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A number of new substituted 7-amino- and 8-aza-$-amino coumarins have been synthesized. Substituent effects 
on flJorescence properties (maxima and quantum yields) are reported. Substitution by fluorine in the 4-methyl po- 
sition and by nitrogen in the benzo ring has been found to reduce fluorescence quantum yields. Nitrogen substitu- 
tion in the benzo ring provides a blue shift in the fluorescence while fluorine substitution at the 4-methyl position 
gives pronounced red shifts. 

Recent synthesis programs in this laboratory have re- 
sulted in the preparation of a large number of substituted 
coumarins and azacoumarins for use as emission sources for 
dye laser applications. The effects of substituents on the lasing 
characteristics of these compounds have been reported.1-4 
This report describes the synthesis of several new laser dyes 
and the effects of substituents on their fluorescence maxima 
and fluorescence quantum yields. 

The new coumarin dyes prepared in the present work are 
shown below. Results are summarized in Table I. The syn- 
theses led to  several new results of chemical interest. 

Synthesis. The preparation of 8-aza-7-hydroxy-4-meth- 
ylcoumarin ( 3 ~ )  by the method of von Pechmann5s6 from 
2,6-dihydroxypridine (4) and ethyl acetoacetate gave in ad- 
dition to the desired product small amounts of the bis addition 
product 10-aza-2,8-dioxo-4,6-dimethyl-2H,8H-benzo[l,2- 
b:5,4-b)dipyran 15) (detected by mass spectroscopy; M+ ion 
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a t  m/e 243). Merchant and co-workers; also noted the for- 
mation of trace amounts of a similar bis addition product in 
the reaction of ethyl acetoacetate with resorcinol. When the 
condensation of 2,6-dihydroxypyridine (4 )  is carried out in 
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the presence of excess ethyl 4,4,4-trifluoroacetoacetate, 10- 
aza-2,8-dioxo-4,6-bis(trifluoromethylj-2~,8~-benzo[l,2- 
b:5,4-b]dipyran, (61, the bis addition compound, is the prin- 
cipal product (50% yield). 

In the preparation of 7-amino-4-methylcoumarin (7) from 

ethyl acetoacetate and m-aminophenol. a second strongly 
fluorescing coumarin was isolated. This material had also been 
prepared by von Pechmann and was reported to be 2-keto- 
4,6,6,8-tetramethyl-6,7-dihydro-2H-pyrano[3,2-g]quinoline 
(101.8 

This assignment is incorrect. The product exhibits a sharp 
absorption in the IR at  3310 cm-1 indicative of the secondary 
amine moiety. The 'H-NMR spectrum (see Experimental 
Section) which eliminates 10 does not allow a definitive choice 
between 8 and 9. NMR analysis employing the shift reagent 
Eu(fodj3 which associates with the carbonyl oxygen made 
possible the assignment of all proton absorptions. However, 
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Table 11. Reaction of 6-Ketoesters with m-Aminophenol and 6-Amino-2-pyridinol 
0 0  
I/ /I 

H RCCHCOC H " Z N q ; ,  + H O T ; ,  
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Reaction Coumarin (A) Quinolone (B) 
Experiment X R R' conditions No. ("!o) KO. (%) 

(1) C CH3 CH3 Neat 1 1  (46) 12 (trace) 
(2) C CH3 H Neat 7 (trace) 13 (60) 
(3) C CF3 H Neat 14 (major) 15 (10) 
(4) G CH3 H ZnClz/EtOH 7 (16) 13 (25) 
( 5 )  C CF3 H ZnClz/EtOH 14 (42) 15 (trace) 
(6) N CF3 H Neat 16 (61) 17 (15) 
(7) N CH3 CH3 Neat 18 (major) 19 (20) 
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I1 II 
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B 

CH CH, 
8 
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a choice between 8 and 9 still could not be made since the 
geminal dimethyl group and vinylmethyl (the 6-methyl in 8 
or the 8-methyl in 9) are essentially equidistant from the site 
of Eu(fod)3 association. 

Measurement of the nuclear Overhauser effect enhance- 
ments of the ring protons proved definitive. Saturation of the 
geminal dimethyl resonance resulted in the enhancement of 
the N-H integral and the dihydro ring vinyl proton integrals. 
Saturation of the 4-methyl absorption revealed enhancement 
of H-3 and H-5, while saturation of the dihydro ring vinyl 
methyl absorption resulted in observation of enhanced ab- 
sorption of H-5 and the dihydro ring vinyl hydrogen. These 
data are consistent only with structure 8. 

Product 8 is most likely formed by the Michael-type addi- 
tion of the intermediate 7-amino-4-methylcoumarin (7) to 
mesityl oxide. The mesityl oxide most likely is formed under 
the reaction conditions employed from acetone (the acetone 
derived by retrogression from ethyl acetoacetate). Knoeven- 
age19 has reported a similar 1,4-Michael addition of aniline 
to mesityl oxide (formed in situ from acetone) giving 1,Z- 
dihydro-2,2,4-trimethylquinoline. This mechanistic path is 
further supported by the reaction of mesityl oxide with 7 to 
yield 8. 

