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 ISOMERIC DIAMINO-v-TRIAZOLOPYRIDINES
 
 The Preparation and Properties of Isomeric Diamino-v-triazolopyridines. 1- and 3-Deaza-2,6-diamino-8-azapurinesl CARROLL TEMPLE, JR.,* BUFORDH. SMITH, JR.,AND JOHN A. MONTGOMERY Kettering-Meyer Laboratory, Southern Research Institute, Birmingham, Alabama 36806 Received November 81, 1978 The nitrosation of ethyl 5,6-diamino-4-[(diphenylmethy1)aminol pyridine-2-carbamate (1) resulted in ring closure between the 5-amino- and P(diphenylmethy1)amino groups to give ethyl 4-amino-1-[ (diphenylmethy1)amino]-1H-v-triazolo[4,5-c]pyridine-6-carbamate(3). Removal of the blocking groups of 3 gave 4,Gdiarnino-lH(14) was prepared from 5v-triazolo[4,5-c]pyridine (7). The isomeric 5,7-diamino-3H-v-triazolo[4,5-b]pyridine amino-7-chloro-3H-v-triazolo[4,5-b]pyridine (10) by reduction of the corresponding 7-azido derivative 12. Two other routes for the preparation of 14 are discussed. The Dimroth rearrangement between 7 and 14 was investigated.
 
 The isomeric 4,6-diamino-1H-v-triazolo [4,5-c]pyruct (tlc), which was assigned structure 3 rather than 5 . Initially the assignment of structure was based idine (S-aza-3-deaza-2,6-diaminopurine)(7) and 5,7diamino-3H-v- triazolo [4,541]pyridine (8-aza- 1-deazaon the greater nucleophilicity of the (diphenylmethy1)2,6-diaminopurine) (14) compounds are of theoretiamino group over that of the 6-amino group in the precal and biological interest as purine ring analogs. Alsumed 5-diazopyridine intermediate (see 21 and 22), though the nitrosation of the known 2,3,4,64etraamiand this surmise was confirmed by the results described nopyridine2 might provide either one or both of 7 and below. 14, this method might lead to ambiguous structural Cleavage of the urethane group of 3 was effected assignments. The present paper describes the effect with refluxing ethanolic KOH to give 6 . Support of the (diphenylmethy1)amino group on the mode of for this structure ( 6 ) was provided by its pmr speccyclization in tetraaminopyridines, the nucleophilic trum, which showed the CH of the PhzCHN group as displacement of the chloro group in the 5-amino-7a singlet. This CH in the isomeric compound obchlorotriazolopyridine 10, and the Dimroth rearrangetained from 5 might appear as a doublet as a result of ment between 7 and 14.3 spin-spin coupling between the CH and N H of the Treatment of 1 with ethyl orthoformate was shown PhzCHNH group. This type of splitting is observed t o result in cyclization between the 5,6-diamino groups in the spectrum of the related imidazopyridine 4.4 to give ethyl 7- [ (diphenylmethyl)amino]-3H-imidazo- Removal of the diphenylmethyl blocking group of 6 [4,5-b]pyridine-5-carbamate (4).4 This mode of cyto give 7 was more difficult. Treatment of 6 with concentrated HC14 a t room temperature gave mainly recovered 6 and unidentified decomposition products, but none of 7. Similarly, hydrogenation of 6 in the presence of Raney nickel gave none of 7. In contrast, Et0,CHN Et0,CHN NHCHPhp hydrogenation of 6 in the presence of palladium a t 1 2 60" resulted in overreduction (1.S molar equiv of Hz), 1 but the resulting mixture gave a 45% yield of 7. AddiNHCHPhs tional proof for the structure of 7 (and 3) was provided by the synthesis of the isomeric compound 14. Nitrosation of B4 gave a good yield of 9. TreatEt0,CHN EtOICHN ment of 9 with sodium azide resulted in azidodechloH I 4,X=CH rination to give 11, which was readily hydrogenated in
 
 r
 
 1
 
 5,X=N
 
 F1
 
 F' Et02CHN
 
 "2
 
 8
 
 CHPhz
 
 "";/
 
 7
 
 6
 
 clization was attributed to steric interaction between the 4- [(diphenylmethyl)amino] and 5- [(ethoxymethylene)amino] groups of the presumed intermediate 2. In contrast, nitrosation of 1 gave a homogeneous prod( 1 ) This investigation was supported by Contract NIH-71-2021 from the Division of Cancer Treatment, National Cancer Institute, National Institutes of Health. (2) R. D. Elliott, C. Temple, Jr., and J. A. Montgomery, J . Oyg. Chem., 33, 2393 (1968). (3) C. Temple, Jr., B. H. Smith, Jr., and J. A. Montgomery, ibid., 31,
 
