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Abstract--The phobchcmical rcarranpcmenr of Ydrsuhstlrured qumoxalmc-1.4dioxides IO I.l&uhst~~cd hen. 
,imldazoloncs has been examined Evidence againsl the prevIousI) reported mechanism is offered. and an 
alternatl\c mechanism tupneskd The scow of the rcacbon IS Increased IO mcbdc ncu- types. Furthermore. a ncu 
mode of rearrangement ii-recogmzed. . 

quinoxaline-l.edioxides and monoxides were 
successfully photolyzed 10 yield a variety of products 
depending on the structures of the substrates.“’ 2 - Aroyl 

- 3 arylquinoxaline - 1.4 - dioxides (1. RI 7 hr. R: = 

COAr) were reported lo give l..ldiaroylben- 
rimidazolones, 2.:’ Analogous compounds with an alkyl 

group m place of an aryl group at positions 2 or 3 behave 

similarly (I. KI 7 alkgl. R: = C’OAr).’ However. com- 
pounds u-hich lack aryl substttucnts or a CO group as 

part of RI or R: failed IO rearrange. The mechanism 

suggested” for the reaction is shown in Scheme IA. 
This mechanism IS incompatible with our findings in this 
sludy. In looking for support for the mechanism sug 

gested above. a synthesis of the proposed intermediate 
3tr was attempted. without success. This result is in 

accord with the known resistance of 2-pyridoncs for 

N-acylalion.’ 

In the present work, the photochcmtcal reactions of 

the quinoxaline - I.4 - dioxides (I. p-d) are studied 

Is: K, = (‘Hi. R: - CH:Ph 
lb: RI-: Ph. R: = CH:Ph 
Ic: R: - H. R: = CH:Ph 
Id: K, - COPh. R: = CH:Ph 

The dominant features of these compounds are the 

presence of a bcnzyl substitucnt and (with the exception 
of Id) the lack of a CO group. Compounds with benryl 

substituents were not previously investigated. 
The essential feature of mechanism IA is the migration 

of a CO carbon IO an electron-defficient nitrogen e.g. an 
acyl or aroyl group migrates in the first stage. II is 

interesting IO see if a benzyl group behaves similarly, 

knowing that 2.3-dialkyl or 2.3-diary1 analogues of I do not 

undergo the above type of rcarrangcment. 
‘lhc results of the present work show that the benryl 

group is capable of migration as anticipated. la and lb on 
photolysis in methanol gave I - acclyl - 3 - benzylben- 
zrmidazolone (2a) and I - benzoyl - 3 - bcnzylben- 
zimidarolonc (2b). An accompanying product in each 
CiiSC was the hydrolysis product N-benzylben- 
ztmidazolonc (41. 

In the case of Id the isolated product agrees with a 
higher migratory aptitude for a benroyl compared with a 
benzyl suhstituent. The product 2c hydrolyzes com- 
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pletcly to the unsubstituted benrimidarolonc instead of 

4. 
Compound Ic however did not behave similarly. bin 

instead gave I - benzyl - 2.3 - quinonalinedione (5~). IIS 

structure is based on its elemental analysis and its IR and 
NYR spectra. 

The rearrangement of lb can bc explained by Scheme 

IA. 
The success of this reaction is important in that it 

provides a possibility of testing the proposed stepwise 

mechanism by a direct synthesis of intcrmcdiate Jc. 

Benzylation of 3 - phenyl - 2 - quinoxalone - 4 - oxide(k) 
is possible although its benzoylation failed. When intcr- 

mediate 3c was photolyzed under the same conditions 
used for lb, it failed IO give 2b and 4. hut instead gave 

Sh. The structure of this unexpected product rests upon 

the following evidence: (i) Elemental analysis indicated a 
rearrangement. (ii) ‘Jhc IR spectrum showed no N-H and 

N -+o bands. (iii) The presence of strong amide (‘Cl 
bands. (iv) Basic hydrolysis: The product of this treat- 

ment exhibited both an amide carbonyl and an K-H 

bands. From its spectroscoptc properties (IR and SARI 
and elemental analysis it was identified as o-(N-formyl- 

S-bcnzylamino) diphcnylaminc 6. 