A convenient method for preparation of courmarins and 
quinolones is to omit catalyst and solvent and simply heat the 

precursor aminophenol with the @-keto ester.l0S1l This 
method, however, can lead to mixtures of coumarins and 
quinolones in contrast to von Pechmann's procedure which 
provides primarily coumarins. While the reaction is regios- 
pecific in that ring formation is ortho to the reacting functional 
group and para to the second giving 7-substituted products, 
no 5-substituted products are obtained, it is nonselective with 
respect to the functional groups. 

Several examples illustrate this reaction feature (Table 11). 
When m-aminophenol is heated in the presence of ethyl 2- 
methylacetoacetate, Table 11, reaction 1, the major product 
is 7-amino-2,3-dimethylcoumarin (1 1) formed in 46% yield. 
A trace amount of the isomeric 7-hydroxy-2,3-dimethylqui- 
nolone (12) was isolated from the base-soluble extract of the 
reaction mixture.12 However, when m-aminophenol is heated 
in the presence of an equimolar amount of ethyl acetoacetate, 
the only isolable addition product is 7-hydroxy-4-methyl- 
quinolone (13). Only a trace amount of coumarin 7 (detected 
by TLC analysis of the reaction mixture) was formed. 

When the condensation of m-aminophenol and ethyl 
4,4,4-trifluoroacetoacetate is carried out in absolute ethanol 
at reflux in the presence of anhydrous zinc chloride (von 
Pechmann conditions) the addition occurs at the hydroxyl 
group giving 14. Only a trace of quinolone is observed (Table 
11, reaction 5). Evidently the zinc chloride complexes with the 
amino group and thus facilitates condensation via the hy- 
droxyl group. However, when the condensation of m -amino- 
phenol with ethyl 4,4,4-trifluoroacetoacetate is carried out in 
the absence of solvent (Table 11, reaction 31, the major product 
is the coumarin 14. A 10% yield of quinolone 15 was recovered 
from the base-soluable extract.'* 

Similar results are obtained with 6-amino-2-pyridinol(20). 
When 20 is heated in the presence of ethyl 4,4,4-trifluo- 
roacetoacetate a 76% yield of addition products is obtained 
giving approximately a 4:l ratio of quinolone to coumarin, 
Table 11, reaction 6.12 A similar product distribution is realized 
when 20 is allowed to react with ethyl 2-methylacetoacetate,'2 
Table 11, reaction 7. 

Since reaction of 20 with @-keto esters gives mixtures of 
quinolones and coumarins, it was necessary to modify the 
reaction sequence in order to obtain pure 7-aminocoumarins 
in good yields. This was accomplished by first deactivating 
the amino substituent through formation of its urethane de- 
rivative. Reaction of this intermediate gives exclusively the 
coumarin derivative (Scheme I). The free amino compound 
is then liberated by mild acid hydrolysis.'3 

While urethane derivative 21 gave reasonable yields of 
coumarin upon reaction with @-keto esters, 6-acetamido-2- 



1978 J.  Org. Chem., Vol. 43, No. 10, 1978 

Scheme I 

Atkins and Bliss 

0 
0 
II + ClCOC,H, - 

20. x = s 
a , X = C  

0 

21, x = N 
28.X = C 

i' s 
RCCH-C0C.H 

R 
3 a . X = N ;  R = C H ,  

7 . ) i = C : R = C H  

R 
22, X = N ;  R = CH, 
2 9 , X = C ;  R = C H ,  

pyridinol (23) fails to give the desired product. Prolonged 
heating of 23 in the presence of excess ethyl acetoacetate re- 
sulted in the recovery of starting material. 

A convenient procedure for the methylation of functional 
groups (amino, hydroxyl, amide) in these systems has been 
developed. Where other procedures such as reductive meth- 
ylation with sodium cyanoborohydride or hydrogen (platinum 
catalyst) failed, simply heating the precursor in the presence 
of excess trimethyl phosphate gives the desired product in 
good to excellent yields,14 see for example the prepartion of 
IC and Id. 

In the preparation of 7-hydroxy- and 5-hydroxy-5,6,7,8- 
tetrahydroquinolines it was found that when the hydroge- 
nation of the heteroring was carried out in neutral media, no 
acid catalyst,l$ uptake of hydrogen was quantitative (although 
longer reaction times were required) and a cleaner product 
resulted. 

Fluorescence. Substituent effects on the fluorescence 
maxima of these systems parallel those observed in other 
coumarin dyes. A large bathochromic shift of 82 nm is seen in 
changing the 4-methyl group in 2a to a trifluoromethyl group 
in 2b. Similar shifts are observed in other pairs, Le., la-b, 
lc-d. The red shift is not of the same magnitude in the azac- 
oumarins. A shift of 53 nm is obtained with 3d compared to 
3e. 

Varying the substituent in the 7 position does not result in 
large shifts in these compounds and does not seem to follow 
a predictable pattern. Compounds 2b and 2d for example both 
have fluorescence maxima a t  537 nm. The alkylation seem- 
ingly has no effect. However, compound la exhibits a red shift 
of 8 nm upon methylation of the nitrogen to give IC, and 
methylation of2a results in a 13-nm red shift in 2c. The aza- 
coumarins all exhibit pronounced hypsochromic shifts when 
compared to their carbon analogues. 

