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h.p. 145.5-146.5'/9.2 mm.; n y  = 1.4471. Infrared spectriim: 
3800 (NH) ,  29% (-CH,-), 1665 (-CO?;H--). The infrared 
spectrum in the finger-print region was distinctly different 
from that  of S-spc-oc.t?.l:tcetamide. 

Hydrolysis of fractzon IV .  One gram of Fraction IV was 
heated with 80% sulfuric acid for 4 hr. a t  100" and mas then 
allowed to  stand over the week end a t  room temperature. 
The solution was made alkaline with 30% sodium hydroxide, 
extracted with ether, dried R ith magnesium sulfate, and 
distilled. sec-Octylamine was isolated in -20% conversion, 
b.p. 76-80°/20 nim. [a]Y  = (+) 6.G (5.9570 solution in 
benzene). Purity is thus -7S%.14 

Displaceinent of sec-octyl isonitrile from complex. Complex 
I residue 2.9 g., 5 ml. of hydrogen cyanide, 5 ml. of methyl 
alcohol. and 100 ml. of acetonitrile were heated in an auto- 

cluve for 8 hr. a t  120'. The acetonitrile M ~ S  distilled, thtl 
residue was hydrolyzed with 1,V hydrochloric acid, and \\:is 
processed as described above. Only 20 mg. of the src-octyla- 
mine was isolated. The l.lyo solution of the sec-octylamine in 
benzene had a rotation of [ a ]  2 = (+) 3.05. This experiment 
is not very conclusive because of the sniall amount af sec- 
octylaniine isolated, but it appears that  the alkylation 
proceeds with n concerted displacement. 
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Catalytic hydrogenation of dibenz [a,h]anthracene with platinum a t  atmospheric pressure proceeds as far as 1,2,3,4,- 
la,4a,5,6,8a,lla,12,13,8,9,lO,ll-hexadecahydrodibenz [a,h]anthracene. Seven intermediate hydrogenated products were 
isolated, three of them in more than one stereoisomeric form. They were 5,6-dihydro-, 1,2,3,4-tetrahydro-, 5,6,12,13-tetra- 
hydro-, 1,2,3,4,12,13-hexahydro-, 1,2,3,4,8,9,10,11-octahydro-, 1,2,3,4,la,4a,5,6-octahydro-, and 1,2,3,4,1a,4a,5,6,8,Y,10,11- 
dodecahydrodibenz [a,h]anthracene. The yields ranged from 356 to  25Y' of the reacted dibenz [a,h]anthraccne. 

Following the study of the catalytic hydrogena- 
tion of benzo[~]pyrene,~ with the object of investi- 
gating the carcinogenic and anti-carcinogenic prop- 
erties of the products, a similar investigation of the 
catalytic hydrogenation of dibenz [a,h ]anthracene 
was undertaken, with the same objective. A prelim- 
inary report of the biological activity of some of the 
hydrogenation products of dibenz [a,h]anthracene 
has been p ~ b l i s h e d . ~  

Some partially hydrogenated derivatives of di- 
benz [a,h ]anthracene have been described, although 
none were prepared under the conditions of this in- 
vestigation. The 7,14-dihydro compound has been 
prepared through the corresponding disodio com- 
pound4 and by hydrogenation with nickel under 
pressure.5 Cook reported the preparation of an 
octahydrodibenz [a,h]anthracene6 by reduction with 
sodium and amyl alcohol, although the structure of 
the compound \vas not determined a t  that timc. 

An octahydro derivativr has also been prepared 
synthetically by reduction of bistetramethylene- 
aiithraquinoiie (obtained by cyclization of vinyl- 
cyclohexane with lJ4-beiizoquinone) .' This com- 

(1) This investigation was supported by Grant C-4219 of 
the Xational Institutes of Health, C. S. Public Health 
Service. 

(2)  W. Lijinsky and L. Zechmeister, J .  Am. Chem. SOC., 
75, 5495 (1953). 

( 3 )  1'. Kotin, TI. T,. Fnlk, F. Tijinaky, nnd T,. Zechmeistcr, 
i3riem-e. 123, 102 (1050). 

