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4-Bromo-6-(i ,%diphen ylethy1)-? ,8-dihydroxycoumarin 
(XXVI). One gram of 4-bromo-9-methoxypsoralenc and 
2.0 g. aluminum chloride were mixed intimatelp and t:icn 
covered with 75 ml. benzene. This mixture was refluxed 20 
min. ; the benzene was then decanted arid evaporated. The 
resulting residue was acidified with dilute hydrochloric 
acid, washed with water, and recrystallized twicr from dilute 
ethanol and finally from dilute isopropyl alcohol; yield O.#i - -  
g., m.p. 230-233'. 

Anal. Calcd. for Cq?Hl,OaBr: C. 63.3: H. 3.90. Found: , ,  . .  

C, 63.0; H, 4.07. 
4- Bron~o-7,&dimethox y-6- (1 ,d-diphenylethy1)coumarin 

(XXVII) . 4-Bromo-7,8-dihydroxy-6- (1 , 2-diphenylethyl) cou- 
marin (250 mg.) was dissolved in 20 ml. acetone. Two ml. 
dimethyl sulfate and one gram potassium carbonate were 
added and the solution was refluxed 17 hr It was then 
poured into 100 ml. of water and cooled. The insoluble prod- 
uct was collected and recrystallized from dilute ethanol to 
yield 140 mg., m.p. 127-130'. 

Anal. Cnlcd. for C2:HLI01Br: C, 64.5; €I, 4.53. Found C, 
61.3; H, 4 65. 

S-[S-(d,S-Dihydro-6,7-dimethozybenzofuryl)]propenoic acid 
(XXVIII). 2,3-Dihydro-9-methoxypsoralene (0.5 gram) 
was dissolved in 25 ml. acetone and 5.0 ml. of dimethyl 
sulfate was added. The solution was heated to reflux and 
25 ml. of 20% potassium hydroxide was added slowly. Re- 
flux was continued for 2 hr. after addition of the alkali. 
The solution was then cooled, acidified with dilute hydro- 
chloric acid, and the acetone removed in vacuo. The insoluble 
product was collected and crystallized from dilute methanol 
to yield 0.3 g., m.p. 100-102". 

Anal. Calcd. for Cl3HI40j: C, 62.5; H, 5.61. Found: C, 
62.4; H, 5.72. 
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In  conjunction with evidence derived from infrared spectra and including intensity measurements in the carbonyl-stretch- 
ing region, the chemical properties of nomilin and obacunone indicate that these compounds are ketonic dilactones with a 
furan ring and but one carbocyclic system. One lactone ring of nomilin carries a p-acetoxyl group whereas obacunone has the 
corresponding a,@-unsaturated lactone ring; this ring is readily opened by hydrolysis. The second lactone ring is opened by 
hydrogenolysis generating a carboxyl group which is remarkably acidic, properties that permit tentative conclusions to be 
drawn as to the relative positions of some of the functional groups. 

Of the three optically active, lactonic, bitter 
principles of citrus fruits, limonin3 has been more 
thoroughly studied than nomilin and obacunone, 
knowledge of which is chiefly due to  E m e r ~ o n , ~  
who showed that both nomilin, C28H3409, and obacu- 
none, C26H3~0,, gave obacunoic acid, C26H320g, on 
hydrolysis, the former yielding acetic acid a t  the 
same time. Further evidence indicated the presence 
of two lactone rings, one carrying a 0-acetoxyl 
group, and one of a somewhat unreactive carbonyl 
group. The present investigation has confirmed and 
extended these results. 

The absence of hydroxyl groups from obacunone 
mas clear from the inertness of this compound to 
acetylation and from its transparency near 3 p  in 
the infrared. Because the intense and ill-resolved 
absorption (Fig. 1) in the region 1700-1734 cm.-' 
due to  the lactonic system and carbonyl group made 
it difficult to  detect individual functions, attention 

( 1 )  Thiswork formed part of a Technical Cooperation 
Project (1955) sponsored by the Foreign Operations Ad- 
ministration (U.S. Government). 

(2) Department of Organic Chemistry, Liverpool Uni- 
versity, Liverpool, England. 

(3)  0. H. Emerson, J. Am. Chem. SOC., 74, 688 (1952); 
B. V. Chandler and J. F. Kefford, Australian J Sei., 16, 
28 (1953); A. Fujita and Y. Hirose, J .  Phamz. SOC. Japan, 
76, 129 (1956). 

(4) 0. H. Emerson, J. Am. Chem. SOC., 70, 545 (1948); 
73, 2621 (1951). 

TABLE I 
ULTRAVIOLET END-ABSORPTIONS 

e x 10-3 
209 mp 218 mp 

Nomilin 5.70  4 .27  
Obacunone 16.7 16.0 
Methyl obacunoate 13.6 11.3 
Obacunone oxime 15.4 13 .1  
a-Obacunol 18.3 14.4 
1)ihpdroobacunone 10.0 6 . 4  
Obacunone hydrochloride 5 . 5  4 . 0  
Double bondsla 

( i )  Didubstituted -1 4 
(ii) Trisubstituted 3-4 -1.5 
(iii) Tetrasubstituted 4.5-10 4-6 

Furan A208 5 . 6  Azla  5 . 0  
hTarrti binz9 A210 5 . 7  - 

was directed to the spectrum of obacunone oxime, 
which, in paraffin mulls, had two bands of more or 
less equal intensity a t  1749 and 1677 cm.-l Whilst 
the latter band was correctly placed for the C=N 
stretching frequency of an oxime, its intensity was 
unexpectedly high compared with the data given 
by Cross and Rolfe,6 who quote oximes having 
extinction coefficients approximately one tenth 
those of ketones. In  an attempt to  minimize inter- 

(5) L. H. Cross and A. C. Rolfe, Trans. Faraday SOC., 47, 
354 (1951). 
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Fig. 1. A. Ozonolysis product of obacunone (in Nujol). B. Obacunone (film from CHCla). C. Nomilin (film from 
CHCI,). D. Methyl hexahydronomilinate (film from CHCls) 

ference from shifts of lactone bands induced by 
hydrogen-bonding, measurements were also made 
in chloroform, but in this solvent the oxime ex- 
hibited a complex band a t  1694-1727 cm. -* and no 
marked absorption near 1670 cm.-l This type of 
behavior does not appear to  have been reported 
for simple oximes, and we have confirmed that the 
spectrum of cyclohexanone oxime is essentially the 
same in mulls and in solution. Pyruvic acid oxime 
had bands a t  1700 cm.-l and 1660 cm.-' of the 
expected positions and relative intensities, but in 
parallel work complex changes were encountered 
when the spectra of syn- and anti-monoximes of 
benzil and camphorquinone were examined in mulls 
and in solution. On the other hand, the spectra of 
obacunone oxime were not in accord with the re- 

sults obtained by Mathiss for hydroxamic acids 
and indeed the substance gave no ferric reaction; 
but the possibility that hydroxylamine might have 
reacted with a lactone ring necessitated the acqui- 
sition of independent evidence for the presence of 
a carbonyl group. 

