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Abstract--The synthesis of N.acyl derivatives of aroma&c o-ammo acids S by rhc amdoalkylahons of aromatic and 
hetcrocychc compounds ulth glyonylic acid amide adducts is described. 

Aromatic amino acids of Ihc phcnylglycinc type (I) have 
found applications in the synthesis of semisynthetic 

pencillins and ccphalosporins.’ Phcnylglycinc, p. 

hydroxphenylglycinc and 3,5-dichloro-% 
hydroxyphcnylglycinc arc also present in the cyclic 
dcpsipeptidcs Enduracidim A and B.’ These amino acids 

are generally prepared from the corresponding aldehydcs 
by the Strccker synthesis. 
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In the course of a study on the chemistry of cyclic 
acylimincs and Z-alkoxylactams it was found that 
S-methoxyhydantoins (2) will amidoalkylatc aromatic 

compounds in the presence of an acid catalyst IO give 

S-substituted hydantoins (3) which arc known as synthetic 
precursors. or derivatives. of n-amino acids:’ 
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The cyclic structure of the hydantoin is not essential for 
the amidoalkylation of aromatic compounds. We have 
synthesircd a number of open chain glyoxylic acid amide 

adducts of type 4 and found that they all will amidoalky- 

ArH 4 HO--CH-CO..H 
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a: U = Ph 
b: R PhCH, 
c: R-!&O 
d: H = PhCH,O 

NHCOPh 
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.: R r Me 
b: K = CO,H 

late aromatic and hcterocyclic compounds (Table I) IO 

give. under acidic conditions. acyl derivatives of amino 

acids of type 5. 
The glyoxylic acid-amide adducts (4) were prcparcd. in 

high yields. from the commercially available glyoxylic 

acid hydrate and primary amides or primary carbamates.’ 
The amidoalkylations of !hc less reactive aromatic 
compounds such as chlorobenrcnc. benzene. Iolucne and 

acctanilide were carried out in cont. sulfuric acid at room 
temperature for 48 hr IO give ~hc concsponding h’-acyl 
derivatives of phcnylglycinc. pchlorophcnylglycine, p - 
mcthylphcnylglycinc and p -accIamidophcnylglycinc in 
7&90% yield. In the case of the monosubstitutcd aromatic 

compounds Ihc crude product was. according IO the NYR 
spectrum. a mixture of orrho and pora isomers. The poru 
isomers which predominated were obtained pure on 

crystallization. The more reactive aromatic compounds 
naphthalcnc. anthraccnc. anisolc. phenol and Ihlophcnc 
were amidoalkylatcd in a IO% (r/v) tulfunc-acetic acid 

mixture at room temperature for 4X hr. In the diluted 
sulfuric acid mixture the adduct of be@ carbamate- 

glyoxylic acid is stable and can be used in Ihc 
amidoalkylations of the more reactive aromatics. p- 

Cresol and p -hydroxybenzoic acid afforded in addition IO 

the normal product the neutral coumaranoncs 6 in 65 and 
42% yield. 

Furan and S-methylfuran, which arc very scnsitivc IO 

acidic conditions, were found IO react with methyl a - 
mcthoxy - S - benzyloxycarbonylglycine 7 in dry ether at 

room temperature and in the presence of boron Itifluoride 

clheratc IO give the products 8 in 67 and 84% yield. 
The crystalline furylglycinc derivative 8s was hydrolyzed 
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a. Ar = Ph. 
b: Ar - Ph. 
c: Ar = p-Me<‘.,H.. 
d Ar = p-C’I<‘.H.. 
c: Ar r p-AcNHC,H.. 
I: Ar - p.UeOC’.H.. 
g: Ar - p-HoC,H.. 
b: Ar - C,,H.. 

R = Ph 
R - PhCH: 
W -Ph 
W : Ph 
K -- Ph 
W .- Ph 
R - Ph 
R :Yeo 

I: Ar - C,.H.. R-M& 
j: Ar - p-HM.H.. R - PhCH:O 
k: Ar = C.H.S. U -- Ph 
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t:  R ~ H  
b: R = M e  

to the Cbz acid which was further hydrogenated to 
c~ -tetrahydrofur ylglycinc. 

I t  was also found that glyoxylic acid bis ethyl 
carbamate (10) will also amidoalkylate benzene, 
chlorobenzene and acetanilide to give the corresponding 
N-carbethoxyphenylglycines. Under the same experimen- 
tal conditions, cone. sulfuric acid, glyoxylic acid hisbcn- 
zamide did not react with benzene or chlorobenzene. 