( 4 )  W. E. Jhchinnnn, .1. O r g .  Chenz.. 1, 347 (103G). 
(51 J. JV. Cook, J .  Cheui. SOC., 1592 11933). 
(0)  ,J, I\-. Cook, J .  Chetn. Soc., 489 11031). 

pound, 1,~,3,4,8,9,10,11- octahydrodibenz [a,h]an- 
thracene, had a melting point (196-197") higher 
than that of Cook's compound (188-190'). One of 
the octahydrodibenz[a,h]anthracenes (IVa) pre- 
pared by catalytic hydrogenation (as described 
below) had a melting point very close to  that of the 
octahydro compound prepared by s y n t h e ~ i s , ~  which 
would be expected to have an absorption spectrum 
similar to that of anthracene. 

The hydrogenations of dibenz [a,h]anthracene to 
be described were carried out under the same con- 
ditions as were used for benzopyrene,* the catalyst 
being platinum. Several hydrogenations of dibenz- 
[a,h]anthracene were carried out to various stages. 
Under these conditions, hydrogen was taken up un- 
til a hexadecahydro compound was formed, after 
which no further addition of hydrogen occurred, 
even after prolonged cxposurc to the gas. S o  per- 
hydrodibcnz [a,h]niithracene could be isolated and, 
apparrintly, reduction of the last aromatic ring was 
very difficult under thew conditions. At, all inter- 
mediate stages in the hydrogellation of dibenz [ a$ ] -  
anthracene a mixture of several partially hydrogen- 
ated derivatives mas present in the reaction mixture. 
Unchanged dibeiiz[a,h]aiithraceiie was present 
after addition of four moles of hydrogen, but not 
after five moles of hydrogen had been taken up. 

X tentative mechanism of addition of hydrogel1 
to  dihenz[a,h]anthracene (I) is shown in Fig. 1. 
T h e  hydrogenated cwmpounds wcre ideiit i f i d  froiu 

( 7 )  I1 .J. Barkvr nnd J .  I t .  \*,in der nil, Rcr. 7 ' /c tv .  C h / t ) /  , 
- 

6 2 ,  5(il (1943). 
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n 

1 twir a 1 ~ ) r p t i o n  spwtra, by :~nalogv with tliosc of 
ktiowii coinpoutids. 

7,14-L)ihydroclibenx [a,h]atitliraccnc was prepared 
by a modification of Uachmanii's proccdurc. 
*If tri- rhrornatography the melting point (222.5- 
223.5") was somewhat higher than that reported 
by Bwhmanii (218.5-219.5"), which, in turn, was 
cbonsidrrahly higher than that reported by Cook5 
(196-198"). S o  product with the absorption spec- 
trum of this compound (Fig. 2) was detected in 
aiiy of thc hydrogenated mixtures. Under thc 
coiiditions described, addition of hydrogen in the 
7,l-i-positioris of dibenz [a,h]anthracene apparently 
(lid not occur. This fact made structural determina- 
tioils of t hc hydrogenated derivatives somewhat 
casicr, by rcducing the number of powibilities. 

I t  appvarrd that the 1,2,3,4-tetrahydro compound 
(11)  vas reduced almost as readily as diberiz[a,h]- 
anthracene since, after addition of four moles of 
Iiydrogrii, 11 could not be detected in the reaction 
mixturr. Reasonable quantities of I1 could be pre- 
pared oiily by hydrogenating a large amount of 
dibenz [a,h]anthracene in small batches, until 
about two moles of hydrogeil had been takcri up 
:uu1 (oinl)iiiing thc product, (ichich, a t  this stage, 
coiitniiictl ;1 Iargc proportioil of unchanged dibenz- 

Fig. 2.  Molar absorptivity spectrum of 7,14dihydro- 
dibenz [a,h]anthracene in isooctane 

[a,h]anthracene). Compound I1 was identified as 
1,2,3,4-tetrahydrodibenz [a,h]anthracene from the 
similarity of its absorption spectrum (Fig. 3) t o  
that  of benx[a]anthracenesa and more closely to  
that  of 8,9-cyclopentenobenz [ ~ j a n t h r a c e n e . ~ ~  A 
small quantity of a compound with an absorption 
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Fig. 3 .  LLIolar :ibsorptivity spc't r:i of I .2.3,i-tetro- 

in.p. 31 1- hydrodil)exiz [a,h]mithraceiic~ iii isooc.t;iiicx: 
212.5', - n1.p. 208-209" 

