
Synthesis and Biological Activity of 7,8-Disubstituted Isoalloxazines. 
Synthesis of Nitrogen Mustard Derivatives' 
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,. t w o  basically substituted isoalloxazines, 7,8-diniethyl- and '7 ,8-d i i : l i lo ro- l0-~~-~his~l ' - l i~-drox~et t i~-~)~i f i i ix i~~~-  
ethyl1 isoalloxazine hydrochloride, have been synthesized. The 3-[l)is( %-hydroxyethyl):Lminol ethyl substituent 
provides a terminal hydroxyl group at a distance from the isoalloxazine iiurleus comparable to that of the 5'- 
hydroxyl group of rihoflavin. Both coinpounds are biologically inert for Lactohacillrts casoi but the former is :L 
reversible inhibitor of riboflavin in tlie rat. The 2-[bis(~-c~liloroettiyl)a1iiin11]etl1~1 derivatives of the two haui- 
(.ally substituted isoalloxazines were synthesized suc:cessfull>- 01i1y frcini t,he diol free hues .  2--Sitro-lj5-di- 
methylchlorobenzene or .1,.j-dichloro-1,2-dinitrobezizer1e m d  l'-[bis(2-h~ ethyi)aniiiiiJlethy~aniine were 
heated kvith pyridine at  150" for 10 hours to yield 2-nitrcJ-~,.i-dinietti?-l- and %-nitro-l,j-dicliloro-;l;-L'- 
[his(2-hydroxyethyl)arninct] ethylaniline (79C,&), respectively. 'The nitro :t Tvere reduced to phenylenedia- 
mines which, as the diliydrochlorides, were condensed Lvith alloxan nionoh, o yield 7,8-diniethyl- (43L h), 
and 7,8-dichloro-lO- j 2- [his( 2 - l i yd ros~e thy l ) amin~~  ethj-11 isoalloxazine (, 1X spect,ively. The free base o f  
the 7,8-dimeth-l- or the 7,8-dichloroisoalloxaxine was refluxed wit11 tliionyl chloride to  yidd 7,8-dimetliyl- 
(91 c<), and 7,8-dichlorc1-10- { ~-[~)is(2-c~hlor~)eth!-l)aii i~ri~J]et~~yl~ isoalloxazine Iiydrirhloride [8'7(;;. I ,  respectivel!.. 
Molar extinction coefirients are given for the two diol isoal1ox:ixint~s. Routine procedures \vert' used for t Iii. 

1)iologir.al evnliiation of these riiateri;~ls. 

Quiiiacrine (I) and riboflaviii (111) bear a structural2 
wsemblaiice. This had prompted the synthesis or' 

CHaCH(CH2) sN(CHzCHzR3) 2 

I Rin 
1 

ri 

several basically substituted isoalloxazinesZb as po- 
tential antimalarial drugs. Xone possessed anti- 
malarial activity nor did they show any antagonism 
toward riboflavin. Certain basically substituted 7,8- 
dichloroisoalloxaziness are weak iiihibi tors of r)-amiiio 
acid o x i d a s e , j a  an enzyme M hicli requires flavin adeninc 
dinucleotide as a prosthetic group. 

Alll the isoalloxazines, except one, which 1iar.t. a hasir 
arihstit,uriit a t  positioii 10 have a dialkglaniinoalkyl 
sidc chhaiii 'The only exception is a derivative syii- 
thesized by Adaim, et al . ,  2b which has a single hydroxyl 
group on the second carbon of the side chain. Thc 
absence of a hydroxyl group on the side chain at a dis- 
tance comparable to  the terminal hydroxyl group of 
riboflavin, which is required for the formation of the two 
biologically essential coenzj ines, may he a reason w1i.1 
t h e  basically substituted analogs of riboflaviii arc' 
i 1iac.t i w. 

'L'n-o basicdlg srihtitutrd iwalloxaziiiei, 7,8-di. 

I I 1  (a)  l'llis work was supported in part  by G r a n t  CY-PLI40 frurn tile Sti- 

tional Ca1ir:rr Insti tute,  United States Public Health Service. (b) I n  part 
Iruiu tile l'11.11. thesis of R. D. Faulkner, University of Rochester. 1Y62. 

12) (a) J. hladinaveitia, Biochem. J . .  40, 373 (1946): (b) R. R. .Idailis, 
TVeisel, and H. S. Mosher, .I. A m .  Chem. Soe., 68, 888 (1946). 