 3601 (1972); Chem. Commun., 52 (1972). (4) C. Temple, Jr., B. IT. Smith, Jr., and J. A. Montgomery, J . Org. Chem.,
 
 in press.
 
 9, R = C0,Et IO,R=H uio I O ~ , / E t O H / A
 
 J
 
 -
 
 11R C02Et I2,R=H
 
 13,R = C02Et 14,R-H
 
 the presence of palladium to give 13. The azide reaction demonstrated that the reactivity of the chloro group in the triazolopyridine 9 was greater than that of the chloro group in the corresponding imidazopyridine seriesn4 Simultaneously, a similar sequence of reactions was used to prepare the 5,7-diamino compound 14.
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 Treatment of 9 with NaOMe in refluxing ethanol for 26 hr gave 10, which was treated with sodium azide to
 
 give 12. Unexpectedly, hydrogenation of 12 with either Raney nickel or palladium resulted in only partial conversion to 14. Apparently the formation of 14 poisoned the catalysts. However, treatment of 12 with sodium hydrosulfite gave a pure sample of the desired product 14. Also, treatment of 10 with 1201, ethanolic ammonia in the presence of "&I in a bomb a t 150" for 19 hr resulted in a 16% yield of 14 contaminated with a trace amount of 10 (tlc). I n another approach, reaction of 156 with diphenylmethylamine gave 16, which was hydrogenated in the presence of Raney nickel to give 17. hTitrosation of 17 gave a YH2
 
 EtOICHN 15, R = Cl 16, R = NHCHPhl
 
 YH*
 
 Et0,CHN
 
 NHCHPh, 17
 
 "o,/ YHCHPhz
 
 "
 
 NJ ) = J EtOICHN
 
 H 19
 
 14
 
 CHPhp 20
 
 mixture from which pure 18 was separated. This reaction gave anothcr product that was homogeneous (tlc) and analyzed correctly for 19. However, this sample was insoluble in dilute NaOH, and on storage was converted to a mixture containing 18 (tlc). These results suggested that the sample initially isolated was an unstable polymeric material rather than 19. Cleavage of the urethane group of 18 was effected with NaOCHs in PrOH to give 20. Hydrogenation of the latter in the presence of a palladium catalyst was difficult and gave only partial conversion to 14. The results of previous studies suggested that rearrangement of 7 to 14 might occur readily.3 Although the chemical shifts of the ring CH's of 7 and 14 are quite similar in deuterated DMSO, the signals from these protons are readily distinguished in the spectrum of the mixture, so that pmr spectroscopy could be used to monitor the rearrangement. Treatmenk of 7 with 12% ethanolic ammonia in a bomb at 150" gave about a SOYo conversion to 14 in 17 hr and about an 85y0 conversion in 120 hr (7 half-lives). Presumably, this conversion involves the diazopyridine intermediates 21 and 22. These results show that the ther(5) R. D. Elliott, C. Temple, Jr., J. 1,. Frye, and J. A. Montgomery, J . Org. Chem., 36, 2818 (1971).
 
 modynamic stability of 14 is greater than that of 7 in the presence of ammonia, which was confirmed by treatment of 14 with ethanolic ammonia. No rearrangement of 14 to 7 either a t 150" or 175" was detected by tlc.
 
