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the enzyme. This racemic acid does undergo resolu- 
tionZ0 when subjected to  anilide formation in the 
presence of papain to give acetyl-L-phenylalanylgly- 
cine anilide. Evidently some stereospecific contact 
of the enzyme with the asymmetric region of ben- 
zoyl-DL-alanylglycine gives preference to  the L- 
antipode. Such a differentiating contact with race- 
mic m-( 1-hydroxyethy1)aniline must be absent. 
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2-Acetonaphthoxime reacted with carbon monoxide and hydrogen at  a pressure of about 4000 p.s.i. and a t  a temperature 
of about 220" in the presence of preformed dicobalt octacarbonyl as catalyst to yield 2-(p-naphthyl)-.l-methylbenzo [h] quino- 
line, racemic I-(8-naphthyl)ethylurea, and 3-methylbeneo[f]phthalimidine. Crystalline hydrochloride, methiodide, picrate 
and aldehyde derivatives of 2-(,%naphthy1)-4methylbeneo [h] quinoline were obtained. The infrared and ultraviolet spectra 
of the aforementioned compounds are described. 

This paper is concerned with an extension of 
our previous study1e2 of the reaction of carbon 
monoxide with aromatic ketoximes. In  particular, 
it deals with the reaction of 2-acetonaphthoxime 
with a mixture of carbon monoxide and hydrogen 
(98.5: 1.5) a t  a pressure of about 4000 p.s.i. and a t  
a temperature of about 220' in the presence of 
preformed dicobalt octacarbonyl as catalyst. 

Whereas the expected cyclization reaction took 
place only to the extent of about 10% yielding 
product 111, the main reaction was a condensation 
one resulting in the formation of 2-(P-naphthyl)- 
4-methylbenzo[h]quinoline(I) and racemic l-(p- 
naphthyl)ethylurea(II). 

Products I and I1 were easily isolated from the 
reaction mixture by fractional crystallization. 
1-(6-naphthy1)ethylurea was slightly soluble in 
benzene or chloroform, whereas 2-(p-naphthyl)-4- 
methylbeiizo[h]quiiioliiie came down as the second 
product using ethanol as solvent. Direct chroma- 
tographic fractionation of the reactioii mixture on 
alumina using benzene-petroleum ether as de- 
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veloper proved to be the best way to isolate product 
I (highly fluorescent) in pure form. 

The empirical formula of compound I was CZ4- 
HziN. Infrared analyses &on-ed no KH stretching 
band. -4s compound I could not be reduced with 
magnesium in methanol it was assumed that the 
C=K-group must be part of an aromatic system. 
On the basis that compound I failed to  react with 
maleic anhydride the linear benzoquinoline struc- 
ture was e l imin~~ted .~  A peak a t  3G2 mK in the uItra- 
violet spectrum of I suggested that the nucleus of 

(3) W. 6. Johnson and F. J. Mathews, J .  Am. Chem. Soc., 
____ 

66, 210 (1944). 
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the compound contained the angular benzoquinoline 
s t ru~t*ure .~  Further support for the tentative assign- 
ment of a benzoquinoline nucleus was provided by 
the inertness of compound I towards prolonged 
heating with molten sodium hydroxide or with 
boiling concentrated hydrochloric acid. Selenium 
dioxide oxidation of I gave an aldehyde (V) indi- 
cating the presence of an active methyl group. 
Further controlled oxidation of the aldehyde with 
potassium permanganate in acetone a t  room tem- 
perature or with silver oxide in ethanol gave a 
carboxylic acid (VI) having a melting point of 
248-250'. The reported4 melting point of 2-(/3- 
naphthyl)benzo[h]quinoline-4-carboxylic acid is 
227-228'. As the melting point of compound VI 
was in question, although its solubility character- 
istics were similar to that of the reported carboxylic 
acid,4 2-(~-naphthyl)-benzo[h]quinoline-4-carbox- 
ylic acid, the latter compound was synthesized by 
the condensation of a-naphthisatin with 2-aceto- 
uaphthone. Purification of the acid was achieved 
by the method of Robinson and BogerL6 This 
purified carboxylic acid had ai1 identical melting 
point with that of compound VI. Furthermore, a 
mixed melting point of compound VI and the 
authentic sample showed no depression. Thus, 
compound I was proven to be 2-(P-naphthyl)-4- 
methylbenzo[h]quinoline and the aldehyde (V) 
must be 2 - (6 - naphthyl) - benzo[h]quinoline - 4- 
rarboxaldehyde. 