ArH • (EtOCONII) :CH( 'O:H . . . .  Ar - ( 'H .CO: I [  
I 

NH('O.,EI 

I0 

=. Ar ~ p--('K:,H, 
b, Ar -- p. AcNHC, H. 

EX I~.RIM EN'TA 1. 

M.ps arc uncorTcctcd, IR spoctra were recorded on a 
Pcrkin-Flmer 237 spectrometer and NMR spectra were ohtained 
on a Vanan T-60 spectrometer. 

Starting materials, a-Hydroxyhippuric acid. a - h~,drox.~ - N - 
benzylox~.,carbonyl glycine and methyl a • methox', - N - 
bcnzyloxycarbonylgl~.,-cinate were prepared from gbox~,lic acid 

and bcnz~smid¢ or bcnzyl carbamatc respectively.' (H.voxylic acid 
his ethyl carbamat¢ {9) was prcpa~ed from glyoxylic acid and ethyl 
carbamat¢." 

a.Hydroxy-N.phenylacetylxlycine (4b) 
A mixture of phenslacetamidc (6.7.~ g 0.05 mole) and glyox~,lic 

acid monohydrate [5.5 g 0.0 '~ mole) in acetone 175 ml) v,a,, rcfluxed 
overnight ( 17 hrL The solvent ~,a~, evaporated and the residue was 
triturated with dr) ether. ]'he solid was filtered off and v, ashcd 
with dr~- ether; yield 8. I g (77%); m.p 90-9V; IR I KBrl 34.~0 . 3000; 
1700 and 163~cm '; NMR H)MSO.d,,k ,5 8.91-8.73 (d. J = gHz 
IH) 7.31 (s, SIt) 5.L'~L~ (t. illL 3..~ (s. 2HL (Found: C. 57.6.~; H. 
5.44; N. 6.66. (.'.~H. ,NO, require: C. 57.41; H. 5.30; N. 6..,7(~,,r L 

a-Hydn~xy.N-methoxycar~m~lRl)cine (,$c) 
A mixture of meth~,l carhamate (7.5 g 0.01 mole) and glyoxylic 

acid m(mohydrate (9.2 g. 0. | mole) in dr) ether (I00 ml) ~ a,, stirred 
at room temp overnlght. "I'h¢ cr,,stallin¢ product was filtered off 
and washed with dr) ether to give 13.0g (86c;) adduct; m.p. 65 °. 
IR {KBr) 3.~4--330(~ Ib~r, id). l",O0 and |.~50cm '; NMR(DMSO- 
~): 6 ",.83 (d. IH, J =9HzD, 5.2 (d. IH. J 9|[zK 3.6 qs.'~HL 
(Found: C. 'H .87; H. 4.'Ls; N,9.21. C,H.NO, reqmres: C, 32.22; H, 
4.73: N. 9.41Y~ L 

Amidoalkylalu)n o/an)matics" 
Procedure A. To a ctx)lcd ([Y) suspension of the adduct 41~:1 

10.02 mole) in cone. H,SO, (20 ml. Merck 96,~) there 'aa,, added 
with ~tirring the aromatic component 10.03.-0.B~moleL Stirring 
v, as continued for 48hr and the mixture ~a,, poured into ice and 
extracted with EtOAc. The Et()Ac ,,oln was washed with water 
dried over MgSO, filtered and c~aporated The residue obtained 
alter the removal of the sol,,ent v,a,, triturated with ('CI, filtered 
and cryst;dlized from EtO.A.c-Iight petroleum. 

Pn~cedure B. I"o a cooled (0 ~) suspcn,,ion of the adduct 41--<1 
(0.02 nmle) in a mixture of H,SO, (2 mh AcOH (lgml) there v, as 
added v, ith stirring the aromatic component 10.03.,q.04molel. 
Stirring was continued for 48 hr and the mixture was treated as 
described alX~v¢. In the case of the ]es,, volatile aromatic,, the 
product,, were purified b) alkali extractwm and rcacidlfication 



p.Crcsol l6.4g 0 06mokt *a\ amidoalk}blcd wlh n. 
hydroxyhippuric acid I’ II? p 0 03 mole) in H,SO.-AcOH mixlure 
(30 ml) a dcwnbcd above in procedure H. Dr) ether ((0 ml) was 

