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Abstract-A number of N-(3-methyL2quinoxaloyl) ~-a-amino acids and esters, and their 1,4dioxides have been 
prepared. The quinoxaline derivatives of aliphatic and aromatic ~-a-amino acids exhibit enantiomorphic CD spectra 
in ethanol as well as in ethanolic KOH. However, the corresponding quinoxaline-l&dioxide derivatives of the 
L-a-aliphatic and ~-a-aromatic amino acids show, in organic solvents, similar CD spectra. This bhaviour is 
attributed to differences in conformational equilibria in both the quinoxaline and the quinoxaline_1,4_dioxide sefies, 
NMR and mass spectra of t’.cse compounds are discussed. 

Quinoxaline-1,4-dioxides recently received considerable 
interest as potent antibacterial agents,’ while some 
quinoxaline-peptides exhibit antibiotic and anti-tumour 
activity.* Of current interest also is the study of the 
chiroptical properties of heterocyclic and bio- 
molecules.‘” During our work on heterocyclic derivatives 
of peptides, we have prepared several optically active L- 

a-amino acid derivatives containing these heterocyclic 
ring systems, and we describe here their synthesis and 
chiroptical properties. 

The dioxides III (R=H, Table 1) have been obtained by 
the reaction of N-acetoacetyl L-a-amino acids I (R’=H) 
with benzofuroxan (II).’ The best yields were obtained 
when the reaction was carried out in triethylamine- 
methanol. Compounds I were obtained from the reaction 
of the corresponding amino acids with diketene in an 
alkaline medium. 

Reduction of the dioxides III with sodium dithionite’ 
gave the corresponding quinoxalines IV (Table I). The 
methyl ester analogues of III (R’=Me) and of IV (R’=Me) 
have been obtained either by direct methylation with 
diazomethane, or by starting with the methyl esters of I 
(R’=Me). 

As the reaction conditions are quite mild and the center 
of chirality is not affected, all the above compounds are 
expected to be optically pure. This was ascertained by the 
fact that a sample of compound Sa showed no detectable 
racemization after dissolution in triethylamine-methanol 
for two weeks at room temperature. Furthermore, optical 
purity was determined for 12b, as a model compound of 
the quinoxaline series IV, by NMR using (tfc),Eu as the 
chiral lanthanide shift reagent (LSR method).* It can be 
seen from Fig. l(a) that the DGlZb shows two resolved 
enantiomeric singlets for the methyl ester protons. and 
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Table I. Analysisandphysicaldataof III and IV 

Molecular 
9 

yP& 
POmOll recrgst. Yield 96 AMl.we* 

s0ltsnt % ,kzI!j c. Ii. A. 

Ia c C14E15A306 225(dec.) 65 +9o.7O rsquimer52.34 4.71 13.08 
(MI round r51.94 4.79 13.11 

b ol3?3"3o5 2OO(dec.) 51 56.80 mqulresr53.61 4.50 14.43 
00 roulld t53.03 4.47 14.42 

2b 170 ,./ C14H15"3O5 72 +59.6' raqu1resr55.08 4.95 13.76 
(M) round 155.X 5.02 13.70 

2 C16H19H305 2O6(dec.) 68 +52.9' requlrea:57.65 5.75 12.61 
U) found :57.69 5.80 12.52 

c '1$21'3'5 132 40 +29.2o mquina:58.76 6.O9 12.10 

(W + Y) found 158.39 5.99 l.2.07 

44 c16E19u305 152(&c.) 62 +70.80 mquims:57.65 5.75 12.61 w 
co + PI r0uod 157.90 5.64 12.62 

4b c-' '1$21"3'5 129 45 a.70 requireer58.78 6.09 12.10 
w + M) round :58.84 5.98 11.96 

2 '2#19'3'5 143 6o l 19.40 requires: 62.98 5.02 11.02 
(MI round : 62.96 4.94 11.10 