It is possible that the discrepancy in the melting 
point' exhibited by compound VI and that re- 
ported in the literature of 2-(P-naphthyl)-benzo- 
[h]quinoline-4-carboxylic acid might have been due 
to the use of a different method of purification. 

Reaction of 2- (6-napht hyl) -4-met hylbenzo [h] - 
quinoline with gaseous hydrogen chloride in ether 
gave a yellow salt having a green fluorescence. 
Conversion of the base into the salt caused a batho- 
chromic shift of about 30 mp in the ultraviolet 

(4) Buu-Hoi and P. Cagniant, Bull. SOC. chim., 134 (1946). 
(5) E. A. Robinson and M. T.  Rogert, J. Org. Chem., 1, 

65 (1936). 

spectrum. On being heated, the salt decomposed 
slowly a t  90-100" reforming the parent base. 
Titration of the salt in alcohol with standard potas- 
sium hydroxide gave a molecular weight of 314. 

A crystalline methiodide salt was formed by 
prolonged heating of the base (I) with methyl iodide 
a t  100'. Addition of picric acid in ethanol to the 
base immediately yielded the picrate. 

Compound I1 was proven to be racemic 1-(P- 
naphthy1)ethylurea by direct comparison with an 
authentic sample6 prepared by the condensation 
of l-(pnaphthy1)ethylamine with urea. It is in- 
teresting to note that four of the bands (3435, 
3350, 3230, and 1648 cm.-l) in the infrared spec- 
trum of compound I1 are similar to those of n, 
monosubstituted urea.'** 

After compounds I and I1 were separated from 
the reaction mixture, the remaining residue when 
chromatographed on alumina using benzene-t- 
butyl alcohol as developer yielded impure com- 
pounds I11 and IV. Subsequent rechromatographic 
purification of I11 and IV on alumina using ben- 
zene-ethyl acetate as developer essentially freed 
compound I11 of impurities but failed to give an 
analytically pure sample of IV. Fractional crystal- 
lization of IV was unsuccessful, giving very low 
yields of a compound having a wide melting 
range. 

On the bases of chemical and infrared analyses2s9 
(NH stretching a t  3310 and lactam a t  1690 cm.-'), 
fraction I11 was assumed to be 3-methylbenzo- 
[flphthalimidine. Elemental analyses gave an 
empirical formula consistent with structure 111. 
Support for the formation of the linear rather than 
an angular benzo [hlphthaliniidine was deduced 
from the work of Murahashi'O who found that 2- 
iiaphthaldehyde ani1 cyclized under similar condi- 
tions to yield the linear isomer. 

On the bases of chemical and infrared analyses 
bands [at 3300, 1625,1596 (sh), 1578 (sh), and 1562 
cm.-l], we suggest that compound IV is probably 
sym-di-l-(6-naphthy1)ethylurea formed by the 
condensation of l-(P-naphthy1)ethylurea. Such con- 
densations which are readily brought about by 
heating monosubstituted ureas are well known 
in the literature." The similarity of the infrared 
spectra of IV with that of sym-dibenzplurea 
(3337, 1625, 1591, and 1575 cm.-') supports our 
assignment of structure I V .  

