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p ~ r t e d . ~  No evidence concerning the structure of 
these compounds is as yet available. 

The infrared spectrum of the compound CeH5- 
N02.TiC14 was obtained as a Nujol mull and re- 
corded on a Perkin-Elmer Model 21 Infrared Spec- 
trophotometer. The infrared spectrum of nitro- 
benzene is characterized by two strong bands a t  
1575 and 1340 crn.-l, arising from the unsymmetri- 
cal and symmetrical K=O stretching modes of vi- 
b r a t i ~ n . ~  The spectrum of the addition compound 
has but one band attributable to the nitro group, a 
moderately strong band at  1330 cm.-I No absorp- 
tion was noted in the 1500-1600 cm.-l range, ex- 
cepting the customary benzene bands. The observa- 
tion of but one mode of X=O stretching can be in- 
terpreted only in terms of a single N=O structural 
group in the molecule. The reaction of nitrobenzene 
with titanium tetrachloride must, therefore, involve 
coordination of one of the oxygens of the nitro 
group to titanium. The proposed structure (I) 
should have a single K=O stretching frequency. 
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The spectrum of C6H6NO2.A1Cld is quite similar, 
only one N=O band occurring, a t  1340 cm.-', as 
would be expected for structure (11). 

Addition of antimony pentachloride to nitro- 
benzene yielded a solid compound of the composi- 
tion C6H5?JO2?3bCl6. The compound C6H6NO2. 
SbCI5, reported by Maki and Y ~ k o t e , ~  was not ob- 
tained. The infrared spectrum of this compound, 
obtained as a mull in halocarbon oil, is quite similar 
t o  those of the titanium and aluminum compounds, 
the single N=O band noted a t  1335 cm.-l Structure 
I11 is therefore proposed. 

This series of compounds is, therefore, a typical 
donor-acceptor system, an oxygen of the nitro 
group functioning as an electron pair donor. 

Future studies of addition compounds of organic 
ligands through the medium of infrared spectro- 
photometry are planned. 

EXPERIMENTAL 

Nitrobenzene-titanium tetrachloride. Kitrobenzene, puri- 
fied by repeated distillation, was added to dry titanium 
tetrachloride in a Dry Box. Yellow crystals were collected, 
m.p. 80-81", reportedli5O.l 

Anal. Calcd. for C6H5S02.TiC14: C1, 45.3; Found: 44.6. 
AVitrobenzene-aluminum chloride. Prepared as above, 

yellow-green crystals, m.p. 90", reported 90'.z 

(3) T. Maki and 31. Yokote, J. SOC. Chem. Ind.  Japan,  39, 

(4) L. J. Bellamy, The Infra-red Spectra o,f Complex 
441 (1936). 

Molecules, AIethuen and Co., London, 1954, 250-254. 

Nitrobenzene-antimony pentachloride. Conductometric ti- 
tration of antimony pentachloride with nitrobenzene, using 
anhydrous chlorobenzene as the solvent, yielded a sharp 
break a t  an equimolar ratio. Combination of the factors in a 
Dry Box yielded yellow crystals, m.p. 111-112'; Maki and 
Yokote report that  their compound melted 107-108'. 

Anal. Calcd. for C6HbN02.SbCls: C1, 41.99; Sb, 28.84. 
Found: C1, 41.40, 41.90; Sb, 28.62. 
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In  a search for new derivatives of phenanthrene, 
the Friedel-Crafts reactions of phenanthrene were 
investigated. That with maleic anhydride was 
found to be unusual in that it gave a cyclopenteno- 
phenanthrene derivative. 

Baddeley et aL2 described a two-stage reaction of 
naphthalene and maleic anhydride in which alumi- 
num chloride was the catalyst. The initial step in 
the reaction was the Friedel-Crafts acylation; and 
the second step, an acid-catalyzed attack on the 
double bond of maleic anhydride to effect ring clo- 
sure. The reaction product was a ketocyclopenteno- 
naphthalene carboxylic acid, the ring closure having 
taken place a t  the 1- and 2-positions of the naphtha- 
lene molecule. 

