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Mrewc-The ureidoalkylation of benzene. tolucnc. xykne. anisok. phenol. acetanilide and chlorohenzene with 
N.Ndimethylureaglyoxytic acid adducts I and 6 gives substitukd N.Ndimethylcarhamoyl~ut.~phenylglycine. The 
oxyalkvtatlon of benzene with nlyoxylic acid. methyl glyoxylare and methyl dinwthoxyacetate is also described (KC 
Table i). 

-. 

Recently we have described the reactions of ureas with 
glyoxylic acid which led to the formation of hydantoic 
acid (I) and allantoic acid (6) derivatives.’ We have now 
tried to use these urea-glyoxylic acid adducts in the 
ureidoalkylation of aromatic compounds. 

Reacting methyl &6dimethyl-u-methoxyhydantoate 

(I) with benzene in methanesulfonic acid at room 
temperature gave a mixture of products. To our surprise 
the main reaction product was not the expected 
derivative of phenylglycine 2 but the oxyalkylation 

product methyl a-methoxyphenylacetate (3). Oxyalk- 

ylation products were not observed in the amidoalk- 
ylation of aromatic compounds with amide-glyoxylic acid 

or carhamateglyoxylic acid adducts.’ 

These results were further confirmed when we rc- 
peated the ureidoalkylation of benzene with methyl 

G.b-dimethyl-a-hydroxyhydantoate. In the second case 

we obtained only 1946 of the ureidoalkylation product 2 
together with methyl a-methoxyphenylacetate (J), 

methyl mandclate (4) and methyl diphenylacetate (5): 

.Me(~H-CO,ME + PhH- Ph-CH--CO,Me 
I m.u* I 

NHCONMe, NHCONMe, 

1 2 (2096) 

Ph<H-CO,Me + Ph-CH<O,Mc + Ph,CHCO,Me 
I I 

OMC OH 

3 (67%) 4 (6%) 5 (6%) 

In order to increase the yields of the ureidoalkylation 
products and reduce the amount of oxyalkylation. we 

tried to ureidoalkylate aromatic compounds with methyl 

G.SJ’J’-tetramethylallantoate (0.’ It was indeed found 
that the bisadduct of methyl glyoxylate and N,N- 
dimethylurea (6) will ureidoalkylate toluene. xykne. 
anisole and phenol in trifluoracetic acid at room 
temperature to give the substituted phenylglycine 7 in 
SO-!W% yield. The free allantoic acid 6a reacted similarly 
with the aromatic compounds. 

The reaction with benzene and chlorobenzene were 
carried out in methane-sulfonic acid and concentrated 
sulfuric acid respectively to give the expected phenyl- 
glycine derivatives in 53 and 39% yield. Acctanilide 
reacted in trifluoroacetic acid to give only 23% yield of 

r,* 
(Me,NCONH),CHCO,R + ArH - Ar-CH-CO,R 

Pf I 
6: R=H 

b: R-Me 
NHCONMe: 

7 

7a: Ar = Ph; R = H’ g: Ar = AcNHPh; R = MC 
b: Ar - Phi R - Me’ b: Ar = MeOPh: R = Hb 
c: Ar - MeC,H,; R - Me I: Ar = MeOPh; R = Meb 
d: Ar = McC,H,; R = H j: Ar=HOPh;R=H 
c: Ar = p-McJ,H,: R = Me k: Ar = CIPh: R = H‘ 
I: Ar= AcNHPh; R = H I: Ar = CIPh; R = Me’ 

The product was obtained only if rhc reaction was carried OUI rn 
MSA and no1 in TFA. “The expected product was obtained even in 
DCA (dichloracetic acid) II room temp. for 24 h. ‘TM reactron was 
carried OUI in concentrated sulfunc acid. 

product. Tire monosubstituted aromatics afforded a 
mixture of orlho-pora isomers and the para isomers 

which predominated were obtained pure on crystal- 

lization or chromatography. 
The fact that in some of the ureidoalkylation reactions 

even then allantoate 6 afforded mandelic acid and 

diphenylacetic acid as by products encouraged us to 

attempt oxyalkylation of benzene with glyoxylic acid 
itself, methyl glyoxylate and methyl dimethoxyacetate.’ 
These non-nitrogenous compounds can be formed by the 

hydrolysis of the allantoates or hydantoates. The reac- 
tions were carried out in methanesulfonic acid at room 

temperatures using a five fold excess of benzene over the 
glyoxylic acid derivative. The results are summarized in 

Table I. 
In all cases we obtained a mixture of mandelic and 

diphenylacetic acid derivatives. The ratio of the two 

types of product varied from 3: I in the case of methyl 

dimethoxyacetate (experiment I) to I :2 in the case of 
glyoxylic acid itself (experiment V). Methyl mandelate 

and methyl cl-methoxyphenylacetate, which are probably 

the hrst formed products, were found to react further with 
benzene under the same experimental conditions to give 
methyl diphenylacetate (experiments II and IV). In the 
case of methyl glyoxylate hemiacetal (experiment II) the 
ratio of methyl mandelate to methyl a-methoxypheny- 
lacetate was about I :3 probably because the hydroxy 
group is a better leaving group than the methoxy group 
under the acidic conditions used. 