2 C21A18R405 lffl(dec.) 85 +5O.6' requires: 62.06 4.46 13.79 
W) found t 62.12 4.42 13.88 

2 c23H20R405 172 62 +120.6' requires: 63.58 5.10 12.90 
(MI found : 63.39 5.24 12.97 

8a lyC(dec.) 57 +28.3' c '19?7'3'6 requires: 59.52 4.47 10.69 
(MI found : 59.70 4.55 10.88 

12 cl$21"303 67-68 86 43.2' requirea: 64.74 6.71 13.32 
(P) found t 64.71 6.71 13.49 

12 c16H19"303 177-178 74 +39.1° requires: 63.K' 6.36 13.95 
&+a) foulLd : 63.54 6.32 14.O4 

llb c1$218303 54-55 82 +65.70 requikr 64.74 6.71 13.32 - 
(P) round I 64.73 6.73 13.45 

3 ClsH155O3 24Q-241 63 +lO.1° mquimmr 67.28 4.71 13.08 
w*w found : 66.49 4.79 13.18 

?z ww3o3 105-106 90 -15.2' requ1r.a: 68.05 5.11 12.53 
ww found : 68.00 5.21 12.57 

l$ 019H17m303 lS159 66 +79.8' requimasr 68.05 5.11 12.53 
w+w found : 68.28 4.99 12.57 

l * Measured in dImet.hylfomamlde for the acids (la-14a). pnd in Chloroform for 
the estere (2b - 14b). 
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Fig. 1. Optishift NMR spectra of 12b: (a) DL- (b) L-isomer. 

Table 2. CDand UV spectral data of III and IV 

2!?33 

El! 8o1rmlt X,(W -&ax (E) x 10'3 

la A 34o(+o.30), X9(+2.91), 232(+1.X), 392(2.9), 380(2.6), 2K'mh(3.5). 
H 

207(-2.65). l%(+o.16). 268(9.1), XOah(7.3). 225(17.2), 

204(29.8) 

E 340(+0.52), 267(+3.65). 237(+l.l3)r 383(12.7),369(ll.l),267(27.2). 
206(~.41). 26oah(19.2),232(21.1),205(13.3). 

2b A 363(-0.29), 32o(+o.W, 268(*3.19)* 394(11.5).377(9.8), Wd5.9). 
227(+1.44), X)5(-2.44). 268(25.3),26Oah(l5.7),228(20.3), 

206(11.2). 

E 331(+0.x)), X6(+3.48), 232(+1.46), 383(12.7),367(lo.8),346d5.9), 

205(-2.55). 2C6(26.6).26Omh(l9.1),231(21.3), 

x)5(13.1). 

F A 367(-0.24), 325(+0.27), 268(+2.60), 393(8.9), 38Oah(7.8),36od~(4.9), 
/r 

233(+1.64), x)5(-3.90). 268(20.6),260sh(l3.8),228(2o.l), 

x)5(16.2). 

E 361(-0.30). 32o(+o.54), 267(+5.x), 384(12.9),37osh(ll.3),~7(27.o), 

235(+1.39), =(-5.37). 26osh(19.4),232(21.7),205(13.8). 

Jb A 372(-O&), 333(+0.21), X7(+3.91), 394(11.7),378(9.4), 359sh(5.9), 

225(+1.61), 203(-3.10). 267(25.7),261ah(17.1),227(21.6), 

S(l3.3). 
E 326(+0.46), 266(+4.12), 230(*1.61), 385(12.2),370(10.8),35O.d6.2), 

x)5(-3.94). 267(25.9),2fXah(19.0),233(2o.7), 

x)6(12.7). 

4a A 370(-0.20), 325(+0.25), ,X8(*2.49). 393(9.7), 379(8.4).Wosh(5.3), 
r" 

232(+1.78),205(-3.33). 268(21.5),2@M1(13.5),228(18.5), 

205(11.2). 

6 357(-o&), 318(+0.61), 267(+4.72), 3cW(l2.1),370sh(10.7),267(25.5), 

235(+1.33), 205(-5.23). 26oah(17.8),232(20.5).2o5(l3.1). 

