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Model studies directed toward synthesis of the quinolinoquinone AB ring system of streptonigrin (1) using ap- 
proaches based upon Friedlander quinoline synthesis are described. Aldehyde 6 has been prepared from o-vanillin, 
and several unsuccessful attempts were made to convert it to the model quinolinequinone 36. A successful route 
to 36 was developed using the o-aminobenzaldehyde 30. Friedlander condensation of 30 with 2-acetylpyridine pro- 
duced quinoline 31, which can be transformed in a few simple steps to quinolinequinone 36. This last route should 
be applicable to a total synthesis of streptonigrin. 

Streptonigrin, a complex antitumor antibiotic isolated2 
from Streptomyces flocculus, was shown by chemical studies? 
to have structure 1. This structure was recently confirmed by 
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both x-ray analysis4 and 13C NMR.5 Streptonigrin shows a 
broad spectrum of inhibition of several types of tumors: and 
its mode of action has received considerable a t t e n t i ~ n . ~  Efforts 
directed toward total synthesis,8 as well as the synthesis of 
analoguesg of the quinolinequinone portion of 1, have ap- 
peared. We are attempting to develop a convergent total 
synthesis based on the Friedlander condensation of a appro- 
priately substituted 2-acetylpyridine derivative 3 with a 
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substituted o-aminobenzaldehyde 2 to provide streptonigrin 
via a quinoline 4. Using a model series, we have tested such a 
synthetic strategy. 

Initial studies were aimed a t  the incorporation of as many 
substituents as possible of the A ring of 1 into the o-amino- 
benzaldehyde 2. An appropriate starting material, hydro- 
quinone 5 ,  can be prepared in 15% yield by potassium per- 
sulfate oxidation of o-vanillin (7),1° but a better route to 5 was 
developed. Fremy’s salt oxidation of o-vanillin (7) gave no 

5 , R = H  7 
6, R = CH,C,H, 

8 9 

isolable quinone products, but the derived acetal 8 could be 
oxidized to quinone 9 in 61% yield. However, in view of the 
inconvenience in preparing and storing large amounts of 
Fremy’s salt, along with the disadvantage of needing large 
volumes of solvent for this oxidation, an alternate procedure 
for conversion of 8 to 9 was developed. The oxidation of phe- 
nols to quinones using molecular oxygen catalyzed by bis- 
(salicylidene)ethylenediiminocobalt(II) (salcomine) has been 
reportedll but has not found wide use in synthesis. Oxidation 
of 8 in DMF by this method was very clean and produced 
quinone 9 (91% yield), which could be reduced using sodium 
hydrosulfite with concomitant hydrolysis of the acetal to give 
hydroquinone aldehyde 5. Benzylation of 5 as described af- 
forded the known dibenzyl ether 6.12 

Compound 6 was quite reactive toward electrophilic re- 
agents, and upon treatment with cupric nitrate in acetic an- 
hydride gave a single mononitro product, formulated initially 
as either 10 or 12. It was not possible at  this stage to assign a 

I I 
OCH,C,H, OCH>C,H I 

10, X = NO, 
11, X = NH2 

12, X = NO, 
13,  X = NH, 

structure to the compound, but either 10 or 12 could be useful 
in preparing a substituted o-aminobenzaldehyde, since it is 
necessary to eventually introduce nitrogen into both unsub- 
stituted positions of 6. We were discouraged by the finding 
that this mononitro compound could not be reduced succes- 
fully to the amino aldehyde 11 or 13. 

Bromination of aldehyde 6 was also facile and position se- 
lective, but proceeded with some ether cleavage to give a 
mixture of two monobromo products which were proved to 
have structures 14 and 15, respectively. Conversion of 15 to 
the acetal 16, followed by oxidation with silver(I1) oxide,13 



Quinolinequinone System of Streptonigrin J .  Org. Chem., Vol. 42, No. 2, 1977 233 

OR QH 

OCH,C,H, OCH,C6Hi 
14, R = CH,C,H, 16 
15, R = H 

0 0 

0 
17 

0 
18 

afforded a p-quinone !which could be assigned structure 17 on 
the basis of its NMR spectrum. The acetal and vinyl protons 
in quinone 17 appeared as sharp singlets. In the isomeric 
quinone 18, one would expect to observe a coupling between 
the same two h~dr0gens . l~  Although conditions could not be 
found for the bromination which prevented ether cleavage, 
phenol 15 could easily be rebenzylated to give diether 14. 

By analogy with the bromination product, it was reasonable 
to assign structure 10 to the mononitration product of alde- 
hyde 6, and we attempted a modification of the Friedlander 
synthesis15 on this nimo aldehyde. Condensation of 10 with 
%acetylpyridine in the presence of sodium hydroxide gave 
chalcone derivative 19, but all attempts at  reduction of 19 to 
give pyridylquinoline 21 were unsuccessful. 

