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TABLE VI1 
SUBSTITUTED TETRAPHENYLCYCLOPENTADIENONES 

- Products 
- Analyses 

B e n d a  Yield, 
Y Grams- 76 

Empirical Carbon Hydrogen 
M.P., "C. formula Calcd. Found Calcd. Found 

6 . 0  

6 . 0  

6 . 3  

1.22 
7 .0  

7 .0  
1 . 2  
4.26 
4.46 
4.67 
2 . 0  
5.07 
5.27 
2.73 

21.8 

27.6 

12.7 
16.6 
69 
64.5 

60 
66 
63.8 
50.2 
29.0 
63 
28.7 
40.7 
30.1 

122.0-122.5 

132.5-133,O 

153.5-154. Ob 
169-170* 
171-172 

182.5-183.5 

176-177 
144.5-145.5 

140.8-141.5 
184.3-185.1 

142.1-143.0 
96.5-98.0 

115.3-115.7 

125.0-126.6 
134.0-134.7 

89.96 

89.96 

89.83 

86.89 
86.85 

86,85 
86.81 
86.77 
86.74 
86.71 
86.68 
86.65 
86.62 
86.60 

89.89 
89.76 
89.90 
90.12 
90.22 
89.80 

86,65 
87 ,28  
87.06 
87.25 
86.61 
86.82 
86.79 
86.37 
86.46 
86.55 
86.74 
86.40 

5.95 
6.41 6.35 

6.41 
6.41 6.59 

6 .58  
6.65 6.77 

5 . 6 5  5.44 
5.92 6.10 

5.99 
5.92 6.01 
6.18 6.27 
6.43 6.69 
6.66 6.67 
6.87 6.97 
7.08 6.94 
7.27 7.20 
7.46 7.58 
7.63 7.53 

a An equivalent number of moles of benzyl ketone were employed. Mixture melting point 169-170" with the compound 
immediately above. 

was washed with cold water, dried in a desiccator, and then 
recrystallizcd from absolute ethanol. 

~,3,~,6-Tetr~phenylcycZopentadienanes.~J~ Alkyl or alkoxy- 
benzil and an equivalcnt quantity of benzyl ketone in 15- 
25 ml. of absolute ethanol (purified by distillation from either 
potassium hydroxide or sodium cthoxidc) was heatcd to boil- 
ing and a solution of potassium hydroxide in 1-2 ml. of 
ethanol was added anti the mixture was refluxed for 15 min. 

The crude product was isolated by cooling the reaction 
mixture in a salt-ice bath. The precipitate which formed 
was filtered, washed with cold ethanol, and then purified 
by chromatography from benzene on alumina. The per- 
colates were evaporated to dryness and the residue re- 
crystallized from a benzenr-ethanol mixture. 

BROOKLYN 1, N. Y. 
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Semianilides of p-arylglutaconic acids are ordinarily found to exist in the cis form, but if the aniline portion of the semi- 
anilide is made to carry a carbomethoxy substituent in the ortho position, then the resulting a-carbomethoxysemianilides 
can be obtained as well-defined cis and trans modifications. The cis a-carbomethoxysemianilides are found to lose one 
molecule of water in two different ways, under different conditions, yielding ( a )  a lactonic substance and (b) the corre- 
sponding hydroxy anil. 

The chemistry of substituted and unsubstituted 
glutaconic acids has been previously studied, 
principally by Thorpe et and by other work- 
ers.4-6 By analogy with the existence of well de- 

(1) Present address: Laboratory of Pharmaceutical Chem- 

(2) F. B. Thole and J. F. Thorpe, J .  Chem. SOC., 99, 

(3) N. Bland and J. F. Thorpe, J .  Chem. Soc., 101, 861 

(4) W. H. Perkin, Jr., and A. E.  Smith, J .  Chern. SOC., 8 3 ,  

istry, University of Kansas, Lawrence, Kan. 