3.1 2.0 ::: I -  I ~ 
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Fig. 5 .  Molar :hsorptivit- spectra of I ,2,;3,4,8>!), 10,ll-  
octahydrodibens [a,  hlanthracene i n  kooctaiie: -~ --- m.p. 
196-197", - from olive green trinitrofluorenolie coni- 
pies, , , , , . , from yellow trinitrofluorellollr coinplcs 

absorptivity of the former compound (IVa) \vas 
about ten times that of t,he Iatt,er. The. t'mo ('om- 
pounds had different crystalline forms. The respeca- 
tive trinitrofluoreiione oomplexee differed in color 
aiid nielting point. ,is in t,he case of 1,2,3,4-tetru- 
hydrodibenz (a,h]aiithruceno, thc iufrartd spwtra 
of tht. t w o  octiihydro conipoiintls showrtl smlill 
differences. Thcrefore, these, too, are probiibly 
stereoiaoiners. 

The mat>erial retaiiicd oii t,hc siliw gcl colunln 
:ifter elution of compound 11-2 was itself elut'ed and 
rechromatographed on ii small column of silics 
gel/Celite. Upon development, with benzene-hex- 
arie (I  :9) a blue fluorescelit zoiic again passed into 
the filtrate; t'he material rclt ained on the rolumn 
was nonfluorescent~. The c*rystalliiie material ob- 
tained from this filtrate had an absorption spec- 
trum qualitatively identical with that, of com- 
pound IVa. The inelt'iiig point, however, was 20' 
helow that, of  IVa,. Although the sharpiiess of the 
meltiiig point suggested that it, was a pure coiii- 
pound, prcparat'ioii of the trinitrofluorenoiie com- 
plex showed this to be unt'rue. Fractional crystal- 
lization of the complex from benzene-ethanol gave 
an olive-green first crop. From the yellow nmt,her. 
liquor a crop of much more soluble yellow crystals 
was obtained. The inelt,iiig points of  these tn-o com- 
plexes were not markedly different, nor did they 
differ in crystal struct,ure. The hydrocarbon \vas re- 
generated from each of the two complexes and crys- 
tallized. The two compounds had absorption spec- 
tjra (Fig. 5 )  which differed onlg quant,itat,ively, the 
molar absorpt,ivit,y of t,liat from t,he greeii t>rini tro- 
fluorenone coniples (IVb) being 3.5 t,inies that from 

2 . 0 k  I 4 
t 

I t 
2 50 300 354 mp 

Fig. 6. Molar absorptivity spectrluii of 1,2,3,4la,4a,5,6- 
octnhydrodihenx [n,h]:tiithrnceire in isooctane 

the yellow complex (Wc). The crystalline forms of 
the two hydrocarbons were very similar, as were 
their melting points. The infrared spect,ra, however, 
did show significant differences in the 2800 to 3000 
mi.-1 region, indicating t8hat they were stereoiso- 
mers of 1,2,3,4,8,9,10,11-octahydrodibenz [a,h]- 
niithracene (IT). It appeared, therefore, that  three 
isomeric compounds of the above structure were 
produced by catalytic hydrogenation and a fourth 
hy sodium/aniyl alcohol reduction of dibenz [a,h]- 
;mt,hracene. They were all thermostable (subliming 
in vacuo unchanged). IT'a and IVb could not, bc 
convert,ed one into another by cryst,alliaatiou xi th  
seeding. 

The mother liquor of the crystallization of 11.a 
gave :I yellow conipouiid on addition of triiiitro- 
fluorenone. After recrystallization, this complex 
was decomposed by filtration t,hrough magnesia ' 
Celite and the filtrate gave colorless crystals with 
:in absorption spectrum (Fig. 6) reminiscent' of t)hat 
of pheiiaiithreiie and very similar to that of 1,2- 
cyclopent~enophenaiithrene.sf The structure 1,2,3,4!- 
I a,.la,5,6-octahydrodibenz [a,h]anthracene (\.) \vas, 
therefore, assigned to this compound. 