I 
OCH,(I,H, 

19, X = NO, 
20, X = Br 

0 0 
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Similarly, bromoal’dehyde 14 was condensed with 2- 
acetylpyridine to give chalcone 20. We intended to convert this 
compound to quinone 22, which on treatment with ammonia 
might go directly to pyridylquinone 33. All attempts to remove 
the benzyl ether protecting groups of 22 to provide the cor- 
responding hydroquinone failed. In an effort to circumvent 
this problem, hydroxy aldehyde 15 was converted to the 
methoxymethyl ether 23 and condensed with 2-acetylpyridine 
to give chalcone 24. Hydrolysis of the methoxymethyl pro- 
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24, R = CH,OCH, 
25, R = H 
26, R = COCH, 

27, R = H 
28, R = COCH, 

tecting group with dilute hydrochloric acid gave some of the 
desired phenol 25, but primarily yielded the chromene 27. This 
mixture of products was acetylated with acetic anhydride in 
pyridine and separated to afford acetates 26 and 28 in a 1:2 

ratio. Although we had hoped to convert phenol 25 to quinone 
22, these difficulties prompted us to seek a different route to 
the streptonigrin quinolinequinone system. 

It was decided to use a simpler o-aminobenzaldehyde in the 
Friedlander reaction, and to later introduce the remaining 
A-ring substituents. The known nitroaldehyde 29, prepared 
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29, X = NO, 
30, X = NH, 

31, R = SO,C,H, 
32, R = H 

in two steps from o-vanillin (7), was reduced as described16 
to o-aminoaldehyde 30. Condensation of this compound with 
%acetylpyridine using Triton B as catalyst gave a 1:4 mixture 
of pyridylquinolines 31 and 32, respectively, which was sep- 
arated by preparative TLC. Sulfonate 31 could be easily sa- 
ponified to phenol 32, but, from a preparative viewpoint, it 
was found easier to combine several steps, and it was possible 
to go directly from nitroaldehyde 29 to pyridylquinoline 32 
without purification of intermediates in 33% overall yield. 

Compound 32 could be oxidized to the quinolinequinone 
33 by either Fremy’s saltg or by the salcomine/oxygen proce- 
dure. In this case, Fremy’s salt was the oxidant of choice, 
providing quinone 33 in 74% yield, whereas the salcomine/ 
oxygen method gave only a 39% yield of 33. The structure of 
33 was confirmed by hydrogenation to the hydroquinone and 
acetylation to afford the quinoline diacetate 37. 

Treatment of 33 with chlorine in chloroform at 0 “C pro- 
vided the chloroquinone 34 (78% yield).17 Replacement of the 
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33, X = H 
34, x = c1 
35 X = N ,  
36, X = NH, 

37 

chlorine of 34 by azide was a clean reaction, and azidoquinone 
35 could be isolated in 88% yield. Reduction of the azide group 
of 35 with sodium hydrosulfite18 afforded the purple amino- 
quinone 36 which had been previously prepared by Raog via 
a different route. 

This last sequence of reactions appears quite promising for 
constructing the AB system of streptonigrin and we feel that 
it is also compatible with substituents present in the C and D 
rings of 1. Work is now in progress on synthesis of an acetyl- 
pyridine such as 3 in order to complete a total synthesis of 
streptonigrin. 

Experimental Sei.tion 
Melting points were determined on a Fisher-Johns apparatus and 

are uncorrected. Infrared spectra were measured on a Perkin-Elmer 
137 Infracord spectrometer. NMR spectra were a t  60 MHz on Varian 
A-60A or Perkin-Elmer R-12 spectrometers. Elemental analysis were 
done by Microtech Laboratories, Skokie, Ill. Merck silica gel 60 was 
used for column chromatography, and Merck PF254 silica gel was used 
for both analytical and preparative TLC. NMR spectra were deter- 
mined in deuteriochloroform. 

o-Vanillin Dimethyl Acetal (8). A solution of o-vanillin (25 g, 0.16 
mol), trimethyl orthoformate (120 g, 1.13 mol), and a catalytic amount 
of p-toluenesulfonic acid in absolute methanol was gently refluxed 
and stirred for 8 h. After removal of solvent, the residue was dissolved 
in ether, which was washed with brine twice, dried over Na2S04, and 
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evaporated under reduced pressure. The residue was crystallized from 
ethyl acetatebexane to give o-vanillin acetal 8 as colorless prisms (25.8 
g,79%): mp 73-74 "C; NMR 6 3.42 (s,6 H), 3.88 (s, 3 H),5.67 ( s , IH) ,  
6.7-7.1 (m, 3 H). 

