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Abstract: Amidoelkylation of (2-chloroethyl)benxene or (2-bromoethyl)benxene with a- 
hydroxyhippuric acid and N- methoxycarbonyl a-hydroxyglycine, followed by dehydrohelogeeation, 
affords iv-protected pvinylphenylglycines. Transformation of the vinyl group leads to N- 
methoxycaibonyl-p-[ 1-(methoxycarbonylemino)ethyl]phenylglycine, N-methoxycarbonyl-p- 
(epoxyethyl) phenylglycine, N-methoxycarbonyl-p-famyl phenylglycine and N-methoxycerbonyl-p 
csrboxy phenylglycine. The dep&e&m of theee compowk is described. 

Aromatic a-amino acids of the phenylglycine type occur in naturel~. They have found application in 
the synthesis of semisynthetic fl-lactam antibiotics 3. These amino acids are generally prepared from the 
corresponding aldehydes by the Strecker synthesis4. We have described a synthesis of aromatic a-amino acids 
based on the amidoalkylation of aromatic compounds with glyoxik acid - primary amide adducts such as a- 

hydroxyhippuric acid and N-methoxycarbonyl a-hydroxyglycin6. Since the amidoalkylation of aromatic 

compounds is an electrophilic aromatic substitution, it conforms to the aromatic substitution rules, and 
therefore derivatives that have meru directing groups, such as the carbonyl group at the puru position cannot 
be synthesized directly. Moreover, since the amidoallcyiation reaction is carried out in strongly acidic 
conditions we cannot prepare in a direct way 5b derivatives with a substituent that is sensitive to acidic 
conditions such as the vinyl group. But amidoallqlation of (2haloethyl)benzene should afford a p-(2- 

haloethyl)phenyIglycine (3), which appears as a useful intermediate in the synthesis of phenylglycines having 
a wide variety of substituents at the para position. 

The amidoallqlation of 2-chloro or (2bromoethyl)benxene with a-hydroxyhippuric acid (2a) in 
sulfuric acid as a solvent, afforded N-benxoyl-(2-haloethyl)phenylglycine as a mixture of onhu para isomers. 

The predominant pam isomer (3a, 3h) was separate4 in pure form by chromatography. The reaction of N- 
methoxycarbonyl a-hydroxyglycine (2b), as an electrophile, was carried out in methanesulphonic acid as a 
solvent, and gave N-methoxycarbonyl-p(2haloethyl)phenylglycine (3c, 3d), only. 

Elimmation of HCl from N-methoxycarbonyl-p(2-chloroethyl)phenylglycine (3c) and N-benxoyl-p 
(2-chloroethyl)phenylglycine (3a) was carried out in KOH/MeOH under reflux to give N-protected-p 
vinylphenylglycine (Sa, 5b). The vinyl group on the aromatic ring opens possibilities to introduce new 
functions by addition or oxidation reactions 
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+ 
RCOHii 

laX=CI ZaR=Ph 
lbX=Br 2bR=MeO 

LR=Pb X=Cl 4aR=Pb X=CI 
3bR=Pb X=Br 4bR=Pb X=Br 
3cR=MeO X=CI CR=MeO X=CI 
3dR=MeO X=Br 4dR=MeO X=Br 

CR=Pb X=CI 
CR=MeO X=Cl 

SaR=Pb 
5bR=MeO 

6aR=Pb 
BbR=MeO 

The addition of Br2 to Sb or 6b gave the 1 ,Zdibromo compound (7a, b). Other nucleophiles, such as 
thiophenol, acetic acid and methyl carbamate were added to the double bond, according to the Markovnikov 

rule, under acidic catalysis, to give N-methoxycarbonyl-p-I 1-(thiophenyl) ethyllphenylglycine (8). N- 
methoxycarbonyl-p-( 1-acetoxyethyl)phenylglycine (9). and N-methoxycarbonyl-p-[ l- 

(methoxycarhonylamino)ethyllphenylglycine (lOa, b). 
Oxidation of the vinyl group was carried out by different methods. Oxidation with m-CPBA in 

CHzCl2 gave the epoxide (11). Ozonolysis in CH2Cl2 at -78”~ gave the aldehyde (12) (identified as the DNP 
derivative). Reduction of the aldehyde (12) by NaBH4 in MeOH , gave the benzylic alcohol (13)s”. Oxidation 

of the vinyl group under basic conditions (to dissolve the N-methoxycarbonyl-p-vinyl phenylglycine (5b) in 

water) in the presence of KMn04 and NaI04 gave N-methoxycarbonyl-pcarboxyphenylglycine (Ma) which 

was hygroscopic, thus identified as dimethyl ester (14b). 

