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5-Deazariboflavine (la), made by Cheng and coworkers! in 1967, has proved to be a valuable
tool in flavine biochemistry.2 In the course of studies on riboflavine antagom’sts,3 we have
synthesized several new deaza isosteres of the vitamin, namely 1-deaza- (2a), 3-deaza- (3a),
1,5-dideaza- (4a), 1,3,5-trideaza- (5), and 9-aza-5-deazariboflavine (1b). The syntheses of
these compounds and certain methylated and desribityl analogs are described below.

Reaction of 6a with diethyl 2-bromo-3-oxoglutarate? (KoCO3/DMF, 25°, 18 hr) accompanied by
spontaneous air oxidation afforded a 20% yield of the quinoxaline diester 7: mp 105-106°; MS
m/e 316 (M*); NMR (CDC13) & 1.26 (t, 3H, J = 7 Hz, CHpCH3), 1.48 (t, 3H, J = 7 Hz, CHyCH3),
2.51 {s, 6M, ArCH3), 4.23 (q, 2H, J = 7 Hz, OCHoCH3), 4.45 (s, 2H, ArCHpCO2-), 4.56 {q, 24, J =
7 Hz, OCHpCH3), 7.90, 8.06 (s, each 1H, ArH).5 Treatment of 7 with saturated methanolic NH3 at
25° for 40 hr yielded 93% of 2b:-NH3 as purple crystals: mp { 360°. Dissolution in anhydrous
CF3C02H at 25° followed by precipitation with MeOH after several min gave 89% of free 1-deaza-
Tumichrome (2b) as purple crystals: mp ¢ 360°; MS m/e 241 (MY); UV Apax (MeOH) 231 nm (19,200),
248 (sh, 14,100), 299 (25,800), 540 (5,900). The complex 2b-NH3 had a comparable UV spectrum.
Whereas lumichrome has an alloxazine (TH) structure, NMR data indicate that 2b exists as a mix-
ture of the 10H and TH tautomers in a variable ratio, with the 10H form predominating: NMR
(300 MHz, DMSO-dg) & 2.29, 2.34 (s, each 3H, ArCHs), 4.28 (s, ~0.6-0.8H, exchangeable, -CHp-
at 1-position), 5.15 (s, ~0.6-0.7H, exchangeable, =CH- at 1-position), 7.06, 7.62 (s, each 1H,
c6,c9-H), 11.02, 12.24 (s, each < TH, exchangeable, NH). A comparable tautomeric relationship
exists with 2c and 4b, which are described below.

Similar treatment of 7 with MeNHz furnished 82% of 2c-MeNHs: purple crystals; mp >345°
dec; MS m/e 255 (M* for free 2c). Removal of MeNH2 with CF3COoH as for 2b provided a 93% yield
of 2c as a purple solid: mp >295° dec, NMR (300 MHz, DMSO-dg) & 2.29, 2.35 (s, each 3H, ArCH3),
4.36 (s, ~0.3H, exchangeable, -CHp- at l-position), 5.30 (s, ~0.85H, exchangeable, =CH- at 1-
position), 7.06, 7.65 (s, each 1H, CG,CQ-H), 12.30 (s, < 1H, exchangeable, NH}; UV Apax (MeOH)
256 nm (e11,200), 297 (20,300), 540 (4,650).

Reaction of 2b with Ac20 in pyridine (steam bath, 2 hr) followed by treatment with hot
H20 gave 79% of a monoacetylated derivative identified as the C‘-acety] compound 2f: reddish
orange crystals: mp >340° dec; MS m/e 283 (M*); NMR (300 MHz, DMSO-dg) & 2.48, 2.51 (s, each
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3H, ArCH3), 2.65 (s, 3H, COCH3), 7.96, 8.00 (s, each 1H, €6,c9-H), 11.38 (s, 1H, exchangeable,
N3-H), 16.53 (s, 1H, exchangeable, N10-H); UV ‘max (MeOH) 235 nm (e21,200), 258 (12,200), 311
(16,800), 480 (5,300). The corresponding acetylation of 2¢ (30 min, no H20 treatment) yielded
72% of 29 as a dark red-orange solid: mp 300-303° dec (preliminary softening); MS m/e 297 (M*);
'NMR {300 MHz, DMSO-dg) & 2.50, 2.54 (s, each 3H, ArCH3), 2.70 (s, 3H, COCH3), 8.01, 8.06 (s,
each TH, C6,C9-H), 16.62 (s, 1H, exchangeable, NH)}; UV Mmax (MeOH) 233 nm (e32,700), 258
(20,000), 310 {30,800), 480 (7,200). Consistent with their representation as C-acylated rather
than N-acylated derivatives, 2f and 29 are strikingly resistant to base hydrolysis.