The material ret'ained on the silica colunin aftw 
elut'ion of the octahydro compounds was clutetl 
with benzene and wystallized from benzene-hexane. 
The first crop of crystals had an absorption spec- 
trum (Fig. '7) which could iiot be identified xi th  
that of any known polycyclic aromatic hydrocar- 
bon. It was a t  first t'hought t,o be a peroxide, analo- 
gous to  the peroxide obtained by filtratioii of 7 , -  
12-dimethylbenz [alanthracene through alumina, ' I 
but analysis showed it  t o  contain only ctLrboii mid 
hydrogen and tto be a tet,rahydrodibenz [a,h]anthra- 
cene. Since it could be prepared by cat'itlyt,ic: hy- 
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2 50 3 0 0  3 5 0  mp 

1:ig. i. Molar absorptivity spectrum of 5,6,12,13-tetra- 
hydrodiberrz [u,h]anthracene in isooctxne 

drogeiiation of the ci,B-diliydro compound (111), the 
structure 5,6,12,13 - tetrahydrodibenz [a,h]anthra- 
ceiie (VI) was assigned to t'his compound. hl- 
though such a structure is very similar to that of p -  
terphenyl, the spect,rum of the latterx" was quite 
different from that of YI. This is probably a coii- 
sequence of the rest,ricted rotation of the three ben- 
zene rings in VI as coinpared with terplicnyl.'? 

The mother liquor of the crystallization of coni- 
pound 1-1 was evaporatccl t o  a small volume and 
i*i~j~st ,all izrd froni beiiztiic-etliaiiol. T l i t w  crystills 
1i:itl a much low-er rnclting po i i iL  than VI and a 
spec*t 111111 (P'ig. 8) !'cry siini1:ti. t.o t h t '  of ;,(i-di- 
I i?~dros~- , j , l i - t l i l iydi~~t~(~i i~ [u]:tiitiii'acciie'3 p r ( l p ~ ~ ~ x l  

i -  
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Molar absorptivity spectrum of 1,2,3,4,1a,4a,5,6,8,- Fig. 0 
9,10,1l-dodecahydrodibena [n,h] anthracene 111 isooctane 

by oxidation of beiiz [alanthracene wit'h osmium 
tetroxide. l 4  The hydrogenated derivativc of di- 
beiiz[a,h]aiitIir~cenc was, t,herefore, assigned the 
structure 1,2,3,4,12,13 - hexahytl~.odibeiiz[u,h]n~i- 
thracene (YII). This compound, like VI, was pro- 
duced by catalytic hydrogenation of 5,6-dihydro- 
tlibc*riz [ a , h ] a n  tiir:wcnc. 

.Uthough some more m t u r a t d  coiiipounds 111:~ii  

: i I ) o w  jlI-T'II) were prwent, in tlic prcpiirat i o i i  

tlesc:rilml, thcir  qu:intity \vas rather sniall :tiid Iai,g(*r 
q u m t i t  iw for c112rac rization wcre p i t l x ~ 1 ~ 1  by 
Iiydrogtmr~tion of dil~ciiz-[u,h]a~itIiracciit~ to :I coil- 

xiderahly further stage (6.5 niolrs of l q d r o g ~ ~ i ) .  
After :iddition of five molcs of hytlrogeii, t IN: 

pihciyal hydrogcnatjed product was a luw inclting 
lioint compound which was h t ,  piirifirtl (after r('- 
nioval of the less saturated comp(iuiids IV and T-I 
oii magnesia) t,hrough tlic trinitroflaoreiic~ii~~ ( m i -  

p h .  'I'rinitrofluoi.eIioiie was added to the oily prod- 
I iv t  tlissolvsd in a sniall volunic, of beiucw, el>hanol 
:~d(led to t.hc solution and the red solid was re- 
rrvstallized from benzene-ethanol. The hydrocar- 
I)on was regenerated by passing the coniplex i i i  

Ixnzcne solution through a small column of magne- 
sia/Celi te. The compound w+ich crystallized froni 
the filtrate melted sharply and had an absorption 
spect>ruin (Fig. 9) reminiscent of that of naphtha- 
lene"" and 1 ,1,X,d-tetrahydroaiit,hr~c~~iie.8' The sain(' 
compound \vas produced by wtalytic h y d l , o p ~ a -  
tioii of VI1 aud, thcwfore, t'he structure 1,2,3,4,1:1,- 
4a,q>3G>8395 1 0,l I-dodeoahydr o di b en z [ a , hl an tjh r :L- 
cenc (\711T) was assigiid to it. I t  is obviouq that 
frirt,her hydi*ogenation of IV also gives rise to 1-111. 