Anal. Calcd for C~OHIJOJ: C, 60,59; H, 7.12. Found: C, 60.87; H,  
7.19. 

2-Dimethoxymethyl-6-methoxy-p-benzoquinone (9). A. Ox- 
idation of 8 with Salcomine/Oxygen. To  a stirred mixture of o-  
vanillin acetal 8 (5 g, 25.3 mmol) and salcominell (310 mg, 1 mmol) 
in DMF (40 ml) was introduced oxygen gas for 18 h. The mixture was 
poured onto crushed ice, and the crystals which precipitated were 
collected. The mother liquors were extracted with ether, and the or- 
ganic phase was washed with brine, dried over NazS04, and evapo- 
rated to dryness. The crystalline material and the residue from the 
extraction were combined, the recrystallized from hexane to give the 
quinone 9 as yellow crystals (5 g, 91%): mp 86-87 "C; IR (Nujol) 1675, 
1650 cm-'; NMR 6 3.45 (s. 6 H), 3.87 (s, 3 H), 5.42 (broad s, 1 H), 5.92 
(d, J = 2.5 Hz, 1 H), 6.82 (broad d, J = 2.5 Hz, 1 H). 

Anal. Calcd for C10H1205: C, 56.60; H, 5.70. Found: C, 56.45; H, 
5.71. 
B. Oxidation of 8 with Fremy's Salt. A solution of o-vanillin ac- 

etal 8 (3 g, 15.2 mmol) in methanol (300 ml) was added to a solution 
of Fremy's salt19 (13.8 g in 750 ml of 0.05 M KHzP04). The mixture 
was stirred at room temperature for 2 h and extracted with ether. The 
ether layer was separated, washed with brine, dried over NazSO4, and 
evaporated to dryness to give a dark, reddish solid (2 g, 61%). Re- 
crystallization from hexane gave the same yellow quinone as in part 
A, mp 86-87 "C. 
2,5-Dihydroxy-3-methoxybenzaldehyde (5). A solution of qui- 

none 9 (4 g, 18.9 mmol) in ether (100 ml) was added to the solution of 
Na2S204 (16 g, 92.0 mmol) in water (100 ml), which was stirred a t  room 
temperature for 2 h. The water layer was separated, acidified with 
concentrated HCl(60 ml), and extracted with ether, which was washed 
with brine, dried over Na2S04, and evaporated to dryness. The residue 
was crystallized from benzene to give the hydroquinone 5 (1.5 g, 47%), 
mp 142-143 "C. This product was identical with an authentic sample 
prepared by the method of Merchant et a1.I0 
2,5-Dibenzyloxy-3-methoxy-6-nitrobenzaldehyde (10). To a 

solution of 2,5-dihenzyloxy-3-methoxybenzaldehyde (6,1.4 g, 4 mmol) 
in acetic anhydride was added cupric nitrate (1.5 g, 8 mmol) and then 
the solution was heated a t  50-65 "C for 15 min. The mixture was 
poured onto ice, and was extracted with benzene. The organic phase 
was washed with brine, dried over NaZS04 and evaporated in vacuo. 
The residue was purified by column chromatography on silica gel (60 
g), which was eluted with benzenelhexane (3/1) to give the nitroal- 
dehyde 10 (0.7 g, 44%). Recrystallization from chloroformhexane gave 
pale yellow needles: mp 130-131 "C; IR (Nujol) 1670 cm-'; NMR 6 
3.90 (s, 3 H) ,  5.11 (s, 2 H),  5.19 (s, 2 H), 6.85 (s, 1 H) ,  7.43 (s, 10 H), 
10.16 (s, 1 H). 

Anal. Calcd foi C22HLgN06: C, 67.17; H, 4.87. Found: C, 67.05; H, 
4.77. 
2,5-Dibenzyloxy-3-methoxy-6-bromobenzaldehyde (14) and  

2-Hydroxy-3-methoxy-5-benzyloxy-6-bromobenzaldehyde (15). 
To a stirred solution of 2,5-dibenzyloxy-3-methoxybenzaldehyde (6, 
190 mg, 0.55 mmol) in chloroform (20 ml) was added dropwise a so- 
lution of an excess of bromine in chloroform (2 ml) a t  room temper- 
ature. After stirring for 1.5 h, the excess bromine was removed by 
washing with a solution of sodium bisulfite. The chloroform layer was 
washed with brine, dried over MgS04, and evaporated to dryness. The 
resulting mixture was separated by preparative TLC using benzene 
as development solvent to give 2,5-dibenzyloxy-3-methoxy-6-bro- 
mobenzaldehyde (14,76.4 mg, 33%) and 2-hydroxy-3-methoxybenz- 
yloxy-6-bromobenzaldehyde (15,83.5 mg, 45%). 