4b A 370(-0.26), 33O(+o.23),=8(+4.22), 395(10.2),378(8.7), 35esh(5.3), 
w 

227(+1.84), 204(-3.x). 268(22.9),26osh(14.4),227(~.3), 

205(15.9). 

E 325(+0.86). 267(+5.31). 233(+l.95). 383(11.6).369(10.3), y19e.h(6.2), 

2o5(-4.95). 267(25.0),260sh(17.6), 232(21.6), 

2o6ClS.l). 

5a A 3%(+0.33), 3'W+o.36), X7(+1.46), 3%(9.2), 380(8.4), 360ah(5.6), 
218(+13.89), 199(+8.79), 194(-18.81). 267(21.8),232(18.1), 205(2o.8). 

E 39o(+o.l0). 344(+0.37), 266(+3.84), 382(10.6), 370(9.3), 267(23.4). 

221(+11.64), 2Wq8.52). 259sh(17.2),231(19.6),205(21.2). 

5b A 395(+0.32), 370(+0.44), 267(+1.21), 394(9.8), 377(8.3), 347&(4-o). 

219(t10.93). 198(+5.90). 268(22.9)260eh(15.7).23o(22.l), 

x)5(23.0). 

E 394(+O.20), 338(+0.42), 265(+4.Y()r 3~(11.0),370(10.0), 350sh(6.3), 

221(+8.90). 2U7(-2.13). 199(+4.55). 267(24.6),259sh(l8.2).235(22.0), 

x)5(23.1). 

zf 
A wo(+ve). 360(+0.17). X8(+1.49), 393(10.7), 380(9.3). 36Od5.9). 

217(+5.74). 1%(+12.03). 268(24.2), x)5(22.8). 

E ;96;+6.;9); w(to.46). 266(*0.81), 384(12.9), 370(11.5),35o~(6.7). 

217(+6.72). 197(+lo.98). 265(27.4).26Oab(l9.7),232(~.5). 

205(22.9). 
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Table 2. (Conrd.) 

bt$ A 365(-o.l7)* 34o(+m), 315(-94). 3QV9.3). 37+X8.?), 36osh(5.o), 
266(*0.35), 258(+1.19), 215(+4.80). 268(21.3),26O&f14.0),228(19.1), 

2O5C22.6). 

E 366f-C.19), ;?66(+0.47), 216(+4.64), 3WlO.6). 369(9.5), r(Qah(5.6), 
197fr4.84). 266(23.2),260&(16.9),232(19.8), 

x)5(21.1). 

7a A 3%(&27), 368Ca.o.45). 270(+1.96), 393(10.9), 378C9.6). 36osh(6.1), 
226(+4.38),211&f-1.30), 2OO(-2.85), 2W6.8). 268(29.6), 26oM19.1), 

19o(+1.95). 223(4&q). 

E 365(+0.67), 287(+0.62), 269(+1.@8), 3W(l.2.1), 37oClo.8). 2q0(6+6), 
224(+3.00), 199(-4.68). 283~(9.4),~?(~.5),259ah(21.1), 

2328h(22.8),222P+8.6),199(30.7). 

?J * 378ah(+0.25),~(+0.57),~6sh(*O.95), 395C6.4). 37'7C5.4). 352d3.2), 
268(+3&), 218(+4.43), 205(-3.25). 26X7.3), 280ahflo.4), 26W21.7). 

260811(15.4),222@8.9), 20X42.71. 

E 340(+0.78), 26X+3.32), 224Cr2.41). 383(6.3), 370(5.9). 29oC7.7). 
203f4.68). 28Oah(9.1), 267(199.9>,222(42.8). 

94 a 320(+0.59). 295(+0.61), 244fr2.43). 3.Xx(6.7), 319f7.4), 21KJ&9.9), 
225(.&93), 213Cd.03). 2olC37.5). 

2 E 319(+0.6-o), 294(+0.76), 243(+3.29). 326C6.5). 319f7.1). 239GQ.3). 

225(-l&5), 214(+O.81). 2OO(36.7). 