Cleavage of Mot , with no harm to the substituent on the aromatic ring, was achieved by using 10% 
HBr/ AcOH at 6OT for 1 h The hygroscopic hydrobromide was neutralized by propylene oxide in MeOH, to 

precipitate the free amino acid in its zwitterionic form. For this reason Mot was superior to N-benzoyl, as 
protecting group, as the later requires more drastic conditions for its removal. 

Using the above general method we have prepared p(2-bromoethyl)phenylglycine (16), p-( 1,2- 
dibromoethyl)phenylglycine hydrobromide (17), p-( 1-aminoethyl)phenylglycine (18) and methyl-p-formyl 
phenylglycine hydrobromide (19). Neutralizations of the monohydrobromides undergo smoothly. but when 
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we bad additiona? amine group (18), owing to the f&t precipitation of the xwitterionic fnm, the neutridization 
is not completed, thus poor analysis was obtakzd, however lH and l%l! nmr (in ~~~A) are supporting the 
structure. The chlorine analogue of 15 could not be obtained owing to exchange of the chlorine with bzunine. 

7aR=H 
‘fbR=Me 

lBaR=H 
IObR=Me 

e 1 
9 Me@CHN 

10pR=Me 
lObR=H 

Cleavage of the ~me~oxy~nyi group from ~-m~oxy~nyl-~~y~p~ylglycine (91) was 
accompanied by addition of HBr to give p-(I-bromoethyl)phenylglycine (20). However the p- 
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vinylphenylglycine (21) was prepared by subjecting p-(2-bromoethyl)phenylglycine (16) to elimination 
COIlditiOflS. 

The previously qxnted Stnxke$j synthesis of pvinylphenylglycine (21), using as a starting material 
a mixture of orrho : paru isomers (1:4) of the desired aldehyde, gave in low yield a mixture of two isomers. 

3dY=H,X=Br 

3cY=l&X=Cl 

7aY=X=Br 

lOaY=Me@CHN, X -H 

15 

17Y=X=Br 

16Y=H,X=Br 

18 Y = Br4H3N, X = H 

A 
MeoaCHN ame A 

Br-Hfk Cow 

12 19 

10% HBrl AcOH, 60 

Thus, we could prepare a list of new interesting para substituted phenylglycines in high purity and 
high yields. Identification of the free amino acid, described above, was made by I.R. and ‘H nmr spectra, 
every acid showed one spot on plate chromatography identified by ninhydrin. 
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Sb, 2.35 g (80%) of yellow oil. MS (HR): M’ 235.2 Ctdc. for C12Ht3N04 235.2391. tH mm (acetone-da) : 7.32 (d, W, J=7.3, 

aromatic protons). 7.22 (d 2H, J=7.6, aromatic protons), 6.87 (d, lH, J=7.4, NH), 6.69 (dd, lH, Jtsl7.7, J2=10.8 CH=) 5.5 (d, lH, 

J=17.5, =CH,), 5.31 (d, IH, J=7.7, CH-), 5.18 (d, lH, fill.0, =CH2). 3.54 (s, 3H, CH,qZC-). LR (CHC13): 3420,172O and 1500 

Cd. 

5% 1.4 g (0.005 mol) was esterified using the above esteriticatkm general method yiehhng C, 1.27 g (86%), mp. 131°C. MS 

(HR): M’ 295.1252 Cak. for CtaHj7Nq 295.1208. ‘H nmr (CDCl3) : 7.9-7.8 (m, lOH, aromatic protons + NH), 6.63 (dd, lH, 

31-17.6, J,=lO.S -CH=), 5.74 (d, lH,J=6.8, CH-), 5.67 (d lH, J=l7.5, =CH2), 5.23 (d, 1H. J=lO.6. =CH2), 3.67 (s, 3H, CH30.$- 

). 1.R (CHC13): 3420,2980,1740,1660 and 1500 cm-t. 