14. Recrystallization from etherlhexane gave pale yellow needles: 
mp 97-98 "C; IR (Nujol) 1680 cm-1; NMR 6 3.85 (s, 3 H), 5.06 (s, 2 H), 
5 , 1 8 ( ~ , 2 H ) , 6 , 8 2 ( s , l H )  73-7.7(m,lOH).  

Anal. Calcd for C_Jiflgd4Br: m/e  426.0466. Found: mle 
426.0461. 
15. Recrystallization from etherhexane gave golden yellow needles: 

mp 86-87 "C; IR iNujol) 1640 cm-'; NMR 6 3.87 (s, 3 H), 5.17 (s,2 H), 
6.86 (s, 1 H), 7.53 (s, 5 H) ,  10.50 (s, 1 H). 

Anal. Calcd for CliH1504Br: C, 53.43; H,  3.89. Found: C, 53.38; H, 
3.88. 

2-Hydroxy-3-methoxy-5- benzyloxy-6- bromobenzaldehyde 
Dimethly Acetal (16). A mixture of hydroxy aldehyde 15 (83.5 mg, 
0.25 mmol), trimethyl orthoformate (1.8 g, 16.98 mmol), and a cata- 
lytic amount of p-toluenesulfonic acid in absolute methanol (10 ml) 
was gently refluxed overnight. After removal of solvent, the residue 
was dissolved in benzene, which was washed with brine, dried over 
MgS04, and evaporated to give dimethyl acetal 16 (83.3 mg, 87%). 
Recrystallization from ether gave pale yellow needles: mp 70-71 "C; 

NMR 6 3.53 (9, 1 H), 3.84 (s, 3 H), 5.11 (s, 2 H),  5.95 (s, 1 H), 6.67 (9, 
1 H), 7.3-7.7 (m, 5 H). 

Anal. Calcd for C17H190bBr: C, 53.28; H, 5.00. Found: C, 53.45; H, 
5.11. 

2-Dimethoxymethyl-3- bromo-6-methoxy-p- benzoquinone 
(17). A mixture of dimethyl acetal 16 (231 mg, 0.6 mmol), argentic 
oxide (1.489 g, 12 mmol), and 85% H3P04 (1.5 ml) in dioxane (30 ml) 
was stirred a t  room temperature for 1 h.13 The mixture was filtered, 
diluted with water, and extracted with ether. The ether layer was 
washed with brine, dried over MgSO4, and evaporated to dryness in 
vacuo. The residue was extracted with hexane, which was evaporated 
and the residue was purified by preparative TLC using benzene/ 
acetone (95/5) as development solvent to give quinone 17. Recrys- 
tallization from hexane gave yellowish-brown crystals (29.1 mg, 
16.6%): mp 50-52 "C; IR (CHC13) 1635,1650 cm-'; NMR 6 3.53 (s, 6 
H), 3.89 fs, 3 H), 5.67 (s, 1 H), 6.18 (5, 1 H). 

Preparat ion of Chalcone 19. To a stirred solution of 2-acetylpy- 
ridine (31 mg, 0.26 mmol) in DME (1 ml) and 10% NaOH (1 ml) was 
added a solution of 2,5-dibenzyloxy-3-methoxy-5-nitrobenzaldehyde 
(10,BO mg, 0.20 mmol) in DME (5 ml). The solution was stirred a t  
room temperature for 2.5 h, diluted with water, and extracted with 
ethyl acetate. The extract was washed with brine, dried over MgS04, 
and evaporated to dryness. The residue was purified by preparative 
TLC using chloroform/ethyl acetate (9:l) as development solvent to 
give the chalcone 19 (24.1 mg, 24%). Recrystallization from chloro- 
form/hexane gave pale yellow needles: mp 113-114 "C; IR (Nujol) 
1610, 1575, 1520, 1320 cm-'; NMR 6 3.88 (s, 3 H), 4.98 (s, 2 H), 5.21 
(s, 2H), 6.67 (9, 1 H), 7.2-8.8 (m, 16 H). 

Anal. Calcd for CzgH24NzO~: mle 496.16530. Found: mle 
496.16343. 