 Experimental Section6 Ethyl 4-Amino-l-(diphenylmethyl)-1H-v-triazolo[4,5-c]pyridine-6-carbamate (3).-Solid sodium nitrite (1.5 g) was added t o a solution of 1 (7.9 g)4in DMF (100 ml) containing 1 N HC1 (21 ml) a t 5". After the addition was complete the reaction mixture was stirred at room temperature for 5 hr and diluted with H 2 0 (1000 ml). The resulting suspension was adjusted to pH 8 (paper) with NaHCOa, and the crude product was collected by filtration and washed with HzO,yield 7.0 g (86%). The analytical sample, recrystallized from EtOH, decomposed from about 120'. Anal. Calcd for CZIH~ONBO~: C, 64.93; H , 5.19; N , 21.64. Found: C, 64.66; H, 5.24; N, 21.37. 4,6-Diamino-l-(diphenylrnethyl)lH-v-triazolo [4,5-c] pyridine (6).-A mixture of 3 (1.0 g) and KOH (1.4 g) in EtOH (50 ml) was refluxed for 10 hr, cooled, and filtered. The resulting residue was suspended in HzO (20 ml), and the mixture was acidified to pH 5 (paper) with HOAc. The solid was collected by filtration, washed with HzO,and dried in vacuo over P z Oa~t 78", yield 0.31 g (38%), mp 245-246'. Anal. Calcd for ClsHleN& C, 68.33; H, 5.10; N, 26.57. Found: C,68.11;H,5.07;N,26.40. The reaction filtrate from above was worked up in a similar manner to give an additional 0.37 g of crude 6. The total yield was 0.68 g (83%). 4,6-Diamino-lH-v-triazolo [4,5-c] pyridine (7).-A suspension of 6 (2.0 g) in a mixture of EtOH (200 ml) and DMF (2 ml) was hydrogenated in the presence of 5% palladium on charcoal (2 g) at atmospheric pressure and room temperature. The uptake of hydrogen was very slow. After 2 hr additional 5% palladium (2 g) was added, and the mixture was hydrogenated at 60' for 72 hr. The uptake ceased after about 1.8 molar proportions of HZwas absorbed. The catalyst was removed by filtration (Celite), and the filtrate was evaporated to dryness an vucuo. The resulting residue was washed with Et20 and recrystallized from HzO (dried 78'), yield 0.43 g (45%), mp 228-229' dec. Anal. Calcd for CsHaNe: C, 40.00; H, 4.03; N, 55.97. Found: C, 39.88; H , 3.99; N , 55.77. Ethyl 7-Chloro-3H-v-triazolo[4,5-b] pyridine-S-carbamate (9).Solid sodium nitrite (3.3 g) was added slowly with stirring to a suspension of 8 (10 g)4 in 5% aqueous HOAc (200 ml), which was cooled in an ice bath. After the addition was complete the reaction mixture was stirred a t room temperature for 20 hr. The solid was collected by filtration and reprecipitated from hot EtOH (Norit) by the addition of HzO, yield 9.0 g (86%), mp 211' dec. Anal. Calcd for CsHsClN602: C, 39.77; H, 3.34; C1, 14.67; N , 28.98. Found: C, 39.62; H , 3.62; C1, 14.50; N, 28.65. 5-Amino-7-chloro-3H-v-triazolo[4,5-b] pyridine (lo).-A mixture of 9 (5.0 g) and MeONa (5.6 g) in EtOH (250 ml) was refluxed for 26 hr. The reaction mixture was evaporated to dryness, and the residue was dissolved in 1 N HC1 (155 ml). The resulting solution was adjusted first to pH 8 (paper) with dilute NHlOH and then to pH 5 with dilute HC1. After chilling, the product was collected by filtration and dried in vacuo over PZO6 a t 78", yield 3.0 g (86%), mp >350°. Anal. Calcd for C6H4C1N6: C, 35.41; H, 2.38; C1, 20.91; N, 41.30. Found: 6,35.20; H, 2.49; C1, 20.93; N , 41.16. Ethyl 7-Azido-3H-v-triazolo[4,5-b] pyridine-5-carbamate (11).A solution of 9 (1.0 g) in a mixture of 1:1 EtOH-HZO (50 ml) containing sodium azide (6.0 g) was refluxed for 48 hr. The reaction mixture was evaporated to dryness, the residue was dissolved in HZO, and the resulting solution was acidified to pH 5 (paper) with HOAc. The solid that deposited was collected by filtration, recrystallized from aqueous EtOH, and dried in vacuo over PzOj at 56", yield 0.62 g (60%). This sample decomposed from -160". Anal. Calcd for CsHeNsOz: C, 38.71; H, 3.25; N, 46.15. Found: C, 38.96; H, 3.50; N, 45.22. (6) Melting points, unless otherwise noted, were determined on a MelTemp apparatus, and thin layer chromatograms (silica gel H) ware developed with mixtures of CHCls and MeOH.
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 TABLE I SPECTRAL PROPERTIES OF SOMEV-TRIAZOLOPYRIDINES Uv absorptiona spectra at pH 7, Compd
 
