3H, CH5)’ &.lU;;rH, Wll2Me!, 4. w:411. c!12uCl121’h; ) 5.OMl( 111. CII: ( f,.UU-7.20( 1011, 2 C6115!, 

13.3U(lH, SXH); m/z 311 !M+) (C,9H21Wj requires 311). 

Ob: The slnllar reaction of ethyl N-banrylldene amino arctate with A-melhoxybenryl chloride - 

afforded + as an 011 in 75% yield. lR(fllm! ~120, 1700, 16&O, 1590, 1500, 1450, 1180. 1110, 

850, 750, 700 cm-‘; ’ H-H4A(CDC13) 1.20(81, THj:, ).OO(ZH, CH2), MIOOH,~CH+, 4.lU(2H, OCH2) 

&.5O(lH, CH), L.tlU(ctH, C6H,,), 7.40-7.7!1:%. C Ii (, 5!’ tI.>U(lH, \=CH); m/t >)l CM+). 

2g: The raactlcm of methyl ‘r-bcn/ylldene alaninnta and henryloxymethyl chloride provided 

4g as a colorless oil in 90% yield. lR(fllm) Xl20, 17&U, 1660, 1580, 1500, 1250, 1110, 755, 700 

cm-‘. 1 , H-NMR(CUC1,) l.Xl(~II, Cll,!, 1.711011, U;‘H,), ir.%l(crll. CII2OCIl2’h:, h.LlU-7.30(11Y~, 2 C6H5), 

3.3U(lH, N-CH); m/r 311 (H*! ~ClqH21N11~ rcqulres >ll>. 

c: Ihe react ion of methyl %-henzyl:daw alnn~nate with &c-nr‘thoxybawyl chloride produced 

” in 92% yield. IR(frlm) X10, 1755, 
-1 

16&U, 1590, 1500, 1458, 1250, 1110, u50, 755, 700 cm ; 

‘1i-X(R(CIX13) l.OO;)H, CH,), 3.2U(ZH, l:H2:, 3.7UOH, UCH,), ).YU:W, UCH,!, 6.80(4H, C6H,), 

7.Ml-7.70(5~i. C6H5), 8.2U(lt1, \=CH); m/l 311 ;I!‘) !ClYM2,NU3 rcqulrcs 511). 

2: Iha alkylatlon of methyl N-bewyl tdww al;ullnnte by ),cr-di-methyl-benzyl bromide yield- 

cd 011 11 in 92% yield. 1111fllmi X12(1, 17111, IhcrU, 151111, 15UU. lC50, 870, 755, 700 cm -‘&N(R 

(Ml,) l.lrU(W, Cli3), 2.1~(611. 2 Ar-l’II$). ).711:211, CI$j, 1.70011, UCII,). 6.8U(JH, C;H,), 7.)- 

7.70:5H, C,H,), B.lU(lH, N=Cti); m/r 30.1 (f.i+\ I[‘2uH2jN(12 rrquire!, 309). 

9: Yield 90%. lR(fllm) 1750, 164U. 161!1, 1510. 1450, 1250, 1131). L)UU. 755, 700 cm-‘; ‘H- 

wR(CDCl,) 1.5o:~ti, w,), J.ZU:~II, cti2), ,.6U(W, UCH,), ).85(6t1,2-UCti3), 6.600H, C6Hg), 6.8- 

7.40(&H, C,H,), R.Xl(lH, N=CIi;: m/z )ctZ (N*! ~I’2u~~2,W4 rcqulres 501:. 

s: The action of ethyl N-bewylldenr emlno acetate with propene bromide gave s in 8% 

yield. IR(frlm) 5020, 17J5, 1645. 1670, 1580, 1495, 1200, 1115, 995, 925, 755, 700 c&l; ‘H- 

w”cDcl)) l.ZUOH, CHJ), Z.5ll(ZII. 1‘112). o.Uti(2H. Wl12), 5.1~(211, CHXl2), 5.60(1H, CHzCH2). 
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7.,0-7.70(5li, C,H,). O.,U(lll. sr=l.ll); m/l z,u!f1*) ;C,(,Ii,7M12 rv,)u1reo 231). 

G c n 0 r a 1 p r (1 r P d I, r I’ I I, r h y (I r 0 I y *: , 9 0 f I h P alkyleted 

product A. 4 m,lcz? 01 Llw ;tlkyl;,trd I>rotlwt 2 wan dlsnulvcd rn 15 ml of ottmr and 

1Oml of hydrochloric acid(lN). Ihc solution was stlrred for 12 hours ot room temperature, and 

the ether was separated, solution bras concentrated to dry ln vacuvo. Ihen 15 ml of hydrochloric 

acld(6N) was added, refluxed for 6 hers. Followed by evaporation and addrtion of 20 ml ethanol 

and 10 ml of propene oxide to res1duc, the solution was heated to reflux for 15 min., and pre- 

clpltate was filtered, recrystolllzed with HLO-f tU11-I t2U to qivc ocsino acid 1. Or after remv- 

lng excess hydrochloric acid, the aolutlon was taken to the leoelectrrc point with amonia. 