added and the sohd uhlch separated ua\ fillered. tnrurarcd u-i!h 

c1hcr and fihercd alam II was cr)slalhxd from IirOAc-lighl 
pcrrokum m.p !!lL!?T: vlcld 5.X 165.Wl: IR rKHrl: ~30. I&. 
1670 and I?Wcm ‘; NMk iCIX’I, . l’l-.A). 6 6.93-7.96 im. 9Ht; 
5 63-c 85 Ed. IH. J - : tfr,. ? !? i\. ~HI tlwnd ( ,71.4X: H. J V!. 
N. 5.12 (‘,,H,,h’O, requires: (‘. ‘1.90; H. 4yll. h’. 524%). The 

filrrarc uar poured Mao ICC * waler and cr1r;lctcd ulfh Er0.4~ 
i3 x 7.(mlt The orgamc lajcr was uahcd wth SaHCO,aq 
dcwMicd and crrraclcd agam u11h f30.4~ IO p~vc tC bcnzo~l ! . 
hydron! . .C mclh)tphcn~Igl)cinc utuch ua\ rccr!\ratlvcd from 
I~10Ac-l1gh1 pc1rokum iWMF?t. m.p IiL176’. yreld I73g 
l!OO%t IR (K&t: WO. 3160 ihroadt 1715. IhI’5 and l!lOcm ‘. 
SHR ((‘IX’I, .TFAt: d X 1531’5 im. 9H) 6?MlMl id. IH. 

J~7tfr,!..~1\.~tt,.1Fotmd.(‘.M.IT.H.(~n:N.J~.(’,,~f,.NO. 
rcqww C. h?.M. C.W: S. J.YI’;l 

Prrpuru~mn o/ coumurunont 6b ‘III\ compound ua\ prcpucd 

h! prtredurc A from p~h~drox~hcnzw acid (Z.? p 0 O! mole) and 
o-hydrokyhrppur~c acad II YCg 001 molct in IOml H:SO. 
Addlrmn of dr! ether ((0 ml, prciiprrrlcd 66 uhrch u-a\ hltcrcd off 
rrrruraled wih crhcr and cr!tr.dl~rcd from li10.4~ .ligh1 pcrrolcum 

(MM’): m.p _W_W; ywld I.Z!Z~I~!.!S;I. IR IKBrt !W-140. 
17% 1710. IfLlO. lb40 ;mtl IWIcm ‘: SStR ~CIXI,+TF’.%I: S. 
tL43-7.2: (m. 9Ht (65-5 83 im. IH). iFound. C. ho !I: H. 1 X9, ti. 
4 31 (‘,,H,,NO. rrqurrc\ f’. f4.M; t1. 3.?; N. 4 7151. 

To a win of methyl n melhun) S bcnr~lox)cartwn)l 
gl!cinc’ (7.5Yg 0.03 mok) m l?Oml dr! e1hcr ua\ added 

conuqucn1l! 6 ml RI;,. &crate tdr\l.) and 9 ml furan ldw.t The 
mixlure %a\ aged JI amtwn1 icmp for ? hr. and fhcn poured 
mlo a mixlurc of ElOAc IIOOmlt and tcc.s~luraicd I*‘aHCO. 

IWmlt ‘The aquccw\ phax ua> lurthcr cx1raclcd wr1h EIOAC 
i? x Wmll. 1hc orpamc cKrrac1 uas wd\hcd ui1h waler. drwd 
IMgSO. t and c\ apora1cd IO dr) ncs\ in I ocuo ‘The crude product 

wlidrfkd upm \1nndrnp. II ua\ chromarographed on ; tlon4 
ctdumn 1?2Cl p. f& IQ) mesh) and clurrxl ul1h bcn~crwme1h~knc 
chttndc f I I J. Trifura1mn ulih II& pc1rolcum erhcr afford& rtw 
cryslallinc prtduc1 (675 1 tituch melted al 78-W after cr)\lalllza- 
lion from ErOAc.hghhr pcrrolcum: IR ~(‘H(‘l,t 3410. 1710 and 
l?lOcm .: NMR ~Cfx‘l,): b. - 36 I\. !H). 6 14 id. ZH, J - 0 ‘, HI,. 
?.$I Id. IH. J = II Hz). .‘.I! I\. !Ht and 3.1: I\. ZH) If:t*nd. (‘. 