3 E 335(+0.33), 322(+C.20), 292l+o.70). 32OfS.Q), 24X(31.4), 203f3919.3). 

242(+1.35), 228C-C.95). 214(*0.93), 

mo(-5.60). 
E/ROB 317(+1.04), 240(+1.2O), 23o(-O.43), 321(6,6), 241(33.9), 2O2t48.6). 

217(+0,46),K?CO(-ve). 

l,b E ~320(+0.50),290(+0.95),2~(+~.3o). 320(6.9), 24X32.8). 203(39.1). 

227(-2.35), 214(+1.X). 

u$ E ~335(+o.~),c320(+0.32),286(+0.38), 320(7.1), 242(35.3). ~3(~*1)* 
240(+2.40), 215(+0.90), 201(-2.20). 

E/KOH 319(+1.19), 242(+2.19), 217(+0.91). 322(6.7), 241(35.9), ao(63.1). 

rrm(-ve). 

12 E 320(+0.44), 290(+0.55), 241(+2.90), 32O(6.8), 241(33.5), z03(39.3). 

227(-l,co), 215(+0.44). 

12ll e %6(-2.75), 25Ssh(-2.79),243(-11.25), 32M7.o). 2'@2(35.7), a3(46*5)* 
M 

226(+19&O), 2G(-3.29). 

E/K08 joe(..2.50), 242(-10.95), 226Cd7.03). 321(6.6), 24U36.7). xx7('J2*4)* 

12b E 308(-2,21),257eh(-3.~~, 243f-7.76), 320(7.0), 242(35.1), 203W.6). 
223(+15.57), 207(-1.90). 197(+1.70). 

13a E 342(-0,2?), W9(-1.59), 2'+2(Ji.92), 320(6.4), 242(31.9), 203C43.O). 
F 223(+8.77), 197(+4.0). 

EATOH 305(-1.52), 2422-4.522, 223(*8.%). 321(5.7), 242(30.5), 202c47.8). 

13b E 311(-1.50),2S7sh(-O.62)r 243(-5.74), 32o(6.7), 2W32.8). 203(44*4)* 
rC 

222(+6.08). 

14a E 305(-1.75). 242(-10.62). 227(+13.72), 321(6.3), 29o(6.1), 28lc6.7). 
c" 

216(-7.62), 193(-8.0). r/4(8.4), 242C32.9). 220(47.6). 

203(55.8). 

E/KOH ~OS(-~.EL~), 241(-14.86), 227(+23.19), 323C6.4). 291(8.1),'283(8.7), 

214(-3.18). 275(8.3), 241C32.1). 222C46.5). 
ml(62.5). 

14b E 306(-2-o), 2S?ah(-o.70), 242(-8.72), 321C6.8)‘ 290(8-B), 262c9.3). 
,-- 

227(+9.28), 216C-8.59). 274C8.9). 242(3S.l), 220(5o.5), 

2o3f58.4). 

Abbrs.,iations ueed: A: Acstonitrile. E: Ethmol. E/KOA: E'dmaol~c KOA (1%)~ 
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two resolved enantiomeric doublets for the chiral methine 
proton, after the addition of the indicated 
[(tfc),Eu]/[substratel molar ratio. However, the NMR 
spectrum of the L-12b (Fig. l(b)) shows only one singlet 
and one doublet for the methyl ester and the chiral meth- 
ine protons respectively after the addition of almost the 
same [(tfcbEu]/[substrate] ratio. These results indicate 
that L-12b is optically pure. The use of (tfc),Eu for 
optishift-NMR studies on DL-gb and L-Sb resulted in an 
unacceptable level of signal broadening which did not 
allow optical purity to be performed directly on these 
dioxide derivatives. Further stereochemical results of 
optishift-NMR studies on these compounds are in 
progress, and the results will be communicated sepa- 
rately. 