Sb, 7.05 g (0.03 mot) was ester&d as above yielding 6b, 7.0 g (93%) as a yellow oil . MS (HR): M* 249.1 Calc. for C13H15N04 

249.2658. ‘H nmr (CDC13) : 7.32 (d, 2H, k8.3, aromatic protons), 7.22 (d, W, k7.6, aromatic protons), 6.70 (dd, lH, J)=l7.7, 

J,=10.9 CH=), 5.96 (d, lH, J=7.4, NH), 5.75 (d, lH, J=l7.5, =CH2), 5.37 (d, lH, J=7.3. CH-), 5.26 (d, lH,J=l0.9, =CHZ), 3.72 

(s, 3H, CH3qC-), 3.54 (s, 3H, CH&CHN-). 1.R (CHC13): 3420,2980, 1725 and 1500 cm-l. 

Brz (3 ml, in excess) was added dropwise into the cold solution (O’C) of Sb, 5.0 g (0.021 mol) iu CH2C12 ( 50 ml) muter nitrogen 

atmosphere, and stirred for 30 mm. at r.t. The solvent was evaporated and the residue triturated in ether to give 7a, 6.7 g (80%) as a 

white solid, m.p. 160°C. MS (HR): M’ 392.9191.394.9227,3%.9192 Calc. for CL2Ht3N04Br2 392.9212,394.9191,3%.9171. *H 

nmr (DMSOd3) : 8.04 (s, lH, -NH-) 7.47 (d, 2H, J=2.5, aromatic protons), 7.39 (d, 2H. J=2.5. aromatic protons), 5.54 (dd, lH, 

J1=10.2, J2=5.7, CHBr-). 5.17 (d, lH, k8.3, CH-), 4.38 (t. 1H. blO.2, - CHzBr), 4.25 (dd, lH, Jt=lO.l, J2$.6, - CHzBr), 3.55 

(s, 3H, CH3O2C-). 1.R (KBr): 3400,174O and 1520 cm-*. 

7a. 9.89 g (0.025 mo1) was esterified ssdescrihed above yielding 7b. 9.4 g (92%). mp. 154T. MS (HR): M+ 406.9459,408.9501, 

410.9471 Calc. for Ct3HtsN04Br2 406.9480,408.9459,410.9439. ‘H umr (DMSDd3) : 8.19 (d, lH, J=7.8, -NH-), 7.47 (d, 2H, 

b2.5, aromatic protons), 7.39 (d. 2H, k2.5, aromatic protons), 5.34 (dd, IH, Jt=lO.O, J2=5.7, CHBr-), 5.29 (d, lH, J=8.0, CH-), 

4.38 (t, lH.blO.2, - CH2Br), 4.26 (dd, IH, Jt=lO.l,J~=5.8, CHzBr), 3.64 (s, 3H. -CO$H3), 3.57 (s, 3H, CH3O$ZHN-). LR 

(KBr): 3400.1740 and 1520 cm-t. 

BF?.OEt2 (2 mi) was added dropwise to the cold solution (0’0 of 6b, 1.23 g (0.00s mol) and thiopheuol(0.54 g, 0.005 mo1) in 1,2- 

dichlorocthaue (40 ml), under nitrogen atmosphere. The mixtnre was stirred at r.t. for 48 h. EtOAc (2OOml) was added, washed 

thrice with 10% NaHCO,, dried over MgS04, concentrated and chromatographed on a silica colunm. Elution with 19% 

EtOAc:hexane afforded 8. 1.39 g (79%) as an oil. MS (HR): M+ 359.2 WC. for CtsH2tN04S 359.4392. ‘H nmr (CDC13) : 7.17 

(m, 9H, aromatic protons), 6.03 (d. lH, J=2.9, -NH-), 5.32 (d, lH, J=2.9, CH-), 4.6 (q, lH, J=6.8, -C&ZH3), 3.60 (a, 3H, - 

CQLCH3). 3.58 (a, 3H. CH&CHN-), 1.53 (d 3H. J=6.8, -CHC&L 1.R (CHCl3): 3420.2920.1720 and 1500 cm’. 