The quantum yields of fluorescence are generally high for 
the substituted 7-amino-4-methylcoumarins. In all cases 
substitution by fluorine a t  the 4-methyl position results in a 
diminished quantum yield of fluorescence. In the azacoumarin 
series the quantum yields are less than in the carbon series, 
and again substitution of fluorine in the 4-methyl group lowers 
the quantum yield still further, Le., compounds 3e and 3d. 

These factors work in concert in the 4-trifluoromethyl-8- 
azacoumarins and these compounds exhibit low quantum 
yields of fluorexence. The fluorinated bis adduct 6 shows very 
poor fluorescence and a t  liquid nitrogen temperature in ab- 
solute ethanol exhibits strong phosphorescence. To  the con- 
trary, the pseudo-bis adduct 8 fluoresces strongly a t  470 nm 
with high statiility and exhibits lasing action over a 25-nm 

range (455-480 nm). Surprisingly, 8 also shows strong phos- 
phorescence in ethanol a t  liquid nitrogen temperature indi- 
cating efficient intersystem crossing to the triplet state, a 
process generally regarded to be highly deleterious to las- 
ing. 

Experimental  Section 
Proton and 13C-NMR spectra were obtained with a Varian XL-100 

FT spectrometer and are referenced to tetramethylsilane as an in- 
ternal standard. IR spectra (KBr discs) were obtained with a Per- 
kin-Elmer 137 spectrometer. UV absorbance data were measured on 
a Cary-14 spectrometer. Fluorescence spectra and quantum yields 
were determined using a Turner Model 210 spectrofluorometer util- 
izing quinine sulfate as a quantum yield standard. Mass spectra were 
obtained with a Hitachi Perkin-Elmer RMU-6E spectrometer. 
Melting points are uncorrected. Elemental analyses were performed 
by Galbraith Laboratories, Knoxville, Tenn. 

7-Hydroxyquinoline (23). This compound was prepared from 
m-aminophenol via the Skraup quinoline synthesis using the proce- 
dure of Bradford et  al. l6 

7-Hydroxy-l,2,3,4-tetrahydroquinoline (24). 7-Hydroxyqui- 
noline (4.0 g, 27.6 mmol) and PtO2 (0.3 g) werr suspended in 150 mL 
of 95% ethanol containing 1 mL of concentrated HC1. Hydrogenation 
(Parr apparatus, room temperature, 50 lb H2 pressure) was continued 
until the theoretical amount of Hz was absorbed (4 h). Filtration and 
concentration gave 5.04 g of red oil. Water (50 mL) was added and the 
resulting suspension was made basic (dilute "3). Extraction with 
ether (4 X 75 mL), drjing (CaC12), and concentration gave 3.5 g of oil 
(90%) which solidified upon standing (mp 70--30 "C): NMR (CDC13) 
6 1.8-2.4 (m, 2H, C H Z C H ~ C H ~ ) ,  2.76 it, 2, J = 7 Hz, NCHzCHz), 3.38 
(t, 2, J = 6 Hz, CHZCHzAr), 4.8 (bs, 2, OH and NH) ,  6.16 (d, 1, Jpara 
= 2 Hz, H-8), 6.33 (d of d ,  1, Jpara = 2 Hz, J o r t h o  = 8 Hz. H-5), 7.05 (d, 
1, Jo&o = 8 Hz, H-6). In subsequent preparations the HCI was 
omitted. While the hydrogenation generally took two or three times 
longer, the product (obtained in quantitative vield) was of sufficient 
purity for use without further purification. 

quinoline (la). Ethyl acetoacetate (7.78 g. 60 mmol). 24 (7.9 g, 53 
mmol), and anhydrous zinc chloride (11 g,. 80 mmol) were added to 
absolute ethanol (100 mL). The resulting mixture was heated at reflux 
15 h. A yellow solid had precipitated. More solid was deposited upon 
cooling to room temperature. Filtration ga\e 5.62 g. Pouring the 
mother liquors into ice water (100 mL) yielded an additional 0.75 g 
of yellow solid. The crude yield was 55%. Two recrystallizations from 
ethanol gave yellow needles, mp 236-238 "C; NMR (MenSO-ds): 6 2.78 
(m, 2,  C H Z C H ~ C H ~ ) ,  2.30 (s: ;3, 4-Me). 2 - 2  it. 2 ,  J = 6.2 Hz, 
CH*CH*Ar), 3.29 (t ,  2 , J  = 6.2 Hz, N-CHpCH.!), 5.82 (s. 1, H-3), 6.31 
(s, 1, H-5). 6.81 (bs, 1, K-H), 7.21 (s, 1. H-70) IR: 3125 cm-I (N-H): 
1710 cm-' (C=O). 

no[3,2-g]quinoline (1 b). 'i-Hydroxy-1,2,3,?-tetrahydroquinoline 
(2.38 g, 16 mmol), ethyl 4,4,4-trifluoroacetoacetate (2.9 g, 16 mmol), 
anhydrous zinc chloride (6.0 g), and dry ethanol (50 mL) were mixed 
and the resulting mixture was heated at reflux for 18 h under a dry 
N2 atmosphere with stirring. A solid deposited on cooling. Filtration 
gave yellow crystals: 3.5 g (76%); mp 229-230 "C; NMR (CDC13) 6 
1.64-1.88 (m, 2, C H ~ C H ~ C H Z ) ,  2.62 (t, 2,  J = 6 Hz, CH*CHZAr), 3.23 
(t, 2, J = 6 Hz, NCHzCHz), 6.23 ibs, 2, C-5 and C-8). 7.06 (bs, 1, H-3); 
IR 3450 (NH), 1720 cm-' (C=O), mass spectrum m / e  269, M+. 