(3)  The numbers used in structure 111 are tile same as the  numbers 1ist~1 

(4) (a) I f .  Rrrrkett, .I. Am.  Ciiem. Sac., 69, 2.i6.5 (1947); i h )  F'. I<i[inis, 
( c )  F. E. King and I f .  

( 1 ) )  I<. B. Harluu a r i i l  11. I f .  1 1 1 ~ .  

for t l i ~  systematic nomenclature of isoalloxazines by Chem. Abstracts. 

C. {Vciner, and 1'. E. Spoerri, ih id . ,  69, 7U9 (1Y47): 
11. .\c,iieson, J .  Chem. Soc. .  681 (1946) .  

t h i d . ,  713 flS.50). 
C.?) (a) R. R.  Barlow, i b i d . . 2 2 2 . i  (1931); 
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or 80% ethanol (1X) 'L-",' 

VIII, Ri=R*=CH3;R3=Cl 
IX,Ri=Rp=CI;  Ra=NOz 

NHCH~CH~N(CHZCHZOH)~ Hz - 
PtOz 

XI,  Ri=Rz= CHs 
XII, Ri =Rz = C1 

NHCH~CH~N(CHZCH~OH) z 2 XIII.HCI, 
XIV.HCI 

I 
alloxan, 

I V  or V.HCI 

XIII, Ri Rz = CH, 
XIV, Ri = Rz = C1 

densed with alloxan monohydrate to form the flavins.'O 
Basically substituted isoalloxazines have been syn- 

thesized previouslyZb 4 5 by two different procedures: 
(A) by the reaction of a substituted phenylenediamine 
with alloxan monohydrate in glacial acetic acid using 
boric acid as a catalyst and (B) by the reaction of the 
phenylenedianiine hydrochlorides with alloxan mono- 
hydrate in alcoholic solution. When procedure A was 
used for the synthesis of IT', a mixture of products was 
obtained from which I V  could be obtained in poor yield 
by a chromatographic separation. S o  Tr could be 
obtained by the use of procedure h. Procedure B gave 
a good yield of IV and a small yield of 1- as the hydro- 
chlorides. In  contrast to the observation of Iiipnis, 
et u Z . , ~ ~  on the solubility of some basically substituted 
isoalloxazines, IT; was insoluble in chloroform. 

The conversion of IT' and T' to the nitrogen mustard 
derivatives VI and T'II did not take place when the 
hydrochlorides mere refluxed with thionyl chloride, 
although Liii and Price" were able to convert the hy- 
drochlorides of similarly substituted adenine diols to 
their bis(2-chloroethy1)derivatives. By using the free 
base of the flavin and a large excess of thionyl chloride, 
the conversion to  the nitrogen mustards was achieved 
readily. 

Biological Activity. A. For L. casei-Compounds IV 
and V were tested with L. casei for their biological ac- 
tivity by methods described previously.12 They were 
inactive as growth inhibitors a t  a ratio of up to 500 pg. 
of analog to 0.1 pg. of riboflavin per tube. In  addition 
IT' was tested for any vitamin-like properties in tubes 
containing no additional riboflavin and it was found 
to be inactive as a vitamin for L. casei. 

B. For the Rat.-Male weanling Ristar rats were 
maintained on a riboflavin deficient diet1* until they 
were deficient. l3 They were then assigned a t  random 
to experimental groups. Animals in the different 
groups received a supplement by stomach tube, daily, 
just prior to feeding. The results are given in Table I. 

(IO) Flavin is a general term referring to  any isoalloxazine. 
(11) H. H. Lin and C. C. Price, J .  O r g .  Chem., 26, 26: (1961). 
(12) d .  P. Lambooy and  H. 1'. Aposhian, J .  Sutrition, 71, 132 (1960). 
(13) The rats were deficient after 3-4 weeks on the  riboflavin deficient 

diet. 

TABLE I 

PLUS RIBOFLAVIN 
GROWTH OF R.%Ts RECEIVING ASALOG, RIBOFLAVIN, OR Ah-.%LoG 

Group 

1 
2 
3 
4 
5 
6 
" 

Supplementa 

Hz0 
2 mg. A 
2 mg. A + 25 fig. It 
25 pg. R 
10 f ig. R 
2 mg. A + 100 pg. It 
100 fig. R 

PVeight 
change,* g. 