 A,.
 
 nm ( e X 10-3)
 
 I r absorptionb spectra in KBr, selected bands, om-1
 
 Pmr spectral assignments,O chemical shifts, 8 (re1 area)
 
 1.21 t (3, CHa), 4.10 q (2, CHt), 7.01,' 7.10, 7.37 m [14, NHz, CH (CaH6, CH)], 9.43 (1, NH)' 5.42,' 5.55' (3, 7 H, NHz), 6.73 (2, NHz),' 7.21, 7.37 (11, HCPh, C G H ~ ) 5.43 br, 5.68 (3, NHz, 7 H), 6.60 br (2, NHz), -14 br (1, NH)
 
 3
 
 233 (28.3), 290 (11.4), 303 sh (10.8)
 
 1730, 1630, 1605
 
 6
 
 228 sh (24.9), 285 (6.33), 322 (7.12)
 
 1645, 1600, 1590
 
 7
 
 225 (27.1), 275 (4.75), 314 (5.37)
 
 1660, 1620, 1595
 
 222 (22.9), 302 (14.9) 265 sh (5.10), 293 (7.41)f 222 (21.5), 300 (17.5) 284 (12.6), 307 sh (9.55)'
 
 1750, 1725, 1595 1615, 1535 2115, 1700, 1615 2120, 1625, 1580
 
 281 (16.9), 302 (22.2)r 280 sh (15.6), 293 (18.2)'
 
 1715, 1700, 1645 1640, 1600, 1535
 
 222 (34.8),296 (8.10) 232 (22.7), 283 (16.4), 297 sh (14.1)
 
 1725, 1660, 1610 1720, 1650, 1630
 
 9 10 11
 
 12 13
 
 14 17
 
 6.72 (6 If), 6.85 (NHz), ~ 1 br4 (NH) 1.08, 3.48 (CHaCHzOH), 6.17 (1, 6 H), 6.64 (2, NHz),' -12 (1, NH)' 5.71 (1, 6 H), 7.43 br (2, NHz), ~ 9 . br 6 (4, NHz, NH, NH')
 
 1.23 t (CH,), 4.13 q (2, CH2), 7.17, 7.24,h7.35 [14, CH (CH, NHz), CeHs], 9.81 (1, NH) 3.33 br (4, XHz HzO), 5.61 (1, 6 H), 1625, 1600, 1515 20 292 (16.0) 6.32 br (2, NBz), 7.07 (1, HCPh), 7.32 (10, CeH5) a Cary Model 17 spectrophotometer. Unless otherwise noted, solvent contains 10% MeOH and 90% pH 7 phosphate buffer. Perkin-Elmer Model 521 and 621 spectrophotometers. Pmr spectra of samples were determined in DMSO-de solutions (5-10% w/v) with Varian A-60A and XL-100-15 spectrometers with TMS as an internal reference; peak positions quoted in the case of multiples are measured from the approximate center, and the relative peak areas are given to the nearest whole number. Undergoes deuterium exchange on addition of DzO. e Undergoes deuterium exchange in the presence of DzOwithin 96 hr. f Solvent contains 0.87, DMSO, Undergoes partial deuterium exchange on 9.2% MeOH, and 90% DH 7 -~ phosphate buffer. 8 Determined in 0.1 N HCl as solvent. addition of DzO. 18
 
 +
 
 I "
 