2-Keto-4,9-dimethyl-6,7,8,9-tetrahydro-2~-pyrano[ 3,2-g]- 
quinoline (IC).  Trimethyl phosphate (1.0 g, 7.1 mmol) and la (1.0 
g, 4.65 mmol) were heated in an oil bath at 200 " C  for 30 min. The 
resulting dark oil set to a solid mass upon cooling. Crystallization from 
acetonitrile (10 mL) gave yellow-green plates (0.7 g. mp 145-148 "C) 
of the desired product (67% yield): NMR (ClXI.1) .i 1.75-2.2 (m, 2. 
CH2CHzCH21, 2.32 (d,  3, J = 0.6 Hz, 4-Me). 2.81 ( t .  2, J = 7 Hz, 
CHzCH2Ar), 3.40 (t ,  2,  J = 6.5 Hz N C H ~ C H ~ I ,  2.98 (s. 3 ,  iXMe), 6.0 
(q, 1, J = 0.6 Hz, H-3), 6.48 (s, 1, H-5). 7.18 (s. 1. H-6): IR 1724cm-' 
(C=O), N-H absent. 

2-Keto-4-trifluoromethyl-9-methyl-6,7,X,9-tetrahydro-2~- 
pyrano[3,2-g]quinoline (Id). Trimethyl phosphate (30 mL) and 
l b  (2.5 g) were heated at  reflux for 4 h. Cooling gave yellow crystals 
(2.3 g, 87%) which recrystallized from acetonitrile gave golden needles 
(mp 197-198 "C): NMR (CDC13) 6 1.8E-2.10 (m. 2, CHzCHzCHz), 2.80 
(t ,  2, J = 6 Hz, CHzCH2Ar), 3.01 (s, 3, NCH:)), 3.41 (t. 2, J = 6 Hz. 
NCH~CHB) ,  6.36 and 6.44 (twos,  each 1 H,  C - 5  and C-lo) ,  7.20 (bs. 
1, H-3); mass spectrum mle 283, M+.  
5-Hydroxy-l,2,3,4-tetrahydroquinoline, (25). 5-Hydroxyqui- 

noline (5.0 g, 35 mmol) suspended in 100 mT, of 95% ethanol con- 

2-Keto-4-methyl-6,7,8,9-tetrahydro-2H-pyrano[3,2-g]- 

2-Keto-4-trifluoromethyl-6,7,8,9-tetrahydro-2~-pyra- 



Synthes is  of Suhstituted Coumarins J .  Org. Chem., Vol. 43, No.  10, 1978 1979 

taining 6 mL of concentrated HC1 was hydrogenated in the presence 
of PtO, (0.5 g) in a Parr apparatus (room temperature, 50 lb H2) until 
the theoretical amount of Hz was absorbed. Filtration and concen- 
tration gave a darK oil. Water (100 mL) was added and the resulting 
solution was neutralized by addition of 1 N NaOH (70 mL). The  so- 
lution was extracted with ether (5 X 100 mL) and dried (CaS04). 
Filtration and concentration gave 5 g of a brown oily solid. The brown 
solid was washed with CHC13 (100 mL) and dried to give 4.8 g of a tan 
solid (95%): mp 110-112 "C; IR 3180 cm-' (NH); NMR (CDClR) 6 1.92 
(m,  2, CH3CH&€I2), 2.65 (6, 2, J = 7 Hz, NCHZCH~) ,  3.22 (t, 2 , J  = 
5.5 Hz, C H Z C H ~ A ~ ) ,  4.76 (bs, 2, NH and OH), 6.09 (d, 2, J = 8 Hz, H-6 
and H-8), 6.80 (t, 1, J = 8 Hz, H-7). 

quinoline (2a). Ethyl acetoacetate (5.2 g, 40 mmol), 25 (5.5 g, 37 
mmol), and anhydrous zinc chloride (6.8 g, 50 mmol) were added to 
30 mL of absolute ethanol. The resulting mixture, protected from 
moisture with a positive dry N2 atmosphere, was heated at  reflux for 
20 h. The cooled reaction solution was poured onto 100 g of crushed 
ice. A viscous oil separated and gave 1.4 g of yellow solid upon rubbing 
with a glass rod. The remaining organic phase was dissolved in hot 
ethanol and gave a second crop of product (2.1 g). A third crop of 
yellow solid (3.1 E:) was recovered from the combined aqueous phase 
extracts and acetone washings of the gummy solids adhering to the 
reaction flasks. Yield of crude product was 78%. Two recrystallizations 
iMeOH) gave yellow needles (mp 149-151 "C); NMR (CDC13) 6 1.9 
(m, 2. CH2CHzCH:!), 2.3 (si, 3,4-Me), 2.9 (t, 2, J = 6.4 Hz, CHZCHzAr), 

td, 1, J = 8.5 Hz, H-5), 7 . 2 i  (d, 1, J = 8.5 Hz, H-6); IR 3436 (NH), 1724 
cm-' iC=O). 