That it is not the isomeric 7 is shown by the ap 

pearancc of singlets for both N-H and benzy.lic protons 

in the NMR spectrum. The more elcctrophthc carhntyl 
carbon at position 3 in 5b is preferentialJy attacked by 

hydroxide ion. The carbonyl carbon at posttton 2 interacts 
more effectively with the lone pair on the alkyl substrtutcd 

nitrogen al postlion I. 
The results of photolysis of 3c show that it cannot be an 

intermediate in the photolysis of lb. and that this pho- 
tolysis does not proceed by the stepwise mechanism shov, n 

in Scheme IA. This led us IO suggcs~ a more likely 

mechanism for the photolysis of compounds mentioned in 
Refs. 2 and 3 and the photolysis of la. b. c. This mechanism 
involves the simultaneous excitation of both nitrone func. 
lions at positions I and 4. and leads from I to 2 as shoun m 
Scheme 19. This scheme can also account for the for- 
mation of Sa from lc. by assuming a different mode of 
migration in the charged intermediate that leads IO 2 in the 
normal reaclion. 

An analogy to the dioxaziridine intermediate of me- 

chanism 19 is available in the literature.” A stable diox- 
aziridine (cis and trans forms) was reported to form upon 
irradiation of dinitrone 8. 

Finally the anisotropy of the CO group of the acctyl 
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Photolysis of some quinoxalinc-1.4dioxidcs 2129 

suhstituenr in h is seen IO cause a downfield shift of 
I.2 ppm equivalent 10 one aromalic proton. This agrees 
with previous results on the conformations of N-acyl- 
henrimidarolones.‘ 

A lower shift of 0.6 ppm is observed in Le. but none in 
Lb. The shifts are measured relative IO the main aromatic 
signal. and are believed IO result from the prcdomincnce 
of the endo conformation. 

ExPk?uMEh-lAl. 

(A) Prt-porclrk~n O/ quinoxu/inc.l.~dio.ridrs. These were pre. 
pared by ~hc reactIon of bcnzofuramn-luxtie (RFO) with a 
ketone or dlctonc in the prcscncc of a surtablc b&se.* 

2 HenA 3 . mtfhylquinoxclline . I.4 dioxide (la). Bcn- 
rylacctonc (15 ml. 0.1 molcl in 5fd)H (!S ml) and BFO (13.6g. 

0 I mole) m M&H I? ml) were mixed. n~Hutylamine (10mlj was 
added drop&c with stirring a~ room rcmp and the mixture was 
lcfr ovcrnrght. yield: 83%;. m.p. 159@ (MeOH) (IX’ ISS-). 

2 Hrn:yl 3 . phmylquinoxolinc 1.4 . dioxldr (lb) Ubcn- 
rylkcronc (10 5 g. 0.05 mole) In dry ether tS0 ml) and powdered 

sodamidc Og) were mixed. RF0 (6.8~. 0.0s mole) in dry ether 
(100 ml) was then added dropwire x-i!h sftmng Waler was then 
cautiously added IO destroy excess &amide, and more waler 
up IO IS0 ml was added. yield: SMr. m.p. 17&T. 

2 Bm:~/ 3 hen.-ovlquinoxolinr~ylquinoxuline 1.4 dloxidc (Id). 1.4 
Diphenyl 1.3 . hurancdtonc (5.9~. 005 mole) in tncthylammc 
(3Oml) and RF0 (34s. O.O!< molcl in trierh~lammc (SOml) were 
mixed and Icf~ at room temp. for 24 hr. The rar.hkc product. kft 

after c\aporalion of the solvent. was trituratcd with cold .MeOH 
(SOml) IO ~I\C a ycllou crystalline rohd. yield. 21%. m.p. 16:“: 
IRtKBr) 167S. 1595. 13’0. 1045. 84S. 6SOcm ‘. NMR (CDCI,) 6 

