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A new riboflavin analog, 6-ethyl-9-(D-l'-ribityl)-isoalloxazine, has been synthesized and found to have 3% of the activity 
of riboflavin for the growth of L. casei. 

As a continuation of this Laboratory 's program of 
the synthesis and s t u d y of the metabolism of ribo
flavin analogs, 2 - 6 a new homolog, 6-ethyl-9-(D-l'-ri-
bityl)-isoalloxazine (I), has been synthesized and 
found to have 3 % of the activity of riboflavin (II) 
for L. casei. 
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Previous workers7 have shown tha t a t limiting 

concentrations 6-methyl-9- (D- 1 '-ribityl) -isoalloxa-
zine ( I I I ) , 7-methyl-9-(D-l'-ribityl)-isoalloxazine 
(IV) and 6-ethyl-7-methyl-9-(D-1'-ribityl)-isoallox-
azine (V) have approximately 3.6, 21 and 9 3 % , 
respectively, of the activity of riboflavin for L. 
casei* 

During recent years, it has been claimed9,10 t ha t a 
methyl group must be present in either the 6- or 7-
position of a ribitylisoalloxazine for the compound 
to have riboflavin activity. Since 6,7-diethyl-9-
(D-1'-ribityl)-isoalloxazine2 '3 (VI) is 100% and 6-
ethyl-9-(D-l'-ribityl)-isoalloxazine is 3 % as active 
as riboflavin for L. casei, the methyl group in either 
the 6- or 7-position can no longer be considered to 
be a structural requirement for the replacement of 
riboflavin in the nutrit ion of this organism. 

The 6-ethyl analog was synthesized by two 
methods. By the first method 4-ethyl-2-nitroani-
line-X-D-riboside was catalytically reduced to 2-
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(D-ribitylamino)-5-ethylaniline. This o-phenylene-
diamine was not isolated bu t was used directly in 
the condensation with alloxan to produce 6-ethyl-
9-(D-1'-ribityl)-isoalloxazine, by essentially the 
same procedure used by Lambooy2 for the synthe
sis of diethyl riboflavin. 

The synthesis by the second method consisted 
of condensing l-(D-ribitylamino)-2-£-tolylazo-4-eth-
ylbenzene with barbituric acid. This method 
yielded insufficient quanti t ies of flavin suitable for 
analytical purposes. However, the small amount 
of flavin obtained had the identical R; value as 
crystalline 6 - ethyl - 9 - (D - 1 ' - ribityl) - isoalloxazine 
when chromatographed on paper in a water :buta-
tanol : acetic acid system. 

The difficulty in the second method of synthesis 
was due to inadequate and inconsistent yields of 1-
(D-ribitylamino) -2-£-tolylazo-4-ethy !benzene. I t 
is of interest to note tha t it has been claimed11 t h a t 
in order for diazonium salts to couple in the o-
position of substi tuted anilines, the aniline deriva
tive must have substi tuents in both the m- and p-
positions. The basis for this belief has been tha t 
^-tolueneglucamine reacts with a diazonium chlo
ride to give VI I . 

CH 3 -<^ ^-N—CH2-(CHOH)j—CH2QH 

N = N - R 
VII 

C2H5-<f~~~^>—X—CH2-(CHOH)3-CH2OH 
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VIII 

Our inability to isolate suitable quanti t ies of 1-
(D-ribitylamino) -2-£-tolylazo-4-ethy !benzene may 
have been due to the presence of compound V I I I . 
T h a t the desired coupling did take place to some 
extent is indicated by the formation of small 
amounts of the desired flavin as indicated by the 
chromatographic means described above. 

Experimental 
4-Ethyl-2-nitroaniline-N-D-riboside.—D-Ribose, 1.50 g., 

and 2.00 g. of 4-ethyl-2-nitroaniline12 were treated by the 
general procedure for the preparation of ribosides as de
scribed by Berger and Lee.13 The riboside, in the form of 
yellow needles, was obtained in yields of 2.2-2.4 g. (74-
80%); m.p. 190.5-194.5° dec, H23D -107.5° (0.5% py
ridine). 

Anal. Calcd. for Ci3Hi8O6N2: C, 52.3; H, 6.1; N, 9.4. 
Found: C, 52.6; H, 6.1; N, 9.3. 

6-Ethyl-°-(D-l '-ribityl)-isoalloxazine. From 4-Ethyl-2 
nitroaniline-N-D-riboside.—The synthesis of the flavin was 
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based on the method of Kuhn and Strobele.14 To 250 ml. 
of 72% alcohol containing 0.83 g. of primary sodium borate 
was added 5.95 g. of 4-ethyl-2-nitroaniline-N-D-riboside. 
The mixture was reduced at 30 atmospheres of hydrogen for 
6 hours at 70-80° using 5 g. of catalyst in the form of palla
dium and trace amounts of zinc and calcium hydroxides on 
calcium carbonate. Ascorbic acid, 200 mg., was added. 
The catalyst was removed and the solution evaporated to 
dryness under reduced pressure in an atmosphere of nitrogen. 
The residue was treated repeatedly with absolute alcohol 
followed by evaporation. The dry residue was dissolved 
in 60 ml. of glacial acetic acid and to it was added a suspen
sion of 4.2 g. of boric acid and 4.2 g. of alloxan in 60 ml. of 
glacial acetic acid. The mixture was shaken for 40 minutes 
at 55-60° and placed in the dark for 72 hours. After evap
orating to dryness as above, the product was dissolved in 
37.5 ml. of hydrochloric acid. l s Superoxol, 2 ml., was 
added, and after 25 minutes the solution was filtered and 
37.5 ml. of water added to the filtrate. When placed in the 
refrigerator, yellow crystalline platelets were slowly de
posited to yield 2.2 g. (29%) of 6-ethyl-9-(D-l'-ribityl)-
isoalloxazine. For analytical purposes, the product was dis
solved in water and extracted twice with ether. The aque
ous phase was then evaporated to dryness under reduced 
pressure. The dry residue was triturated with 50 ml. of 
warm (40-50°) alcohol and filtered. The insoluble mate
rial was recrystallized from boiling alcohol to yield 6-ethyl-
9-(D-l'-ribityl)-isoalloxazine, m.p . 284-285° dec. 