Preparat ion of Chalcone 20. A solution of bromoaldehyde 14 
(197.3 mg, 0.46 mmol), %acetylpyridine (121 mg, 1 mmol), and 10% 
NaOH (2 ml) in DME (10 ml) was stirred a t  room temperature for 18 
h. The solution was diluted with water and extracted with chloroform. 
The chloroform extract was washed with water, dried over MgS04, 
and evaporated. The residue was purified by preparative TLC using 
benzene/acetone (98/2) as development solvent to give chalcone 20. 
Recrystallization from benzenehexane gave yellow needles (159.2 
mg, 67%): mp 127-128 "C; IR (Nujol) 1620,1580 cm-l; NMR b 3.85 
(s, 3 H), 4.97 (s, 2 H), 5.18 (s, 2 H), 6.70 (s, 1 H), 7.9-8.9 (m, 16 H). 

Anal. Calcd for C29H24N04Br: C, 65.69; H, 4.53. Found: C, 65.38; 
H, 4.67. 

Preparat ion of Methoxymethyl Ether  23. To a stirred mixture 
of 50% NaH (220 mg, 4.6 mmol, washed with absolute benzene to re- 
move the mineral oil) and hydroxybenzaldehyde 15 (746.4 mg, 2.2 
mmol) in DME (5 ml) was added a solution of excess chloromethyl 
methyl ether. After stirring for 0.5 h at room temperature, the mixture 
was basified with 5% NaOH and extraded with benzene. The benzene 
layer was washed with brine, dried over MgS04, and evaporated. The 
residue crystallized from chloroform/hexane as pale yellow needles 
(667.4 mg, 76%): mp 87-88 "C; IR (Nujol) 1680 cm-'; NMR 6 3.56 (s, 
3H),3.72(s,3H),5.12(s,2H),5.18(s,2H),6.80(slH),7.3-7.7(m, 
5 H), 10.47 (s I H). 

Anal. Calcd for C17H170sBr: C, 53.56; H, 4.49. Found: C, 53.65; H, 
4.46. 

Preparation of Chalcone 24. A solution of bromoaldehyde 23 (667 
mg, 1.7 mmol) in DME (15 ml) was added to a solution of 2-acetyl- 
pyridine (424 mg, 3.5 mmol) and 10% NaOH (4 ml) in DME (10 ml). 
The resulting solution was stirred a t  room temperature for 18 hand 
extracted with chloroform. The chloroform extract was washed with 
brine, dried over MgSO4, and evaporated to dryness. The residue was 
purified by preparative TLC using chloroform/ethyl acetate (95/5) 
as development solvent to give chalcone 24, which was recrystallized 
from hexane as pale yellow prisms: mp 144-145 "C; NMR 6 3.50 (3 H, 
s), 7.79 (s, 3 H), 5.04 (s, 2 H), 5.14 (9, 2 H), 6.62 (s, 1 H), 7.3-8.9 (m, 11 
HI. 

Anal. Calcd for C24H22N0sBr: m/e 483.0679. Found: mle 
483.0667. 

Chalcone 26 and Chromene 28. A solution of chalcone 24 (196 mg, 
0.42 mmol) and 10% HCI (3 ml) in THF (IO ml) was stirred a t  room 
temperature for 1 h. The solution was diluted with water and ex- 
tracted with chloroform. The chloroform extract was washed with 
brine, dried over NaZS04, and evaporated to afford 151 mg of residue. 
This crude material was acetylated with acetic anhydride (5 ml) and 
pyridine (5 ml) to give a mixture of 26 and 28 in a ratio of 1:2. This 
mixture was separated by preparative TLC using chloroform/ethyl 
acetate (95/5) as development solvent to give chalcone 26 (48 mg, 24%, 
Rf 0.40) and chromene 28 (90 mg, 45% R f  0.24), respectively. 

26. Recrystalliiation from ether gave pale yellow needles: nip 145 
"C; IR (Nujol) 1760 cm-'; NMR 6 2.37 (s, 3 H), 3.80 (s, 3 H), 5.17 (s, 
2 H) ,  6.17 (s, 1 H), 8.18 (d, 1 H, J = 6 Hz), 7.3-8.8 (m, 10 H). 
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Anal. Calcd for CadH>oNO,iBr: m / e  481.0522. Found: m / e  
481.0498. 