Addit ioii of 6.5 inolcs of hydrogrn 1 o dibeiiz [a,h] 
anthraceric. g ive  n product8 tmit;~iiiing vcry lit tlc ( i f  
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compoonds I1 to YII. These were removed by pas- 
sage through magnecia 'Celite. The filtrate was col- 
lected in t n o  portions, the first after hexane washing 
and the second after washing with benzene-hexane 
( I  : 19). The latter fraction consisted rnainly of 
compound T'III. The qolid obtained by evaporation 
of the hexane eluate had a much higher melting 
point than that of VI11 and was also purified 
through the trinitrofluorenone complex. This com- 
plev mas ,z bright yellow substance, less soluble 
than the trinitrofluorenone complex of T'III and 
\\ ith a higher mclting point. The hydrocarbon was 
irgcnerated and the absorption spectrum (Fig. 10) 
of this compound (IX) was very similar to that of 
1,2,3,4,5,6,7,8-0ctahydroanthracene.~J It scemcd 
likely that the structure was that of 1,2,3,4,la,4a,- 
5,G,8rt,lln,12,13,8,9,lO,ll-hexadccahydrodibmz[a,- 
hlanthracen~. "hi$ structure was supported by the 
further hydrogenation of 17 which gave IX as the 
sole product. Compound IX, together with 1'1 and 
T?I ,  was prodiiced hy hydrogenation of 5,G-di- 
hydrodibenz [a,h]anthracenc (111) and these were 
the only compounds isolated from the reaction mix- 
t urt?. 

Exhaiisfiw catalj-tic hydrogenation of dibenz- 
[a,h]anthrxcenc (until no further uptake of hydro- 
gen occurrd)  produced a crystalline material n-~th 
a !ride melting point range (115-150°). Addition of 
trinitrofluorenone to this product gave a yellow 
complex which, after recrystallization, mcltcd 
sharply. Decomposition of the complex gave a 
hytlisocarbon with an absorption spectrum identical 
with that  of IX, hut of considerably lower inelting 
point. The infrared spectra of the two compounds 
showed small differences. I t  was concluded that 
these were stereoisomers of the hexadecahydro 
compound (IX). 

EXPERIMESTIL 

NnfPrinls and  procedure. The  platinum oxide catalyst 
was prepared according to  the method of Voorhees arid 
Adams.15 The adsorbents were a 2:  1 mixture of magnesium 
oxide (Seasorb No. 43 magnesia; Food, Machinery and 
Chemieal Corp.) with Celite (NO. 545; Johns-hlanville co.) 
and a 2 :  1 mixture of silica gel (grade 922, through 200 mesh, 
Davison Chemical Co.) with Celite. Columns were packed 
with dry adsorbent and run under reduced pressure. Frac- 
tions \yere cut from the extruded adsorbent, eluted with 
acetone-ethanol ( 5 :  1) and the eluted material transferred 
to benzene according to T,cRosen. Evaporations were 
carried out under nitrogen. Fluorescence was ohserved using 
rz Mineralight ;\lode1 SL 3660, long wave (Ultra Violet 
Products, Inc., San Gabriel, Calif.). Melting points were 
taken in an Plectrirally heated hlock and are corrected. 
Ultraviolet absorption spectra \rere taken in 2,2,4triniethyI- 
pentane (isooctanc) in a Xcckman DK-1 instrument. 
Infrared spectra were taken in carbon tetrachloride in 3. 
Beckman IR-7 instrument. 

Dibenz[a,h]anthracene (n-hite, puriss) m.p. 267-268" 
was obtained from L. Light and Co., England, and was 
sufficiently pure for use without further t,reatment; 2,4,7-tri- 
nitrofluorenone n-as from Eastman Iiodak Co. 

