
Synthesis of Al1oxa:zine 5.10-Dioxides 

B. T h e  rate constants for the  individual reactions A, B, and C 
(Table I )  were calculated from the overall ra te  constant and the  
composition data. To this end t h e  product composition was deter- 
mined under kinetics (conditions. Four ampules from each set of rate 
measurements were kept a t  130 "C for a time interval corresponding 
to  80-10Oo/~ reaction. The  content of the  ampules (5  mL)  was trans- 
ferred into a 10-mL f h s k ,  acidified with 0.2 M HC1, and evaporated 
t o  dryness on a rotar:). evaporator a t  40 "C. T h e  solid residue was 
treated with 5 11 NaOH ( 2  mL) and the organic bases extracted with 
pentane (3 mL). The  pentane extract was analyzed by gas chroma- 
tography which was carried out  with a Carlo Erba Fractovap Model 
GI instrument. fitted with a 2090 Carbowax 20M on a firebrick (pre- 
treated with sodium hj.droxide) column operating in the range 70-180 
"C. In the case of compound I11 a portion of the  content (2-3 pL) of 
the ampules was directly injected into the gas chromatograph. T h e  
peaks were identified hy comparison with authentic specimens of the 
compounds. Thr areas were measured and the molar ratios among 
the various components were determined by internal calibration based 

of "synthetic" mixtures. Correction factors used for 
the quantitative evaluation of peak areas were obtained by subjecting 
standard mixtures of the three reaction products (prepared by ac- 
curately mixing weighed amounts of the  three products) to the  op- 
erations involved in t he actual isolation procedure. For the  cyclic 
ammonium salts I and 11, the percentage found for each tertiary amine 
in the reaction mixture was the actual percentage of the corresponding 
react ion: for the open-chain ammonium salt 111, the tertiary amine 
C H : ~ C H a C H ~ C H a N I C H , i ) ~  was produced by both reactions B and C. 
The  contribution of reaction B was evaluated by the VPC determi- 
nation of the content of CH ICH?CH~CH?OCH:(. 

Registry No.--[, 872-44-6; 11, -08-2; 111,61134-94-9; sodium 
methoxide, 12-1-41 -4; methanol, 67-56-1; 4-dimethylamino-l-butene, 
c55831-89-r5: ~~-meth!lpvrrol idine.  120-94-5; 4-dimethylamino-l- 
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butylmethyl ether, 33962-95-7; 5-dimethylamino-l-pentene, 1001- 
91-8; N-methylpiperidine, 626-67-5; 5-dimethylamino-1-pentylme- 
thy1 ether, 58390-18-4; butyl methyl ether, 628-28-4; butyldimeth- 
ylamine, 927-62-8; dibutylmethylamine, 3405-45-6. 
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Various alloxazine 5,10-dioxides (7-9) have been synthesized by direct HnO&rifluoroacetic acid oxidation and 
their structures proven to  consist preferentially in the  1 H  tautomeric lactam cocfiguration. T h e  three methyl 
blocked tautomeric forms 12-14 of 3-methylalloxazine 5,lO-dioxide (8) could be obtained by diazomethane methyl- 
ation of 8. Comparisons of the  UV spectra are  used for the structural assignments. 

The first alloxazine N-oxide was prepared by Petering,lS2 
who oxidized 8-chloroalloxazine with 30% H202 in 88% formic 
acid a t  65-95 "C and believed that  the 5,10-dioxide was syn- 
thesized. In trying to repeat this procedure Berezovskii et al."j 
claimed to  have obtained only the 10-oxides when oxidizing 
alloxazine and its methyl derivatives with HzOZ in formic acid, 
with peracetic acid, and with monopersulfuric acid. However, 
Gladys and KnappeE were unable to  confirm this. 