2-Keto-4-trifluoromethyl-7,8,9,lO-tetrahydro-2~-pyrano~ 
[2,3-flquinolint! (2b). Ethyl 4,4,4-trifluoroacetoacetate (6.63 g, 36 
mmol), 25 (6.36 ;, 36 mmol), anhydrous ZnC12 (10 g), and absolute 
ethanol (75 mL) were heated a t  reflux for 20 h (dry Nz atmosphere). 
The cooled solution was (Concentrated, taken up in 75 mL of CHC13, 
washed with 1 K NaOH (2 X 50 mL) and water (50 mL), and dried 
rMgS04). Filtration and concentration gave 4.0 g (39%) of yellow solid, 
mp 187-188 "C ,ethanol): IR 3310 (NH), 1710 cm-I (C=O); NMR 
(Me2SO-ds) 6 154  (p, 2,  u' = 6 Hz, C H Z C H ~ C H ~ ) ,  2.73 (t,  2, J = 6 Hz. 
NCHzCHz), 3.31 It, 2,  J = 6 Hz, CHzCHzAr), 3.54 (bs, 1, NH) ,  6.'29 

J C F ~  = 1.8 Hz, F.-i). 
2-Keto-4,7-dimethyl,-7,8,9,10-tetrahydro-2H-pyrano[ 2,3-fl- 

quinoline (2c). Trimethyl phosphaste (1.0 g, 7 mmol) and 2a (0.83 
g. 3.8 mmol) weie mixed and heated a t  195 "C for 1 h in an oil bath. 
The resulting dsrk oil was dissolved in 20 mL of methylene chloride 
and chromatogrEphed on a 15 X 3 cm alumina column (MeClp eluant). 
The first yellow band (0.7 g) was recrystallized from MeOH (10 mL) 
to  give 0.44 g (50%) of the desired product: mp 126-128 "C; NMR 
iCDCl3) 6 1.78 tni. 2. CIIzCHzCH2), 2.34 (d, 3, J = 0.6 Hz, 4-Me!. 
2.7-3.1 (m, 2. C!HzCH&), 3.2 (s ,  3, NMe), 3.39 (t ,  2, J = 6 Hz, 
NCH2CH2), 6.1 ihs. 1, H-3j, 6.62 (d, 1, J = 9.4 Hz, H-5),7.38 (d, 1,J 
= 9.4 Hz, H-6); [R 1740 cm-' (C=O), NH absent. 

2-Keto-7-methyl-4-t rifluoromethy1-7,8,9,10-tetrahydro-2H- 
pyrano[ 2,3-flquinoline (2d). The methylation of 2b was carried out 
as i n  preparation 2c to give the desired product as yellow needles (mp 
133-136 " C ) :  NMR (CI)l2l:+) 6 2.0 (m, 2, CH&HpCHp), 2.92 (t ,  2 , J  = 
7 Hz, CH2CHzP.r). "3.08 1s. 3. NMe), 3.36 it,  2 , J  = 7 Hz, NCHzCHz), 

9 Hz. J F  = 1.0 IIz, H-7): IR 1738 cm-I (C=O), N-H absent. 
3-Hydroxyphenylurethane (28). Ethyl chloroformate (10 g, 92 

mmol) was added in one portion to a stirred suspension of m-ami- 
nophenol (10 g. 92 mni,)I) in 400 mL of dry diethyl ether. A white 
precipitate (the amine hydrochloride) formed immediately. The  re- 
action mixture was stirred an additional 2 h a t  room temperature. The 
hydrochloride was removed by filtration. Evaporation of the solvent 
left ti g of grey solid. Crj.stallization from benzene/cyclohexane (200 
and 400 mL, respectively) gave upon cooling (0  " C )  7.0 g (84% yield) 
of colorless neeilee: m;) 91-95 " C ;  IR 3260 (NH) ,  1700 cm-' (C=O); 

OCHZCH:~), 6.53 (hm,  4. NH. OH, H-4, and H-6), 7.06 (t ,  1, J = 8 Hz, 

no-4-methylcoumarin (29). Ethyl acetoac- 
etate (5.62 g. 43 mmoli and 28 (6.5 g, 36 mmol) suspended in 88 mL 
of 70% HzSO4 were stirred 4 h at  room temperature. The clear yellow 
solution was poured in';o 400 mL of ice water, giving a voluminous 
white crystalline precipitate. The solid filtered and crystallized from 

Ute ethanol to give 7.4 g (83% yield) of colorless nee- 
88 "C. NMR (MezSO-ds) 6 1.39 (t, 3, J = 7 Hz, 
d , 3 ; J  = 1.4 Hz,4-Me),3.83 (q,2,J = 7 Hz,CHpCH3). 