H$O4 (1.5 ml, 96%) was added dropwise at 0°C into a solution of 6b. 2.1 g (0.099 mol) in AcOH (30 ml), aud stirred at r.t. for 48 

h then poured on crushed ice and extracted with EtOAc. The organic layer washed thrice with water and then with 10% NaHCt&, 
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d&d ova MgS04 and ~centmtcd to give 9,1.86 g (71%) 88 an oil. IH MU (CDC13) : 7.3 (m, 4H, aromatic ms), 5.97 (d, 

1H. H.81, -NH-). 5.83 (4. 1H, ti.44, -cfiCH,), 5.32 (d, lH, k6.46, -Cl+), 3.76 (a, 3H, CO$H3), 3.61 (s, 3H, CH3t&CHN-), 

2.04 (S,3H, ~3%‘%148 (4 3H, fi.44, CH!Z&h LR (CHC13): 3420,172O and 1500 cm-l. 

Hzm4 (1.5 ml, 96%) ws added dropwise at OOC into a solution of 6b, 5.668 (0.023 mo1) and methy1 c&m~to (1.73 g, 0.023 mol) 

in CHCl3 (60 ml), m&=~ ni@Wl rrtmObphere and stirred under mflux for 24 b, cooled extracted w&b CHC13, dcd titb wh 

@ h ktb 10% NaHCQ, tied ovcs MgSO4, and c~=M to &e a ~nde produCt that wp8 c~matogrpphed m 8 silica 

chma axon with 5% cpcetone: CH& affwled lOa, 5.8 g (69%) as II white powder, III+. 113~~. MS (HR): (~+~o+fe) 

265.1285 C&Z. for C13H17N204 265.2883 .‘H mm (CDC13) : 7.33 (m, 4H, -tic protons), 5.72 (d, lH, J+7, -NH-), 5.62 (bs, 

1H, -NH-), 5.31 (d. 1H. f=6.9, -Cl+), 4.79 (q. lH, &.6,4XCH3), 3.70 (a, 3H, CO$H3), 3.64 @,3H, CH30.$HN-), 3.62 (a, 3H, 

CH@@N-),1.42 (d, 3H, k6.7, CHGI& l.R (CHC13): 3430.2980, 1720 and 1500 cm-‘. 

loa, 1.38 8 (0.0042 mol) ~86 dissolved in MeOH (25 ml) containing KOH (0.28 g, 0.005 mol) and stir& at r.t. overnight. ne 

@&ant ww wrponted ‘k rssidut dimoh!ed in water sod acidified with 37% HCl, extracted with EtOAc, d&d over Mgg04, and 

~tmted to give lob, 1.13 g (86%) UI a whitep~wder, mp. 102°C. ‘H mm (DMSOd3) : 12.94 (6, lH, CRH), 7.92 (d, lH, 

H.0, -NH-). 7.70 (d, 1H. 67.92, -NH-), 7.29 (m, 4H, aromxtic protons), 5.09 (d, lH, J=8.0, -CH-), 4.62 (4, 1H, b7.22, - 

CHCW, 3.54 (s, 3H, cC’zCH3). 3.49 @,3H, CH3O#IN-), 3.48 (s,3H, CH&CHN-), 1.3 (d, 3H, k6.9, XHQI.$. LR (CHCb): 

3430,2980,1720 ml 1500 cm-t. 

6b, 3.22 8 (0.013 mol) W= disao1w-i in CH2C12 (60 ml) under nitrogen atmoqbere, mCPBA (2.93 g, 1.3 eq) was added and the 

mixhue Wu) !&fed under mflaX Ovtigbt, coded to r.t.,WWbed thrice with 10% NaHC@, drkl over MgS04, nod umc&m@d 

to give W3.12 g (91%) M a yellow oil. MS (HR): M+ 265.0993 Chk. for Ct3HlSN05 265.0951. IH - (Cm3) : 7.33 @, 4~, 

~mxtic protons). 5.8 (4 1H. m.8, -NH-), 5.31 (d, lH, M.9. CH-), 3.84 ( t, lH, &3, CHO-). 3.70 (s, 3H, Ct&CH3), 3.65 (a, 

3H* CH@ZCHN-), 3.13 (t. lH, H.5 cH@-), 2.76 (dd. lH, Jlti.3, J$2.9, CHP). LR (CHC13): 3430, 1720 and 1500 cm-t. 