2208 (1911). 

(1912). 

8,83 (1903). 

fined cis and trans modifications of maleic and 
fumaric acids, Thorpe postulated that  glutaconic 
acids should exist in three forms namely, cis, trans, 
and labile.3 The labile form was, however, found to 
be nonexistent. Also, attempts to isolate the simple 
unsubstitiited glutaconic acids in cis and trans 
modifications failed, although Perkin et aL5 were 
able to obtain some alkyl substituted glutaconic 

(5) W. H. Perkin, Jr., and C. Tattersall, J. Chem. Sac., 

(6) F. Feist, Ann., 370,54 (1909). 
87,365 (1905). 



acids in cis and trans modifications. Isolation of 
stable cis and trans forms of p-arylglutaconic acids 
was not found possibleI3~7 although separation of 
these forms in the case of the semianilides of un- 
substituted and p-arylglutaconic acids has been 
r e p ~ r t e d . ~  This work indicates that  perhaps 
the energy barrier betwecn the cis and trans forms 
of glutaconic acid itself is too high to  permit con- 
version of the cis to the trans isomer under ordinary 
conditions. Introduction of bulky groups into the 
molecule apparently decreases the energy barrier 
to  the extent that  conversion from cis to  trans 
modification becomes possible. In  the case of semi- 
anilides of various p-arylglutaconic acids*-'O which 
were initially obtained in cis forms, though milder 
temperatures brought about no change, strong 
heating resulted in the formation of the correspond- 
ing hydroxy-mils by loss of water. 

The objective of t,he present investigation was to  
prepare semianilides of p-arylglutaconic acids con- 
taining an ortho substituent on the aniline ring, 
which by virtue of its bulkiness might sterically 
hinder ani1 formation and thus permit cis-trans 
conversion. With t,his in mind, methyl anthranilate 
was used instead of aniline in the reaction with 
thc P-arylglutaconic anhydrides as carried out 
previously by Limaye et a1.8 to give thc correspond- 
ing o-carbomethoxy-p-aryl-cis-glutaconanilic acids 
(Is, I b  and IC). By analogy with the observation of 

R, Re 

I COOCH3 

the previous ~ o r k e r . s , ~ ~ *  thcse cis-glutaconanilic 
acids, on heating a t  elevated temperaturc, gave 
the corrcsponding hydroxy uiils (IIa, I Ib ,  I Ic  
respectively) .I1 When they were subjectcd to 
proloiigcd controlled heating at temperatures 
slightly above their melting points according to 
Thorpc's methodI3 they undcrwcnt a substantial 
cis to trans conversion giving IIIa ,  I I Ib ,  I I Ic  
respcctively. Unlike the unsubstituted glutacon- 
anilic acids which yicld only hydroxy mils in the 
presence of acetic anhydrideI2 these o - carbometh- 
oxy-substituted-cis-glutaconanilic acids (Ia, J b, 
IC) on similar treatment gave lactonic compounds, 
methyl N -  [4,6-dehydro-4-P-aryl-6-0~0-2-pyranyli- 
dcnel-anthranilates (IVa, IVb, IVc), which could 
be reconverted into the original o-carbomethoxy- 
cis-glutaconanilic acids (Ia, Ib, IC) by treatment 
with alkali. This is apparent from the relative 
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. .  ing 'carbomethoxy:P-arylglutar&inilic acids iIXb, 

( 7 )  F. Fcist and G. Pomme, ilnn., 370,76 (1909). 
(8) L). B. Limnyc and V. M. Bhave, J. Indian Chem. Soc., 

(9) 1). B. Limaye and G. R. Gogtc, J .  U n i u .  Bombay 3, 

110) G. It. Gogte, Proc. Indian Acad. Sci., l A ,  48-50 

8,139(1931). 

135-40 (1934). 