28. Recrystallized from ether/hexane: mp 155-157 "C; IR (Nujol) 
1750 cm-'; NMR 6 2.3:' (s, 3 H), 3.80 (s, 3 H),  5.17 (s, 2 H), 6.17 (s, 1 
H), 6.89 (d, 1 H, J = E! Hz), 7.3-8.9 (m, 10 H). 
5-Benzenesulfonyloxy-6-methoxy-2,2-pyridy~quino~ine (31) 

and  5-Hydroxy-6-mei.hoxy-2,2-pyridylquinoline (32). A solution 
of o-nitroaldehyde 29 (336 mg, 1 mmol) in THF was hydrogenated 
over 5% Pd/C (150 mg).Ifi After absorbtion of the theoretical amount 
of hydrogen, the catalyst was removed and the filtrate was used in the 
Friedlander condensation immediately. To  a stirred solution of 2- 
acetylpyridine (181 mg, 1.5 mmol) and 10 drops of Triton B was added 
a solution of the o-aminoaldehyde 30 in T H F  under a nitrogen at-  
mosp here. The solution was stirred a t  room temperature for 15 h, 
diluted with water, neutralized with dilute hydrochloric acid, and 
extracted with chloroform. The chloroform layer was washed with 
brine, dried over MgSOd. and evaporated under reduced pressure. The 
crude mixture was purified by preparative TLC using chloroform/ 
methanol (98/2) as devselopment solvent to give 5-benzenesulfonyl- 
oxy-6-methoxy-2,2-pyridylquinoline (31 30 mg, 7.6% from nitro al- 
dehyde 29) and 5-hydroxy-6-methoxy-2,2-pyridylquinoline (32, 72 
mg, 28.6% from nitro aldehyde 29). 

5-Benzenesulfonyloxy-6-methoxy-2,2-pyridylquinoline (31): mp 
93-95 "C (recrystallized from chloroform/hexane); NMR 6 3.71 (s, 
3 H), 7.2-8.8 (m. 1 3  H); Amax (MeOH) 346,335,275, 261 nm (log I 4.81, 
4.88, F1.37, 5.47). 

Anal. Calcd for C ~ ~ H I ~ N ~ O ~ S :  m / e  393.08584. Found: m/e 
393.08643. 

5-Hydroxy-6-methoxy-2,2-pyridylquinoline (32): mp 184-185 "C 
(recrystallized from ethanol); NMR d 3.96 (s, 3 H), 7.39 (d, J = 9 Hz, 
1 H),  7.74 (d, J = 9 Hz, I H),  7.2-8.7 (m, 6 H); A,,, (MeOH) 284,271 
nm (log t 5.49, 5.44). 

Anal. Calcd for C I , H ~ ~ N ~ O ~ :  C, 71.42, H, 4.79. Found: C, 71.55, H,  
4.82. 

Hydrolysis of 31 to 32. A stirred mixture of 5-benzenesulfonyl- 
oxy-6-methoxy-2,2-pyridylquinoline (31, 121.8 mg, 0.321 mmol) in 
15% NaOH (5 ml) and (ethanol ( 5  ml) was refluxed overnight. The 
mixture was cooled, diluted with water, and neutralized with dilute 
HC1. The aqueous solution was extracted with chloroform, which was 
washed with brine, dried over MgS04, and evaporated to dryness. 
Recrystallization from ethanol gave pyridylquinoline 32 as pale yellow 
needles, mp 184--185 "c'. This product was identical with a sample 
prepared above. 

Direct Synthesis orf 5-Hydroxy-6-methoxy-2,2-pyridylqui- 
noline (32). A stirred solution of o-nitroaldehyde 29 (5 g, 14.8 mmol) 
in T H F  was hydrogenated over 5% Pd/C (2.5 g).16 After absorption 
of the theoretical amount of hydrogen, the mixture was filtered and 
the filt.rate was used in the Friedlander condensation immediately. 
To  a stirred solution of 2-acetylpyridine (2.7 g, 22.3 mmol) and 10 
drops of Triton €3 was added a solution of the aminoaldehyde 30 in 
THF under an atmosphere of nitrogen. The solution was stirred a t  
room temperature for 15 h, during which additional Triton B was 
added (10 drops, eight times). The reaction mixture was neutralized 
with dilute HC1 and extracted with chloroform. The chloroform ex- 
tract was washed with brine, dried over MgS04, and evaporated under 
reduced pressure. A stirred mixture of the residue and 15% NaOH (100 
ml) in ethanol (100 ml) was refluxed overnight. The solution was 
cooled, diluted with water, and washed with chloroform. The aqueous 
layer was separated, neutralized with dilute HC1, and extracted with 
chloroform. The chlorcifoipm extract was washed with brine, dried over 
Na2SO4, and evaporated to dryness. Recrystallization from ethanol 
gave pyridylquinoline 32 as pale yellow needles (1.22 g, 33%). 