 -
 
 5-Amino-7-azido-3N-v-triazolo[4,5-b]pyridine (12).-A mixture of 10 (0.50 g) and sodium azide (4.3 g) in 1: 1 PrOH-HzO (30 ml) was refluxed for 68 hr. The reaction mixture was evaporated to dryness, and the residue was treated with HzO (35 ml). After filtration the filtrate was acidified with HOAc to pH 5 (paper) to deposit the product, yield 0.32 g (62%). A sample (0.13 g) of this material was recrystallized from EtOH, yield 0.10 g (77% recovery), mp 245' dec. The presence of EtOH in the sample was confirmed by the pmr spectrum (Table I). Anal. Calcd for ChH4Ns.1/&~HeO: C, 35.20; H, 2.96; N, 59.71. Found: C, 35.32; H , 2.72; N, 59.74. Ethyl 7-Amino-3H-v-triazolo[4,5-b]pyridine-5-carbamate (13). -A suspension of 11 (0.50 g) in EtOH (125 ml) was hydrogenated in the presence of 5% palladium on charcoal at atmospheric pressure and room temperature for 4 hr. After the reaction mixture was warmed, the catalyst was removed by filtration (Celite) and washed with EtOH. The combined filtrate and wash was evaporated to dryness in vacuo; the resulting solid was recrystallized from 30% aqueous EtOH and dried in vacuo over Pa05 a t 100' for 18 hr, yield 0.34 g (74%), mp >300'. Anal. Calcd for CsHloNsO~.l/i"O: C, 42.11; €I, 4.71; N, 36.84. Found: C, 42.06; H , 4.53; N, 36.51. A sample of this product was dried in vacuo over PZOSa t 110'. Anal. Calcd for CsIfioN~Oz: C, 43.24; H , 4.54; N, 37.82. Found: C,42.80;H,4.68;N,37.75. 5,7-Diamino-3H-v-triazolo [4,5-b]pyridine (14).-A mixture of 12 (0.18 g) in MeOH (45 ml) and HzO (20 ml) containing sodium hydrosulfite (1 .O g) was refluxed for 4.5 hr, acidified to pH 1 (paper) with dilute H&04, and filtered. The filtrate was adjusted to about pH 5 with dilute NaOH and chilled to deposit the hemisulfate salt. The product was collected by filtration, washed with water and hot PrOH, and dried in vacuo over P20~at 78", yield 0.10 g (49%), mp 305" dec. Anal. Calcd for C ~ H a N 6 ~ 1 / z H ~ SC, 0 430.15; : H, 3.55; N, 42.19. Found: C,30.25;H,3.46;N,41.96. B.-A solution of 20 (100 mg) in 5% ethanolic DMAC (10 ml) was hydrogenated in the presence of 5% palladium on charcoal for 6 hr at atmospheric pressure and room temperature. After filtration the catalyst was washed with hot DMAC, the combined filtrate and wash were evaporated to dryness, and the resulting residue was washed with hexane to remove PhzCHZ, yield 59 mg. Tlc indicated that this product was a mixture of 14 and 20. A
 