(19341. 

nucleophilicities of the carbonyl oxygen and amide 
nitrogen of Ia,  Ib,  and IC. In  the case of these 
carbomethoxy-cis-glutaconanilic acids, either of 
the two nucleophilic agents, L e .  the carbonyl 
oxygen or amide nitrogen is capable of attack a t  
the carboxyl group. Without the o-carbomethoxy 
substituent, the amide nitrogen is the stronger 
nucleophilic atom, giving corresponding hydroxy 
anils by treatment with acetic anhydride. With the 
o-carbomethoxy group as in Ia, Ib,  and IC, the 
resonance and inductive effects become prominent, 
causing a decrease in electron density around the 
amide nitrogen atom. This decrease in nucleo- 
philicity of the nitrogen permits the carbonyl 
oxygen to be more reactive, giving the correspond- 
ing lactones IVa, IVb, and IVc. 

The isomeric o-carbomethoxy-p-aryl-trans-glu- 
taconanilic acids (IIIa, IIIb,  and IIIc) were found 
to  be inert to  prolonged heating at reflux tempera- 
ture with acetic anhydridc, thereby confirming their 
trans configurations. The cis-(Is, Ib, and IC) and 
trans-glutaconanilic acids (IIIa, I I Ib ,  and IIIc), 
which are also methyl esters, on hydrolysis with 
alcoholic alkali gave the corresponding dicarboxylic 
acids (Val Vb, Vc, and VIa, VIb, VIc) which may 
be considered respectively, as o-carboxy-p-aryl- 
cis-glutaconanilic acids and o-carboxy-p-aryl-trans- 
glutaconanilic acids. The cis-acids (Val Vb, Vc) 
could also be obtained by the action of alcoholic 
alkali on the neutral lactoncs (IVa, IVb, and IVc). 

Strong Heating 

R z y  'CH=C~OH) )" 
I1 R1 COOCHj 

R z Y  ) , H z - c o , l I ~  Controlled Heating 

RI  -7 
I I C'OOCH3 

p d r o l  y ais 
HOOC-C-H 

HOOC- C-H lHydrolysis 

COOH 

Methyl anthranilate uas  also made to condense 
with the p-arylglutario acids (VIIb, VIIc) or their 
anhydrides (VI1Ib3 VIIIc) to give the corrcsmnd- 
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IXc). These monobasic glutaraninilic acids (IXb, 
IXc), on hydrolysis with alkali, gave the cor- 
responding dibasic o-carboxy-@-arylglutarminilic 
acids (Xb, Xc). 

,CHz- COOH 

R Q y H -  RI 2 CO-NH -p 
IX COOCHs 

FJXP ERIMEXTAL 

o-(larbonietkox~/-~--(4-7~iethox~/phen~/L)-cis-glrrtaconarri~ic acid 
(la). A solution of 18.8 g. (0.1 mole) of i3-I.i-methoxvpIienyl)- 
glutaconic anhydride'! anti 15.1 g. (0.1 mole) of methyl 
anthranilate in 800 nil. of warm hcnzcne was heated at re- 
flux t,emperat,ure on a ,steam t)at,ti for tiboritJ 30 min. Upon 
removal of the benzene, a pale yellow Polid scparat,cd. Tt. was 
collected by filtration, washed with water, and purified by 
dissolution in sodium bicarbonate solution and reprecipita- 
tion with dilute hydrochloric acid. Further purification by 
repeated recrystalliz~~t,ions from alcohol gave 22.6 g. (617, 
.yield) of Ia as pinkish whitme needlcs, m.p. 146-146.5". 