In  the closely related work of Alder and WolffJ3 
naphthalene was condensed with maleic anhydride 
in two steps to give a tricyclic product, traces of 
iodine instead of aluminum chloride being used in 
the initial step. This resulted in a reversal of the 
order of the condensations: The reaction with the 
double bond of maleic anhydride, not the acylation, 
took place first. The final product differed from that 
of Baddeley in that the maleic anhydride moiety 
entered the naphthalene nucleus at  a different 
place, so that a ketoperinaphthane carboxylic acid 
mas produced. I n  addition, Baddeley and Wil-. 
liamson4 demonstrated that 5-octahydrophenan- 
threne reacts with maleic anhydride and aluminum 
chloride to give a 9,10-cyclopenteno derivative. All 
these reactions consisted of the substitution of a 
1-keto-3-carboxytrimethylene group into an aro- 
matic nucleus. 

(1) This investigation was conducted by the Coal Chemi- 
cals Fellowship of Mellon Institute, a 5Zultiple Fellowship 
sustained by the United States Steel Corp., Pittsburgh, Pa. 

(2 )  G. Baddeley, G. Holt, S. Ill. Makar, and AI. G. Ivin- 
son, J. Chem. Soc., 3605 (1962). 

(3) K. Alder and 0. Wolff, Ann. ,  576, 182-214 (1952). 
(4) G. Baddeley and R. Williamson, J. Chem. SOC., 2120 

(1953). 
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A keto-acid (I) has now been obtained from phe- 
nanthrene and maleic anhydride in the presence of 
aluminum chloride. This was decarboxylated to the 
known keto-derivative 11,6 and was reduced by 
Clemmenson reduction in the presence of toluene to 
the acid IV, which could be decarboxylated with 
the formation of 9,lO-cyclopentenophenanthrene 
(111). A 16y0 yield of a product obtained through a 
Friedel-Crafts acylation of phenanthrene a t  the 
9( 10)- position was thus established. 

"Q- 
I 111 

I X =COOH I11 Y = H 
I1 X = H  I V  Y = COOH 

The ketocarboxylic acid (I) mas also reduced by 
the Clemmenson method to give 1'-carboxy-9,lO- 
cyclopentenophenanthrene (IV) , of which the ethyl 
ester was prepared. Heating the acid (IT') above 
its melting point under reduced pressure resulted 
in decarboxylation with the formation of 9,lO- 
c yclopentenophenanthrene (111). 

EXPERIMENTAL 

1 '-Keto-5'-carboxy-9,1 U-cyclopentenophenanthrene. Pow- 
dered anhydrous aluminum chloride, 5.625 g. (0.0422 mole), 
was dissolved in 25 ml. of dry nitrobenzene by gentle heat- 
ing. The resultant solution was cooled to 5", and 2.225 @;. 
(0.0125 mole) of pure phenanthrene (purified by azeotropic 
distillation with diethylene glycol) was added with stirring. 
This was followed by the addition of 1.225 g. (0.0125 mole) 
of maleic anhydride, The mixture was stirred for 2 min. and 
then allowed to stand for 4 hr. more a t  about 5". After the 
mixture had stood for 40 more hours a t  room temperature, 
100 ml. of a 1 : 4 mixture of concentrated hydrochloric acid 
and water was added, and the nitrobenzene and unreacted 
phenanthrene were removed bv steam distillation. Recrys- 
tallization of the residue from benzene yielded crystals of 
1 '-keto-3 '-carboxy-9, 10-cyclopentenophenanthrene, m.p. 
198-201 '; yield 0.560 g. (16%). Further recrystallization 
from benzene gave the analytical sample, m.p. 200-201". 

Anal. Calcd. for C18H1203: C, 78.30; H,  4.35; neut. equiv., 
276. Found: C, 78.60; H, 4.43; neut. equiv., 276. 