Preparation of 6-Methoxy-2,2-pyridyIquinoline-5,8-dione (33). 
A solution of pyridylquinoline (32,450 mg, 1.79 mmol) in methanol 
(250 ml) was added to a stirred solution of Fremy's salt1$ (6.5 gin 250 
ml of 0.05 M KHZPOd). The solution was stirred for 15 h and diluted 
with water (500 ml), ancl the crystalline solid which separated was 
collected. Recrystallization from benzene/chloroform gave quinol- 
inequinone 33 as yellow needles (350 mg, 74%): mp 260 "C dec; IR 
(Nujol) 1680, 1610 cm--': A,,, (MeOH) 298,254 nm (log L 5.44,5.35); 
NMR d 3.98 (s, 3 H), 6.49 (s, 1 H),8.79 ( d , J  = 8 Hz, 1 H),8.88 ( d , J  
= 8 Hz, 1 H),  7.3-8 9 im. 4 H).  

Anal. Calcd for C1.,HloNsOs: mle 281.0798. Found: m / e  
281.0799. 
B. Oxidation with Salcomine and  0xygen.I' Into a stirred 

mixture of pyridylquinoline (32,73 mg, 0.29 mmol) and salcomine" 
(35 mg, 0.11 mmol) in DIMF (20 ml) was bubbled oxygen overnight 
at  room temperature. Th(e mixture was poured onto ice, and was ex- 
tracted with chloroform. The chloroform layer was washed with brine, 
dried over MgS04, and evaporated to  dryness. The residue was pu- 
rified by preparative TLC using chloroform/methanol (95/5) as de- 

velopment solvent to give quinolinequinone 33 (30 mg, 39%). 
5,8-Diacetoxy-6-methoxy-2,2-pyridylquinoline (37). A sus- 

pension of 6-methoxy-2,2-pyridylquinoline-5,8-dione (33, 83.2 mg, 
0.031 mmol) in ethanol (4 ml) and THF (6 ml) was hydrogenated over 
5% PdDaS04 (40 mg). After absorption of the theoretical amount of 
hydrogen, the mixture was filtered, evaporated to dryness, and 
acetylated with acetic anhydride (5 ml) in pyridine (5 ml). After re- 
moval of the s o h n t ,  the residue was crystallized from ethanol/ 
chloroform to give colorless needles (92 mg, 84%): mp 199-200 "C; IR 
(Nujol) 1770,1750 cm-l; NMR 6 2.50 (s, 3 H), 2.71 (s, 3 H), 4.01 (s, 3 
H),  8.32 (d, J = 8.6 Hz, 1 H), 8.73 ( d , J  = 8.6 Hz, 1 H), 7.3-9.0 (m, 4 
HI. 

Anal. Calcd for CIgH16N205: C, 64.77: H. 4.58. Found: C, 64.71; H, 
4.72. 
7-Chloro-6-methoxy-2,2-pyridylquinoline-5,~-dione (34). To 

a stirred cold (0-5 "C) solution of quinolinequinone (33,200 mg, 0.75 
mmol) in chloroform (20 ml) was added a solution of ice-cold chlo- 
roform saturated with chlorine.I7 The solution was kept at  0-5 "C for 
2 h with stirring. The solution was washed with water and dried over 
NaZS04 and the solvent was removed in vacuo. The residue was re- 
crystallized from chloroform/hexane to give chloroquinolinequinone 
34 as small yellow needles (175 mg, 7 8 O h ) :  mp 188-191 "C; IK (Nujol) 
1660 cm-'; NMR 6 4.35 (s, 3 H).  8.51 (d,  J = 8 Hz, 1 H), 8.78 (d,  J = 
8 Hz, 1 H), 7.3-8.8 (m, 4 H). 

Anal. Calcd for C15HgNzO:&l: mle 300.0300. Found: m / e  
300.0301. 
7-Azido-6-methoxy-2,2-pyridylquinoline-5,8-dione (35). T o  

a stirred mixture of 7-chIoro-6-methoxy-2,2-pyridyl-5,8-quinoline- 
dione (34, 150 mg, 0.5 mmol) in methanol (10 ml) and DMF (10 ml) 
was added powdered sodium azide a t  room temperature. After a few 
minutes, orange crystals began to separate. The stirred mixture was 
kept a t  room temperature for 16 h with protection from light. The 
crystals were collected, washed with 50% methanol, dried over CaClz 
in a vacuum desiccator, and recrystallized from methanol/chloroform 
to give azidoquinolinequinone 35 as orange needles (143 mg, 88%): 
mp 137-139 "C; IR (Nujol) 2145,1660 cm-'; NMR 6 4.30 (s, 3 H), 8.55 
(d, J = 8 Hz, 1 H),  8.76 (d, J = 8 Hz, 1 H),  7.3-8.8 (m, 4 H); A,,, 
(MeOH) 310, 279, 250 nm (log t 5.16, 5.07, 5.14). 