There is some agreement that  the conditions used by Pe- 
tering will lead to mono-N-oxides, specifically the N-10-oxide 
if the N-1  is unsubstituted and the N-5-oxide if there is an 
alkyl substituent in the 1-position. This sensitivity toward 
steric (per;) hindrarice parallels the findings with lumazine 
Y-oxides by Pfeiderer and Hutzenlaub.' In  related studies, 
alloxazine 5-oxides were prepared by the "indirect" cyclization 
methodsB-'l which permitted unambiguous placement of the 
N-oxide grouping in the 5-position. Alloxazine 5,lO-dioxides 
have not yet been synthesized via this route. 

Since close relationships can be expected between the 
published structures of lumazine 5,8-dioxides and its alloxa- 
zine analogues. we decided to study the structure of alloxazine 

5,lO-dioxides. These compounds can exist mainly in two en- 
ergetically favored tautomeric forms, where A would be con- 
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Table I. 90-MHz NMR Spectra of Alloxazine N-Oxides in CDCI3" 

Aromatic protons 
O-CH3 

(3) N-CHs 

1,3-Dimethylalloxazine 5-oxide (1  1) 8.29 m (l), 7.86 m (2), 7.64 m (1) 3.79 s (3) 
3.50 s (3) 

1,3-Dimethylalloxazine 5,10-dioxide (13) 8.55 m (2), 7.84 m (2) 4.00 s (3) 
3.44 s (3) 

3,2-O-Dimethylalloxazine 5,lO-dioxide (12) 8.69 m (2), 7.82 m (2) 4.35 s 3.57 s (3) 
3-Methyl-10-methoxyalloxazine 5-oxide (14) 8.49 m (1),7.89 m (2), 7.60 m (1) 4.31 s 3.45 s (3) 

0 6 values in parts per million, Me4Si internal standard; s = singlet, m = multiplet, number of protons in parentheses. 

sidered as a true di-N-oxide and B as a vynologous cyclic hy- 
droxamic acid. The lactim form, C, is another disfavored 
tautomer of less importance. I t  was necessary to  prepare in 
addition to  the alloxazine di-N-oxides their methyl blocked 
tautomers for spectral comparison in order to  differentiate 
between these forms. 

When alloxazine ( l ) ,  its 3-methyl (2), and 7,8-dimethyl 
derivative (lumichrome) (3) were oxidized a t  room tempera- 
ture with a large excess of H202 in trifluoroacetic acid for 
several days, the corresponding 5,10-dioxides 7-9 were formed 
via the N-10-monooxides 4-6. We then prepared 1,3-di- 
methylalloxazine 5-oxide ( 1  1 )  using the procedure of Goldner 

0 0 
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Figure 1. UV spectra of 3-methyl- (8) -, 1,3-dimethyl- (13) - - -, 
2,3-0-dimethylalloxaine 5,lO-dioxide (12) - , and 3-methyl-10- 
methoxyalloxazine 5-oxide (14) - * - - in methanol. 

e t  al.9 and when this was treated with the H202 (in trifluo- 
roacetic acid) only unchanged starting material was recov- 
ered. 

An alternative pathway to 13 appeared to  be through the 
methylation of 3-methylalloxazine 5,lO-dioxide (8), which was 
obtained by HzOz oxidation of 3-methylalloxazine (2) and its 
5-oxide (lo),  respectively, in trifluoroacetic acid: Treatment 
of 8 in methanol with ethereal diazomethane gave a complex 
mixture of a t  least six compounds which were separated by 
thick layer chromatography on silica gel with CHCla/acetone 
(9:l). The well separated bands were eluted and the sub- 
stances isolated and crystallized. The fastest moving com- 
ponent was 1,3-dimethylalloxazine 4-oxide (1  l ) ,  which must 
have been formed by deoxygenation a t  N-10 and subsequent 
methylation. The other three compounds which were purified 
appeared to  be isomeric dimethyl derivatives on the basis of 
C, H, and N elementary analysis. Two also showed the pres- 
ence of methoxy group by Zeisel determination under condi- 
tions where the main product of the reaction was almost inert. 
We therefore assigned the 1,3-dimethylalloxazine 5,lO-dioxide 
structure (13) to  the main reaction product. The structural 
assignment of the two other methoxy derivatives has been 
based on NMR studies where one shows in analogy to  13 a 
symmetrical splitting of the aromatic protons is two multiplets 
of 2 H each. The other isomer is characterized by a more 
complicated pattern illustrating a unsymmetrical neighbor- 
hood of the benzene ring. This information supports the 
structure 12 for the former isomer and 14 for the latter isomer 
(Table I). 