The slow reaction between 2,4-dinitrophenyl- 
hydrazine sulphate and obacunone gave only 
amorphous material, but the rapid reaction with 
sodium borohydride gave a mixture consisting of 
a a-obacunol, C2,HS207, with some of the isomeride 
P-obacunol. The presence of a third product was 
indicated by the intense color reaction given with 
hydrobromic acid, but the substance responsible 

( 6 )  F. Mathis, Compt. rend., 232,505 (1951). 
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could not be isolated. Because borohydrides do not 
readily attack esters or lactones, a-obacunol was 
regarded as an alcohol derived from a ketone 
rather than a glycol from a lactone, a view con- 
firmed by the formation of a monoacetate trans- 
parent a t  3 p  in the infrared. Attempts to  re- 
oxidize a-obacunol to obacunone failed: Op- 
penauer's method did not appreciably affect the 
substance (a result which may have been due to 
steric hindrance, as the ketone is not very reactive 
or to  complex formation),' and chromic acid in- 
duced only ill-defined oxidation similar to that suf- 
fered by obacunone. Subsequently, the existence 
of a carbonyl group mas clearly indicated by the 
spectra (discussed in the sequel) of related com- 
pounds having no ethylenic unsaturation but hav- 
ing well-resolved ester and lactone bands and also 
a band a t  1711 em.-' typical of acyclic ketones or 
of cyclic ketones with more than five members. 
Although obacunone gave a positive iodoform re- 
action, an acetyl group is probably not present 
because the Zimmerman reactions was negative 
and because appropriate bandsg were absent from 
the infrared spectra. P-Obacunol has not been 
closely studied, but it may be diastereoisomeric 
with a-obacunol : both compounds had selective 
absorption at  3500 cm.-' (OH), and at  1730 and 
1690 cm.-l (lactonic absorption). 

The elimination of acetic acid from nomilin by 
means of boiling pyridine and acetic anhydride as 
described by Emerson4 gave erratic results not im- 
proved by omission of the acetic anhydride or by the 
addition of pyridine hydrochloride, but in a- 
picoline the reaction occurred regularly. Whilst 
this loss of acetoxyl could not be followed from 
frequencies in the carbonyl-stretching region, 
bands typical of acetatesg and shown by nomilin a t  
1432, 1377, and 1225 em.-' were absent from, or 
much weakened in, the spectrum of obacunone. 
In  agreement with previous work, removal of 
acetoxyl resulted only in an increase in the ultra- 
violet end-absorption (Table I) , which, taken with 
the fact that nomilin cannot contain a ketonic ring 
of less than six members, proved that obacunone 
was not an a,&unsaturated ketone. This deduction 
was confirmed by the absence of marked bands 
near 1680 and 1640 cm.-* or near 1720 and 1600 
cm.-l from the infrared spectrum. On the other 
hand, highly substituted double bondslo have 
absorption characteristics near 210 mp closely simi- 

(7) M. Ehrenstein, A. R. Johnson, P. C. Olmetead, V. I. 
Vivian, and M. A. Wagner, J .  Org. Chem., 15,264 (1950). 

( 8 )  W. Zimmerman, Z. physiol. Chem., 233, 257 (1935); 
I. E. Broadbent and W. Klyne, Biochem. J., 56, XXX 
(1954). 

(9) A. R. H. Cole and D. W. Thornton, J .  Chem. SOC., 
1007 (1956); R. N. Jones and A. R. H. Cole, J. Am. Chem. 
Soc., 74, 5648 (1952). 

(10) P. Bladon, H. B. Henbest, and G. W. Wood, J .  
Chem. Soc., 2737 (1952) 

lar to  those of a,p-unsaturated esters1' and lac- 
tones12 so that the increase in this region could not 
be justifiably used to  differentiate these systems, 
but a base-catalyzed as opposed to a thermal na- 
ture for the elimination was made probable not only 
by the stability of nomilin in xylene as opposed to 
y-picoline but also by the ready loss of acetic 
acid accompanying the hydrolysis to  obacunoic 
acid, and favored the formulation of obacunone as 
alp-unsaturated lactone. Further, unconjugated 
double-bonds absorb near 1645 cni.-' whereas (in 
this region) obacunone but not nomilin had a weak 
band a t  1620 cm.-l (Fig. l), the position of which 
suggested conjugation : the corresponding batho- 
chromic shift of a lactonic absorption was dif- 
ficult to isolate from the complex band near 5 .8~ .  

As noted by Emerson, the ready hydrolysis of 
nomilin or of obacunone gave obacunoic acid, 
converted into the methyl ester by diazomethane. 
Acetylation of obacunoic acid gave Emerson only 
an amorphous solid of which the analysis seemed to 
differ little from that of the original substance; 
we have not been able to  obtain an acetate of 
methyl obacunoate because in mild conditions no 
reaction took place, and in more vigorous conditions 
amorphous material resulted. In  preliminary exper- 
iments, me were unable to confirm Emerson's 
comment (without experimental details) that 
methyl obacunoate possessed hydroxyl absorption 
near 3p, so that when this ester was found not to 
react smoothly with hydroxylamine (in conditions 
under which obacunone formed an oxime com- 
paratively readily) i t  became necessary to consider 
the possibility that the hydrolysis involved the 
fission of a (modified) 8-ketoester iyqtern, as in (I) 
giving (11), rather than the fisiion of :L lactone ring. 

During attempts to obtain further information on 
this point, obacunoic acid and its methyl ester 
were subjected to sodium borohydride reduction, 
and a-obacunol was subjected to hydrolysis. In 
each case a rapid reaction ensued but the products 
were amorphous. In spite of its ill-defined nature, 
this evidence suggested that the carbonyl group 
was not involved in the hydrolysis and prompted a 
renewed search for hydroxyl absorption in the 
infrared spectrum of methyl obacunoate. When 
examined in paraffin mulls, in chloroform, or in 
carbon disulphide, this ester showed no absorption 
near 3p sufficiently well-defined to be differentiated 
from overtones of the strong absorption near 6 p .  
but, surprisingly, solid films deposited from chloro- 

(11) H. E. Ungnade and I. Ortega, J .  4 m .  Chem. SOC., 

(12) L. Dorfmann, Chem. Revs., 53, 47 (1953). 
73, 1564 (1951). 
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Fig. 2. Methyl obacunoate: A, in CHCL. B. Solid film. 
C, Nujol mull 

form or acetone showed a marked hydroxyl band 
(Fig. 2) which persisted when care was taken to 
exclude moisture and alcohol and is, therefore, 
positive evidence for the existence of an unreactive 
hydroxyl group. No other compound examined in 
this work behaved thus, but a somewhat similar 
phenomenon has been observed with t e t r ~ n i c ' ~  
acids in which the degree of enolization and con- 
sequently the existence of hydroxyl or carbonyl 
groups depended upon the physical state of the 
sample. This explanation was apparently not ap- 
plicable because methyl obacunoate did not have 
the requisite properties in the ultraviolet region, 
mas not acidic, could not be oximated readily, and 
gave no ferric reaction. Further, had nomilin con- 
tained a lactonic system of type (111), hydrolysis 
would have yielded a keto-acid rather than a hy- 
droxy-acid, but the parent compound must have 
exhibited absorption a t  1770-1790 cm. -l which was 
not apparent. Finally, lactones of type (111) react 
readily with :tniline14 whereas obacunone was re- 
covered from treatment with this reagent. 