Anal.  Calcd. for C?OT&gOeN: C, 65.03; H, 5.19; N, 3.79. 
Found: C, 65.24; H, 5.14; N, 3.80. 

o-Carbonzethoxy-?-( 4-methoxyphenyl )-trans-glutaconanilic 
acid (IIIa). In a clean dry flask, 1 g. of 'Ia was heated in a 
paraffin hath a t  150" for 0.5 hr. The resulting resinous mass 
was washed first, wit,h et,her and then with wat.er, giving.& 
cr,ystalIine y~tllow solid. It was purified by being dissolved in  
dilute sodium bicarbonate solution and precipitation with 
dilute hydrochloric acid. Further purification by repeated 
recrvst.allizations from 50:& alcohol gave 0.6 g. (60% yield) 
of IIIa as pale yellow needles, m.p. 185-186'. 

Anal. Found: C, 65.28; H, 5.11. 
Methyl N-[~,fi-dehydro-&-(4-methoxyphenyl)-6-oxo-2-pyra- 

nyl~~enel-anlhranilate (IVs). A mixt.rire of 1 g. of Is and 5 
ml. of acetic anhydride was heated a t  reflux temperature 
for 1 hr. on a steam bath. The clear red liquid so obtained 
was poured into about 25 ml. of cold water, giving an orange 
colored solid matcrial. This solid was collected on a filter, 
washed several times with water, triturated with sodium 
bicarbonate solution to removc any unchanged semianilide 
and filterctl. Upon drying, the residue was recrystallized 
from ethyl alcohol yielding 0.4 g. (45% yield) of pale ycllow 
crystals, m.p. 135-135.5". This matcrial wtts found to be 
inaoliiblct in cold dilut,e sodium hydroxide soliit.ion. How- 
cvcr, upon wsrming this suspension, solution W:M cffectcd 
rcgenerat ing +,tie remimilide (Ia) aftm irc~itritlizat~ioti. 

Anal. Calcd. for Cz,,Tl1705N: C, 68.36; H, 4.88. Found: C, 
68.06; H, 5.08. 

o-Carboxr/-p-( ~-methox~lpheia?jl)-ci.s-glirtaronnnilic acid (Ira). 
To a solution of 1 g. of la. in 15 ml. absolute alcohol, 2 ml. of 
12.5N sodium hydroxidc solut~ion IWS odded arid tho  mixt,ure 
hcatcd a t  rrflux tempera1,rirc for about 2 hr. lteniovitl of the 
solvrrit, and neutra1iz:ttion of rcsidnal sodium salt with 
conccnt~-ated hydrochloric: :xid gavct a pale yellow solid 
mass. Repeated crystal1iz:ttions from :Llcohol gave 0.63 g. 
(67% yicld) of faint, yellow crgst~als, m.p. 172" dec. 

Anal. Calcd. for CleI-TliOsN: C, 64.21; H, 4.82. Found: C, 
64.46; H, 4.87. 

o-Carbonzethoxy-8-( d-methox~/-4-naethylphen~~l)-c~~~-~l  uta- 
conanilic acid IIb). The proccdure used in making this (:om- 
pound was t,hc same as t,h:it used for In. From 23 g. (0.1 
mole) of p-( 2-met hoxy-Cmct.hglphei~yl)-glntacor~ic~ anhy- 
dride,g 28 g. I7OCh yield) of Ib, m.p. 132-132.5", was oh- 
tained. 

AnaE. Calcd. for C,,TI?lOti?:; C, 03.16; H, 5.26. Found: 
C, 63.30; H, 5.47. 

o-(larbomethoxy-p-(d-methoxy-~-nz~~hylphenyl)-trans-gli~ta- 
conanilic acid (TIIb). The procedure used in making thi8 

compound was the same as that, described for IIIa. From 
1 g. of Jb, 0.50 g. (56% yield) of JIIb, m.p. 162-163' wtm 
obtained. 

Anal. Found: C ,  63.32; H, 5.38. 
Methyl N-[4,6dehydro-4-(2-melhoxy-C-?nethylphen?~l)-6- 

oxo-.%pyran.y/idene]-anthranilate (IVb). This conlpound was 
prepared by the same procedure described for IVa. From 
3.8 g. (0.01 molc) of Ib, 2 g. (57% yield) of 1Vh was obtained, 
m.p. 152-163". 