UV spectra. Several authors studied the electronic 
spectra of quinoxalines,9 where three major bands, 
ascribed to ?T+?T* transitions, are usually observed 
around 320,240 and 205 nm. Similar bands were observed 
for compounds IV in this study (Table 2). The expected 
n +?r* band around 340 nm could not be clearly 
observed, because it is masked under the more intense 
band at 320 nm. 

The UV spectra of quinoxaline-l&dioxides are sensi- 
tive to solvent polarity.‘gg.‘O Kubota and Miyazaki Iti 
studied the IJV spectra of several heterocyclic N-Oxides 
and showed that the P + P* bands (especially those 
located at longest wavelengths) experience an increasing 
blue-shift with increased solvent polarity, in contrast to 
the behaviour of other aromatic ?r + ?r* transitions. This 
has been attributed to specific hydrogen bonding to the 
N-oxide oxygen atoms.‘oo In acetonitrile, the dioxides III 
showed two weak maxima around 393 and 380 nm, and 
three strong bands at about 268,230 and 205 nm (Table 2). 
The two bands at longest wavelengths experience 
blue-shifts in ethanol, in agreement with Kubota’s 
findings. The band around 230nm is red-shifted in 
ethanol, while the other bands at 268 and 205 nm appear at 
almost the same position. However, their intensities 
increase with increased solvent polarity. 

CD spectra. Previous CD and ORD data on the 
quinoxaline and on the quinoxaline-I $-dioxide 
chromophores are limited to a few cases. Chilton and 
Krahn” studied the ORD of some polyhydroxy quinox- 
ahne derivatives V. Cotton effect (CE) bands were 
observed at 315, 242 and 231 nm whose signs are 
determined by the absolute configuration at the chiral 
center directly bound to the chromophore (C*-3 of the 
original sugar).“” The stereochemistry at the other more 
distant asymmetric carbons influence only the magnitude 
of these CE bands. The ORD curve of the steroidal 

($HOH X 

CH>OH 
V 

quinoxaline VI (R=OAc) revealed a CE band around 
326 nm and another one which was characterized by its 
first extrema at 255 nm.12 The unusual shape of this ORD 
curve also suggested the presence of two CE bands of 
opposite signs situated at shorter wavelengths. The 
dioxide analogue of VI (R=CsH,,) was reported to give a 
positive CE around 395 nm.” 

The main features of the CD spectra of N - (3 - methyl - 
2 - quinoxaloyl) - L - a - aliphatic amino acid and ester - 
I,4 - dioxides III (l-4) are similar to those of the 
L-a-oromutic amino acid and ester series III (s7, Table 
2, Fig. 2). Both series display, in acetonitrile, CE bands 
around 370 (weak, - ve),325 (weak, + ve), 268 (strong, 
+ ve), 230 (strong, + ve) and 205 nm. A weak + ve CE at 
about 395 was also observed in the CD spectra of a 
number of these compounds. Similar CE bands are 
observed in ethanol solutions. 

Fig. 2. CD Curves of 2b (----), and 7b ( -) in acetonitrile. 

In contrast, the CD spectra of the quinoxaline 
derivatives of uliphutic L-a-amino acids and esters IV 
(9-11) are enantiomorphic to those of the L-a-aromatic 
amino acid series IV (12-14) in the solvents studies (Table 2, 
Fig. 3). The phenomenon of enantiomorphic CD spectra 
has been observed for the furoyl and pyridinium 
derivatives of L-alanine and L-phenylalanine acids, methyl 
esters and alcohols.” 

The differences in the chiroptical behaviour between 
the quinoxahnes IV and the corresponding quinoxaline - 
1,4 - dioxides III may be explained on the following basis: 
The quinoxaline derivatives of aliphatic ~-a-amino acids 
may exist in a conformational equilibrium A e B in which 
conformation A predominates. However, in the L-a- 
aromatic series, conformation B predominates. The 
corresponding quinoxaline - I,4 - dioxide derivatives III 
would have a conformational equilibrium that is the same 
for both L-aliphatic and L-aromatic series, and in which 
conformation C predominates. 