A comparison of the UV spectra of 3-methylalloxazine 
5,lO-dioxide (8) with the 3-methyl blocked tautomers 12-14 
in methanol (Figure 1) clearly demonstrates that  the pre- 
dominant tautomeric form of alloxazine 5,lO-dioxides is 
represented by the lH,3H-2,4-dioxotetrahydro structure (7-9) 
and not a N-10 or C-2-OH tautomer. 
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Table 11. Phvsical Data of Alloxazine N-Oxides 

Molec- 
pK, value UV absorption spectra" ular 

in HzO Cmaxt nm Log c pH formb 

3-Methylalloxazine 
(2) 

3-Methylalloxazine 
5-oxide (10) 

1,3-Dimethylallox- 
azine 5-oxide 
( 1 1 )  

3-Methylalloxazine 
10-oxide (5) 

Alloxazine 5,lO- 
dioxide (7) 

7,8-Dimethylallox- 
azine 5,10-dioxide 
(9) 

3-Methylalloxazine 
5,10-dioxide (8)  

1,3-Dimethylallox- 
azine 5,lO-dioxide 
(13) 

3,2-O-Dimethylallox- 
azine 5,lO- 
dioxide (12) 

3-Methyl-10-meth- 
oxyalloxazine 5 -  
oxide (14) 

8.31 f 0.08 

7.95 f 0.1 

6.00 f 0.1 

5.30 f 0.05 
11.42 f 0.1 

5.60 f 0.1 
11.54 f 0.1 

5.02 f 0.1 

212,42, 12521,331,377, 219, 258, 4.53,4.54, [4.47], 3.93,3.87,4.49,4.66, 6.0 

2.2 
10.0 

[280], 330,420 3.72, 3.89 11.0 
[238], 263, 296, 305, 338,402, (2431, [4.17],4.49, 3.73, 3.73, 3.77, 3.60, 

266, [305], [313], 342, 455 [4.07], 4.59, [3.77], [3.73], 3.68, 3.58 
266, [305], 323,337,402 4.62, [3.81], 3.88, 3.91, 3.68 MeOH 

226, 262, [330], 345, 395, 228, 270, 

228, 253, 283, [344], 367,440, 222, 

4.11, 4.77, [3.89], 4.06, 3.79, 4.14, 4.56, 
4.49, [3.75], 3.86, 3.87 

4.22, 4.01,4.70, [3.77], 3.76, 3.78, 4.07, 
4.08,4.17,4.59, [3.79], 3.81,3.78, 
3.98,4.71, [3.84], 3.94, 3.85 

4.21,4.69, [3.81], 3.89, 3.71,4.08,4.11, 
4.65, [3.75], 3.82,3.72,4.02,3.92, 
4.85, [3.83], 3.93, 3.82 

4.03, 4.09, 4.58, [3.78], 3.85, 3.79, 
4.13, [3.97], 4.58, 3.66, 3.64, 3.69 

285, [338], 352,447 

234, 257, 294, [350], 363,495,235, 
286, [352], 367,503 

301, [362], 375,492,236, 255, 292, 
[360], 374,500 

257,286, [351], 365, 503,233, 
[253], 288,344, 358,462 

232, 287, [359], 371,440,232, 258, 

230, 254,282,343,358,442, 223,235, 4.21,4.00,4.72,3.79,3.83,3.81,4.02, 

239,296,351, [362], 460 4.28, 4.59, 3.71, [3.67], 3.71 

4.0 
9.0 
3.0 
8.0 

14.0 
3.0 
8.0 

11.0 
2.0 
8,O 

MeOH 
MeOH 
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0 

2- 
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237, 260, 269,304, 358, [373]', 468 4.24,4.22,4.20,4.56,3.56, [3.52], 3.82 MeOH 0 