5.54 (q. 1, J = i . 4  Hz. Ff-31. 6.52 id of d. 1, Jortl,o = 7.4 Hz, Jpara = 2 

2-Keto-4-methyl-7,8,9,lO-tetrahydro-2H-p- 

3.38 It, 2 , J  = 5.8Hz. NCXIZCH~), 4.5 (bs, 1, NH), 6.0 (s, 1, H-3), 6.41 

(s, 1. H-3), 6.58 (~i ,  1. J,,,I,,, = 9 Hz. H-6),7.19 (d of q ,  1, J o r t h o  = 9 Hz, 

, 

6.44 (s. 1. H-3), 3.65 td , .  . J O r t h O  = 9 Hz, H-8), 7.44 (d of q, 1, J o r t h o  = 

NXlR (CDCl,?) i I ,30 i i .  3, J = 7 Hz, OCH&H:j), 4.21 (q, 2, J = 7 Hz, 

Hz, H-5), 6.65 (d, 1, Jpma = 2 Hz, H-8), 6.76 (d, 1, J o r t h o  = 7.4 Hz, H-6), 
8.80 (bs, 1, NH). Anal. Calcd for C13H13N04: C, 63.15: H, 5.30; N, 5.67. 
Found: C, 62.95; H, .5.29; N, 5.65. 
7-Amino-4-methylcoumarin (7). 7-Carbethoxyamino-4-meth- 

ylcoumarin (29) (7.0 g, 28 mmol) was heated at reflux 4 h in 25 g of 
concentrated HzS04 and 25 g of glacial acetic acid. On cooling a yellow 
precipitate was deposited. The mixture was poured into 100 mL of 
ice water and let stand overnight. The resulting suspension was made 
slightly basic with 50% NaOH with cooling by addition of ice chips. 
The yellow precipitate was filtered and washed with ice water (3 X 
50 mL). Crystallization from ethanol yielded three crops of yellow 
needles (4.9 g, 99%), mp 220-224 "C (lit.18 mp 223 "C). 
6-Carbethoxyamino-2-pyridinol (26). 2-Amino-6-hydroxypy- 

ridine (11 g, 100 mmol) and ethyl chloroformate were stirred a t  room 
temperature for 20 h in a solution of 400 mL of dry ether and 100 mL 
of dry tetrahydrofuran containing 10 g (100 mmol) of triethylamine. 
Filtration of the reaction mixture gave 12.5 g oi grey solid which was 
identified as a mixture of triethylamine hydrochloride and unreacted 
2-amino-6-bydroxypyridine by TLC. Evaporal.ion of the mother li- 
quors gave 6.7 g (37%) of small colorless needles (mp 70-72 "C) which 
darkened appreciably upon exposure to light: IR 3420 (OH), 3310 and 
3205 (NH), 1755 cm-I (C=O); NMR (CDC13) 6 1.34 (t, 3, J = 7 Hz, 
CH*CH3),4.37 (q, 2 , J  = 7 Hz,CHzCH3).4.69 (bs ,2 ,NH and OH), 
6.45 (d, 1, J = 8 Hz, H-3 or H-j) ,  6.48 (d, 1, J = h Hz, H-3 or H-5),7.50 
( t ,  1, J = Hz, H-4). Anal. Calcd for Ct;H&?O,,: C,  52.74: H ,  5.53; N,  
15.38. Found: C, 52.67; H,  5.56; N. 15.32. 
8-Aza-7-amino-4-methylcoumarin (3a). Ethyl acetoacetate (4.55 

g, 35 mmol) and 26 (5.0 g, 27.5 mmol) were mixed and heated a t  130 
"C with stirring for 16 h. After 15 min of heating a clear solution re- 
sulted. A yellow solid formed as heating was continued. After cooling 
the excess ester was removed by rotoevaporation. The resulting yellow 
solid was crystallized from MezSO to give 2.3 g of yellow solid (mp 
230-235 "C). The mother liquors were diluted with 200 mL of distilled 
water to give an additional 2 g of yellow solid. The combined material, 
isolated in 63% yield, was 8-aza-7-amino-4-methylcoumarin as con- 
firmed from spectral data. Apparently the reaction conditions were 
sufficient to effect hydrolysis of the carbethox!; group: IR 1670 cm-I 
(C=O). The NH absorption bands are not evident in KBr nor do they 
appear in a Nujol mull. The carbamate carhonyl is absent. NMR 
(MezSO-dG) 6 2.33 (s, 3, &Me), 6.12 I s .  1, H-:?). 6.26 (d,  1. J o r t h o  = 8.5 
Hz, H-5), 7.77 id, 1, J O r t h O  = 8.5 Hz, H-6); upon addition of D20 the 
7-amino protons appeared as a broad singlei at  3.50; MS m/e 231, 
M'. 
8-Aza-7-hydroxy-4-meth~lcoumarin (3c) .  Ethyl acetoacetate 