Hydrogenation of nomilin was erratic unless 
large amounts of catalyst were employed, but in the 
best runs exactly four equivalents of hydrogen were 
absorbed. The product, hexahydronomilinic acid, 

(13) L. A. Duncanson, J .  Chem. Soc., 1207 (1953). 
(14) F. A. Kuehl, Jr., R. P. Linstead, and B. A. Orkin, 

J. Chem. Soc., 2213 (1950). 

C~H4209, was a monobasic acid of pK. value 2.7, 
which appeared to  have resulted from hydrogenoly- 
sis of a lactone ring not involved in hydrolysis 
since obacunoic acid had a pK, value of 4.0. 
With diazomethane, the new acid gave a methyl 
ester spectroscopically devoid of hydroxyl groups 
but possessing a carbonyl group responsible for a 
shoulder at 1700 cm.-' on the ester band (Fig. 1). 
It was concluded that the four moles of hydrogen 
were used to open one lactone ring and saturate 
three double bonds since hexahydronomilinic acid 
could not be hydrogenated further and, unlike 
nomilin, gave no yellow color with tetranitrometh- 
ane and had very little end-absorption a t  210 mp. 
It followed that nomilin contained but one carbo- 
cyclic system. 

The absence of double bonds from hexahydro- 
nomilinic acid made i t  necessary to suppose that 
the high acidity was due to  the inductive effect of 
substituents a t  the a-position. Pyruvic acid hav- 
ing16 a pK, value of 2.5, nomilin and its derivatives 
were first examined for a-ketoacid functions, but 
obacunone would not react with o-phenylenedia- 
mine under conditions in which pyruvates furnish 
quinoxalones. It has been reported16 that pyruvates 
have only unresolved ester absorption a t  1745 
cm. -l, whereas the carbonyl frequency is resolved 
in some compounds of the present series, and 
nomilinic acid was recovered from treatment of its 
salts with aqueous hydrogen peroxide. 

The dissociation data given by Paul" for a- 
acetoxypropionic acid (pK, 3.0) and by Walden18 
for the acid (IV) (pK. 2.18) suggested that the 
acidity of hexahydronomilinic acid could have re- 
sulted from the groupings (V), found for example, 
in sc i l l i r~s ide ,~~ or (VI) as in monocrotalic acid.20 

I 
I 

- CCOOH 

HOX OAc 

IV V 

MeCHCOOE t 
I 

RCOCHZOCOR' OCOMe 

VI1 VI11 

-0 
I 

-COCCOOH 

X 
I 

CO,H a0 
v I 

0- c,o 
Me+ FHMe 

co-0 
IX 

(15) J. Boeseken, L. W. Hanson, and S. H. Bertram, Rec. 
trav. chim., 35, 309 (1915). 

(16) References and a discussion of the spectra of cou- 
marandiones are given by J. F. Grove, J .  Chem. Soe., 883 
(1951). 

(17) T. Paul, Z. Elektrochem., 28,435 (1922). 
(18) P. Walden, Zeit. phys. Chem., 10, 563, 638 (1892). 
(19) A. Stoll and J. Rena, Helv.  Chim. Ada, 25,377 (1942). 
(20) R. Adams and T. R. Govindachari, J. Am. Chev. 

SOC., 72, 158 (1950). 
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The complex hydrogenation of obacunone was 
accomplished by methanolysis and gave an acid 
now called methyl hydrogen octahydroobacunoni- 
nate since it was more easily obtainable by the 
comparatively smooth hydrogenation of methyl 
obacunoate in which nearly five moles of hy- 
drogen were absorbed. The new acid had pK. 
2.9 for which neither system (V) nor system (VI) 
could be responsible. Systems (V) and (VI) are 
similar to a-acyloxyketones (VII) in which con- 
siderable shifts to shorter wave lengths of both 
carbonyl and ester frequencies occur,21 but we 
found that the corresponding shift in ethyl a- 
acetoxypropionate (VIII) was relatively slight and 
similar to that in mesodilactideZ2 (IX). This shift 
resulted in peaks a t  1736 cm.-' in chloroform and 
1767 cm.-l in carbon tetrachloride, but the ap- 
propriate derivatives of nomilin were hardly solu- 
ble in the latter solvent and so this shift could not 
be used :is a criterion in the present example. 

The possibility that the acidity of hexahydro- 
nomilinic acid was partly caused by a carbonyl 
group in the P-position was considered improbable 
because properties in keeping with 0-ketoester 
and 0-ketoacid systems were not apparent. 
For example, hexahydronomilinic acid did not 
readily lose carbon dioxide until decomposition set 
in a t  temperature greater than 220'. The presence 
of a malonic acid grouping was also discounted be- 
cause this would have required the carboxyl 
groups of both hexahydronomilinic acid and 
obacunoic acid to have closely similar properties. 
Further, prominent shifts to  shorter wavelengths 
are often shown by dilactones and related com- 
pounds with both carboxyl groups attached to the 
same carbon atom.23 The composite system (X), 
in which combined inductive effects of carbonyl 
and of ether oxygen could have accounted satis- 
factorily for the acidity of the carboxyl group, was 
eliminated from further consideration because of 
the argument presented above and because these 
compounds had only very feeble reducing powers. 
Because methoxyacetic acid24 has a pK. value of 
3.53 compared with 4.74 for acetic acid; two ether 
oxygen atoms would have an effect of the ob- 
scured magnitude, and it was confirmed that ethyl 
diethoxyscetate has a normal ester frequency a t  
1749 cm.-l Published data on the glycidic acid 
grouping are limited but i t  seemed unlikely that 
this system would survive prolonged hydrogena- 
tion, and consideration of data supplied by Kil- 

(21) R. N. Jones, P. Humphries, and K. Dobriner, J .  
Am. Chem. SOC., 72,956 (1950); R. N. Jones, P. Humphries, 
F. Herling, and K. Dobriner, J. Am. Chem. Soc., 74, 2820 
(1952); J. F. Grove and H. A. Willis, J .  Chem. SOC., 877 
(1951). 

(22) H. H. Wasserman and H. E. Zimmerman, J .  Am. 
Chem. SOC., 72, 5787 (1950). 

(23) References and examples are quoted by D. H. R. 
Barton and P. de Mayo, J .  Chem. SOC., 142 (1956). 

X24) M. H. Palomaa, Ann. Acad. Sei. Fennicae, A, 1, 
(1911); C h .  Zent., 11,596 (1912). 

patrick and Morse,26 by Wode,z6 and by Apichan- 
dari and J a t k a P  suggested that incorporation of 
the a-oxygen atom in a three-membered ring would 
not have any marked effect on the acidity.27a 
Therefore the lactone rings of nomilin were pro- 
visionally written as in the diagram, which makes 
it clear that the lactone ring (called lactone 1) which 
becomes unsaturated in obacunone must also be 
that involved in the hydrolysis to obacunoic acid. 
The double bond attached to  lactone 2 was re- 
quired to account for the hydrogenolysis of this 
system. 

gg 
0- 

OAc 
Lactone 1 Lactone 2 

Lactone Rings of Nomilin 

A study of the intensities of carbonyl absorp- 
tion in the 6, region substantiated the conclusions 
reached above. As we were not aware of any pub- 
lished study of the intensities of lactonic absorption, 
we first made measurements on a few lactones 
typical of various types and collected the results 
into Table 11; whereas Table 111 was adapted 
chiefly from values given by Jones, Ramsay, Kier, 
and Dobriner28 for ketones and simple esters, ex- 
cept that the provisional nature of the present work 
made it unnecessary to  include the minor variations 
detailed by these authors. Comparison of Tables 
I1 and I11 showed that those environmental changes 
which affect ketonic carbonyl affect ester carbonyl 
similarly. Thus the inclusion of either type of 
carbonyl group in a ring-system increased the in- 
tensity (the size of the ring being comparatively 
unimportant), and conjugation also increased the 

TABLE I1 
INTENSITIES" OF LACTONE CARBONYL ABSORPTIONS 

1 x 10-4 Mean 

-pValerolactone 
Dihydrocoumarin 
A*-Angehdactone 

3.82 Santonin (at 1775 cm.-') 
AI-Angelicalactone 
Coumarin 5.42 
Ethyl cinnamate 3.83 

5.35 

Determined in chloroform by method 111, Ref. 28 

(25) M. Kilpatrick and J. G. Morse, J. Am. Chem. SOC., 

(26) G. Wode, Svensk. kem. Tidsk., 40, 221 (1928). 
(27) C. T. Apichandari and S. K. K. Jatkar, J .  Indian 

Inst. Sci., 21a, 373 (1938). 
(27a) Since glycidic acids (e.g. phenylglycidic acid) have 

now been found to have pK. values near 3.6 in water and 
near 4.4 in aqueous acetone, these acids are less affected by 
solvent changes than benzoic acid. Consequently a glycidic 
acid system is still possible in the present series. 