Anal. Calcd for Cl5HyO:j: C, 58.63; H ,  2.95. Found: C, 58.72; H,  
3.11. 
7-Amino-6-methoxy-2,2-pyridylquinoline-5,8-dione (36). A 

stirred mixture of 7-azido-6-methoxy-2,2-pyridylquinoline-5,8-dione 
(35,76.9 mg, 9.24 mmol) in 50% aqueous methanol (10 ml) was heated 
with sodium hydrosulfite (150 mg, 0.86 mmol) for 4 h. The mixture 
was cooled, diluted with water, and extracted with ethyl acetate. 
Evaporation of the solvent gave a dark, reddish solid which was re- 
crystallized from chloroform/hexane to give 7-amino-6-methoxy- 
2,2-pyridylquinoline-5,8-dione (36) as a purple solid (30 mg, 44%): 
mp 173-175 "C (lit.9 mp 172-174 "C); IR (CHC1:I) 3370,3480, 1675, 
1630 cm-'; NMR 6 4.12 (s, 3 H), 5.30 (broads, 2 H,  disappeared on 
DzO exchange), 8.48 (d, J = 8 Hz, 1 H), 8.78 (d, J = 8 Hz, 1 H), 7.3-8.9 
(m, 4 H); A,,, (MeOH) 315,274,250 nm (log c ,5.26,5.22,5.43). 

Anal. Calcd for C l ~ H 1 l N : ~ O . ~ :  mle 281.0798. Found: mle 
281.0799. 
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The synthesis of a series of' tetrachlorodioxinones (1) and their conversions into a-substituted and dehydro 
amino acid derivatives is discussed. The first synthesis of a dehydro dipeptide derivative from a dipeptide is also 
reported. 

The synthesi, of dehydro amino acids and peptides has 
been of interest to us2 and to others for some time. In a recent 
preliminary report,2c we described the synthesis of some 
chlorodioxinones by the reaction of amino acid azlactones with 
o-chloranil. This paper describes that work in more detail and 
the conversion of the dioxinones into unsaturated amino acid 
derivatives. 

When an acetic anhydride solution of an N-benzoyl amino 
acid was treated with an equimolar amount of o-chloranil at  
room temperature, the dioxinones (1, Table I) crystallized 
from the solution in 60-!35% yields. If the azlactone was formed 
by treatment of t he  1%'-acyl amino acid with N,N'-dicyclo- 
hexylcarbodiimide in an inert solvent, the adducts (1) were 

amino acids having an R group larger than hydrogen. The 
protio compound (Id) reacted with water, ethanol, and aniline 
very rapidly at  room temperature giving the a-chlorophenoxy 
acid salt (5a), ester (5b), and anilide (5c) in excellent yields. 

NHCOPh 
I 
I 

Id ----t H-C-CO-R 

OC,CI,OR 

5 
+ 

a, R = O-EtJNH; R = H 
b, R = OEt; R' = H 
c, R = NHPh; R'= H 
d. R = OEt: R' = CH, 

Since the a-chlorophenoxy group is an excellent leaving group, 
compounds of the type 5 could be converted into other a -  
substituted amino acid derivatives as shown below. In this way 

I 

NHCOPh ('i 
1 

a, R = PhCH,. K' = 1'5 
b. R = (CII,) C ' H  R' = Ph 
c, K = CH . R' = Ph 

d. R = H . R  = Ph 
e. K = Ph, R = Ph 
f. R = (CH ) CHCH, R = Ph 
g, R = PhCH-; R = CH, 

formed in somewhat lower yields than when acetic anhydride 
was used. The off-resonance T NMR spectra of l a  and Id 
showed an 88.6-ppm singlet and a 75.2-ppm doublet for C-3 
of la and Id, respectively. These data along with infrared and 
1H NMR spectra confirmed the dioxinone structure of these 
compounds. 

The chemistry of these compounds was also consistent with 
the dioxinone structure. They were rapidly converted into 
a-substituted amino acid derivatives when treated with nu- 
cleophiles such as CH {O-,  PhNH2, and PhCHzSH and these 
products are shown in Tables I1 and 111. 

The chemistry of Id, formed from N-benzoylglycine, was 
considerably different from that of 1 derived from the other 

PhNH, I 
I 

5b - H-C-COOC',H- 

NHPh 
6 

NHCOPh 
X I 

I 
5c -+ H-C-CONHPh 

x 
7a, X = CH,O 
b, X = PhNH 
c. X = PhCH-S 

compounds having different groups attached to the a- and 
carbonyl carbon atoms could be prepared. The ether (5d), 
formed by treatment of 5b with diazomethane, reacted with 
anhydrous hydrogen fluoride in benzene solution to give an 
excellent yield of the known phenylglycine derivative 9. This 