(6) E. Samuelson, Thesis, Univ. Lund., 1923; ( 'he, , / .  
-lbstr., 18, 1833 (1924). 
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EXPEKIMESTAL~~ 

The equipment used was previously described. 
Reaction of 2-aeetonaphthoxime (cis-methyl) with carbon 

monoxide and h.ydroyen. Into the glass liner contained in thc 
high pressure bomb was introduced 100 ml. of thiophene- 
free anhydrous benzene, 2-acetonaphthoxime (15 g., 0.08 
mole), :and dicobalt octacarbonyl (10 g., 0.03 mole). Thc 
reactor was t,hen closed and connected to a high pressure 
source (2140 p.s.i.1 of mixed gas consisting of 98.5Yc carbon 
monoxide and 1.5% hydrogen. The bomb was rocked and 
heated at 210-235" for 50 min. After the vessel was cooled 
the pressure was 1950 p.s.i. Subsequent decomposition of the 
dicobalt octacarbonyl at 70-80" was followed by removal of 
the benzene under reduced pressure. Extraction of tht. 
residual mix  with hot chloroform (Xorit j gave a green soln- 
tion which, upon evaporation, gave a brown wax; yield, 
13.8 g. Crystallization of the wax from 100 ml. of chloro- 
form at -15" for 1 day yielded product I1 (1.1 g., 8%) of 

talline material having a melting point range of 
Essentially thr same material could be obtained 

by partial rrystallization of the product from benzene. 
Evaporation of the solvent left a residur which could hc 
c.ry$tallized from ethanol yielding I. 
-4 portion of the :tbove residue (7.8 g.) was dissolved in 15 

ml. of tmizrne and added to the top of a glass column con- 
taining a 150 X 70 mm. (diam.) adsorbent column of 
alumina. The following mixtures of developer were then 
added consecutivelj- viith the, r e s u h  as indicated. (1) 80 ml. 
of benzene-petroleum ether (h.p. 30-60') (1: l /V:V) gavt. 
0.16 g. of a sirup (showed no carbonyl in the infrared and did 

). ( 2 )  700 ml. of the above developer yielded 
) of fluorescent 1. (3) 500 ml. of same developer 

(:luted a second fluoresrent zone (0.23 g,). (4) 1000 ml. of 
benzene elutcd 0.14 g. of nonfluorescent material. (5) 1750 
ml. of benzene-t.-l)utyl alcohol (98:2) eluted 2.30 g. of a mix- 
ture of 111 and IV. (6) 350 ml. of benzene-t-butyl alcohol 
(98: 2) yielded 0.23 g. of I11 (compounds I11 and IV r e r e  dif- 
ficult to separate n-ith benzene-alcohol). (7) 450 ml. of 
benzene-cthanol (1 : 1) eluted 1.02 g. (I:<(%) of material 
n-hich u-as proved to be identiral to conipound TI. 

Compounds 111 and 117 were rechromatographed on 
alumina using benzene-ethyl ncetatc ( 1  : 1 ) as developer. 
Compound IV had a faster rate of diition than compound 
111. 

Chumxterization of .fractions. Fraction 1: d-(p-naphthyl)-i- 
nrethylhenzo [h]  yuinoli,ne. Two recrystallizations of compound 
I from ethanol gave white needles, m.p. 123-124". 

Anal. Calcti. for '&Hl;N: C, 90.26; H, 5.33; K, 4.39; mol. 
\st., 310. Foii~id: C, 90.07: H, 5.37; PI', 4.48; mol. wt,. (Rast), 
288. 

Infrared spectrum of I (potassinni bromide): 3070(W), 
2940(W), 2860(W), 1621(W), 1595(S), 1556(W), 1520(W), 
1460( M). 1388( Wi, 1245(W), 11!)8( \V), 829(S), 801(S), 
7 6 3  S j .  

Ultraviolt~t~ spectrnin of I in 959; ethanol showed maxima 
at 362, 345, 322, 315, 287, 276, 243, 31% mp (log E = 4.14, 
4.16, 4.30, 4.31, 4.30, 4.50, 4.60, and 4.44, respectively). 

Sodium hydroxide fusion for 6 hr. or prolonged hydrolysis 
of rompound I with boiling concd. hydrochloric acid gavt. 
uncharigetl material. An att.empted reduction of I with mag- 
nesium in niethanol according to the proredure of Zerh- 
meister and Tritka'3 gave unchanged starting material. 

Compound I did not react. with maleir anhydride when 
heated according to the method of Johnson and Mathews.3 

Oxidation of compound I wit,h :iridir permanganate com- 

(12) All melting points were obtained on a Leitz heating 
stage and are corrected. The infrared analyses were done on a 
Perkin-Elmer spectrophotometer, Xodel 21, using a sodium 
chloride crystal. hlicroanalyses were donr by I h .  A. Bern- 
hardt, Mikroanal\-t,isches Laboratorium, im Max-Plancli 
Institut fur Kohlenforschung, Miilheim (Ruhr), Germany. 