Hydrogenations were conducted a t  room temperature 
and atmospheric pressure in 100 ml. of a 1:l mixture of 
2,2,1-trimethylpentane and glacial acetic acid. The ratio of 
tlihenz[n,hlanthracene to eat,alyst was 5 :  1. The catalyst 
was reduced to platinum in s i fu  hefore addition of the hy- 
clracnrbon, which was contained in a platinum crucible sus- 
pended within the hydrogenation flask. 

Trinitrofluorenone complexes n w e  prepared by mixing hot 
concentrated sollitions of 2,4,7-trinitrofluorenone and the 
hydrocarbon in benzene and allowing to cool. If carystalliza- 
tion did not occur, ethanol %-as added. The compleses were 
recrystallized from benzene-ethanol, except where otherwise 
indicated. The hydrocnrhon was recoveree from the complex 
hy filtration of the latter in benzene-hexane solution through 
a small column of magnesia/Celite, trinitrofluorenone bring 
retained on the adsortlent. 

Crystallizations were made from a single solvent (henzene 
or hexane) or hy dissolving the compound in a minimum of 
hot henzenc and adding ethanol dropnise until crystals 
appeared. 

Samples for analysis" and :bl)sorptivity determinations 
were sublimed in YQCUO a t  250". 

Preparation of hydrogenation producIs. Eight grams of 
dihenz [a,h]-anthracene xere hl-drogenated in 400 mg. por- 
tions for approximately 48 hr., by xhich time an average 2 
moles of hydrogen xere t aken up. The resulting hydrogena- 
tion products were combined, the isooctane solution washed 
free of acid with water and, after drying, evaporated under 
nitrogen to dryness. The residue way dissolved in 500 ml. of 
hot benzene. On cooling, a large crop of crystals was ob- 
tainrd. Thwe wrre filtcrrd off and ag:rin crystallized from hot 
henzene. The crystalline m:iterial (4.6 g.) was unchanged 
tlihcnz [a,h,] ant Iirarene. 

Thc combined mother liquors irwe tlissolvcd in 200 ml. of 
I)rnzc.ne-hrxane (1 : I )  and chroni:itographed on a 28 X 8 
cm. column of niapnesia/Celite, thc developer being acetone- 
Ilenxenr-hexane ( 1  : 1 : 3) .  The lowrr of four fliiorescent zones 
passed into the filtrate with 1.5 1. of developrr. Fractions 
yere cut froin the column as follows (first figure on left 
designates thickness of zone in nun.; figure on right shows 
sequence of frartions; "fl." = fluorescent in ultraviolet 

(15) V. Voorhees and R. .2d:ims, J .  Am. Chem. SOC., 44, 

(16) 4. L. I,eIiosen, Ind. Eng. Chem., Anal. Ed., 14, 

(17) Analyses wcre performed by Micro-Tech Labora- 

1307(1922) 

165 (1942). 

tories, Skokie, U1. 



3 8 3  1,l J I S S t i  Y 



and jklded 1 G 3  mg. of octahydro compound, m.p. 196-1 97' 
(IVa). The mother liquor contained about 100 mg. of hcxa- 
hydrodibenz[a,h]anthracene (VII).  

Filtrate 11 was evaporated to dryness and cooled. The 
crystalline residue weighed 560 mg. This \vas crystallized 
from bcnzenc-hexane-ethanol. Yield, after three crystalliza- 
tions, 320 mg., m.p. 95.5-96.5', colorless long thin prisms. 

Anal. Calcd. for Ca2H26: C, 90.97, K, 9.03. Found: C, 
90.60, H, 9.16. 

.,I fiirther cmp of t h c  saiiic! compound waR pri~1):trwl froiii 

1 . 1 ~ ~  tiiot,tic*r liquor l)y deconiposition of the purificd trinitro- 
fluorenone complex. The trinitrofluorenone complex was 
recrystallized from benzene-ethanol, red ne~dles ,  m . p  
126.5-127.5". 

1,2,3,4,1a,.~u,.~,6,8a,lla,16,15,8,9,10,11-Hexadecuh~~rorli- 
he~tt[n,h]-unthraeene ( IX) .  (a) Hexanc filtrate 12 (above) was 
(vapor:tted to dryness. The solid residue weighed 450 mg. 
Ihct ional  crystallization from a variety of solvents failed 
t o  prodrice material with N, sharp melting point, 247 mg. 
from benzene-ethanol melted a t  114-120', nftcr recrystd- 
lization, m.p. 114-150". 