(2.60 g, 20 mmol), 4 (2.22 g. 20 mmol), and ,inhydrous ZnCl2 were 
mixed and heated at  reflux in 25 mL of anhydrous methanol under 
a dry Np atmosphere with stirring for 8 h. After standing at  room 
temperature a red-orange solid was deposited (0.48 g), 1 9 0 :  mp 
295-297 " C  (MezSO); NMR (MezSO-dti) 2.40 (d,  3, J = 0.8 Hz, 4-Me\, 

H-5), 8.04 (d, 1, J i l r t h o  = 4 Hz, H-6); IR 1750 i.m-' iC=O). 
2-Hydroxy-6-morpholinopyridine (27). 2-Chloro-&hydroxy- 

pyridine (4.0 g, 31 mmol) was heated at reflux 187 "C)  in 25 mL of 
morpholine for 96 h. Upon cooling morpholine hydrochloride. 3.5 g 
imp 160-165 "C (lit.]; mp 175 " C ) )  precipitated. The hydrochloride 
was filtered and the green mother liquors were concentrated to give 
a green solid. The solid was dissolved in 100 inL of benzene, treated 
with decolorizing charcoal, and filtered. The emerald green solution 
deposited crystals upon cooling (10 "Ci. 5.1 ;; imp 136-140 "C, 91% 
yield). Recrystallization from acetonitrile did not improve the melting 
point: NMR (MeeSO-ds) 6 3.35 (m, 4. CR?OCH.?I, :3.69 im. 4, 
CHzNCHz). 5.92 (d, 1, J = 4 Hz, H-2 or H-41, (LO9 id, 1, .I = 4 Hz, H-2 
or H-41, 7.39 (t. 1, J = 1 Hz, H-3); MS inle 130, M+; IR NH absent. 
8-Aza-7-morpholino-4-trifluoromethylrourmarin (3d). Ethyl 

4,4,4-trifluoroacetoacetate (5 mL) and 27 i2.0 :, 11 mmol) were heated 
at reflux for 60 h. The volatile material was removed by rotoevapo- 
ration to give crystalline material. Recrystallization from acetonitrile 
(75 mL) gave gold needles: 3.2 g (95"/0, mp 218--220 " C ) ;  NMR (ace- 
tone-de) 6 3.02 is ,  8, morpholine protons), 1j.57 (P ,  1, H-3), 6.94 (d, 
J o r t h r l  = 4.5 Hz. H-61, 7.90 (d ofq. 1, J,,rtk,,, = 4 i Hz. .It. = i.0 Hz, H-5): 
IR 1728 cm-' (C=O). 
8-Aza-7-dimethylamino-4-methylcoumarin (3b). 2-Dimeth- 

ylamino-6-hydroxypyridine (1.1 g, 8 mmoli was heated at  150 " C  in 
the presence of excess ethyl acetoacetate (10 mL) for 66 h. The excess 
ethyl acetoacetate was removed by rotoevaporation to give a dark oil. 
Addition of methanol (5 mL) gave a yellow solid. The solid was crys- 
tallized from benzene/hexane to give 210 mg (13%) of the desired 
product as yellow crystals (mp 157-160 "C MR (CDC13) 6 2.24 (d, 
1, J = 0.6 Hz, 4-Me), 3.12 is, 6, NMez), 5.94 iq. 1. J = 0.6 Hz, H-3), 6.38 

3.22 (bs, 1, OH), 6.18 iy, 1, J = 0.8 Hz. H-3). 6 66 id. 1, J o r t h o  = 4 Hz. 

(d, 1, Jartho = 4 Hz, H-51, 7.62 (d. 1, J o r t i I i l  = 4 Hz. H-6). 
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T a b l e  111. N O E  E n h a n c e m e n t  F a c t o r s  

Saturated Enhancement  
group H-5 N-H H-10 H-3  H-7 

Geminal dimethyl 1.00 1.16 1.00 0.95 1.23 
6-Me 1.19 1.04 0.92 1.00 1.17 
4-Me 1.34 0.97 0.97 1.54 1.00 

a The enhancement ratio was determined from the ratio of the 
integral obtained with the secondary irradiation frequency on t o  
the  integral obtained with the  secondary irradiation frequency 
off, both values being the  average value obtained for at least five 
integrations. 

8-Aza-4-methyl-7-morpholinocoumarin (3e). Ethyl acetoacetate 
(*5.1 g, 40 mmol) and 27 (2.0 g, 11 mmol) were mixed and heated at  
reflux for 60 h to give a dark oil. The volatile materials were removed 
by rotoevaporation giving 3.6 g of semicrystalline black solid. This 
solid was washed with ether (100 mL) and twice recrystallized from 
benzene to give tan needles: mp 188-189 "C; IR 1735 cm-l (C=O); 
NMR (CDC13) 6 2.36 (d. 3, J = 0.7 Hz, 4-Me), 3.76 (m, 8, morpholino 
protons), 6.04 (d. 1, J = 07 Hz, H-3),6.54 (d, 1, J = 4.2 Hz, H-5),7.69 

10-Aza-2,8-dioxo-4,6-bis(trifluoromethyl)-2~,8~-benzo- 
[ 1,2,- b:5,4- bldipyran (6). 2,6-Dihydroxypyridine was heated at  135 
"C in excess ethyl 4,4,4-trifluoroacetoacetate (66 h). The product 
crystallized as colorless needles: mp 280-282 "C (MeZSO); 5.36 g (50% 
yield): IR 1780 cm-l (C-0); MS m/e 351, M+; NMR (MenSO-ds) 6 
7.10 (s, 2, H-3 and H-71, 8.32 (broad s, 1, H-5). Anal. Calcd for 
CI3H3FsNO4: C, 44.47; H,  0.86: F, 32.18; N, 3.99. Found: C, 44.42; H. 
0.82; F, 32.18; N, 3.99. 