2: Yield: 10%; IR(KBr) 3200-2000, ,MKl, 1650, 1620, 1510, 1420 cm-‘; ‘H-W(CF3C00H) 3.36 

(2H,CH2), ,.96(1H,LSI), 5.6O(lH,W), 6.67OH,N+H,); C,H7\0, (found: C. 34.27; H, 6.75; N, 13.35. 

talc: C, 34.28; H, 6.61; li, 13.3,). 

2: Yield: 41%; IR(KOr) 32DO-ZWU, 16211, 1605, l’>UU, llr50, 1205, (I%1 cm -l; 1H-WD20) 3.10 

(2H, CH2), ,.58(1H, CM), 5.6U(lH. Uti:, 6.67011, N+tl,!; C,H7N0,(found: C, 61.13; H, 6.40; N, 

7.20. talc: C, 61.5,; Ii, 6.65; N. 7.17:. 

&: Ylcld: 50%: IR(KHr) ,2UU-2Wfl. 162U, 15211, 15eu. 14Of1, 995, 920 cm -l; 1H-WR(D20) 2.60 

(ZH, CH2), ,.7O(lH, CH), 5.30(2H. CH2:CH), 5.6U(lH, Ct&CH2); C5H9M12 (found: C, 52.08; H, 7.55 

N, 11.56. Calc: C, 52.17: H, 7.8,; N, 12.17). 

The details of 5d-5f and Sk-So had been glverr In thc Ref. 19 and 20. - - 

?g: Yield: 40%; IR(KBrj 3100, 3200-2000, 16110, 1620, 1510, 1410 ~a-‘( ‘H-H(R(Cf,COai) 2.86 

OH, CH,), 3.54(211, Cti2), 5.61 (lH, UH), 6.62!,H, N+H,); C6HyNU,(found: C, 60.46; H, 7.55; N, 

11.51. talc: C, 60.3); Ii, 7.56; N, 11.76). 

2: Yield: 65%; IR(KBr) 3200-2600, 1650, 161U, 151U, 1660, 1600, 1250, 860 cm -1; lH_H.R 

(D20) 1.71OH, CH,), ,.lU(2H, 1:H2!, ,.YO(JII, OCH,). 6.70-7.25(6H, C6H6); CllH15~, (found: C, 

64.04; H, 7.33; N, 6.32. talc: C, 63.25; H. 7.17; N, 6.69). 

‘r: Yield: 67%; 3200-2600, 1620. 1600, 1520, 1660, 1600, 870 cm-‘; ‘H-WR(D20 + DCl) 1.40 

OH, CH,), 2.UU:6H, 2 Ar-(‘H,), 2.7U(2tiI Ct12!, 6.70-6.9UOH, C6H,); C121~17N02 (found: C, 6Y.50; 

H, 8.69; N, 6.76. talc: C, 68.52: H. 8.26: ‘q, 6.76). 

5~: Yield: 61%; IR(KOr! ,2110-26OU. 16115. 1670. 1500, 1405, 070, 1260 ctn -’ ; ‘H-NcR(D20) 

1.71(,H, CH,), 3.10(2H. CH2), ,.72(JH, UCH,), ,.90(6ti, 2 OCH,), 6.91-7.12(,H, C6H,); C12H17w4 

(found: C, 60.25; H, 7.11; N, 6.52. talc: C, 59.W; Ii, 6.84; N, 5.95). 

General procedure for nucleophllic addition of aldlm- 

ine 1. Hethod A: d mixtut- of 0.28g(2.~lmnol) K2CU,, 0.2~g(l.Cbnaol) of IEBAC, 1Ormoles 

of aldlmine, end equlvalwt of elcctrophlllc olefln in ncctonltrlle (10 ml) wao stirred at 

roan tecrpereture until 11 solldlfled. After standinq overnight, water (100 ml) was added, the 

separated aolld filtered, washed carefully with water ond drlcd. The crude product was purlfi- 

cd by rocrystalirotron in metbwl or cttlorwl. 111 the cows *here the reaction mixture did not 

solidify, after removal of solvrnt in vocuo, the residue was extracted with ether and dried 

with HgS06, the solvent was removed ;,nd the crude product WOR taken up in methanol SO that lt 

became solid or purified by passing chromatography. Pethod B: A mixture of 0.28g(Z.til) --- 