(28) R. N. Jones, D. A. Ramsay, D. S. Kier, and I(. 
Dobriner, J .  Am. Chem. Soc., 74,80 (1952). 

75, 1846, 1854 (1953). 
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intensity to some extent. Much the greatest increase 
resulted, however, when the carbonyl groups were 
simultaneously part of a ring system and conju- 
gated with a double bond, thus permitting the 
easy differentiation of these structural types from 
others with similar ultraviolet spectra. 

TABLE 111 
INTENSITIES~ OF CARBONYL ABSORPTION OF KETONES AND 

ESTERS - 
1 x 10-4 

Acyclic ketones 
Cyclic ketones 

(i) 7-, 11- or 12-ketosteroids 
(ii) 3-, 16- or 17-ketosteroids 

cyclic AP*B-k etones 
Cyclic A@sr-ketones 
Alkyl acetates 
Aryl acetates 
Methyl esters 
1-Acetylcyclohexene* 

1.8 

2.2 
2.7 
3.7 
2.9 
3.2 
2.8 
3.1 
2.04 

" Adapted from values given in Ref. 28. ' Determined in 
present work. 

had opened. Finally, the result for a-obacunol was 
compatible with the reduction of a carbonyl group 
but not with the reduction of a lactone group. 

As mentioned earlier, the results of hydrogenation 
showed that nomilin contained three relatively 
unreactive double bonds but both ultraviolet and 
infrared spectra were incompatible with the pres- 
ence of a benzene ring. The fourth double bond of 
obacunone was more reactive and limited hydro- 
genation produced dihydroobacunone which had 
no significant absorption a t  1620 cm.-', had a 
much reduced absorption below 220 mp (Table I), 
and a carbonyl intensity which agreed with satura- 
tion of the lactone ring. When conducted in 
methanol, a similar hydrogenation gave a product 
which retained the solvent strongly in addition to  
two extra hydrogen atoms and had hydroxylic 
absorption near 3 p ;  this compound may be the 
corresponding methyl dihydroobacunoate. Satu- 
ration of the lactone ring of obacunone resulted in 
the expected hypsochromic shift of the correspond- 
ing band so that the two lactoiie rings of dihydro- 

TABLE I V  
INTENSITIES O F  CARBONYL ABSORPTION O F  COhlPOUNDS RELATED TO NohfILIN 

Aa$- Methyl 
Lactone Lactone Ester Acetate Ketone Calc. Found 

Nomilin 2 x 3.9 3.2 2.2 13.2 13.1 
Obacunone 3.9 5 . 4  2.2 11.5 11.3 
Methyl obacunoate 3.9 3.8" 2.2 9.9 9.8 
Methyl hexahydrono- 

milinate 3.9 3.1 3.2 2.2 12.4 11.8 
a-Obacunol 3.9 5.4 0 . 3  9.0 
Dihydroobacunone 2 X 3 . 9  2 .2  10.0 9.6 

a,p-Unsaturat>ed ester: intensity estimated from data in Kef. 5 .  

The values in Tables I1 and 111 were then used 
to calculate intensities for the compounds discussed 
above, it being assumed that no serious interactions 
were affecting the contributions of the various 
groups. In  the absence of information as to the 
environment of the carbonyl group, the inter- 
mediate value 2.2 was employed. The intensities 
calculated in this way agreed sufficiently well with 
the experiinenl a1 values (Table 111) to iiidicat,c 
that thcrc were 110 further carbonyl groups to bc 
dctectcd, that is, that the two uncharactcrized 
oxygen atoms of iiomilin or obacurionc formed 
ether links only. Again, had elimination of acetic 
acid from nomilin not introduced coiij ugated un- 
saturation, the calculated intensity for obacunone 
would have been 9.8, a much less satisfactory figure 
than that tabulated. The agreement between the 
calculated and observed figures for methyl obacu- 
noate clearly opposed formulation of the hydroly- 
sis as either the change of (I) into (11) (which re- 
quires the product to have an intensity greater than 
11.3) or the opening of a lactone ring type (111) 
(which requires the product to have an intensity of 
a t  least 11.0) : the observed intensity also indicated 
that an unsaturated rather than a saturated ring 

obacunone iiow had (unrcsolved) absorption a t  
1735 cm.-', whereas a weaker, but sharp and dis- 
tinctive, band at  1710 cm.-' could confidently be 
ascribed to the carbonyl group. The spectrum of 
dimethyl octahydroobacunoninate, a glassy ester 
obtained from methyl hydrogen oc tahydroobacu- 
noninate by means of diazomethaiie, confirmed this 
and other conclusions, since it showed a carbonyl 
h n d  at  1711 cm.-l, two rcsolvcd ester bands a t  
1754 and 1733 an.-', and a marked hmid near 3 p  
which can be attribut,ed to the hydroxyl group 
difficult to detect in inethyl obacu11oi1te. 

Obacunone added hydrogen chloride in con- 
ditions under which nomilin was inert ; again thc 
absence of a band a t  1620 cin.-l and the reduced 
ultraviolet end-absorption showed that the lac- 
tonic double bond had been affected. With pyridine, 
obacunone hydrochloride readily regenerated oba- 
cunone. The results of perbenzoic acid titrations 
mere curious, because nomilin could not be re- 
covered in spite of the fact that no active oxygen 
had been destroyed. Obacunone did absorb one 
atom of active oxygen but failed to yield a crystal- 
line product. 

Comparisons between the infrared spectra of 
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nomilin, methyl hexahydronomilinate, obacunone, 
and dimethyl octahydroobacunoninate showed 
that peaks a t  3100, 1600, 1500 (all weak), 1050, 
875, and 805 cm.-l (all strong) were absent from 
the spectra of the saturated compounds. This 
behaviour is similar to that of the terpenoid furans, 
marrubinZ9 and columbin30 and is t,herefore attrib- 
uted to a furan ring, which also accounts for the 
red and violet colors developed by nomilin and its 
derivatives (except, of course, hexahydronomilinic 
acid and methyl hydrogen octahydroobacunoni- 
nate) with niineral acids, especially hydrobromic 
acid (compare cafest01~~) and for the reaction with 
perbenzoic acid because with peracids furans often 
give products which are themselves peroxidic. 32 

Although  cyclopropane^^^ possess several of the 
infrared bands listed for furans, and, when suit- 
ably placed, can be hydr~genolyzed~~ without 
difficulty, they are not attacked by ozone whereas 
obacunone is. 