Evidence in support of these conformations is obtained 
from the analysis of the proton NMR spectra (Table 3). It 
can be seen that there is an upfield shift (- 0.20-0.31 ppm) 
of the C&H, signal in the aromatic amino acid and ester 
derivatives of quinoxaline - I,4 - dioxide III (6&a, 6b and 
7b) compared to the chemical shift of this C&H, signal 
in the ahphatic analogues III (la&, 2b-4b). This 
shielding effect might be explained on the basis of the 
intramolecularly hydrogen bonded conformation C in 
which the aromatic moiety of the aromatic amino acid is 
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Conformations A, B and C 
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H’ 
N- 

‘\COzR’ H’ 
N- C 

‘R 

(4 W (0 

to an upfield shift of these protons. The existence of 
intramolecular hydrogen bonding in related heterocyclic 
N-oxide derivatives has been demonstrated from IRstudies 
by Szafran.” The stability of these conformations is 
probably enhanced by the partial double bond character in 
theCO-NH bondsothatrotationinCismorerestrictedthan 
in A or B. 

It can also be seen from Table 3 that the C&H, signal 
has almost the same S-value (2X3-2.88ppm) in the 
quinoxahne derivatives of ahphatic and aromatic amino 
acids IV (!k+lla, 13a and Ma). The corresponding esters 
IV (9~lib, 13b and 14b) show a similar behaviour for the 
C,-CHr signal (8 = 2.91-2.96 ppm). These data indicate 
the absence of shielding effect by the aromatic moiety of 
the aromatic amino acid derivatives IV. It is therefore 
concluded that the predominant conformation has the 
aromatic moiety situated away from the quinoxaline ring 
(conformer B). 

The isopropyl methyl groups of vahne in several of its 
derivatives show anisochrony and appear as two doublets 
in the NMR spectra.” This anisochrony is observed in the 
case of the quinoxahne - 1,4 -dioxide derivative (Fig. 4(a)) 
but not in the quinoxahne analogue (Fig. 4(b)). Similarly, 

Fii. 3. CD Curves of 9a (---), and 12~ ( -) in ethanol. 

Table 3.’ Chemical shifts of C&H, protons in quinoxaline 
dioxides (III) and quinoxalines (IV) 

111 

no b=) ma I 6 (PP) 

3 2.63 2 2.96 

2 2.60 12 2.97 

4b 2.62 

G 

?1_b 2.97 

2.43 13b 2.93 

B 2.41 e 2.91 

> 2.55 

$ 2.53 2 2.66 

B 2.52 SF 2.66 

z? 2.52 g-4 2.66 

* 2.22 fl. 2.65 

E 2.28 e 2.63 

!-? 2.26 

' BQlvmtm aned: CEC13 for the estera (2$12)p,t sO(CD3)2 

ror the acida (12 - 13). 

in close proximity to the quinoxahne - I,4 - dioxide ring. 
Such conformation brings the Cr-CH, protons under the 
influence of the ring current of the aromatic group, leading 

Q-?H-CO&H, 

,kkPh 

HH III (b) 

_l (d) 

----- ;- 4 2 I 

as 
2: I 

’ CH, 
pm 

Z-2H-CO&H, 

;- 
co- ZH 

H,C! \CH, 

H 1 (0) 

4 3 2 I 

wm 

Fii. 4. (a) and (b): The isopropyl methyl proton signals in the 
valine derivatives; (c) and (d): the benzylic proton signals in 6b 

and 13b respectively. 
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the benzylic protons of phenylalanine show chemical shift 
non-equivalence in the quinoxaline - I,4 - dioxide 
derivative 6b (Fig. 4(c)), but not in the corresponding 
quinoxaline derivative 13b (Fig. 4(d)). These data indicate 
that the H-bonded conformation C leads to the increased 
anisochrony observed for the above mentioned prochiral 
groups in the dioxide derivatives, III. 