Anal. Calcd. for CylHl~05N: C, 69.04; 11, 5.2; N, 3.63. 
Found: C, 69.23; h, 5.36; N, 3.48. 

o-CarOoxp-p-( 2-methoxy-~-~nethylphen~l~-ci,s-gli~taconanilic 
acid (Vb). The procedure used in making Vh M-W the same 
as dcscribed for Va except t'hat it was purified by crystalli- 
zation from 8070 acetic acid. From 4 g. (0.01 mole) of Ib, 
2.8 g. (75'34 yield) of Vb was obtained, m.p. 200' (dec.). 

Anal. Calcd. for C20Hlg06N: c, 65.03; H, 5.15; neut. 
equiv., 184.5. Found: C, 65.24, H, 5.30; neut. equiv., 184.7. 

o-CarDox~l-@-(Z-rnethoxy-G-methylphenyl )-trans-glu facona- 
nilic acid (VIb). To  a solution of 4 g. (0.1 mole) of ITIb in 
50 ml. of alcohol, 7.5 ml. of 12.5R'SaOH was added and the 
whole mixture heated a t  reflux temperature on the water 
hath for 3 hr. Upon removal of the solvelit, the residue was 
dissolved in water, filtered, arid the f iha t e  neutralized 
with hydrochloric acid at OD,  giving VIb as a pale yeIlow 
mass. Crystallization from 80% alcohol gave 2 g. (52% 
vicld) of colorless crvstals VIb. m.u. 225' (dcc.). 
' ..lnal. Calcd. for Cz@&&N': C,. 65.43. H, 5.15. Found: 
C, 64.82; H, 5.28. 

. I  

+Car bomethoxy-6-( 2,4-dimelhoxyphen yl)-cis-gliitaconanilic 
acid (IC). The same procedure :ts wus used in making I a  was 
u s i d  for the preparation of t,his compound. From 21.6 g. 
(0.1 mole) of 2,4dimethoxyphenylglutaconic anhydride,1° 
29.1 g. (73% yield) of IC was obtained in the form of pinkish 
white needlcs, m.p. 132-134'. 

Anal. Calcd. for C21T3z,0iB: C, 63.16; 13, 5.26. Found: 
C ,  63.30, H, 5.47. 

o-Carbomethoxy-p-( 2,Q-dimethoxyphenyl )-trans-glutaconani- 
Zic acid (JIIc). This compound was obtained from IC by 
heat,ing it a t  a temperature just above its mclting point 
( i e . ,  135") for 1 hr. From 2.0 g. of IC, 1.2 g. (60y0 yield) 
of IIIc was obtained, m.p. 158°-159.50. 

Anal. Found: C, 63.3"; H, 5.39. 
A4ethyl N-[4,6dehydro-4-(2,4-dimethoxyphenyl)-f7-oxo-l- 

pyanylidenel-anthranilate (IVc). This compound was p r e  
p a r d  by the same method described for the preparation of 
WJL. From 4.0 g. (0.1 mole) of IC, 2.6 g. (70% yield) of IVc 
a a s  obtained in the form of yellow plates, m.p. 146'. Upon 
treatment with cold dilut'c sodium hydroxidc solution, solu- 

gradually effect.ed. Acidification regenerat,& the 
dc IC. Trent,mcrit of IVc with boiling dilute sodium 

hydroxid(3 solution arid subscquent acidification, howcver, 
piive tlic (iibasir acid Vt:, m.p. 196.5" (drc.). 

i lnnl.  ('alcti. for C21T€loO~N: C, 66.15; TI, 1.99. Found: 

o-tlarbox~~-p-(2,/i-dimelhox~~phenyl)-cis-glutaconanilic acid 
(Vc). This dibasic aoid wtts prepared from IC by heat,ing 
it wit,h ulcoholic :i,lk:di at rcLfiux tc~niperat.ure or from IVc 
tiy boiling with derinormal sodium hydroxide solution. From 
4 g. of Tc, 2 g. (<55YO yield) of Vc was obtained. Crystalli- 
xat,ion from SOTO aretic acid gave pure Vc, m.p. 196-197" 
(dec.). From 3.8 g. (0.1 mole) of IVc, 1.6 g. (4170 yield) of 
Vc was ohtaincd. 