4.18 (2H. 5). 6.8 (I4H.m). 8 U6 t!H. m). (Found: C. 73.41. H. 
4.43. ?(. 7 64. Calc for (‘::H,~N:O,. (‘. 74.16: H. 4.49: N;. 7.8655) 

2 Hn:y/quinoxolmt . 1.4 dioxidr (ICI. Id (49. 0.01 mole) 

was distolrcd m _?Z mcthanolic KOH (I80 ml). II was then 

heated on ~hc steam bath with stmng for IS mm. dunng which a 
hluc color appeared The solid formed on coolrng w= crystal- 
llzcd from MeOH. bicld: 93%. m P Ii&It&T’. IR(KHr) If&S. 
151S. 1370. I29O.8!O.~?OC, 650 cm ‘: i’51R (CIX’I,) 6 4.32 (2H. s). 

7 3 (SH. s). i X (!H. m). 8 0 (IH. 5). n 5 (2H. m). (Found: C. ?O 80: 
H. 4X6: S. II.01 (‘ale. for C,,H::S:O: c’. ?1.43. H. 4.76: S. 

II.1191 
(H) 3 f’hen;: 211H) hm:y/quinoxo/onr - 4 oxide (k) 

Compcjund 3a (8 g. 0.0X4 molt). bcrvyl-hromldc (17.6 g. 
0.1 mole) and anhyd Na,CO, (6.72 pl in freshly disrdkd methyl 

ethyl kctonc (XlOml) were refluxcd for 24hr filtration and 
cvaporalion of the wlvcnt produced a sohd from which excc~~ 

bcnzyl bromide was removed by washing with petroleum spirit. 
)icld- 45%: m.p. 196x” (piroleum spin! ho-80’); IR(KRr) 16SO. 
1370. 1215. 1170. IO!!. X70. X0. 690cm ‘, SVRfCDCI,) 6 C 47 

(2H. $1. 7 ~(IIH. ml. 7.8 (!H. m). X.JS (1H.m): (Found: C. 76.88; 
H. 4.X?; N. 8.2: C‘alc for C::H,,N:O:~ C. 76.83. H. 4.88: S, 
n Vri;) 

tC1 Phoro/+~. Mcthanohc solns (400 ml) of the substrate (I g 
urnpIe) was vradialcd with III’ l&l from a Hanovia 679A36 

lamp with a Pyrex tiller. or exposed IO hrighr sunlight m a Pyrex 
Aa& The mrxlurc wa$ stirred and was monitored b) TIC IO the 

disappearance of the siarnng marenal. 
The \oln was evaporated IO about 2C ml and left IO crysdlrzc. 

Ihc mam product was \eparatcd. and the mother liquor wa\ 

concentrated and left IO crystallize whereupon a new product or 
further amount% of the tirqr product wcrc obtained 

1 Arrfvl . I brn.-vlbm~rmtdu~ok,nr (2.a) ond I-hn:ylhcnn- 
:mudu.-olonr 0) /njm la The tinr crop was mainly Zs Conccn- 
trarion of the mother liquor and cooling produced mainly 4. time: 
IX hr (lamp); Ylcldq. 2a (2.(Q). 4 (7%): CO hr (sun). Yields: 2a 
t.m,. 4 (Inn,, 

Compound t: m.p. Ilbllt”; IR(KBr) 1730. 1610. 1490. 1380. 
1020.760.6SOcm ‘; NMR (CDCI,) 6 Singkts 2.73 (3H). 4.97 (2H. 

7.2XSH). multipkrs 697 OH). 8.12 (IH). (Found: C. 71.33: H. 

5 22: N. 10.48. Calc. for CI,H,,SIOz~ C. 72.18; H. 1.26; N. 

lOS3’it). 