265, [325], 340, [355], 440 4.57, [3.88], 3.97, [3.87], 3.81 MeOH 0 

a Values in brackets d.enotes a shoulder. 0 = neutral form, - = monoanion, 2- = dianion. 

A determination of the pK, values of the different alloxa- 
zine N-oxides showed (see Table 11) that all compounds with 
the N-10-oxide function are stronger acids than the N-5- 
oxides. (This is in good agreement with observations with the 
lumazine series7) These observations can be explained by the 

0 0 

hypothesis tha t  the anion of the N-10-oxide can be stabilized 
through a mesomeric effect, while in the case of the 5-oxides 
only an inductive influence is possible. 

The  UV spectra indicate tha t  the introduction of a N-oxide 
function in position 5 or 10 is associated with a bathochromic 
shift of the  longwave absorption band of 30-40 nm and the 
monoanion formation, by deprotonation at N-1, causes in all 
mentioned compounds another red shift of about 50 nm in- 
dependent of their oxidation state. 

Experimental Section 
NMR spectra were determined in deuteriochloroform with a Bruker 

HFX-90 spectrometer and the UV spectra with a Cary recording 
spectrometer, Model 1115/15 (Applied Physics Corp.). The pK, values 
are based on the spect,rophotometric method.15 Chromatographic 
studies were carried out using precoated cellulose and silica gel plates 
(Schleicher and Schuil). Merck silica gel PF254 thick plates (2 mm) 
were used for the preparative separations. All melting points are 
uncorrected. 

Alloxazine 5,lO-Dioxide (7). Alloxazine ( 1 )  (1 g) was dissolved 
by warming in 60 mL of trifluoroacetic acid. HzOz (30%,4 mL) was 
added dropwise (with stirring) at room temperature and stirring was 
continued for 24 h. An additional 4 mL of 30% H202 was then added 

and the mixture stirred for another 24 h. The deep yellow solution was 
then poured onto ice and the resulting orange precipitate filtered by 
suction and washed with water and ethanol. After drying at 100 "C 
0.6 g (52% yield) of yellow crystalline powder with mp 300 "C was 
obtained. Recrystallization from dimethyl sulfoxide/water solution 
gave a yellow powder which dissolves in 0.1 N NaOH to give a deep 
red color and shows a positive dark blue color with 1% FeC13 solution 
in watedmethanol mixture. 

Anal. Calcd for C10HsN404: C, 48.79; H, 2.46; N, 22.76. Found: C, 
48.60; H, 2.54; N, 22.42. Mol wt 246.18 (mass spectrum m/e 246). 

3-Methylalloxazine 5,lO-Dioxide (8). A mixture of 3-methylal- 
loxazine (2) and its 5-oxide (10) (2 g) prepared according to the 
Goldner et al. procedureg was dissolved in 30 mL of trifluoroacetic 
acid and treated with three 3-mL portions of 30% hydrogen peroxide 
as described above to give 1.8 g of yellow crystalline powder of mp 
320-325 "C dec. The chromatographically pure material can further 
be purified by recrystallization from MezSO/water or glacial acetic 
acid. 

Anal. Calcd for CllH8N404: C, 50.77; H, 3.10; N, 21.53. Found: C, 
50.68; H, 3.07; N, 21.06. Mol wt 260.2 (mass spectrum m/e 260). 