1 '-Keto-9,lU-cyclopentenophenanthrene. The 1 '-keto-3 '-car- 
boxy-9,lO-cyclopentenophenanthrene, 0.5724 g., was dis- 
solved in 25 ml. of O.1ON potassiiim hydroxide in ethylene 
glycol, heated to 130' for about 10 min., and maintained at  
this temperature for 5 min. After cooling to room temper- 
ature, 50 ml. of distilled water was added and the solution 
titrated to the phenolphthalein end point with 0. ION hydro- 
chloric acid. The solution was then diluted to 200 ml. and 
allowed to  stand until the precipitate coagulated (about 
2 hr.). The l'-keto-9,10-cgclopentenophenanthrene was 
filtered off, washed with distilled water, dried a t  105", and 
recrystallized from n-hexane. Yield 0.160 E. (34%): m.n. - ~ 

170-171" (lit.6 164'). 

88.11; H, 5.38. 
Anal. Calcd. for C17H120: C, 88.00; H,  5.18. Found: C, 

1 '-Carboxy-9,lO-cyclopentenophenanthrene (m.p. 297-299 O 

dec.) was prepared in 627, yield from the l'-keto-3'-car- 

(5)  Ch. Weizmann, E. Bergmann, and T. Berlin, J. A m .  
~~ 

Chem. Soc., 60,1331 (1938). 

boxy-9,lO-cyclopentenophenanthrene by Clemmenson re- 
duction similar to that described by Bachmann.6 

Anal. Calcd. for C18Hla02: C, 82.50; H, 5.39. Found: C, 
82.10; H, 5.62. 

Ethyl ester (m.p. 95.1-95.7'). 
Anal. Calcd. for C20H1802: C, 82.73; H, 6.25. Found: C, 

82.43; H, 6.33. 
9,iO-Cyclopenlenophenanthrene (m.p. 148.6-149.8') was 

prepared i n  48% yield from decarboxylation of 1'-carboxy- 
9,lO-cyclopentenophenanthrene. Mixed melting point with 
authentic 9,10-cyclopentenophenanthrene,' 147-148". 
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(6) W. E. Bachmann and M. C. Kloetzel, J .  Am. Chem. 

(7) C. K. Bradeher, J .  Am.  Chem. SOC., 61,3131 (1939). 
SOC., 59,2207 (1937). 
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In  the peracetic acid epoxidation of a series of 
natural triglycerides, ranging in iodine number from 
64 to  207, it was shown that the ratio of oxirane 
formation to  total oxidation (as measured by disap- 
pearance of unsaturation) decreased as the unsatu- 
ration of the triglycerides increa~ed .~  The anoma- 
lous results were attributed in an undefined way to 
the polyunsaturated components present in the 
highly unsaturated triglycerides, but no explicit ex- 
planation was offered for this phenomenon. 

It has been known for a long time that monoun- 
saturated long chain compounds containing isolated 
double bonds can be more or less quantitatively 
epoxidized with peracetic  acid.'^^!^ Recently, it was 
shown that linoleic (cis,cis-9,12-octadecadienoic) 
acid, the major diunsaturated component of natural 
triglycerides, undergoes similar epoxidation.6 This 
note describes a study of the epoxidation of the tri- 
enoic acid, linolenic (cis,cis,cis-9,12,15-octadecatri- 
enoic) acid, with peracetic and perpelargonic acids, 
the isolation of 9,12,15-triepoxystearic acid, and an 
explanation for the anomalous results mentioned 
earlier. Although there are references in the older lit- 
erature to the attempted epoxidation of linolenic 
acid, 4 ~ 6  highly impure starting materials Tyere em- 
ployed, the reactions were not followed kinetically, 
and products were not characterized. 

(1) Paper XVII is Ind. Eng. Chem., 4 7 ,  2304 (1955). 
(2) Presented a t  the Spring Meeting of the American 

(3) T. W. Findley, D. Swern, and J. T. Scanlan, J .  S m .  

(4) D. Swern, Org. Reactions, VII ,  Chapter 7, (1953). 
( 5 )  D. Swern, Chem. Revs., 45, l(1949).  
(6 )  D. Swern and G. B. Dickel, J .  Am.  Chem. SOC., 76, 

Chemical Society, Miami, Fla., April 7-12, 1957. 

Chem. Soc., 67,412 (1945). 

1957 (1354). 