Compound 4: obtined dire& from photolysls or by warming 
t in SQ rncrhanolic KOH for 20 min. cvaporatron and rreatmcnt 
of ~hc resdue with H?O. yield of hydrolysis !XEZ. m p 197-1913’: 
IR(KBr) 32M2700. 1690. 1480. 1390. 1350. 1190. 880. 7SO. 700. 
63Ocm ‘: NMR(CLICI,) 6 Singkts 4.98 (2H). 7.22 (SH). 10 CX 
(IH). multiplet 6.8S (4H). 

3 Bm:oyl I hnzy/htn:imido,-olonr (Zb) and 4 /mm lb 
The products were separated by fracrional crysrallizarion a in la 
above. time. 8 hr (lamp); yields: Lb (ml. 4 (1%). JS hr (sun); 
yield\: 2h (37%). 4 (IS%). 2b m.D. l&P; IRtKRr) 1740. 1690. 
i370. 1160. 87s. 7S0, 69s. 66s cm’i; tiMR KDCI,) S 4.93 (2H. s). 
7.35 (14H.m). (Found: C. 77.03. H. 4.77; S. R.S?. Calc. for 
(‘z,H,,N?O:: C. 76 83; H. 4 88: N. 8.!4%). Hydrolysis of ?b b! 

the same method used for h produced 4 in 9oQc yield. 
I - (a . Photy/ocef$ 3-bm.-o~lbm:imida2olonr (Zc) /mm id. 

~nnc: 3.C hr (lamp); yeId: 2.c (99&j. 24 hr (sun); ylcld- 2c (IDSCI. 
m.p: Iso”; IR(KBr) 1740. 1690. 1470. 1320. 1160. IOSO. 765. 

690 cm ‘. NMR(CDCI,) 6 Sin& 4 4 (2H). multiplcts 7 33 (IOH). 
7 66f3H). 8.21 (IH). (Found. C. 73 S4: N. 4.40. H. 7.77. (‘ale. for 
CuH,6N,0,: C. 74.16; H. 4.49; N. 7.864). Hydrolysis in !Q 

methanohc KOH produced bcnzimidazol-2one. 
I - fktpl 2.3 . quinoxolincdionc (5. R, 7 H. R: = CH:Ph) 

/ram ic. rime. 2.Shr; yield: 2lst; m.p: 270-m. IR(KBr) 3SSG 

33SO. 168tl. 1600. 13lXI 710cm I;- NMR (CDCI,) 6 sir&s 

5 37(2H). 7.1 (4H). 7.2i (SHI. 12.03 (IH). (Found: C. ?0%6: H. 
4.83; h’. IO.%. Cak. for C,,H,:N:O:, C. 71.43: H. 4.76: S. 

11.119t). 
I Ben:+ . 4 phcnyl 2.3 quinoxulintdiont (5h) from 3c 

CR, = CH>Ph m both). irmc: 14hr; yield: 17%: m.p.: 262-V. 

IR(KBr) 1660. lS90. 1490. 13%. 1320. 810. 760. 66Scm ‘: SMR 
(CDC’I,) 8 smnlct S.48 f?H). mulrinler 70S fl4H) (Found. C. 

76.13: h. 4.77.-S, X 27. Calc. for C:;HlaN:O~: C. 76.81. H. 4X!; 
S. 8,Cfi). 

o (S - Formy/ - N - bmi~lumino)diphm~laminr (0 jmm Sb 
Hydrolysis of Sb (R, = Ph. R: = CH:Ph) in 5% melhanohc KOH 

UOml) for 2Omin on the sicam bath produced 6; breld: 825: m.p 

11~111” (Delroleum SD~I 6&W’): IRfKBr) 329s. IMS. 1595. 
1480. 1360: 1270. I@!$ 915. 830. 740. 7OOcm ‘; SMRtCDCI,) 
singlets 4.8 (2H. broad). S.39 (IH). 8.13 (IH). mulrrplct 6.97 (IJHI 
(Found: C. 79.60: H. 6.20; N.9.29. Cak. for C.a,,N:O. C. 79.47: 
H. S.96; N. 9.27‘Z) 
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