6b, 4.898 (0.M m01) ~‘88 dimlved in CH$$ (90 ml), & coded to -78T. O~CXE, PN&A by omatur 120~. 5.5-6 p.s.i. was 

bubbled m the rsaCtiOn ~tme. until a blue color qparcd. The excess of oxone WLS removed by oxygen. DMSO ( 1.5 ml, 1.4 

eq.) was added and the mixture wamxxl to r.t., stirred for 3 h, wasbed with water, dried ovef MgS04, and concentrated. The crude 

oil was c~gmphed on a silica c&mm. Elution with 10% axtone: CH& athded l2,3.95 g (78%) as a white powder, m.p. 

1wC. MS (HR): M+ 251.2 C~C. for C12H13NOs 251.2384. ‘H ~IU (CLXJ3) : 9.97 (s, lH, CHO), 7.69 (d, W, ~~6.8, aromatic 

protoas), 7.43 (d, w, H.9, anxuhc protons), 5.95 (d, lH, k6.2, -NH-), 5.42 (d, lH, J=6.% CH-), 3.70 (s, 3H, C0.$ZH3), 3.65 

(s, 3H,CH3QCHN-). 1.R (CHCl3): 3420.1725 and 1500 cm-t. 

12,0.29 g (0.0012 mol) was dissolved in MeOH (18 ml), NaBH4 was added and the mixhue was stirred at r.t. for 1 h. water and 

CH2Cl2 were added The organic layer was washed with water dried over MgSO4, and conce&ated to give l&O.24 g (79%) &S e 

yellow oil. MS (HR): M+ 253.0996 Calc. for C12HlsNO5 253.0950. tH mnr (CDC13) : 7.24 (m, 4H, aromatic protons), 6.02 (d, 

lH, k7.3, -NH-), 5.27 (d, lH, k7.3 CH-), 4.54 (a, 2H, -CH20-), 3.70 (a, 3H, C02CH3), 3.65 (a, 3H, CH30$HN-), 2.92 (bs, 1H 

-OH). 1.R (CHC13): 3580, 3420, 2940,172Oand 1500 cm-‘. 
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5b, 2.35 g (0.01 mol ), using the deprotection general procedure, afforded 20,2.26 g (88%) ss s white powder, m.p. (dec.) above 

25O’C. ‘H nmr (RO+TFA): 6.31 (d, W, k8.03, aromatic protons), 6.29 (d, 2H, k8.02, ~~omstic protons), 4.09 (s, IH, -CH-), 

3.82 (q. lH, Jp6.42, -CHBr-), 0.33 (d, 3H, k6.35, CH3). 13C nmr (D,O+TFA): 172.2 (CO), 147.2, 137.41, 130.0, 129.2 

(aromatic carbons), 71.4 (CHBr), 57.3 (CC&), 25.2 (CH3). Analysis talc. for C~&I~INO~B~ C, 45.54; H, 4.69; N, 5.43% Found 

C, 45.6; H,4.68; N,5.27%. Rfl =0.44 

16,5.16 g (0.02 mol), using tbe elimination genexal procedure, affo&d 21,3.0 g (84%) es B white powder, m.p. (dec.) above 

MOT. IH nmr (QO+TFA) : 6.11 (d, W, M.03, aromatic protons), 5.8 (d, 2H, k8.02, aromstic protons), 5.05 (dd, lH, 5p16.6, 

J,=lO.9 -CH=) 4.18 (d, lH, k17.5, =CH2), 3.67 (d, lH, klO.9, =CH2), 3.50 (8, lH, CH-). ‘3C nmr (&O+TFA): 172.52 (CO), 

147.2 (aromatic carbo@. 141.6 GH=CHz), 137.8 (aromatic u&m), 132.4 (CH=U-12), 130.4.129.3 (aromatic carbons), 58.4 (C- 

C%). Analysiscalc.forC~&~Nq2.W20 C,56.32;H,5.2;N,6.56%Fo~dC,56.44,H,5.32;N,657%.~=0.48. 
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