Methyl N.Ndimethylcarbamylphenylglycinate (2) was 
found to be stabk under the reaction conditions used. It 
did not react further with benzene or methanol in 
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Tabk I. 

111. m-o(-ayh II 278 7JI ?Q\ 

&D 

IV. Ph-M-cO2lC II M\ 899\ 

rim 

V. wx 2cH-co~ II_ a-oMo2H 

&i 

l Ph2w02H 91@ 

$s5\ 658 

metharwulfonic acid ad cannot be an intermediate in 
the formation of the non-nitrogenous products. 

Gaeml. Mps are uncorrcc~ed. The IR spcc~ra were recorded 
on Petkin-Elmer 237 spcc~ropboIomcIer. NMR spccwa were 
0b1ainc-d on a Varian Tdo spccIromeIer. Cbcrnical sbifls are 
rcportld in ppm down6eld from TMS. 

Reacfion of methyl a-methoxy-b.b-dimethyl hydankwre (I) 

with benzene in m&anu~lfonic acid (MSA). To a cc&d and 
stirred suspension of melhyl a-melboxy-A.gdim&ylbydanIoaIe 
(0.9S g. O.OOS mole) in mcIha0rsulfonic rid (5 ml) tire was 
added benzene (2.S ml). Afta stig at room ~crnp. for 24 br the 

sohhon was poured into crusW ice (IOOg) and cxIracIcd wiIh 
EtOAc (2 x SO ml). The organk layer was was&d wilh aqueous 
NaHCO, (IOml. IM). wi~b wakr. dried over MgSO, and 
evaporated IO dryness IO give O.Mg (80.4%) of a yellow oil. 
According IO TLC (CHCI,. AhImina) and Ihc NMR spccvum the 
crude oil was a mix~urc of 4 componmIs: I. Methyl dimerhyl- 

corbnoyk~.-pheny/glycinafe (2. 20.3%) m.p. IOS--106’; IR 
(CHCIJ: 3490, 1735. l6SO and I49S cm-‘; NMR (CDCI,) i3: 7.41 
1s. SH): S.S6 (d. IH, J - 7 c/s): 5.4 (d broad. IH); 3.74 (I. jH); 2.53 
(s. 6H): MS (HR): m/c 236.1170 C,IH,,N,O, c&d 236.1160. 
(Found: C. 61.13; H. 6.79; N. 11.90. C H N 0 requires: C. II 1, I 3 
61.00; H. 6.83; N. t 1.86%). 2. Methyl a-mefhoxyphenylacetarr (3. 

67.2%. IR ICHCI.): 2990.29SO.2930.2890. 1745 (CO1 14%. 1270. 
ll7S. .lllO. and ‘iOlS cm-‘; NMR. (CDCI,) 6; 7.U (d. SH. 
J = 5 c/s); 4.81 (s. 2H); 3.73 (s. 3H. CO,Me); 3.43 (I. 3H. OMe): 
MS (HR): m/r 180.0396 &HI+& calcd 180.0786. 3. Why/ 
diphmyloctiate (5. S.896). m.p.: S9-6t’; IR (CHCI,): 3030. 2960, 
173s (CO). t600.149S. IJSS. t440. l3SS. 1310.1280.1280. IISS and 
IOlScm ‘, NMR CCDCl,, 6: 7.3s (I. IOH); S.06 fs. IH): 3.72 fs. 
3H); MS (HR): m/e 226X&63 &H,,Or calcd 226.0893.4. Methyl 

a-hydmxyphenykrcetolc (4. S.8%). IR (CHCI,): 3OS0, 2!&0. 173s 
(CO). 1440. 1230. IO70 and 98Ocm”; NMR (CDCI,) 6: 7.40 (I. 
SHl: 5.19 (s. IHl: 3.72 (I. 3H); MS (HR): m/e 166.0639 C&O, 
calcd 166.0630. 

Rear-bon of meihyl a-hydroxy-d.b-dimahylhldanroaIr with 
benzene in MSA. A mixlure of melby1 a-bydroxy-d.bdimetbyl- 
bydantoate (0.88 g. 0.00s mole) md benzene (2.5 ml) in MSA 
(S ml) was ~rcatcd as described above. Tbc crude oil (0.61 g. 
61.4%) was a mixnrrc of meIbyl dirnclylcarbamoylpbenyl- 
glycinale (2. 18.7%); mc~byl a-mcthoxy pbenylacecrcc (3. 29.2%). 
mctbyl mandelatr (4. 26%) and mclbyl dipbenylace~a~c (5. 26%). 