(13) 1,. k h m e i s t e r  and .J. Trltka., Bw., 63, 2883 (19301. 

pletely degraded it. Oxidation with potassium dichromate in 
glacial acetic acid, or with chromic acid-acetic acid-sulfuric 
acid,I4 gave a quinone in low yield which polymerized in 
the presence of air. Further oxidation of the isolated quinonc 
with chromic acid or permanganate3 completely degraded i t .  

2-(p-A7aphthyl)-4-naeth ylbenzo [h]quinoline hydrochloride. 
Hydrogen chloride Jvas bubbled through a solution of 2-(p- 
naphthyl)-Pmet,hylbenzo [h] quinoline in ether and thr 
greenish .yellow precipitated hydrochloride was recovered by 
filtration, followed by drying over pot,assium hydroxide' 
pellets under vacuum; m.p. 90-100' with decomposition to 
yield the original compound. 

Anal .  Calcd. for C24H17X.HC1; mol. w t . ,  340. Found: 341 
(by titration with standard potassium hydroxide in ethanol 
using phenolphthalein as indicator. 

Ultraviolet spectrum of the hydrochloride in Y5c;b ethanol 
showed maxima at 392, 366, 346, 316, and 287 mp (log B = 
4.23, 4.14, 4.04, 4.47, and 4.49, respectively). 

Reaction of 2-(p-naph,thyl)-4-tnethylbenz0 [ h ]  quinoline wiiA 
methyl iodide to yield the naethiodide salt. Xn amount of 0.083 
g. of 2-(P-naphthyl)-4-met,hylbenzo [h] quinoline in 3 ml. of 
methyl iodide was heated in a sealed tube at 100' for 170 hr. 
The product was washed with diethyl ether; m.p. 182-186'. 

Anal .  Calrd. for CzjHJVI: I, 27.6c/,. Found: I, 30.370. 
Reaction o j  2-(p-naphthyl)-4-meth.ylbenzo [h]  quinoline with 

picric acid to yield th.e picrate. The pirratca was prepared ar- 
cording to a usual procedure15 and recry,~t:illized from etha- 
1101, m.p. 233-236". 

.4nal. Calcd. for CaoH2oSa07: S, 10.22. Found: Y, 9.99. 
2-(p-;yaphthyl)-benzo [h.] quinoline-d-carOoxaldeh,yde (V).  

Oxidatioii of 2-(p-naphthyl)-4-methyIbenzo[h]quinolinr 
(0.25 9.) wit,h selenlum dioxide (0.09 g.) at 180-200' for 1 5  
min.; according to the method of Burger and co-workers16 
gave thei mpure aldehyde. Pure crystalline %(p-naphthyI)- 
benzo [h] quinoline-4-carboxaldehyde \vas obtained by rhro- 
matographic. fractionation of the ether cxtract (residue) of 
the product on alumina (150 X 35 mm. diam.) using hen- 
zene-petroleum ether (11.p. 30-60") ( I  : 3/V) as developer.. 
The first 300 ml. of developer eluted the original unoxidized 
compound, whereas the next 1200 ml. gave a trace of 1111- 

identified material. A further 2000 ml. of the same developer 
yielded 0.05 g. of bright yellow crystals which w r c  rv- 
crystallized from ligroin; m.p. 140-142". 

A*lnal, Calcd. for C24HljPITO: C, 86.46; H, 4.54; S, 4.20: 
0, 4.80. Found: C, 86.26; H, 4.68; S, 4.18; 0, 4.70. 

Infrared spectrum (potassium l~romide): 2940(S), 
2870(M), 1700(S), 1685(W), 1655(\\-), 1647(W), 1585(W), 
1560(W), l547(JTI), 1525(\1'), 1510(\V), 1460(W), 1365(W), 
1325(W), 1212(W), l l97(ff) ,  1157(W), 11:35(\T), 1122(R). 
1090( \TI), 1025(W), 928( W), 883( M), 852( XI), 827( \T), 
815(J4), 798(W), 745(S), 712(W), 707(T\-). 