7,8-Dimethylalloxazine 5,lO-Dioxide (9). 7,8-Dimethylalloxazine 
(1 g) in 35 mL of trifluoroacetic acid was treated in four portions with 
a total of 12 mL of 30% peroxide in the same way as described for 8. 
Recrystallization of the crude reaction product from glacial acetic acid 
gave 0.8 g (71%) of yellow crystalline powder of mp 330 "C. 

Anal. Calcd for C12H10N404: C, 52.56; H, 3.78; N, 20.50. Found: C, 
52.37; H, 3.68; N, 20.43. Mol wt 274.2 (mass spectrum m/e 274). 

Methylation of 3-Methylalloxazine 5,lO-Dioxide (8). To a 
suspension of 0.3 g of finely ground 8 in 20 mL of absolute methanol 
was added with stirring an ethereal solution of diazomethane (pre- 
pared from 5 g of N-nitroso-N-methylurea). The yellow solution 
changed gradually to an orange-red precipitate after stirring for 1 day 
at room temperature. The reaction mixture was evaporated to dry- 
ness, the residue dissolved in a small amount of chloroform, and ap- 
plied to five preparative silica gel plates (40 X 20 X 0.2 cm) for sepa- 
ration. The plates were developed twice, first with a chloroform/ 
acetone mixture 9:l and the second time with a 9:2 mixture. There 
was good separation into four main bands of yellow and orange fluo- 
rescence which consisted of increasing Rf  values of 14, 12,13, and 11. 
The bands were cut out and eluted with acetone and evaporated to 
dryness to give chromatographically pure amorphous solids. 
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I,:~-Dimethylalloxazine 5-Oxide ( I  I) .  Crude product of the above 
separation (30 nng) was recrystallized f rom5 mL ofwater/ethanol (I:] 1 
yielding 12 mg of yellow needles with m p  216 " C  (lit. mp 237 0C)s,14 
(authent ic  sample m p  218 'C, no depression). 

Anal. Calcd for CI?H~(,K&{: C I;  H. 3.90; N. 21.70. Found: C. 
,55.79; H. 3.88: N. 21.39. Mol wt 2 

2,3-Dimethylalloxazine 5,lO-Dioxide (12). Orange colored eluate 
( 4 0  mg)  was purified hy recrystallization from 10 mL of' ethanol to give 
20 mg of orange crystals with m p  236-2338 "C. 

Anal. Calcd for C~~HI(IN,OI: C.  <52.5,5: H. 3.68; N. 20.43: OCH:,, 11.3. 

l , :~-DimethyIa l loxaz ine  i , lO-Dioxide (13) .  Crude reaction 
jiroduct (0.1 g )  was recrystallized from a mixture o f 5  mL of' water and 
2 mI, of' ethanol to  give i).076 g of' shiny crystals, m p  193 "C. 

Anal. Calcd for CI."I(INJOJ: C, ,52. H. 3.68: N, 20.43. Found: C. 
52.81; H. 3.67: Iu. 20.10. hlol !vt 274.2.  
3-Methyl-IO-methoxyalloxazine 5-Oxide (14). Crude material 

(40 mg) was recrystallized from 10 ml, of ethanol to give 20 mg ofor -  
ange crystals with m p  19Ci-198 "C. 

.Anal. Calcd l o r  C I , ~ H I , ~ N ~ O + :  C .  52.55: H. 3.68; N, 20.43; OCHiI, 11.3, 

Biological Act ivi ty  of Alloxazine Di-N-oxide.  Assays were 
perlormed under the supervision of' the Drug Research and Devel- 
ripment Section. 1)ivision of' Cancer Treatment. Kational Cancer 
Instil ute, L.S. I'ulilic Health Services by the procedures described 
in Geran et a1.I'; A compound is considered to show significant in vivo 
activity against the 12'aIker tumor system it' it causes reduction 
of'tumor weight in the treated rats to 42% or less of'the tumor weight 
i n  the  control ani mal^. In this test system the alloxazine di-S-oxide 
at 60 nip/kg s h o w d  an 8 0 " ~  reduction in tumor weight. I n  other tests 
using mouse leukemia L 1 2 1 0  no life prc~liingatii~n was noted. T h e  
alloxazine di-.Y-c:side inhibited the growth of' Lactohaci i lus c n w i  
(.L\TCC 7469) growing i n  tolic acid limited medium at 20 mcg/mI,, and 

F(11111d: C .  52.85: H. t3.67: N. 20.20: OCH:{. 9.8. 