2,6-Dihydroxypyridine (4). 2,6-Dihydroxypyridine hydrochloride 
(10.0 g, 68 mmol: was suspended in 400 mL of water and the pH was 
adjusted to 3.5 by addition of concentrated aqueous ammonia. The 
flocculent white solid a a s  filtered, dried in vacuo, and used immedi- 
ately without further purification. 
6-Acetamido-2-pyridinol(30). This compound was prepared by 

the method of Biio-Hoi, Gauthier, and XuonglS in 50% overall yield 
starting from 6-amino-2-pyridinol. 

Attempted Prepara t ion  of 7-Acetamido-8-aza-4-methylcou- 
marin (31). Ethyl acetoacetate (1.72 g; 13.2 mmol) and 30 (2.0 g; 13.2 
mmol) were heated at  170 "C (oil bath) for 16 h. The pyridinol had 
not gone into solution. Mesytelene (5 mL) was added and the reaction 
mixture was heated an additional 20 h at  170 "C. Upon cooling, 2.1 
g of solid separai,ed. NMR and IR showed this to be recovered 24, 
contaminated wi.i,h a small amount of mesytelene. 

2-Keto-4,6,8,8-tetramethyl-8,9-dihydro-2~-pyrano[ 3,2-g]- 
quinoline (8) .  m-Aminophenol(10 g; 92 mmol) and ethyl acetoacetate 
were mixed. Upon heating to 150 "C a clear solution was obtained. As 

(d, 1, J = 4.2 Hz, H-6). 

heating continued a yellow precipitate formed. Heating wa$ continued 
for a total of 6 h. The precipitate was filtered from the hot solution 
and washed with cyclohexane. A further 2.2 g of yellow solid was ob- 
tained from the cooled filtrate. Crystallization from methanol gave 
beautiful golden needles (mp 270-274 "C (lit.8 mp 268 "C)): NMR 
(Me&O-ds) 13 1.68 (s, 6,8-gern-dimethyls), 2.29 (d, 3, J = 2 Hz, 6-Me), 
2.72 (d, 3, J = 1.6 Hz, 4-Me), 5.8 (bs, 1, H-7), 6.25 (q, 1, J = 1.6 Hz, 
H-3), 6.71 (9, 1, H-lo), 7.1 (bs, 1, NH), 7.48 (s, 1, H-5); IR 3311 ("1, 
1695 cm-l (C=O); MS mle 255, M+. Anal. Calcd: C, 75.27; H,  6.71; 
N,  5.49. Found: C, 75.67; H, 6.87; N, 5.45. The nuclear Overhauser 
effect enhancements19 are given in Table 111. The spectra were ob- 
tained at  80 "C from a 100% MezSO-ds sample degassed by five freeze 
cycles and sealed under vacuum. 

Registry No.-4, 626-06-2; 6, 65292-88-8; 7, 26093-31-2; 8, 

89-9; 27,65292-90-2; 28,7159-96-8; 29,58632-48-7; 30,770-20-7; ethyl 
acetoacetate, 141-97-9; ethyl 4,4,4-trifluoroacetoactate, 372-31-6; 
trimethyl phosphate, 512-56-1; 5-hydroxyquinoline, 578-67-6; m- 
aminophenol, 591-27-5; 2-amino-6-hydroxypyridine, 5154-00-7; 2- 
chloro-6-hydroxypyridine, 16879-02-0; morpholine, 110-91-8; 2- 
dimethylamino-6-hydroxypyridine, 65292-91-3; 2,6-dihydroxypyri- 
dine.HC1, 10357-84-3; ethyl chloroformate, 541-41-3; ethyl 2-aceto- 
propionate, 609-14-3. 
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Syntheses of [ 1-(Alkylthio)]- and 
( 1-Mercapto)cycloalkanephosphonic Esters by the Reactions 

of Cycloalkanethiones with Trialkyl Phosphites 
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Cycloalkanethiones reacted with trialkyl phosphites to give [1-(alkylthio)]- and/or (1-mercapto)cycloalkane- 
phosphonic esters. The reaction mechanism is discussed in terms of a concerted one via the betaine intermediate. 
These sulfur-containing esters are easily converted to  cycloalkanephosphonic esters in good yields by Raney nickel 
treatment. 

T h e  chemistry of thiocarbonyl  compounds1 has attracted 
m u c h  a t t e n t i o n  owing t o  the i r  interest ing reactivities and 
prepara t ive  significance. Especially, the react ions of thio-  

carbonyl compounds with organophosphorus compounds such 
as phosphi tes  and phosphines  have been the focus of interest  
in  the past several years, because phosphines and phosphi tes  
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