 portion of this sample (30 mg) was washed with Et20 to give 14 (7 mg). The uv spectrum of the latter was identical with that described above. C.-A mixture of 7 (50 mg) in 12% ethanolic ammonia was heated in a bomb a t 150" for 17 hr and evaporated to dryness in vacuo, yield 60 mg (100%). Tlc indicated that the product was a mixture of 7 and 14, and the pmr spectrum in deuterated DMSO showed that the ratio of 7: 14 was 1: 1. In a similar experiment at 150' for 120 hr (7 half-lives), the ratio of 7: 14 was 3:17. Ethyl 4-Amino-6-[ (diphenylmethyl)amino]-5-nitr0-2-pyridinecarbamate (16).-A mixture of 15 (4.00 g),5diphenylmethylamine (4.0Qg), and Et3N (3.12 g) in MeOH (60 ml) was heated a t 75' for 36 hr. The resulting solution was cooled to deposit a yellow solid, which was collected by filtration. The product was washed with HzO and MeOH and dried in vacuo over P z Oat ~ 78", yield 4.55 g (73%), mp 159-160'. Anal. Calcd for C21Hz1Na04: C, 61.90; H, 5.20; N , 17.19. Found: C, 61.67; H, 5.14; N, 16.94. An additional 0.9 g of crude product was obtained from the reaction filtrate. The total yield was 5.45 g (87%). Ethyl 4,5-Diamino-6-[(diphenylmethyl)amino]-Z-pyridinecarbamate (17).-A suspension of 16 (2.00 g) in EtOH (280 ml) was hydrogenated in the presence of Raney nickel (2.0 g wet, washed with HzO and EtOH) at room temperature and atmospheric pressure. The resulting reaction mixture was filtered (Celite) into a flask containing concentrated HC1 (1.0 ml). The dark filtrate was treated with Norit (0.5 g) and evaporated to dryness in vacuo; the pale pink solid was dried in vacuo over P205 at 78", yield 1.45 g (667&). This material does not melt, but undergoes decomposition from 210". Anal. Calcd for C Z I H Z ~ N ~ O ~ . ~C,H 56.00; C ~ : H, 5.60; C1, 15.74; N, 15.55. Found: C, 55.84; H, 5.49; C1, 15.55; N, 15.40. Ethyl 7-Amino-3-(diphenylmethyl)-3H-v-triazolo[4,5-b]pyridine-2-carbamate (lS).-Solid sodium nitrite (1.1 g) was added with stirring to a solution of 17.2HC1 (6.4 g ) in D M F (80 ml), which was precooled in an ice bath to 5'. After 30 min the ice bath was removed, and the solution was stirred at room temperature for 5 hr. After filtration the reaction mixture was poured into ice water (1500 ml), and the resulting solution was neutralized with NaHC03. The precipitate was collected by filtration,
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 dried i n vacuo over PzO~, and extracted with boiling petroleum ether (3000 ml) (bp 80-110"). The product that crystallized from the cooled extract was collected by filtration, and the filtrate was used to again extract the insoluble material from the first extract. This procedure was repeated four times. The recrystallized crops were combined and dried i n vacuo over I?+&, yield 2.6 g (47%). The pmr spectrum and tlc data indicated that this material was homogeneous; however, the melting point was indefinite. This sample solidified after melting at 208" on the Kofler Heizbank apparatus and melted at >350° on the Mel-Temp apparatus. In another experiment the homogeneous material (tlc) melted in these apparatas at 132 and 145-147", respectively. AnaE. Calcd for CZIHZONBOZ: C, 64.93; H , 3-19; N , 21.64. Found: C,65.14;H,5.33;N,21.50. The petroleum ether insoluble material was homogeneous on tlc and analyzed correctly for ethyl 4-[(diphenyImethyl)amino]1H-v-triazolo[4,5-c]pyridine-6-carbamate (19), yield 1.5 g (27%), mp -315" dec. The insolubility of this product in deuterated DMSO precluded the determination of its pmr spectrum. However, after 3 years tlc indicated that this product was a mixture containing 18, suggesting that the original material was an unstable polymeric product and not 19. Anal. Calcd for CzlHzoNcOp: C, 64.93; H, 5.19; N , 21.64. Found: C,64.76;H,4.99;N,21a84. 5 ,'/-Diarnino-J-( diphenylmethyl)-3H-v-triazolo[4,5-b]pyridine (2O).-A mixture of 18 (0.50 g) and NaOCH3 (0.35 g) in YrOH
 
 (20 ml) was refluxed for 20 hr and evaporated to dryness in vacuo. The residue was heated in 0.1 N HC1 at 50" for 15 min, cooled, and adjusted to pH 8 (paper) with dilute NaOH. The precipitate was collected by filtration, recrystallized from CsHe, and dried in vacuo over P z O ~a t 56", yield 0.28 g (69%), mp 115" (Kofler Heizbanlt). Anal. Calcd for C18HsNe: C, 68.34; H, 5.10; N, 26.57. Found: C, 68.38; H, 5.16; N, 26.37.
 
 Registry No. -1, 38359-68-1; 3, 38359-69-2; 6, 38359-70-5; 7,38359-71-6; 8,37437-06-2; 9,38359-73-8; 10, 38359-74-9; 11, 38359-75-0; 12, 38359-76-1; 13, 38359-77-2; 14, 38359-78-3; 15, 6502-04-1; 16, 3835979-4; 17 2HC1, 38359-80-7; 18, 38359-81-8; 20, 3835982-9. Acknowledgments. -The authors are indebted to Dr. W. C. Coburn, Jr., and members of the Molecular Spectroscopy Section of Southern Research Institute, who performed most of the microanalytical and spectral determinations.
 