The aldehyde gavr a positive Tollen's and negative Fehl- 
ing's test, Treatment of the aldehyde n-ith hydroxylaminc 
hydrochloride gave a crjxtalline oxime, m.p. 170-185", vith- 
out recrystallization. 

2-(p-Naphthyl)-benro[h]ytrinoline-i-eurbosylic ucid (VI).  A 
solution of 2-( p-naphthy1)benzo [h] quinoline-4-carboxaldr- 
hyde in acetone was oxidized with potassium permanganate 
in acetone at, 30" for 15 min. After the mixture was filt'ered, 
the acetone was removed by evaporation. ?+traction of the 
residue v-ith hot aqueous L V  potassium hydroxide was fol- 
loved by acidificatioii of the filtrate (Torit,) with glacial 
acetic acid. The prodiwt was further purified by the method 
of Robinson and Bogerts; m.p. 248-250". Oxidation of thc 
aldehyde (V) with silver oxide according to the procedure of 
Burger arid Modlin'6 also gave thc carboxylic acid (v1). Arr 

(14) L. F. Fiescr, Experznrents zn Oryan7c Chenustry, 3rd 
cd , 1) C. Heath and Co., Boston, Mass,  1055, p. 309 

(15) It. L. Shriner and R. C. Fuson, The Systeniatu 
IdentcJcatzon of Organic Conipoztnds, 3rd. c c l  John Wilev R 
Sons, Xea York, S. 1-., 1918, p. 180. 

(16) 4 Burger and I,. R Illodlin, Jr . .  .I 
62, 10'79 il940). 

I n r .  Cheni. Soc 



SEPTEMBER 1960 ('YCLIZATIOS STUDIES O F  CERTAIN SVBSTITUTED COUMARISS 1565 

authentic sample of 2-(p-naphthyl)-benzo [h] quinoline-4-car- 
boxylic acid was prepared by the condensation of a-naph- 
thisatin with 2-acetonaphthone* and purified by the afore- 
mentioned method6; m.p. 248-250'; mixed m.p. of the 
authentic sample with compound VI 248-250'. 

Fraction 11: racemic 1-(8-naphthyZ)ethyZurea. Fraction I1 
was thrice recrystallized from 3-pentanone, m.p. 198-200"; 
mixed m.p. with an authentic sample of racemic 1-(p-naph- 
thyl)ethylurea, 198-200" (lit.,G m.p. 196-198"). 

Infrared spectrum of I1 (potassium bromide.): 3435(S), 
3350(S), 323O( >I), 3070(W), 2990(77'), 2930(\7'), 1681(W), 
1648(S), 1618(W), 1460(TV), 138q M), 1341( W), 1330(W), 
1301(TV), 1276(TT), l252(lT), 1182(M), 1145(M), 1128(M), 
1055(TV), 1019( IT-), 968( ITT), 954(TT7), YOY( W), 896( W), 
878(7T), 860(TT), 825(S), 775(TT7), 750(S), 662(M). 

The infrared apectrum of authentic I-(6-naphthy1)ethyl- 
iirea \\as identical with that of compound 11. 

Anal. Calcd. for C13HIISLO: C, 72.86; H, 6.59; N, 13.08; 
0, TAT. Found: C, i2.56: H, 6.6%; N, 13.1%; 0, 7.81. 

Fracfion 111: ,3-),iethylbenzo[S]phthaZz?nzdine. Fraction I11 
\\-a@ rwrystallieed from hmzrnc-ethanol and from chloro- 
form; m.p. 236-240" 

Anal. Calcd. for CI3HllSO: C, 78.80; H, 5.65; S, 7.10. 
Found: C, 78.90; H, 6.23; N, 6.97. 