Unidoaihyhioa of ammaGc compoudx with allarlwres in 
mnhanesulfonic acid. General procedure A. To a cookd ad 
&red suspension of b.d.b’.g’-trtnmclbyWlon~oi acid or iIs 
meIbyl eskr (6. 2.466, 0.01 mok) in MSA (IO ml) there was 
added the aromatic component (0.02a.OS mokl. The suspension 
was stincd aI room Iempcraturc for 24 b. poured inIo crushed ice 
(100~) and ex~racrad wilh EIOAC. 

~m*hylcorbomoyl-ol.-ph~yfgfycine was prepared from 

&&d’.b’-IcIrameIhylallanIoic acid (6) and benzene by rhc 

general procedure A. The cr& product (54%) was chroma- 

100nphcd over a silica column and ehrtcd wiIb CHCI,. Tbc pure 
acid melIed at l3l-l33Y JR (CHCI,): 3430. 1730. 1640 and 
ISOScm-‘; NMR (CD&l 8: 9.49 (s. IH); 7.40 (s. SH); S.SS 
(s + m. 2H); 2.8s (s. 6H); MS (HR): m/e 222.0970 calcd for 
C H N 0 222.OtO4; (Found: C. S9.S7: H. 6.34; N. 12.SS. II I. I , 
C,,H,,N@, requires: C. S9.U; H. 6.3s; N. 12.60%). 

Methyl dim~hylco~moylphcny~yc~~e WYPJ prepared from 
me1hyl6.6.6’.b’-teuomcIby~nI~Ie and benzene by lbc general 
procedure A. The crude esIcr (41%) was IriIuraIed wiIb bcxam 
and crystallized from eIbyl acetate-hexme: m.p. IOS--106’. The IR 
and NMR spcc~n are described above. The aqueous NaHCO, 
solution was a&l&d amJ cxlfpcrad with ethyl acc(lIe IO giv; 

21% of Ibc acid 7a bri& tbc overall yield IO 62%. Tbc mcIbvl - _ 
eskr 7b was hydrolyzed in mcIhano& KOH aI room Iem- 
pcrature IO give an acid (m.p. l3l-l3m idcnrical wiIb ?a. (IR. 
NMR and mixed m.p.). 

Ureidoalkyla~ion of ammolic compovndx with allan~oa~er in 
&oroaceIic acid (WA). Genera.! procedure B. To a cookd 
(ice-wrkr) and well stirred suspension of methyl 6.6.6’.6’- 
~c~rame~bylallan~oatc 0 or the free acid b (0.01 mokl in TFA 
(IOml). there was added tbc aromatic componenl (0.02- 
0.0s mole). The suspension was &red aI room Icmp. for 24-U3 b. 
poured inIo crusbcd ice (IOOg) and extracted with EIOAc. Tbe 
organic phase was w&d with water (3 x SOml). aqueous 
NaHCO, and dried over Mm,. 

Methyl dimahylcarbomoyl-pmethylphayl~iycina~e (7~). This 

compound was prepared from melbyl ahn~oa~e (b (2.46g. 
0.01 mokl and tolwm (S ml) by Ibe general procedure B. The 
crude producl obtlinod afrcr 48 b (I.1 g. 88%) was according IO 
Ibe NMR a mixlure of porn-ottho isomers (3: Il. Trituralion and 
crysullization from ethyl acetetc-beune aIlorded the pure porn 

isomer: m.p. 1175I IS’; IR (CHCI,): 3430. 30% lsbl: 298s. 2950. 
292S. 173s. 16S0, ISOO. IJ40. 1-W. 1310. 117Scm ‘, NMR 
(CDCI,) 6: 7.51-7.11 (m. 4H); S.54 (d. J -6.5. IH); S.4 (sb. IHl; 
3.7s 1s. 3H); 2.9S (I. 6Hl. 2.37 (s. 3H): MS (HR): m/e 2SO.1317 
calcd for C H N 0 2SOUo.1317; (Found: C. 62.49; H. 7.19; h’. ,, II 2 3 
11.1s. C,,H,.N,O, requires: C. 62.38; H. 7.2S; N. 11.19%). 