Ozonolysis of obacunonc was slow, and no vola- 
tile carbonyl compounds were formed, although 
some carbon dioxide resulted. The product, 
C26H3208, contained one methoxyl group derived 
from solvent methanol and had therefore been 
formed by loss of but one carbon atom from obacu- 
none. Ilestruction of the furan ring was clear from 
the ultraviolet spectrum which lacked the end- 
absorpiion of nomilin, from the infrared spectrum 
which lacked all the characteristic peaks noted 
above, and from the negative color reaction with 
hydrobromic acid. The infrared spectrum of this 
ozonolysis product included peaks at  1725 and 
1698 em.-' and also new peaks a t  1678 and 1646 
em. suggesting the presence of an a,P-unsaturated 
ketone. the corresponding ultraviolet absorption 
occurred a t  244 mp, and the compound gave a 
positive Zimmerman reaction. Although the new 
substance was neutral and gave no ferric reaction, 
it neutralized three equivalents of base upon hy- 
drolysis indicating that a new (potential) acidic 
center had been generated. No crystalline material 
has been obtained from ozonolysis of nomilin. 

For the inrlusion in thc characteristic groups of 
noniiliii of a furan ring and a cwhonyl group in 
addition to  tlic two proposed lactone rings, teii 
oxygeii  tonis is wcrc iieeded wherc:ts norniliii con- 
t:iiiied /)ut iiiiie. Iic-csainin:ition of the analytical 
data dctailetl hy Enierson and ohtained during the 

(29) \V. Cocker, B. E. Cross, S. R .  Duff, J. T. Edward, 
and T. E'. Holley, J .  Chem. SOC., 2540 (1953). 

(30) 11. H. R. Barton and D. Elad, J .  Chem. Soc., 2085, 
2090 (1956). 

(31) A. Wettstein and K. Miescher, Helv. Chim. Acta, 
26, 788 (1943); C. Djerassi, E. Wilfred, L. Visco, and A. J. 
Lemin, , J .  Org. Chem., 18, 1449 (1953). 

(32) 13. G. E. Hawkins, Quart. Reviews, 4, 251 (1950). 
(33) I,. J. Bellamy, The Infrared Spectra of Complex 

.TloZecuZt,s, John Wiley and Sons, Inc., New York, 1954; E. R. 
Lippincott, J. .4m. Chem. Soc., 73, 2001 (1951). 

(34) I t .  W. Kierstead, R.  P. Linsteacl, and B. C. L. 
Weedon, J .  f'hem. Soc., 3610 (1952). 

present study confirmed the formula proposed 
originally and ruled out molecules in the C32010 
and C3101~ ranges. The one way in which the 
functional groups of nomilin could be rewritten 
with economy of one oxygen atom gave a system 
type (XII). 

OH 
\ COOR AcO 

H 
XI1 XI11 ko- H COOH HOpCOOH 

AcO 0 0 
H 

XIV xv 

From the partial structure (XII) are derived 
(XIII; R = H) for obacunoic acid, and (XIV) for 
hexahydronomilinic acid. The double bond of (XII) 
may, of course, be part of the furan ring. The con- 
siderable similarity between limonin and nomilin 
suggests that the lactonic systems of the two com- 
pounds are closely related. 

These lactol-type structures also seemed to offer 
grounds on which the curious behavior of the hy- 
droxyl group of methyl obacunoate (XIV; R = Me) 
might be explained, because the surrounding 
oxygen atoms could interfere with the normal 
oxygen-hydrogen vibrations by bonding with the 
hydrogen atom. A few lactonic acids type (XV) 
are the stability of the lactone ring and 
ease with which the hydroxyl group reacted, 
e . g . ,  in acetylation, depended closely upon the 
number and nature of the other substituents pres- 
ent. The ether oyxgen atom of (XIII) is presum- 
ably present in a five- or six-membered ring for 
reasons of stability. 

The lactone rings are written as &lactones partly 
because obacunoic acid did not relactonize and 
partly because in this series lactonic absorption 
always occurred below 1750 cm. -l This last evi- 
dence was not conclusive because lactone frequen- 
cies vary considerably with the phase and solvent 
(an excellent example is given by Djerassi, Farkas, 
Lemin, Collins, and Walls36) and the solubility 
characteristics of these compounds prevented 
accurate measurements in carbon disulphide or 
carbon tetrachloride; however, the poorly defined 
peaks obtained in these solvents were also situated 

(35) E. Rothstein and C. W. Shoppee, J. 079. Chem., 
531 (1927); R. B. Woodward and R. H. Eastman, J .  Am. 
Chem. SOC., 72, 399 (1950). 

(36) C. Djerassi, E. Farkas, A. J. Lemin, J. C. Collins, 
and F. W. Walls, J .  Am.  Chem. Soc., 76, 2969 (1954). 
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below 1750 cm.-l and so we have retained the 
&lactonic formulation. 

EXPERIMENTAL 

Separation of nomilin and obacunone. The mixture of lac- 
tones obtained from citrus seed oil by means of aqueous 
methanol was fractionated from methylene chloride es- 
sentially as descrihed by Emerson4 to remove limonin, but 
the procedure advocated hy this author for the separation of 
nomilin and ohacunone was less effective. These lactones 
wrre adsorbed too strongly on alumina to permit use of this 
material for chromatographic analysis, but silica gel ap- 
peared satisfactory. The crude mixture (5.00 g.) of nomilin 
and obacunone was chromatographed on a silica gel37 
column (1.6 X 524 cm.) from benzene saturated with water. 
A yellow band travelled rapidly down the column and was 
removed; thereaft,er, ohacunone was present in the eluate, 
the next 650 ml. of which contained the whole of this lactone 
(2.9 g.). After a second similar purification followed by one 
crystallization from methanol obacunone formed prisms, 
m.p. 229-230', indicating a purity otherwise attainable 
only by many recrystallizations. 

Anal.  Calrd. for C26H3007: C, 68.68; H, 6.66. Found: C, 
G8.86; H, 6.7.1. 

Nomilin (0.9 g., m.p. 254') was eluted from the column 
hy t.he use of 10% ethyl acetate in benzene (400 ml.), 
and after several recrystallizations from the same solvent 
the best specimens had m.p. 270' (decomp.). For analysis a 
specimen was dried a t  100" a t  0.001 mm. for 4 hr. 

Anal. Calcd. for C Z ~ H ~ ~ O ~ :  C, 65.33; H, 6.67; equiv. wt. 
( 3  acid functions) 171.3. Found: C, 65.39; H, 6.76; equiv. 
wt. (ba,ck tit,ration! 173. 

Gummy material (0.9 g.) remaining on the column could 
be eluted with acetone or alcohol but was not examined 
further. 

Obacunone with Brady's reagent gave an amorphous 
yellow precipitate after several hours a t  room temperature. 
When heated to boiling, a solution of obacunone in acetic 
acid containing a few drops of constant-boiling hydrogen 
bromide soon developed a mauve color. No color appeared 
when anhydrous hydrogen bromide in acetic acid or hy- 
driodic acid were used; hydrochloric acid gave unreliable 
resulta. Negative reactions resulted with Tollen's, Fehling's, 
and LBgal's reageiit,s. 

Nomilin gave a purple color in the hydrogen bromide reac- 
tion, and did not react with Tollen's, Fehling's, or LBgal's 
reagent. 

Conversion of nomi/?'n in lo  ohaczrnone. Nomilin (0.4 g , )  in 
boiling pyridiue ( 1.5 ml.) wa,s unchanged after 6 hr. Addition 
of a drop of w:tt,rr, pyridine hydrochloride (0.1 g.), or acetic 
anhydride (0.5 ni.:i had no effcct,, but when the smallest 
possible volume of pyridine was rmploycttl the reaction oc- 
curred occasionally. 