Anal. Calcd. for Cz0Hl90,N: C, 62.33; H, 4.93. Found: 

c, 65.97; FI, 5.21. 

C ,  62.55; H, 4.77. 
o-(;%lrboxii-~-(2.4diniethoxuvheniil~-tran~-uLutaco?~anilac arid 

I, , I 

(VIc). This compound w a s  prcpai&l from IIIc  hy treatment 
with ttlcoholic iilknli. From 4 g. (0.1 mole) of IIIc, 1.7 g. 
(469; yirld) of colorlcsr VIr,  m.p. 215" (dec.) w m  obtained. 

Anal. Found: C, 62.03; 13, 5.11. 
~-~,2- .11ethor~/- .S-methylphen~~l!-~l~~taric  anhydride (VIIIb). 

J\ mixture of 2.5 g. (0.01 mole) of @-(2-methoxy-4-methyl- 
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pheny1)glutaric acid12 VIIb, and 2 ml. of acetic anhydride 
was heated a t  reflux temperature for about an hour. Thr  
resinous maw obtained upon cooling was crystallized by the 
addition of ether. Crystallization from dry benzenc gave 
1.9 g. (72% yield), of brilliantly shining colorless plates 
(VIIIb), m.p. 104-105". 

o-Carbonzethox y-p-(2-methoxy-4-n~ethylphenyl)glutaranini- 
l ic acid (IXb).  This compound was prepared by the same 
procedure as previously described for the preparation of Ia, 
except that glutaric anhydride (VIIIb) was used instead 
of glutaconic anhydride. From 2.3 g. (0.01 mole) of VIlJb, 
2.6 g. (60% yield) of IXb, m.p. 135-136", was ohtaincd. 

Anal. Calcd. for CSlHz306N: neut. cquiv., 385.0. Found: 
ncut. cquiv., 389.1. 

o-Carbor~-~-(~-~nethoxz~-4-methyl~henl/l)glutaraninilzc aczd 
(Xb).  This dicarboxylic acid was prepared by the alkaline 
hydrolysis of IXb. From 3.9 g. (0.1 mole) of IXb, 2.6 g. 
(717; yield) of Xb was ohtairied. Repeated crystrillizations 
from dilute acetic acid and finally from alcohol gave the pure 
product, m.p. 165-165.5'. 

Anal. Calcd. for C2&06N: C, 64.69; H, 5.66; neut. 
equiv., 185.5. Found: C, 64.82, H, 5.51; neut. equiv., 186.5. 
@-(2,4-Dzmethoxyphenyl)glutaric aczd (VIIc). This acid 

was prepared by the reduction of p-( 2,4-dimcthoxyphenylb 
glutaconic acid,13 m.p. 174' (dcc.) with sodium amalgum 

(12) D.  B. Limaye and R. G. Chitre, J .  Univ. Bombay, 

(13) P. R. Bavdckar, h4.S~.  thesis, University of Bombay, 
4, 101 (1935). 

1941. 

according to the method described by Chitre.l4 From 26.6 
g. (0.1 mole) of p-( 2,4-dimethoxyphenyl)-glutaconic acid, 
21.8 g. (81% yield) of crude reduced acid was obtained, as 
a white mass. Crystallization from water gave 20.2 g. (76% 
yield) of VIIc as colorless needles, m.p. 158-159'. 