Reaction of §g§ with diethyl 2-bromo-3-oxoglutarate under conditions similar to those used
for 6a but without purification of intermediate bicyclic diesters yielded, on treatment with
NH3, 14% of purple 1-deazariboflavine (2a); mp 300-305° dec; MS (field desorption) m/e 375 (M');
NMR7 (100 MHz, DMSO-dg) & 2.29, 2.36 (s, each 3H, ArCH3), 5.50 (s, 1H, Cl-H), 7.54, 7.58 (s,
each 1H, C6,C9-H), 8.14 (s, TH, NH); UV Apax (MeOH) 230 nm (e19,200), 305 (24,300), 356 (3,500),
530 (7,100). Similarly obtained from the crude bicyclic diesters on MeNHo treatment was the N3-
methyl derivative 2d in 13% overall yield: purple crystals; mp 289-294° dec; MS (field desorp-
tion) m/e 389 (M*); NMR7 (100 MHz, DMSO-dg) 6 2.30, 2.37 (s, each 3H, ArCH3), 3.22 (s, 3H,
NCH3), 5.69 (s, TH, C!-H), 7.63, 7.69 (s, each 1H, C6,C9-H); UV Agax (MeOH) 230 nm (e20,400),
296 (27,100), 355 (4,100), 536 (7,800).

An alternative route to 1-deazariboflavine (2a), which corroborates the assigned structure,
was found during the synthesis of 3-deazariboflavine (3a). Condensation of §g§ with 2,4,6-tri-
oxopiperidine9 (2 eq) in AcOH (95°, 30 min)]0’11 was followed by evaporation in vacuo and chro-
matography on silica gel (eluent 2-10% MeOH/CH2C12). First eluted was 1-deazariboflavine tetra-
acetate (2e) (14%) as a red-purple glass: NMR (CDC13) & 1.82, 2.07 (s, each 3H, COCH3), 2.23
(s, 6H, COCH3), 2.32, 2.45 (s, each 3H, ArCH3), 5.50 (s, 1H, C]-H), 7.20, 7.74 (s, each 1H,
€6,69-H), 8.90 (broad s, 1H, NH); UV Apax (MeOH) 285 nm (e22,200), 303 (23,200), 351 (5,300),
518 (8,600). On further elution, 3-deazariboflavine tetraacetate (3b) (36%) was obtained as a
yellow-brown glass: NMR7 (cbcig) & 1.71, 2.04, 2.20, 2.27 (s, each 3H, COCH3), 2.42, 2.53 (s,
each 3H, ArCH3), 6.39 (s, TH, C3-H), 7.55, 7.77 (s, each 1H, €6,C9-H); UV Arpax (MeOH) 265 nm
(€25,100), 436 (15,300).12 Hydrolysis of 2e (6N HC1, MeOH, 50°, 2 hr) gave 2a identical (mp,
UV, TLC) with material prepared by the other route. Hydrolysis (same conditions) of 3b gave 3-
deazariboflavine (3a) (80%) as yellow-brown crystals: mp 220-222° (recrystd from Hp0); MS (field
desorption) m/e 375 (M*); NMR7 (CF3C0,D) & 2.71, 2.82 (s, each 3H, ArCH3), 6.72 (s, 1H, C3-H),
8.35 (s, 2H, €8,C9-H); UV Apax (M0, pH 7) 265 nm (£27,400), 400 (14,800).12