Komilin (0.4 g.) in  Iioiliiig ,-picwlino (20 nil.) was con- 
vortrtl :tftvr I hi.. irit,o otx+riinonr (0.20 g.) which remained 
:+ft,rr rtmoval. of' the solvent, in z~ccuo :tnd whrm purified 
from methanol foi~nit~l prisms, m.1). 226-228', iiot, depressed 
by xutlient,ic rn:tt,eri:il. 

Nomilin (0.4 8.') was recovcred int,act from 6 hr. heatsing in 
boiling xylene (60 ml.) and then had m.p. and mixed m.p. 
265" (decomp.). 

Attempted condensation of obacunone with amines. Obacu- 
none (150 mg.) was kept a t  145-155" in aniline (1 ml.) for 30 
min. The yellowish product was added to dilute hydro- 
chloric acid and the precipitate, when purified from metha- 
nol, gave obacunone in prisms (100 mg.) m.p. and mixed 
m.p. 226'. 

A similar experiment in which +phenylenediamine hydro- 
- 

(37) 200-300 Mesh; supplied by L. Light and Company, 
Ltd., Colnbrook, England. 

chloride (100 mg.) in pyridine (2 ml.) replaced aniline, and 
the time of reaction was 2 hr., gave a similar result. 

Obacunoic acid. This acid was readily prepared by the 
method of Emerson' and crystallized from aqueous acetone 
in needles (0.34 g.), m.p. 213' with but little decomposition. 
The acid had no ferric reaction in alcohol and did not react 
with diazotized p-nitraniline. For analysis, the substance 
was dried to constant weight at 110'/0.001 mm. 

Anal. Calcd. for C16H8208: C, 63.93; H, 7.23. Found: C, 
63.77; H, 7.01. 

Potentiometric titration a t  23" in 50% acetone showed 
obacunoic acid to be monobasic with pK, 5.26. In  the same 
conditions, the p K ,  value of benzoic acid was 1.29 units 
greater than in water, therefore pK, (water) for obacunoic 
acid was taken as 3.97. 

The methyl ester was prepared according to Emerson4 
and formed prisms, m.p. 172-173', from methanol; a: 
-95.9' (1 dm., 0.4663 g. per 10 ml. in acetone). 

Anal. Calcd. for C27H3408: C, 66.67; H, 7.05. Found: C, 
66.38; H, 7.08. 

Attempted acetylation of methyl obacunoate. Methyl obacu- 
noate (80 mg.), acetic anhydride (0.6 ml.), and pyridine (1 
drop) were kept on the steam bath for 15 min. Addition of 
water (3 ml.) to the cold solution caused almost quantitative 
separation of methyl obacunoate m.p. and mixed m.p. 171'. 

Pllethyl obacunoate (80 mg.) was kept in boiling acetic 
anhydride (1 ml.) containing sodium acetate (200 mg.) for 1 
hr. Vacuum evaporation of acetic anhydride and dissolution 
of sodium acetate in water left a gum which did not yield to 
attempted crystallization or chromatographic separation on 
alumina. 

Obacunone hydrochloride. Hydrogen chloride was slowly 
bubbled through a solution of obacunone (0.50 g.) in chloro- 
form (5 ml.); after about 4 hr. the mixture solidified. The 
solvent was pumped off and replaced by fresh chloroform 
( 5  ml.) which was then also pumped off. Crystallized from a 
mixture of Skellysolve B and ethyl acetate, the residue s u p  
plied obacunone hydrochloride in colorless leaflets (0.29 g . )  
which decomposed near 230'. This substance in 50% aqueous 
acetone containing dilute nitric acid gave no precipitate 
with silver nitrate: for analysis, it was dried a t  100' a t  0.01 
mm. for 3 hr. 

Anal. Calcd. for C26H31C107: C, 63.61; 15, 6.37; C1, 7.23. 
Found: C, 63.90; H, 6.45; C1, 7.47, 7.20. 

In paraffin mulls, obacunone hydrochloride absorbed a t  
3100 (CH of olefirl), 1725 (shoulder a t  1740) (lactones), 
1500 and 875 cm.-1 (furan ring). There was no peak a t  1620 
cni. --I 

A solution of obacunone hydrochloride (0.20 g.) in pyri- 
dine (1.0 ml.) was kept a t  boiling point for 1 hr., after which 
t~he solvent was removed in VQCUO. The residue was washed 
witjh a litt,le cold methanol and then crystallized from the 
same solvent giving obacunone in prisms (0.12 g.) m.p. and 
mixed m.p. 229'. The methanol washings gnre :t positivo 
reaction for chloride ions. 

Nomilin (0.5 g.)  in chloroform (10 nil.) was un:iffec:t8ed by 
hydrogen chloride during 3 hr. The recovered m:tt,crial had ' 

m.p. and mixed m.p. 275" (dccomposit,ion) and it,s infrared 
spectrum (mull) was identical with that of :in authentic 
specimen. 

a- and p-Obacunols. To obacunone (0.50 g.) in methanol 
(30 ml.) was added potassium borohydride (50 mg.) in a few 
drops of water. The crystalline precipitate which readily 
appeared (2-5 min.) was collected as soon as possible (since 
it began to redissolve when kept) and fractionally crystallized 
from ethyl acetate containing a little light petroleum (b.p. 
60-80"). The earlier crops were purified from ethyl acetate 
giving a-obacunol in granules (0.18 g.) melting a t  248" when 
slowly heated. This substance appeared to have a transition 
point at about MOO, at which temperature it melted when 
heated rapidly, The specimens for analysis were dried a t  
150°/0.01 mm. for 4 hr. The substance had [a]y  +84" (c, 
0.3002 in acetone; 1 dm.). 
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Anal. Calcd. for c26H&: C, 68.42; H, 7.08. Found: C, 
68.25; H, 7.22. 

The infrared spectrum of a solid film included peaks at  
3500 (OH), 3100 (CH of olefin), 1730 and 1685 (lactonic ab- 
sorption), 1625 (C=C), 1500 and 875 cm.-l (furan). 

a-Obacunol (0.20 g.) dissolved in hot acetic anhydride 
(10 ml.) containing sodium acetate (0.50 g.) was kept on the 
steam bath for an hour. Removal of volatile material and 
addition of water to the residual glass gave an opaque semi- 
solid mass which was purified from aqueous methanol giving 
a-obacunyl acetate in prisms m.p. 216-217'. For analysis, 
a specimen was dried at l2Oo/l0 mm. for 3 hr. 

Anal. Calcd. for C28H3408: C, 67.46; H, 6.88. Found: 
C, 67.00; H, 7.02; MeO, negative. 

In  acid hydrolysis this acetate frothed excessively. After 
preliminary alkaline hydrolysis, this compound appeared to 
contain 13.79y0 acetyl, but a-obacunol under the same 
conditions gave an apparent acetyl value of 4.79; therefore 
the true value for the acetate was near 9.00 (calcd. for a 
nomoacctate, 8.62). 

A solid film of this acetate possessed absorption maxima 
a t  3100 (CH of olefin), 1738, 1704 + 1698 (double maxima), 
1631 (C=C), 1510 and 875 cm.-* (furan), but no hydroxyl 
absorption. 

From the mother liquors of a-obacunol, thin prisms (0.05 
g.) of p-obacunol separated and when repeatedly purified 
from the same solvent and then from methanol had m.p. 
242-244', depressed to 218" by a-obacunol, and [a]? +72' 
(c, 0.2211 in acetone; 1 dm.). For analysis, the substance 
was dried a t  130"/0.01 mm. for 3 hr. 