3 & 1 .6  
-12 iz 1 6  

41 =t 4.3 
119 =t 3 . 8  

57 i 3 . 8  
106 i 7 . 0  
143 i 6 .6  

Survivors 

15/16 
10/25 
9 i y  
8 /8  
717 
9 i 9  
8 / 8  

5 0.5 ml. solutions or suspensions, in 6 5  gum acacia, of com- 
pound IV (Analog or A), riboflapin (R)  or compound I V  plus 
riboflavin were administered. Net weight change of survivors 
for the 4-1veek test period. An estimate of the standard error is 
given. P values (null hypothesis) for 1 us.  2, 1 us. 3, 1 us. 4, 1 us. 
6, 1 vs. 7 ,  3 us.  4 and 6 us. 7 are much less than 0.01. P for 3 us. 
5 is 0.015. Yet \$eight change for survivors of groups of animals 
receiving 2 mg . A plus smaller quantities of riboflavin were for: 
2 mg. A + lyR,  -11 g. (3/9), 2 mg. A + 5yR, -6 g. (6/10) and 
2 mg. -4 + lOyR, + \5 g. (8/10). 

Compound IT' is a reversible i~ihibitor '~ of riboflavin 
for the riboflavin deficient rat. The quantity or ribo- 
flavin required to obtain a Ed17c reversal of the growth 
inhibition from a dose of 2 nig. of IV  per day can be 
estimated as about 40 pg. The inhibition index would 
be approximately 50. In view of the lack of activity of 
V for L. casei and the small supply of this compound 
available for study, it was not tested in the rat. 

The nitrogen mustards T'I and T'II have been sub- 
mitted to the Cancer Chemotherapy Sational Service 
Center for screening. 

Experimental 
4,5-Dimethyl-2-nitro-N-2- [bis(2-hydroxyethyl)amino] ethylani- 

line (XI).-2-Nitro-4,5-dimethylchlorobenzene~b (VIII)  (5 g., 
0.027 mole) (prepared from 2-nitro-4,5-dimethylanilinei6), the 
free base from 11.1 g. (0.056 mole) of 2-[bis(2-hydroxyethyl)- 
aminolethylamine dihj d r ~ r h l o r i d e ~ ~ , ~ '  (X)  and 25 nil. of ppr- 
idine were heated in a sealed tube at 140-150" for 10 hr. When 
cold, the contents of the tube were concentrated to dryness, 
made acid with 60 nil. of 6 AY hydrochloric acid and the unreacted 
VI11 was extracted with ether. The aqueous layer was neu- 
tralized with ammonium hydroxide. The cr? stalline product 
was filtered and recrystallized from 50 ml. of 5OCc alcohol to 
give 3.9 g. (49%) of XI, m.p. 107-109". -411 analytical sample 
had n1.p. 109-110'. 

ilnal. Calcd. for ClrH2,SaOa: C, 56.6; H, 7.8; S, 14.1. 
Found: C,56.2; H,7 .7 ;  N, 13.9. 

4,5-Dichloro-2-nitro-N-2- [bis(2-hydroxyethyl)amino] ethylani- 
line (XI).-To a cold solution of 320 ml. of concd. sulfuric acid 
and 212 ml. of concd. nitric acid was added 108 g. (0.56 mole) 
of 3,4-dichloronitroben~ene,~~ and the mixture was stirred and 
heated :it 110-115° for 6 hr. The reaction mixture was poured 
onto ice, the product collected on a filter and lvashed with cold 
water. The crude product was recrystallized twice from ethanol, 
twice from glacial acetic acid and finally from ethanol t o  give 

(14) Quinacrine was found t o  be a n  irre\-ersible inhibitor of cytochrome 
reductase by E, Haas, . I .  B i d .  Chem..  166,  321 ( I S i i ) ,  and D-amino acid 
oxidase by L. Hellernian, A. Lindsay, and 31, R. Bovarnick, J .  B id .  Chem., 
163, 553 (1946). 

(15) All melting points are corrected and were taken in an  electrically 
heated bath.  Decomposition points were obtained by immersing the capil- 
lary into a rapidly heated bath a t  150° with rapid heating to  the decomposi- 
tion point. This procedure permitted a high degree of reproducibility in 
the  determination of decomposition points. l l traviolet  spectra were ob- 
tained on a Beckman DU with water as  solvent. I?( values \ \ere  obtained 
in I-butanol, water, acetic acid ( 4 : 5 :  I) on Kliatman nunibei one paper by 
the  ascending technique. 

(16) Now available froin tile .\ldrich Chen~ical Co. 
(17) 6. R. .Ispinall, . I .  A m .  Chem. Soc., 63, 852 (1941). 