 Synthesis and Properties of Pyrido- and Azapyridocyanines INGO H. LEUBNER~ Institut fuer Physilcalische Chemie 11 und Arbeitsgemeinschaftfuer Strukturchemie, Technische Universitaet, Munich, Germany Received October 3, 1978
 
 A summary of the synthesis of 2,2'-, 2,4'-, and 4,4'-pyrido- and -azapyridocyanines, including the N,N'(IJw-a1kylene)-2,2'-cyaninesis given. Several new dyes of those classes are described, and it is shown that some previous results reported in the literature must be corrected.
 
 Pyridocyanincs have been proposed recently for coupling t o the conjugated backbone in a proposed model for superconducting polymers.2 This renewed interest in this dye class promoted us to report on a comprehensive study of the syntheses of pyridocyanines and the related class of azapyridocyanines, which were prepared for an investigation of their stereoisomerism and molecular ~ p e c t r a . ~ , ~ Although the syntheses of these dyes often appear to be straightforward, it became apparent during this work that syntheses and structures of several previously reported dyes needed revision. I n addition, syntheses and properties of many new dyes of these classes will be reported. An earlier compilation of the syntheses and propertics of cyanine dyes has been given by ham^.^
 
 Discussion A. Pyridocyanines.-To synthesize pyridocyanines one can either quaternize the corresponding dipyridylmethanes or use condensation procedures. The first (1) Correspondence should be addressed to Research Laboratories, Eastman Kodak Co., Rochester, N . Y. 14650. (2) R . Liepins and C. Walker, Ind. Eng. Chem., Prod. Res. Develop., 10, 401 (1971). (3) (a) I. Leubner, J. Dehler, and G. Hohlneicher, Ber. Bunsenges. P h y s . Chem., 71, 560 (1967); (b) I. Leubner, J. Dehler, and G.Soheibe, ibid., 78, 1133 (1968). (4) I . H. Leubner, "Determination of the Structure of Pyrido- and Azapyridocyanines by Nuclear Magnetic Resonance," to be submitted for publication. (5) F. Hamer in "The Chemistry of Heterocyolio Compounds," A. Weisaberger, Ed., Interscience, New York, N. Y., 1964.
 
 procedure is often useful for structure determination and the latter one is advantageous for the synthesis of large quantities of the dyes, because the starting materials can be obtained with less effort. 1. 2,Z'-Pyridocyanines, a. N,N'-Dialkyl-ZJ2'-pyridocyanines (I).-The principle of synthesis of pyridocyanine dyes is well demonstrated by the various syntheses of the N,N'-dialkyl2,2'-pyridocyanines (I). Most commonly these dyes are synthesized by condensation from N-alkyl-2-X-pyridinium (1) [X = -1,O -Cl,7g8 -SR9 (R = CHa, CZHS)]and N-alkyl-2-methylpyridinium salts (2) in the presence of suitable organic bases, e.g. , triethylamine.
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 An alternative synthesis is from di(Bpyridy1)methane'" (3) and alkyl iodide, which may proceed via two different routes."-" With methyl iodide the reaction proceeds via the intermediate 6, (6) L. G. S. Brooker and G. H. Keyes. J. Amsr. Chem. 8 0 c . ~57, 2488 (1935). (7) H. Larive and J. Dennilauler, Frenoh Patent 1,274,963; Chen. Abstr., 67, 3015 (1962). (8) I . Leubner, Ph.D. Dissertation, Technisohe Universitaet, Munich (1966). (9) J. P . Kendall and J. Saggate, J. Chem. Soc., 1503 (1849). (10) E. Leete and L. Marion, Can. J . Chem., S O , 563 (1952). (11) H.3. Friedrich, W. Gueokel, and G . Scheihe, Chem. Ber., 95, 1378 (1962); G. Scheibe and W. Fisoher, ibid., 69, 502 (1926). (12) W. Gueckel, Ph.D. Dissertation, Technische Universitaet, Munich (1962). (13) I . Leubner, Diplomarbeit, Teohniache Universitaet, Munich (1963).
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