Anal. Calcd. for Ci7H20O6N1: C, 54.3; H, 5.4; N , 14.9. 
Found: C, 54.3; H, 5.5; N , 15.4. 

4-Ethylaniline-N-D-riboside.—D-Ribose, 1.50 g., and 2 
ml. of £-ethylaniline16 were treated as described above13 ex
cept that no catalyst was used. The riboside, in the form 
of white needles, was obtained in yields of 2.1-2.5 g. (80-
91%), m.p . 130-134° dec. 

Anal. Calcd. for C13H19O4X- JH2O": C, 60.6; H, 7.6; 
N, 5.4. Found: C, 60.4; H, 7.5; N, 5.4. 

It was found that if sulfuric acid was used as a catalyst as 
described,13 the riboside isolated contains one-half mole of 
water of crystallization. 

Anal. Calcd. for CnHi9O4N-IH2O: C, 59.5; H, 7.7; N, 
5.3. Found: C, 59.7; H, 7.6; N, 5.4. 

4-Ethyl-N-(l'-D-ribityl)-aniline.—Three grams of 4-ethyl-
aniline-N-D-riboside dissolved in 150 ml. of absolute alcohol 
was hydrogenated at 60 p.s.i. at 70° for 6 hours using 0.6 g. 
of Raney nickel catalyst. After removing the catalyst and 
cooling the filtrate, white needles were precipitated. The 
product was recrystallized from alcohol to yield 2.6 g. 
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(86%) of 4-ethyl-N-(l'-D-ribityl)-aniline, m.p . 138-138.5°. 
Anal. Calcd. for C13H21O4N: C, 61.2; H, 8.3; N, 5.5. 

Found: C, 61.4; H, 8.4; N , 6.0. 
l-(D-Ribitylamino)-2-p-tolylazo-4-ethylbenzene.—The 

synthesis of the tolylazo compound was based on the method 
of Tishler, et a/.18 A mixture of 4.7 g. of ^-toluidine, 80 ml. 
of acetic acid, 10 ml. of water and 9.0 ml. of concentrated 
hydrochloric acid was diazotized by the addition of 2.8 g. of 
sodium nitrite. After the nitrite was consumed, 5.1 g. of 4-
ethyl-N-(l'-D-ribityl)-aniline was added, followed by the 
addition of a solution of 2.9 g. of sodium hydroxide in 12 ml. 
of water. The mixture was aged at 8-10° for 2 hours. A 
longer period of aging did not increase the yield. The mix
ture was diluted with 500 ml. of ether and shaken with water. 
The ether layer was washed with water, 10% sodium bicar
bonate and again with water. After the removal of the 
ether, the residue was suspended in hot benzene and filtered. 
The benzene insoluble material was recrystallized from 50% 
alcohol to yield 0.55 g. of red needles, m.p . 130-131°. This 
was the largest amount of material obtained from a number 
of attempts involving the above procedure. It is regrettable 
that due to large losses during the recrystallization of this 
material a sample of suitable purity for analysis was not 
obtained. 

Anal. Calcd. for C20H27O4N3: C, 64.3; H, 7.3. Found: 
C, 64.9; H, 7.8. 

6-Ethyl-9-(D-l'-ribityl)-isoalloxazine. From 1-(D-Ribityl-
amino)-2-£-tolylazo-4-ethylbenzene.—A mixture of 0.52 g. 
of l-(D-ribitylamino)-2-£-tolylazo-4-ethylbenzene, 0.31 g. 
of barbituric acid, 3.9 ml. of dioxane and 0.74 ml. of acetic 
acid was treated by the procedure of Tishler, et al.,w to yield 
0.05 g. of a yellow solid. On recrystallizing from hot water, 
yellow needles were deposited. This material when chro-
matographed on paper in a water: butanol: acetic acid sys
tem19 has an Rt value of 0.43 as does crystalline 6-ethyl-9-
(D-1 '-ribityl)-isoalloxazine. 

Biological Data.—The microbiological assay of this mate
rial was done by the usual procedure.20 When the acid pro
duction by L. casei grown in the presence of 2.0-6.0 micro
grams of 6-ethyl-9-(D-l'-ribityl)-isoalloxazine per 10 ml. of 
culture medium is compared to the acid produced in the 
presence of 0.05-0.15 microgram of riboflavin per 10 ml. of 
medium, it was found that 6-ethyl-9-(D-l'-ribityl)-isoalloxa-
zine has approximately 3.0% of the activity of riboflavin for 
this organism. 

6-Ethyl-(D-l'-ribityl)-isoalloxazine, when present in con
centrations up to 9000 times that of riboflavin, did not an
tagonize riboflavin utilization by L. casei. 
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