K2CD,, 10 rrrroles of oldininr end the corrrnpondlng clcrtrophillc olafrn (10 -1) in 10 ml of 

methanol or ethanol (dependent on H2) *as stirred urrtll It completely solldlflod (about 5-30 

minutes). After standing overniqht, the rrude product was obtained In nearly quantltatlve yield, 

then purified by recryntalrzetlon in nwthorrol or obwlute ethanol. In the non-crystalline case8 

the treatcRent 18 the owne as method A. 

e The condensation of methyl N-bcnrylldene ylycrrlate (111 rmnol) with methyl acrylatc (20 

~1) in method 8 gave 6a as an or1 in M2% yield. IIt(frln) 17,U(C:U), 164U(C=N), 7x), 650(m) - 
nn-l. 1 , H-MM(CDCl,) 2.1-2.6(8H, m, 2 CH2CH2), 3.6, ,.7(9ti, ss, 3 DCH,), 8.25(1H, a, N-CH); 

(found: C, 61.56; H, 6.65; N, 6.10. talc for Cle1~2,~4i C, 61.90; H, 6.3~1 N, 6.01). 
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fib: lhe condensatron of methyl N-hrn/yl~ticnr qlyvlnat(! (10 m=ol) wrth erryo- 
- 

nrtrlle(20 mmol) In the presence of K2SU3 111 methilllol qeve g& i)fl en 011 1n 72% yield. 

lR(fllm) 2240(CN), 173O(C=O), 164C(C:N) cm-‘: ‘H-nlR(CCCl3) 2.2-2.6(8H, m, 2 CH2CH2), 3.8(3H, Y, 

Oc!i3), 8.25(114, s, NXH); (found: C. 67.39: H, h.21: N, 11.92. calr for C16H,,N3U2 C, 67.W; Ii, 

6.01; N, 11.84). 

c: The reectlorl of m(!thyi N-bCn~yIl&~IlP H~d~lllliltP With CC#JlWlWlt amUnt of mthyl HcrOlatc 

afforded 6c as a colorless 011. Ylrld: ‘12% from method A and 85% from method 6; IR( f 11m) 1725 - 

(CS), 1640(C=N), 12OO(OCH3!, 75U, 690(Ph) cm -1; ‘H-N4R(CDCl)) 1.50(JH, 9, Cti,), 2.20-2.50(&H, 

m, CH2CH2), 3.611, 3.70(&i, 63, 2 Wi3!, ?.OU-7.7U(5H, n, C(II5), 9.3U,lli, Y, YXH); (found: C, 

65.25; H, 7.04; N, 5.06. celc for [ 15H,9V10 (:, fA.‘~ll; H, 6:“h: N, 5.05). 

G: Yield: 90% from method A and H(% from method R; IHifllm) ZZ(rU(CN), 1725(C=U), l6kO(C=N), 

1230(&4e), 750, 6YO(l’h) cm-‘; ‘ILN.YI(CDCl)! 1.50( 311. !i. CIII), 2.55-2.60(411, m, Oi2CH2), 1.70 

(SH, 8, UCH3), 7.)5-7.70(5!1. m, C61i5), 13.JU(lH. s, U=CH); (found: C, 63.77; ti, 6.45; N,lO.)Y. 

colt for C14H16N2U2 C, 68.35; H, 6.56 ; \, ll.OH:. 

&: Yield: 94% from method A: IR(frlm! 1725, 17115!C:O~. 
-1 1 

164U(C:V), 116U(OCH+, 750, 6W 

(C&is) cm ; H-NHR(CDCI >) 1 .5;)( Qi. !i. CM 3:. 2.YU:lH, m, cti:, 3.)0(2H, t, CIi2), ).6U(W, 8, 

OCH3). ,.70(3ti, s, UCH3), 7.X1-7.7U(lOll. rp, 2 (‘,,I,,;, H.,U(lti, s. NzCIO; (found: C, 7U.X.3; )I, 

6.16; N, 3.55. calr for C21H2pOI, C, 71.3Y; Ii, 6.52; \, J.55). 

gT: Yield: 137% from metho:i U; IR(KBr) liOS(C=U;, 1725(C=U), 163O(C=X) cm-‘;‘H-MH(CDC13) 

s.c(, 3.5(6~, ~9. 2 UC,13), 2.7s(ztI, q, CtI2), H.U\:ltI. s. N-C!i); (found: C, 70.5c(; Ii, 6.23: N, 

4.32. talc for CZu1i2,NOI( C, 70.79; )I, 6.lY; \, 4.13). 

kg: Ylcld: 63% from method R; m.y. lJ2-1TC’f (recrystalrzed ,n methanol); IR(KBr) 1765(CO- 

We), 1680(COPh), 1635(C-N) cm-‘; ’ H-M4R(CDC13) ,.IU:iH, Y, Ur‘H3:, 1.65(2~, d, CH2), J.RS(lH, m 

CHPhCl), S.lS(lH, d, CHCUU), 7.U-U.U5(15H, m, 2 (‘6,1i5, [‘(I$, NXH); (found: C, 71.17; H, 5.18; 

N, 3.27. celc for ~251i22F(0,1’1 I’, 11.51; tl, 5.2(r; N. J.30). 