F ~ u t l d :  C.  52.39: H. 3.71: N. 20.22; OCH,(. 11.7. 

this inhibition was not reversed by citrovorum factor, thymidine, or 
riboflavin. 

Registry No.-1, 490-59-5; 2, 2891-59-0: 3, 1086-80-2; 5 ,  22525- 
79-7; 7, 50628-74-5; 8, 54011-43-7; 9, 39132-80-4; IO, 4897-17-0; 11, 
2962-89-2; 12,62015-56-9; 13,32706-14-2; 14,62015-57-0. 
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trans-Hexahydro-l,4-benzoxanthiane and the  4-oxides have been prepared and the  stereochemistry of the sul- 
finyl derivatives determined. Acid-catalyzed equilibration of the  sulfoxides indicate that  the axial sulfoxide is more 
stable than the equatorial by 0.85 k 0.07 kcal/mol. Application of the  R-value method indicates that  the axial sulf- 
oxide i s  severely flattened when compared to  the  equatorial diastereomer. 

I n  a recent report' we had established the preferred con- 
formation of the sulfinyl oxygen atom in the 1,4-oxathiane 
system 1 in the absence of other substituents' as predomi- 
nantly axia l  by low temperature '.T NMR techniques. This 
result was found to be in keeping with a number of previous 
reports describing sulfinyl oxygen conformations with other 
heteroatoms within the six-membered ring or as substituents," 
but yet contrary to a number of other studies describing the 
conformational characteristics of  sulfoxide^.^ We reasoned 
t h a t  the calculated conformational free energy difference, 
LAG O = 0.4 kcalimol, for the sulfinyl oxygen atom in thiane 
1-oxide (2) and 1.4-oxathiane 4-oxide (eq z ax; AGO = -0.17 
kcal/mol for thiane l-oxide:jb and AGO = -0.68 kcal/mol for 
1,4-oxathiane 4-oxide1) results, in part, from the presence of 
an attractive intramolecular electrostatic interaction in 
1,4-oxathiane 4-oxide which is absent in the pentamethylene 
sulfoxide, 2. This may be viewed as a 1,4-attractive interaction 
between the negatively charged oxygen of the sulfoxide and 
the positive carbon atoms (and perhaps hydrogens) a t  C2 and 

C6.? Intramolecular dipole-dipole interactions appear to be 
dominant features in a number of heterosubstituted sulfox- 
ides. In fact, a recent report describing the results of empirical 
force field (molecular mechanics6) calculations on six-mem- 
bered ring sulfoxides' suggests that the conformations of the 
sulfinyl oxygen atom are controlled largely by dipolar con- 
siderations which exist between a ring heteroatom and the 
sulfinyl oxygen atom. 

An attractive or repulsive interaction, which might result 
in a decrease or increase in the distance between the axial 
sulfinyl oxygen and the C2, C6 carbons and hydrogens, would 
be expected to induce either mild puckering or flattening of 
the central ring of 1 when compared to a system without an 
axial sulfinyl oxygen.8 This distortion could be identified from 
precise determinations of vicinal coupling constants which 
could ultimately be translated into torsional angle~.~JO 

In this report, we have examined the conformational dis- 
tortions caused by the sulfinyl and sulfonyl oxygens in the 
4-oxides of trans-hexahydro-1,4-benzoxathiane (6). We view 