The mass spectra (MS) of the quinoxaline - 1.4 - 
dioxides III (lh-8b) display prominant M-17 peak and a 
less abundant M-16 peak corresponding to the loss of the 
OH radical and an oxygen atom respectively from the 
molecular ion. The occurrence of these ions has been 
observed in the MS of heterocyclic N-0xides.16 The M-17 
base peak is also present in the MS of both the piperidine 
derivative VII, and the N,,deuterated analogue of 5b. No 

o- 

VII 

M-18 peak (M-OD) was observed in the MS of the latter 
compound. The facts indicate that the hydrogen of the 
departing OH’ does not come from the amide N,,H. The 
hydrogens of the C3_CHa groups are probably the source 
of the hydrogen in OH’. The amide bond does not suffer 
cleavage to any appreciable extent before the loss of one 
of the N-oxide oxygens from the [Ml*. 

Antibacterial activity. The quinoxaline - 1,4 - dioxide 
derivatives III have been tested at Baeyer Farbwerk- 
Leverkusen (W. Germany) and were found to posses 
antibacterial activity, typical of quinoxaline - I,4 - dioxide, 
but were less potent than others known in this category. 

~-a-Amine acids and the respective methyl ester hydro- 
chlorides are Biochemical Grades (Merck) and were used as 
received. M.ps were determined on a Gallenkamp Capillary 
Melting Point Apparatus and are uncorrected. Optical rotations 
were taken on a Perkin Elmer I41 polarimeter in a cell of 10 cm 
path length. NMR spectra were obtained on a Varian A 60 D 
spectrometer, using TMS as an internal standard. UV spectra 
were recorded on a Carry 17 spectrometer in a cell of 0.1 cm path 
length. CD spectra were recorded on a Jobin Yvon Dichrograph 
III. Concentrations were about 0.1-0.3 mg/ml in cells of O.Ot- 
0.1 cm path length. Mass spectra were determined on a 
Varian-MAT CH 5 mass spectrometer using the direct inlet 
technique (at 70eV, 100gA, temperature of ion source: 200”). 
Elemental analyses were performed by Dr. F. Pascher (Bonn). 

N - (3 - Methyl - 2 - quinoxaloy/)L - a - amino acid - I,4 - 
dioxides (III, la-&). A methanolic soln of the particular 
compound I6 (0.1 mole) and II” (0.11 mole) was treated with 
triethylamine (100 ml) and set aside at room temp. for 1-4 days. 
The solvent was then removed (room temp.), and the brown 
residue was treated with cold water (lOOmI) and filtered. The 
aqueous filtrate was made acidic (4 N HCI), whereupon the title 
compounds (3-8) were precipitated immediately as yellow solids. 
However, 1 crystallized out slowly, within 30-60 min. from the 
acid soln as bright yellow stars, while 2 was formed after 24 days 
as brown granules or discs. On few occasions, 3 was obtained as a 
brown gummy material which, upon trituration with methanol, 
yielded the desired solid. 

‘E. Ochiai, Aromatic Amine Oxides. Elsevier, Amsterdam (1%7); 
A. R. Katritzky and I. M. Lagowski, Chemiswy of the 
Hererocyclic N-Oxides. Academic Press, New York (197i). 

hH. Otsuka and T. Shoii. Tetrahedron 23. 1535 (1%7). and refs 
therein; bT. Yoshida and K. Katagiri, &oche&tj 8, 2645 
(1%9); ‘S. Gerchakov, P. J. Whitman and H. P. Schultz, 1. Med. 
Chem. 9,266 (1%6); “S. Gerchakov and H. P. Schultz, Ibid. 12, 
I41 (1%9); ‘R. K. Olsen, J. Heterocycl. Chem. 7, 435 (1970). 

‘P. Crabb&, ORD and CD in Chemistry and Biochemistry. 
Academic Press, New York (1972). 

‘G. Snatzke and G. E&hard& Experimental Methods in Biophysi- 
cal Chemistry (Edited by C. Nicolau). Chap. 3, p. 67. Wiley, 
New York (1973). 

‘C. H. Issidorides and M. J. Haddadin, J. Org. Chem. 31, 4067 
ww. 