,h: The rronoaddltron of ethyl N-bcruylldcrw qlyclruto with methyl ucrylete in the presence 

of excess enwnt of K2CU3 (3.0 rolar ratio) yrovldrd the annoadduct @ as an or1 1” 93% yield. 

IR(fllm) 1725!C:O), 1645(C=N), 12UU(Uf t ;, 7511, hYU(Phj cm-‘; ‘Mf~(CUY3) 1.2UOH, t, CH3J, 

2.30(&H, m, 2 CH2CH2), 3.60(3H, Y, UCH3), &.20(2H, q, 0CIi2), &.35(lli, m, CMOO), 7.30-7.70(5H, 

m, C6H5), 8.50(111, s, N-W); (found: C. 6Cr.62; H, 6.Y7: N, 5.06. talc for C15~i19NU1 0, 64.98: H 

6.06; N, 5.06). 

61: Ihe equlrwlar oddltlon of ethyl \-brrlrylldwrr! ylyrarwte with ecryonltrlle vie method A 

(3.0 molar ratio K2C03) yielded tlw monoadduct G Of 92%. IR(fllm) 224U(CN), 1725(C=O), 1665 

(C-N), 1200(OCt), 705, 6YU(C6H5: cm-‘; ‘II-WR!COC13: 1.20(3H, I, CH3), 2.35(4H, m, CH2CH2), b.2 

(2ti. q, OCH2), 4.35:lH, m, I:HCUU), 7.30-7.7U:)H. m, C6H5), R.3O(lH, s, N-CH); (found: C, 68.61; 

H, 6.77; N, 11.16. talc for C10H16N2U2 I:, 68.05; H. 6.56; N, 11.&U). 

&: Yield: 82% from method a; m.p. 105-lU6’C (rccrystalired I” mctharml); lH(film) 32OU(N)i) 

173U(COCMe), 1670(COPh), llBO(UC), 10~0, HJ5, 760, 7llO(Ar) cm-‘: ’ H-WR(CDC1,) 1.25(Jti, s,CH3) 

2.95(1H, s, MI), 3.65(3H, s, 0CH3), 3.75(311, 8. WI3 :, c(.JO(lH, d, CHPhUMe), 4.80(1H, q, CWOPh) 

d.BS(lH, d, NCHPh), 6.10-7.55(1&H, 2 C6H5. C,tC,); (found: C, 75.73; H, 6.36; N, 3.27. talc for 

C27H27M01( C, 75.52; Ii, 6.2Y; h, J.26). 

t)b: Yield: 34% frown method A and 85% from method H; m.p. 175-l 76 ‘C (recrystallzed in methen- 

01); IR(KBr) 33[tU(hH), 1745(CUIYt.), 1675:CUl’h). IhUll, 126U, lUJ5, 760. 700 cm-‘; ‘H-MR(L.13) 

1.25(3H, s, CH,), Z.HS(lH, s, MI), S.ZS:ftl. s. Ut’tl~:, 4.35(ltI, d, CtIPh), &.85(2H, m, K’HPh, CM- 

COPh), 6.95-7.60(15H, n, 3 C6H5); “(.-IIII?:tM+! ZZ.O:‘H,). 52.5(O~H3), 55.U(CHPh), 56.7(NQiPh) 

64.l(~ttCOPh), 68.7(cHPh), 175.6(CUU), lY7.?(C(JPh): (foutld: C. 77.W; ti. 6.18; N, 3.Q5. ralc for 

C26H25M, C, 78.20; H, 6.26; N, 3.52:. 

&: Yield: J7L from method A ;cnd 117.. frwn mettwd II; m.p. 162-164.C (methanol); IR(frln) 

33W(HI), 174a(Coacrc?), 167U(COt’h), 15Y5, 14Y5, 1260, lU2U, 830, 760, 700 cm-‘; ‘WWR(~l3) 

1.30(3H, s, CH3), l.US(lH, 8, No, 3.75Ott, s, OCH,:, b.t)5(lH, d, CHPhCI), 4.90(2H, n, NCHPh, 

CttCUt’h), 6.90-7.6tt(l~tt. ln. (‘6tt(,. t f‘~,lt*,:; (fwrt~tl: I’, 72.011; tt. 5.‘>7; N, 3.22; celr for 
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