Condensation of gg‘ with glutazine (8)? (or alternatively with 2,4,6-trioxopiperidined)
in 1:10 AcOH-H20 on the steam bath for 1.5 hr furnished an 89% yield of 1,5-dideazariboflavine
(4a) as red-orange crystals: mp 285-290° dec (preliminary softening); MS m/e 374 (M*¥); NMR
(DMSO-ds) 8 2.26, 2.36 (s, each 3H, ArCH3z), 5.48 (s, 1H, C]-H), 7.56, 7.66 (s, each TH,
c6,c%-H), 8.47 (s, TH, C5-H), 10.73 (broad s, TH, NH); UV Apay (MeOH) 234 nm (c38,700), 254
(13,400), 267 (13,200), 306 (34,700), 340 (3,800), 480 (10,600). From §g} the corresponding
1,5-dideazalumichrome (4b) was obtained in 24% yield as a dark red or red-violet solid: mp
4 360°; MS m/e 240 (M*); NMR (300 MHz, DMSO-dg) 6 2.27, 2.35 (s, each 3H, ArCH3), 4.74 (s,
~0.3H, exchangeable, -CH2- at 1-position}, 5.10 (s, ~0.85H, exchangeable, =CH- at 1-position),
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7.14, 7.64 (s, each 1H, C6,C9-H), 8.48 (s, 1H, CO-H), 10.69 (s, < 1H, exchangeable, NH), 11.33
(broad s, < TH, exchangeable, NH); UV Anax (MeOH) 233 nm (e13,400), 289 (9,000), 305 (10,000),

480 (2,900).13

Pronounced shifts in the longest wavelength UV spectral bands are observed when the NY or
N5 atoms of riboflavine, 1- or 5-deazariboflavine and 1- or 5-deazalumichrome are replaced by

methenyl.

at NS produces 45-60 nm shifts to shorter wavelengths.
and 1,5-dideaza analogs (2a-e; 4a,b) are not fluorescent, but fluorescence [Apax (MeOH) ~620 nm;

excitation A 480 nm] is observed in 1-acetyl derivatives 2f and 29.

Substitution of CH for NI produces bathochromic shifts of 80-90 nm, while replacement
In contrast to the flavines, the 1-deaza

1,3,5-Trideazariboflavine (5) [red crystals; mp 311-314° dec (recrystd from DMF); MS
(field desorption) m/e 373 (Mt); NMR/ (CF4C09D) & 2.62, 2.75 (s, each 3H, ArCH3), 6.85 (s, WM,
C3-H), 8.05, 8.26 (s, each 1H, C6,C9-H) 9.65 (s, TH, C5-H);14 UV Apay 289 nm (£17,600), 370
(5,300), 498 (3,300)112 was prepared in 35% yield by condensation of 6d with phloroglucinol

(dil NaOH, EtOH, reflux, 18 hr).15

Treatment of 2315 with Raney Ni-HCO2H analogous to a reported procedure for 2-chloronico-
tina]dehyde]7 gave 31% of aldehyde 9b: mp 72.5-73°; MS m/e 169 (M*); NMR (CDC13) & 2.33, 2.55



2554 No. 30

(s, each 3H, ArCH3), 7.91 (s, TH, ArH), 10.38 (s, 1H, CHO). Condensation of 9b with 6-D-ribi-
tylaminour‘acﬂ]8 in DMF at reflux for 5 min yielded 43% of 9-aza-5-deazariboflavine (1b):
orange-tan solid; mp >260° dec (recrystd, DMF-MeOH); MS (field desorption) m/e 376 (M) NMR7
(100 MHz, DMSO-dg), 2.38, 2.64 (s, each 3H, ArCH3), 7.98 (s, 1H, NH), 8.22 (s, TH, c6-H), 8.55
(s, TH, C5-H); wv Amax (H20, pH 7) 260 nm (e30,500), 306 (4,600), 393 (18,400).

Biological data for these and related compounds will be published elsewhere.
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