‘_ .-. - _ 
Tbc free acd ld fyi prepared by reacling the allanloic acid 6a 

with Iducne by ~bc general procedure B. Tbc acidificalion of the 
NaHCO, soh&n and exwaction into EIOAC aI7orded 2.3Og 
(92.S%) c&c consisling of a mixture of isomeric pam and onho 
ureidoakylaIcd acid in a radio of 3:l. TriIuraIion wiIh erbcr 
enahkd he separuion of isomers, from which ~hc main 

~crm-isomer could be reavsIallizcd for analysis. from cIbyl 
kc&~ m.p. 17l’C. JR (KB;): 336s. 3OSO (sb).~29SO. 2915. 28jO 
(shl. 2480 (tic). 1720. lS9S Wlel. tsis. 141s. 1390. 131s. 1240. 
121s. 1190. 1180. 98s. 925, 770. 73Ocm”; NMR (DMwl 6: 
7.37.7.21 (ABq. J - 8.4H). 6.51 (d. J - 8. IH). S.26 (d. J - 8. IHL 
3.85 (s. 6H). 2.32 1s. 3H); MS (HRl: m/e 236.1162 calcd for 
C H N 0 236.1161. (Found: C. 60.86; H. 6.69: N. 11.79. IZ 1‘ I , 
C H N 0 requires: C. 61.00; H. 6.83; N. 11.86%) II 1, 2 , 
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and acid&d with HCl cont. to give a whiIe oily solid. The solid 
was again extracted into ether which after water extraction and 
drying (&SO,). was evaporated to dryness to yield I.739 
(90.6%) yellowish oil idcntifted by NMR as a mixture of 
diphcnylacetic acid (65.0%). and mandelic acid (3S.096). 

Reacrion of mtrhyl maaddau vilh btnxtnt in MSA. To a 

weighed sampk of methyl mar&late (1.66~. 0.01 ml kept at 0’ 
was added IO ml MSA and S ml benzene. The colored suspension 
thus obtained was stirred 24 h at ambient temp. it was then 
poured into 100 ml ice ad extracted with ethyl acetate (100 ml. 
2 x 50 ml). The colored organic layer was washed with aq. sodium 
bicarbonate. with water, dried over MuSO, and evaporated to 
dryness to alTord I.91 (84%) crude methyl diphenylacetiu. as an 
oil. identifkd by its physical daIa IR (CHCI,): 2930. 1735. 1600. 
IWO. 1455. 1435. 1355. 1155. 102Ocm ‘; NMR (CDCI,) 6: 7.34 (s. 
10H); 5.06 (s. IH); 3.73 (s. 3H). which upon standing solidified. 
From the water phases 0.09Og (4.2%) diphenyl acetic acid NMR 
(CDCI,) 8: 9.63 (I. IH). 7.34 (s. IOH). 5.06 (s. IH) wu obtained as 
well. 

Rtacrion of mclyl a-mtrhoxyphtnykactrarrc vilh btnztne in 

MSA A (0.628 g, 0.0033 ml sampk of methyl u-methoxypheny- 
Iacetate was chilled before being dissolved in 3.5 ml MSA and 

combined with l.7ml benzcoe. The reaction suspension was 
allowed to stir at room temp. for 24 hr. It was then poured into 
-75 ml ice to form a colored oil which was extracted into ethyl 
acetate (100 ml. 2 x SO ml). The extracts were washed with aq. 
NaHCO,(IN). with water, dried over MgSO, and concentrated 
under reduced pressure to yield 0.52 g (69.4%) crude composed 

of methyl diphenylacrtate aod unreac~ed starI& ma~cnal in ratio 
74.0% IO 26.0% rcording to cbc NMR of the sample, or 53.6% 
oxyalkylalion product. The acidic phase was combined with the 
bkvbona1e extract and after x&cation HCI (cont.) and 
extraction into ethyl acetate; again traces of both above 
hydrolyzed compounds were identifzul by NMR. 

On Ihe rrabi./iry of mtihyl N.N-dim~hyfco~amoylphtny/- 

glycinofe (7bl. 7b (1.28g. 0.005 mall was added together with 
2.J ml benzene 10 5 ml MSA aI OT. The resulting suspension was 
allowed to stir aI room temp. for 24 h and poured into ice. 
extracted into EIOAC. and with aq. sodium bicarbonate. From 
tbe neutral fraction 0.841; (65.8%) crude solid was obtained 
identified as slartinp nuttrial m.p. 1025IW. NMR (CDCI,) 6: 
7.39 (I. wide, 5H); 5.4 (d. J - 7. IH) under NH. 3.73 (s. 3H). 2.93 
(s. 6H). From the bicarbonate extract an acidic fraction was 
&aioed. 0.34g (30.6%) as an oil. showing the NMR of the 
hydrolyzed starGn.g material, which under EtOAc-pet. ether gave 
0.2100 (19%) start& mat&al m.p. UK. NMR (CDCI,) 6:-10.1 
(IHl. 7.38 (s. SHl: 5.35 (m. CH. NH. 2Hl. 2.8 (s. 6Hl. oure acid. 
The important conch&n of this experiment is that t& product 
U stabk to further alkylation but sensitive to hydrolysis which 
can be u high as 31%. 
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