Anal. Calcd. for ClsHIGOC: norit. ecluiv., 134.0. Found: 
neut. equiv., 135.8. 
p-(2,4-Dimethaxypheny1)glularic anhydride (VIIIc). This 

comDound was prepared from VIIc by heating at  reflux 
temierature with acetic anhydride. The yield was 82% of 
white crystals, m.p. 122-122.5". 

Anal. Calcd. for C13Hi40,: C, 62.4; H, 5.6. Found: C, 
62.5; H, 5.8. 

o-Carbomethoxy-@-(2,~-ctiniethox~~phen~l)gli~taraninilic acid 
(IXc). This monobasic acid was prepared from the corre- 
sponding glutaric anhydride (VIIIc) by heating it in boiling 
benzene solution with a molecular quantity of methyl 
anthranilate. Repeated crystallizations from 50% alcohol 
gave puro IXc, in 72y0 yield, m.p. 136-136.5'. 

Anal. Calcd. for CZ0Hz307N: neut. oquiv., 401.0. Found: 
neut. equiv., 398.7. 

o-Cnrboxy-@-(?2,~-dimethoxy~henyl)glzLlaraninilic acid (Xc). 
This dicarboxvlic acid was obtained in 61%) yield from IXc 
by hydro1ysis"with alcoholic alkali. It was purified by crys- 
tallization from acetic acid giving dull crystals, m.p. 128- 
128.5". 

Anal. Calcd. for CZIHZ107N: neut. cquiv., 193.5. Found: 
neut. equiv., 195.2. 

BOMBAY, INDIA 

(14) R. G. Chitre, M.Sc. thesis, University of Bombay, 
1933. 
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The behavior of 9-methoxypsoralene under the Conditions of oxidation, chlorination, sulfonation, and ether cleavage is 
described. Chromium trioxide converted 9-methoxypsoralene I into psoralenequinone 11. Chlorination with chlorine pro- 
duced 2,3-dihydro-9-methoxy-2,3,Ctrichloropsoralcne VI1 while chlorination with sodium hypochlorite formed 4-chloro-9- 
methoxypsoralene VIII. Chlorosulfonic acid attacked the Cposition forming both the free sulfonic acid and the acid chloride. 
The conversion of 9-methoxvmoralcne to 0-hvdroxvmoralenc was accomplished in good yield by heating with anhydrous " -  " ". 
aluminum chloride. 

Xanthotoxin I (4methoxypsoralene) is a furo- 
coumarin that occurs in a number of plants in- 
digenous to the Eastern Ilemispherc. As its name 
implies xanthotoxin is a fish poison and is, in 
general, toxic to  cold-blooded animals while it is 
relatively nontoxic to mammals. Current interest in 
this material stems from its photodynamic activity, 
which causes the skin to  "tan" as opposed to 
"burn" if the drug is administered orally prior to 
exposure to the sunlight. 

The behavior of 9-methoxypsoralene under the 
conditions of nitration, bromination, hydrogenation, 

(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. 351, School of 
Science, Department of Chemistry. 

~_ 

ozonization, thionation, and various ring-opening 
procedures has been previously described by this 
laboratory.2 This paper is concerned with the oxi- 
dation, ether cleavage, chloriiiation, and sulfonation 
of this molecule. 

Schonberg has reported3 that oxidation of 4- 
methoxypsoralene (bergaptene) with sodium di- 
chromate attacked the furan double bond and 
formed &formyl -7-hydroxy-5-methoxy coumarin, 
His work has been confirmed in this laboratory. 

It seemed unusual, therefore, that  the isomer of 
bergaptene, 9-methoxypsoralene, was unaffected 
by sodium dichromate under identical conditions. 
Treatment with chromium trioxide in acetic acid, 

(2)  M. E. Brolcke and I3. E. Christensen, J .  Org. Chern., 23,  

(3) A .  Schonberg, N. Radran, and N. Starkowsky, J .  Am. 
580 (1058). 

Chem. Soc., 75,1019 (1955). 