Anal. Calcd. for C2SHS408: C, 68.42; H, 7.08. Found: C, 
68.36; H, 7.25; MeO, negative. 

In  Nujol, p-obacunol had peaks at  3500 (OH), 3100 (CH 
of olefin), 1730 and 1692 (lactone rings), 1634 (C=C), 1515 
and 877 cm.-l (furan). a- and p-Obacunols can most easily 
be differentiated in Nujol by the strong, single bands shown 
by. a-obacunol a t  1124, 1081, 827, and 812 cm.-'; a t  these 
points p-obacunol has weaker bands at 1144 and 1116, 1068 
and 1059, and 818 and 799 cm.+ 

Whereas a- and p-obacunols give only brownish colors 
in the hydrobromic acid test, the mother liquors gave an 
intense violet reaction developing rapidly even in the cold 
and therefore contained a third substance which has not yet 
been isolated. Acetylation of p-obacunol by the method suc- 
cessful rvith a-obacunol failed to give a characteristic 
product. 

a-Ohacunol (0.10 g.) in methanol (2.0 ml.) and pyridine 
(1.0 ml. :I containing hydroxylamine hydrochloride (0.10 g.) 
was h e a i d  to boiling for 4 hr. Removal of volatile matter 
and crystallization of the product from met,hanol containing 
a drop of dilute hydrochloric acid supplied long thin prisms, 
which, when dried to constant weight a t  llOo/O.Ol mm., 
mclted over a range of about 210-240'. 

Anal. Calcd. for CzeHaaN08: N, 2.97. Found: N, 1.28. 
To a-ol"xol (0.20 g.) in acetone (2 ml.), 0.5N sodium 

hydroxide (20 ml. ) was added. When warmed, the prccipit,atc 
rdpidly dissolved and did not separate in the cold. Addition 
of dilute hydrochloric acid liberated a curdy solid which at  
first was soluble in aqueous sodium bicarbonate but gradually 
lost this oroperty whcn kept. It could not be crystallized, and 
gavc no crystalline fracbion when attempts were made to 
purify it from ethyl acetate on a silicic acid column. 

a-Obacunol (0.27 g.), in a mixture of toluene (25 ml.) and 
cyclohexanone (3.0 ml.) from which 10 ml. of distillate had 
been collected, was treated under reflux with aluminium 
tert-butoxide (0.30 g.) for 25 hr. after which the solvents 
were removed under vacuum and the yellowish residue was 
washed in chloroform with Rochelle salt in water. This 
treatment did not remove all the aluminum, therefore the 
chloroform was pumped off and the residue was precipitated 
from its solution in methanol by dilute hydrochloric acid. 
Traces of cyclohexanone were removed by precipitating the 
product from its solution in ethyl acetate with light petro- 
leum. The product then crystallized from methanol giving 

long prisms (0.18 g.) m.p. 248' not depressed by authentic 
a-obacunol. 

Borohydride reduction of methyl obacunonte. This ester 
(0.70 g.) in methanol (15 ml.) was treated with potassium 
borohydride (50 mg.) in water (1.0 ml.) for 3 min. No pre- 
cipitate appeared; the mixture was diluted with water and 
the product was extracted with chloroform, dried ( NQSO~) 
and on evaporation of the solvent formed a faintly yellow 
gum which gave the prompt, intense violet hydrobromic 
acid color test characteristic of the crude reduction product 
of obacunone. This gum resisted crystallization and at- 
tempts to purify it on silica from chloroform (which eluted 
nothing) or chloroform containing up to 10% ethyl acetate 
(which eluted all the material as one band). For analysis, 
which showed at least that the methyl ester group was in- 
tact, the gum was dried a t  150°/10 mm. for 1 hr. 

Anal. Calcd. for C27Has08: C, 66.39; H, 7.44; MeO, 6.35. 
Found: C, 65.67; H, 7.58; MeO, 6.82. 

A similar reduction was carried out with obacunoic acid. 
The product, an amorphous solid, also gave an intense pur- 
ple color with hydrobromic acid in acetic acid, but could not 
be purified. 

Dihydro-obacunone. Obacunone (484 mg.) dissolved in 
acetic acid (20 ml.), was shaken in an atmosphere of hydro- 
gen (at  23'; 754 mm.) with 10% palladium-on-carbon (0.5 
g.). Reaction was slow and a plot of uptake against time 
showed no clear break. Hydrogenation was interrupted 
when the absorption reached the theoretical value for one 
double bond (ea. 26 ml.): removal of the catalyst and solvent 
left a gum which solidified in contact with methanol and 
after several recrystallizations from this solvent gave dihy- 
droobacunone in small granular prisms (40 mg.), m.p. 183", 
with a brownish-purple color reaction in the hydrobromic 
acid test. For analysis a specimen was dried at 100'/0.001 
mm. for 2 hr. 

Anal. Calcd. for C2BHa07: C, 68.40; H, 7.06. Found: C, 
68.68; H, 7.21. 

In Nujol, this compound absorbed at 3100 (CH of olefin); 
1735 with shoulder at 1750 (lactone rings), 1710 (C-O), 
1500 and 875 cm.-I (furan). 

Methyl dihydroobacunoate. Absorption of hydrogen by 
obacunone (484 mg.) in methanol (70 ml.) containing 10% 
palladium-on-charcoal (0.5 g.) was stopped at  30 ml. and 
the catalyst and solvent were removed leaving a gum which 
was dissolved in benzene and placed on a column of alumina 
(1 cm. X 15 cm.). Elution with 10% ethyl acetate in benzene 
removed no significant material, but ethyl acetate eluted a 
gum which crystallized from methanol in prisms (30 mg.), 
m.p. 145'. This substance, methyl dihydroohacunoate, was 
also obtained from the crude hydrogenation product by re- 
peated extraction with Skellysolve B containing a little 
benzene followed by concentration of the extracts and 
crystallization of thc residue from methanol. I t  gave a bluish- 
purple color in the hydrobromic acid test and hac1 an ultra- 
violet spectrum almost identical with that of dihydrooba- 
ciinone. The analytical spcrinien W:M dried to constant 
wcight a t  100" a t  0.001 mm. 

Anal. Calcd. for CZ7Ha6O8: C, 66 38; I€, 7.13; hleO, G.35. 
Found: C, 66.68; H, 7.62; MeO, 6.12. 

In Kujol, this ester had absorption hands a t  3500 (OII), 
1730 and 1712 (lactones and C=O), 1500 and 875 cm.-l 
(furan). 

Methyl hydrogen octnhydroohacunoninntc. (a)  Obacunonc 
(0.5 g.) in acetic acid (15 ml.) containing 1% palladium-on- 
alumina (0.5 g.) was shaken under hydrogen until the 
maximum absorption (113 ml.) was observed (about 6 hrs.). 
The residue from the filtered and evaporated solution was 
partly soluble in aqheous sodium hydrogen carbonate. 
Regained by acidification of the solution with 2N sulphuric 
acid, methyl hydrogen octahydroobacunoninate crystallized 
from methanol in sheaves of needles (130 mg.) which melted 
a t  175-177" with evolution of gas but no charring. For 
analysis, a specimen was dried a t  120°/15 mm. for 3 hr. 

Anal. Calcd. for C27HuOs: C, 65.30; H, 8.93; MeO, 6.25; 



APRIL 1958 NOMILIN AND OBACUNONE 605 

equiv. wt. (1 carboxyl), 496. Found: C, 65.15; H, 8.62; 
MeO, 6.23; equiv. wt. (titration with 0.01N NaOH), 464. 