62.14. H. 5.17; E;. 4 WY (‘,.It 30. rcquuc\ (‘. 62.28: H. ‘.!3; S. 
C.&v2 I 

I‘o a win of mc1h) I LI lw I S bcnl) lo\!~;rr~)n!l~!cin;llc 

lZ.Rg 0.01 tnolc~ m 4Oml Eli)H fYWt ua\ added al once KOH 
10 7: p 0 01 I nwlc~ pcllc~\. I hc h)drol) \I\ u;i\ .rllo~cd IO procwd 

al amhcni remp during 48 hr. irhc pH of rhc win &wld tx kcpi 
ha\lcl. I’hc ICIO~I u.1, rcmoicd rn LCIC uo and 1hc rc\iduc 

diwlwd in *aicr f.Wmlt and uaxhcd ihrcc 1imc\ with c1tw 
I! < ‘II mll. ‘I hc aqucou~ ph;tw ~a\ added dropuw mlo an ~cc 
CWM ac~tl~c win of phoxphorlc .~cld t IIY; I lhc xldlc win UP\ 
cn1r.tckd wl1h I:10.4c I 3 p ‘( n1l1 .rnd 1hc iomhlncd cx1r;Ic1\ 
ua\hcd orxc ullh u.11cr. dncd o\cr 51gSO.. then c~afwraled IO 

drync~ in I’UCUO. ‘Ihe residue afforded af1a 1rrtura1un wrh e1hcr 
KI.V crude acid: m p. I?’ ” 

For an&w fhe acid u;1\ rc<r!\1alhrcd from mc1h\lcnc 
chloride. m.p I2J.5-l2!.V III can hc rccr!\1.dlrxd alw from 

Sfd)H m p. I!!-124.) IR I(‘H(‘I,I UIO. I-50 and I’lOcm ‘. 

SWR IUX‘I,) A IO.~(s. IHJ. :U)I\. !ll,.hJl IJ. ‘H. J 0 ()I/1 
< R01s. IH. hroadt. ‘.56rd I}i. J XHIJ. 5 161~ ?HI In I),0 1hc 
tk~ublcl al C6 rurncd mlo ;I \mplrl and Ihc w&1 .II ( K 
drwppcarcd. (Found (‘. f&l%. Ii. J ‘i, S. (20 (‘,,II..SO. 
rcqulrcx- (‘. 61 W. Ii. 4 76: N. C IK;I 

.\fzfhrl S hm:~/~~r~rurhrwtvl ( mcrhd .’ ~u~~/~/~~uw 
‘Thl\ compound wa< prepared from mc1h)l (I merho\! S 

~nrylo)c;rrtr,n!Igl~cina1c (C 06~. 0 02 mole) and .‘.mcfh! Ifuran 

17.2 ml. 0 08 molct m dr) c1hcr i1(0 ml, and m 1hc prewncc of HF. 
crhcnrc 14 ml, ;a\ devzntxd rltwvc Ihc 4) producr u hkh u.1, 

ohlamcd .Iflcr chromarograph! cr! \ialhtcd on Iri1u.llwn ullh 
hcxanc. VICIJ 84.5s m p Cl-!J-: IR t(‘H(‘l.) Ul(. I-J<. I’31 and 
l500cm : SMR KTX-I,,. d i.OR (5. ‘HI 6 3 td. III: J 7 1 Hlr. 
5 Y8 lm. IHI. 5.7 ishoulder. IH) 5.5 rd. IH. J 8 H~I. C.lY (\. !HI 
3.X Is. 3Hl ! 3 I\. !Ht. iFound. C’. 63 18; H. 5.52. h’. 43 
(‘,,H,.SO,rcquire~-(‘.63.M;H.!.6~.S.4.6~”r).MS~ m!r 303 

The mc1h)l c\icr ua\ h!drol)rrd 10 1hc corrc+ndmp (‘tv .~cld 
a\ dcwtbcd atwe. m p TL‘J’. IR 1(‘)1(‘1.1 ?VW. !J\O. I’W .md 
IWcm ‘: NHR lCDcI,t d 7 36 is. SH). 6.28 Id. IH. J - 3 HI,. 

5 YI Id. 31. J 1 lb,. 5 46 rd. IIf. J Y ){/I. ( I: I\. 2tI1. 2 2: I\. 
3H) IFtwmd c‘. 62.45; H. C.41; S. J.‘( (‘,.H,*SO% rqwrc\. (‘. 
h- ‘X H 5 ‘3 ?1. J.w;l --, * -. 
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