Infrared spectrum of III(potassium bromide): 3310( W), 
3050( W), 3005( W), 2960( W), 2905(W), 1708( M), 1690(S), 
l598(TV), 1550(W), 1535(W), 1505(TV), 1455(TV). 1378(W), 
1345(W), 1273(W), 1216(S), 1127(W), 1016(W), 950(W), 
887(W). 855(W). 817(M). 752(S). 663(W). . ,, I , . , , . I , . , 

Fraction IV: sym-di-i-(p-nuphthyl)eth~~~rea. Fraction IT- 
was recrystallized from ethanol; m.p. 226-230'. Further 
purification by chromatography on alumina using benzene- 
ethyl acetat'e (1 : 1) as developer gave a pure compound, m.p. 

Anal. Calcd. for C25H24S20: C, 81.51; H, 6.57; S, 7.61: 
mol. nt.,  368. Found: C, 81.61; H, 6.89; X, 7.52; mol. wt. 
(Rast) 394. 

Infrared spectrum of IV (potassium bromide); 3300(S). 
3035(TT), 2955(M), 1625(S), 1596(sh), l578(sh), 1562(S). 
1504(W), 1450(W), 1373(S), 1325(M), 1291(W), 1272(TV), 
1236(5). 

229-231 '. 
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Psoralenes. 111. Cyclization Studies of Certain Substituted Coumarins 
and Coumarans' 
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The synthesis of a series of new 5,6-dialkyl-2,3-dihydropsoralenes is described along with the dehydrogenation of these 
derivatives to the corresponding psoralenes. A compound which may be the 6-coumaranyl ester of 2,3-dihydro-5-carboxy- 
psoralene was prepared. This compound was dehydrogenated and also converted to the free acid. The free acid was also 
synthesized directly by a Pechmann type reaction. This acid was simultaneously decarboxylated and dehydrogenated to  
psoralene. An isomer of xanthotoxin, 5-methoxypsoralene, was prepared from the corresponding 2,3-dihydro derivative. 5- 
Acetoxypsoralene was prepared; this compound was stable toward dehydrogenation in contrast to 5-hydroxypsoralene 
which has been reported to decompose under dehydrogenation operations. The synthesis of a number of coumarin deriva- 
tives which might serve as intermediates for the preparation of psoralenes was accomplished. Extensive attempts to cyclize 
two of these intermediates, 7-(2-oxoethoxy)-4-methylcoumarin and 7-(2-bromoethoxy)-4-methylcoumarin, were unsuccess- 
ful. In several of the cyclization experiments where a pure product was isolated i t  was found that ether cleavage to 4-methyl- 
umbelliferone rather than ring closure had taken place. 

In receiit years the furocoumarin xanthotoxin 
has received considerable attention, both in the 
scientific literature2 and the popular press. As 
xant ho t oxin ($)-met hoxypsor alene) is obtained from 
natural sources and the number of known psora- 
lenes are limited, it was worthwhile to investigate 
the procedures for the synthesis of these potential 
drugs as well as to prepare a number of new 
psoralenes for research purposes. 

The starting material for the synthesis of 
psoralene compounds is resorcinol or its 2- or 5- 

(1) This work was supported in part by grants from the 
Division of Research Grants and Fellowships, National 
Institutes of Health, Public Health Service. Published with 
the approval of the Monographs Publications Committee, 
Oregon State College as Research Paper No. 381, School of 
Science, Department of Chemistry. 

(2) M. B. Salzberger and B. Lerner, J .  Am. ,Wed. Assn., 
167, 2077 (19581. A. B. Lerner, J. Invest. Dermatol., 25, 1 
(1955). T. B. Fitzpatrick, et d., J. Invest. Dermatol. 25, 
187 (1955). T. B. Fitzpatrick, J. D. Imbrie, and D. Labby, 
J .  A47n. JTed. Issn., 167, 1586 (1958). 

substituted derivative. Two routes are available 
either (1) via conversion to 6-hydroxycoumaranJ 
I (2,3-dihydro-6-hydroxybeneofuran) or (2) by 
way of 7-hydroxycoumarinJ I1 (umbelliferone) 
(see Fig. 1). 

HO OH 
Resorcinol \ 

HO m 0 0  

6-Hydroxycoumaran I . Umbelliferone I1 

2,3-Dihydropsoralene I V  Psoralene I11 

Synthesis of psoralene from resorcinol Fig. 1. 