( b )  In the presence of 1% palladium-on-alumina (1 g,), 
methyl obacunoate (0.50 9.) in acetic acid (15 ml.) absorbed 
116 ml. of hydrogen (calcd. for 5 double bonds, 125 ml.) in 2 
hr. The gum left after filtration and evaporation of the sol- 
vent was almost entirely soluble in sodium bicarbonate solu- 
tions and when purified from methanol had m.p. 175-177' 
(with gas evolution). Losses during recrystallization were 
considerable; the yield of pure material was approximately 
290 mg. a t  best. The substance was identified as methyl 
hydrogen octahydroobacunoninate by infrared spectral 
comparison of dried material. It did not react easily with 
2,4dinitrophenylhydrazine sulfate and gave a weak red 
color in the hydrobromic acid test. 

Potentiometric titration in 50% aqueous acetone showed 
one inflection only and gave pK. 4.13. In the same circum- 
stances, benzoic acid suffered a solvent shift of 1.24 units. 
Methyl hydrogen octahydroobacunoninic acid in water 
therefore has p K ,  2.89. 

Dimethyl octahydroobacunoninate was obtained as a 
clear glass by interaction of the foregoing acid in ether with 
diazomethane. When a solution in ether was allowed to 
evaporate slowly, prisms losing solvent and melting near 80" 
resulted, and as no conventional crystallization procedure 
was successful, this operation was repeated several times to 
purify the substance. Further purification was effected from 
benzene on a silica column, when a little gum was removed. 
The main fraction, which appeared when 10% ethyl acetate 
in benzene was the eluent, was still uncrystallizable, and was 
therefore dried a t  150°/15 mm. for 2 hr. for analysis. In ace- 
tone it had [ L Y ] ~ ~ ~  +128 (e, 0.07336; '/* dm. tube). 

Anal. Calcd. for C~H4608: C, 65.86; H, 9.08; MeO, 12.16. 
Found: C, 66.21 : H, 9.30; MeO, 12.57. 

The infrared spectrum of this ester had absorption maxima 
at  3500 (OH), 1754 and 1733 (lactones), and 1711 em.-' 
(C=O). There were no peaks at 3100, 1500, or 875 em.-'. 

Hexahydronomilinic acid. Shaken under hydrogen with 
5% palladium-on-charcoal (1.0 g.), nomilin (0.50 g.) in 
acetic acid (15 ml.) absorbed 103 ml. in 3 hr. (theory for 4 
double bonds, 105 ml.). Isolated in the usual way, hexahy- 
dronomilinic acid separated from methanol in thin rectangu- 
lar plates (0.36 g.) melting a t  223' with evolution of gas 
(carbon dioxide was indicated by a positive test with baryta) 
but without charring. This acid was readily soluble in aque- 
ous sodium hydrogen carbonate, gave no color in the hydro- 
bromic acid test, and no color with tetranitromethane. 
It retained methanol of crystallization strongly. For analy- 
sis a sample was dried at  110"/0.001 mm. for 3 hr. 

Anal. Calcd. for C28H420vMeOH: C, 62.80; H, 8.36; 
MeO, 5.60. equiv. wt. (one carboxyl) 554. Found: C, 63.00; 
H, 8.67; MeO, 5.69; equiv. wt. 546 (titration with 0.01N 
NaOH). 

After being dried at  150"/0.01 mm. for 10 hr. this acid 
gave a negative result in the Zeisel determination but still 
had m.p. 223" and when recrystallized from methanol took 
up this solvent once more giving material indistinguishable 
from the analytical specimen. 

In  potentiometric titration in 50% acetone, hexahydro- 
nomilinic acid behaved as a monobasic acid pK, 3.92. In 
the same conditions, the solvent correction for benzoic acid 
from 50% acetone to pure water was - 1.30, therefore hexa- 
hydronomilinic acid had p K ,  (water) 2.62. 

A solution of bexahydronomilinic acid (327 mg. ) in aque- 

ous sodium hydrogen carbonate (10 ml.) was kept a t  0". 
Ten minutes after the addition of 2.8% hydrogen peroxide 
(1.5 ml.) the solution was acidified with 2N sulfuric acid 
and the precipitate, when crystallized from methanol, 
gave prisms (280 mg.) m.p. 205' (decomposition). A second 
crystallization gave pure hexahydronomilinic acid identified 
by its infrared spectrum and melting characteristics. 

Methyl hexah ydronomilinate. The rapid reaction between 
hexahydronomilinic acid in acetone and diazomethane in 
ether gave methyl hexahydronomilinate; isolated by evapo- 
ration of the solvents and purified from methanol, this 
ester formed plates melting at  222" without decomposition 
and having in acetone [aly +74' (c, 1.1868, dm. tube). 
For analysis, a sample was dried at 110'/0.01 mm. for 3 
hr . 

Anal. Calcd. for CzgHu09: C, 64.92; H, 8.29. Found: C, 
65.14; H, 8.11. 

As a solid film, this compound had peaks at  1725 with 
shoulder a t  1740 (lactone rings and acetate). and 1700 em.-* 
(ill-resolved) (C=O). There-were no bands a t  3500, 3100, 
1500, or 875 em.-' 

Ozonolysis of obacunoue. Ozonized oxygen was passed into 
a solution of obacunone (2.0 g.) in ethyl acetate (100 ml.) 
a t  20'. After 45 min. obacunone could no longer be detected 
in the solution and the solvent was removed in vacuo leaving 
a yellowish glass which was powdered under water and left 
for 12 hr. The mixture gave no reaction with the starch- 
iodide reagent. A current of air passed through the solution 
did not affect aqueous 2,4dinitrophenylhydrazine sulphate 
but with baryta gave a precipitate which effervesced with 
dilute acids. The solid ozonolysis product was warmed with 
methanol but still failed to crystallize: it gave a red ferric 
reaction, reduced Fehling's solution slowly, and gave an 
orange (amorphous) precipitate with 2,4dinitrophenylhy- 
drazine sulphate in aqueous alcohol but no color with hy- 
drogen bromide. 

Purification of the crude product dissolved in chloroform 
was effected with a silica column (1 X 20 cm.). Fourteen 
fractions (each 200 ml.) were collected, but only the third, 
fourth, and fifth gave partially crystalline material. This 
formed colorless prisms m.p. 274" (decomp.) when crystal- 
lized from a mixture of methanol and acetone and then 
methanol. The pure material did not affect Fehling's solution 
or ferric chloride and was insoluble in cold 2 N  sodium hy- 
droxide. 

ilnal. Calcd. for C16H3208: C, 66.09; H, 6.83; MeO, 6.57; 
equiv. wt. (3  carboxyls) 157.2. Found: C, 66.18, 66.19; 
H, 6.75, 6.88; MeO, 6.87, 6.79; equiv. wt. (back titration), 
157. 

In ethanol, this compound has Amax 244 m r  ( e ,  16.1 X 
lo3) with a shoulder a t  220 mp ( E ,  10.4 X lo3). 

Spectra. The majority of the infrared spectra were deter- 
mined by means of a Perkin-Elmer Spectrophotometer 
21B. Intensity measurements were carried out in chloroform 
solution as in Method I11 of ref. 28 and with the approxima- 
tions for polycarbonyl compounds used there. Ultraviolet 
spectra were determined in ethanol using a Cary recording 
spectrophotometer. 

Analyses. Analyses were determined by Heather King of 
the University of California, Los Angeles, and by -4dam 
Inglis of the University of Liverpool. 

Los ANGELES, CALIF. 