“R. N. Lacey, 1. Chem. Sot. 850 (1954); bF. D’Angeli, F. Filira, 
V. Giormani and C. Di Belle, Ric. Sci. 36, 1 I (1966); ‘H. Harris, 
L. V. Fischer and K. Folkers, J. Med. Chem. 8,478 (l%S); dC. Di 
Belle, F. Filira, V. Giormani and F. D’Angeli, J. Chem. Sot. (C), 
350 (l%9). 

‘M. J. Haddadin, G. E. Zahr, T. N. Rawdah. N. C. Chelhot and C. 
H. Issidorides, Telrahedron 30, 659 (1974); and refs cited. 

‘A. F. Cockerill, G. L. 0. Davies, R. C. Harden and D. M. 
Racham, Chem. Reo. 73, 581 (1973). 

‘“S. F. Mason, 1. Chem. Sot. 493 (1%2); *S. F. Mason, Special 
Publicalion, No. 3, P. 139. The Chemical Society. London 
(1955);’ F. Bohlman, C/rem. Ber. 84,860 (1951); “R. C. Hirt, F. T. 
King and J. C. Cavagnol. 1. Chem. Phys. 25,574 (1956); ‘G. M. 
Badger and I. S. Walker. I. Chem. Sot. 122 (1956): ‘A. R. 
Ka&.ky, Physical Methods in Heterocyclic Che&G Vol. II, 
p. 24. Academic Press, New York (1%3); ‘hi. K. Khan, A. M. 
Mohammady and Y. Ahmed. Pakistan 1. Sci. Ind. Res. 13. 206 
(1970). 

‘&T. Kubota and H. Miyazaki, Chem. Phon. Bull. Tokyo 9,948 
(l%l): bT. Kubota, Yakugaku Zasshi 79, 388 (1959); ‘H. H. 
Jafft, 1. Am. Chem. Sot. 77, 445 (1955). 

“W. S. Chilton and R. C. Krahn, Ibid. 89, 4129 (1967); Ibid. 90, 
1318 (1968). 

N - (3 - Methyl - 2 - quinoxaloyl)L - a - amino acid - 1.4 - dioxide 12P. Crabbc. Applications de la Dispersion Rotatoire Optique et 
melhyl esters (XI, 2C7b, 9b). To a soln of I (R’=CH,. du Dichroism;.Circuiaire Oplique en Chimie Organiqu; p: 418. 
0. I I mole)k,“.‘* in MeOH (4Oml) was added benzofuroxan Gauthier-Vi&us. Paris (l%8); P.Crabti and W. Klyne, Telrahe- 
(0.1 mole) in triethylamine (IOOml). The title compounds were dron 23, 3449 (1%7). 

usually crystallized out from the mixture (room temp.) during l-3 
days. The isolation of 3 and 4 was assisted by cooling and 
scratching of the mixture. 

Compounds 2b, Sb and 6b were also obtained in 80-90% yield by 
the reaction of the respective acids 2a, Sa. 6s with diazomethane 
etherate.19 

N - (3 - Methyl - 2 - quinoxaloyl)L - a - amino acids (IV, 
9e14a). To a boiling soln of the particular dioxide III @a-7a. 
0.01 mole) in 60% aqueous EtOH was added slowly, with stirring. 
a saturated soln of sodium dithionite in hot water until a red 
coloration persisted.’ The mixture was further refluxed for 3-6 hr. 
and then diluted with water (200 ml). The ppt was collected and 
crystallized from the appropriate solvent. An increase in the yield 
was achieved by ether extraction of the aqueous filtrate. 

N - (3 - Methyl - 2 - quinoxaloy/)L - (I - amino acid methyl esters 
(IV, 9&14b). These compounds were obtained in high yields by 
the reaction of the respective acids 9a-14s with diaxomethane 
etherate. 

Compounds 12P14b were also obtained in moderate yields by 
sodium dithionite-reduction of the respective l&dioxide methyl 
ester derivatives Sb-7b. 
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