A trinitrofluorenone complex was prepared. X bright 
yellow precipitate appeared on cooling the benzene solution. 
A further crop of yellow crystals was obtained by adding 
ethanol to tho mother liquor. The combined cryst,als were 
recrystallized frotn benzene-clthanol, 111.p. 170.5-172°, 
;,.csllow prisms. 

The yclloiv complex was decomposed on a 24 X 4.5 cm. 
column of magnesiajCelite and the colorless filtrate evapo- 
rated to dryness. .iftcr crystallization from I)(,nzetie-ethanol, 
yield, 180 mg.; m.p. 178.5-180.5O, long rcsctangrilar platrs. 

Llnal. Calcd. for C&o; C, 89.80, H, 10.20. Found: C, 
89.92, H. 10 .SO.  Infrared bands at, 2875, L'!J40. :1002, :1123 
nm. -I. 

( b )  llibenz [a,h]anthracene (337 mg.) \vas hytlrogrnated 
until no further hydrogen \vas takrn lip (the product of 5 
(lays hydrogenation was rehydrogrnated with a fresh hatch 
of catalyst). The product (expected to be the perhydro com- 
pound) was crystalline and melted at 110-130". After rr- 
crpstallization from hexane the melting point was 115-150". 
Trinitrofluorenone complex, yellow triangular prisms, m.p. 
171-172°". The t'rinitrofluorenone complex was decomposed 
and the hydrocarbon crystallized from benzene-ethanol, 
yield, 80 mg., m p. 116-117'. 

Anal. Calcd. for C??Hao: C, 89.80, H, 10.20. Found: C, 
89.64, H, 10.18. Infrared bands a t  2866, 2935, 2997, 3118 
cm.-' 

7,14-~ih~jdrodibenz[a,h]anthracene. iibout 0.5 g. of sodium 
was melted under xylene in a stoppered flask and vigorously 
shaken to pulverize the metal. After cooling, the xylene was 
decanted and 100 ml. of ether added, together with 107 mg. 
of dibcnz[a,h]anthraccne in 20 ml. benzene. The solution 
was stirred magnetically for 12 hr., by which time the color 
had changed from yellow to dark blue-green. Methanol, 50 
ml., was added to the solution, the color becoming light 
grern. Benzene was a d d ~ d ,  t,hr watwsoliible materials 
\v:t.shtd (,ut, :I t i t 1  O i ( 1  I ~ i ~ t i i c ~ n c ~  soliif,iort cv:il)or:if'cd t.o R small 
volume. This was chromatographed on a 20 X 8.5 cm. 
d u n i n  of magnesia/Celit.e, with hexane-benzene-acetone 
(2 :  1 : 1)  as developer. .4 small blue fluorescent zone ap- 
peared belotv the major blur: fluorescent zone (which was 
~irichangcd dihenz [a,h] anthracrne) and passed into the fil- 
trate. The rrsidue after evaporat,ion of the filtrate-35 mg.--- 
was cryst,allized from benzene-hexane-ethanol; yield, 26 mg.; 

<4nnl. Calcd. for C??H16; C, 94.22, H ,  5.78. Found: C, 
03.53,  H, 6.19. 

Thc trinitrofluorenone cornplex was recrystallized from 
benzene, m.p. 257-259', clusters of hair-like orange needles. 

Sodium-alcohol reduction of dibenz [a,h]anthracene. Di- 
benz[a,h]anthracene (200 mg.) was dissolved in 100 ml. of 
n-amyl alcohol, heated in an oil bath. Approximately 10 g. 
of clean sodium were added slowly in small pieces. The 
solution became yellow and eventually boiled. After dissolu- 
tion of all the sodium, the solution was cooled, benzene 
added, followed by water and t,he water-soluble materials 
washed out. The benzene solution was diluted with hexane 
and chromatographed on a 24 x 4.5 cni. column of magne- 
siajCelite, the developer being acetone-benzene-hexane 
12: 1 : 7 ) .  S o  fluorescent zonc could be seen. The filtrate was 
evaporated to dryness leaving a >-ellow solid. Fractional 
crystallization gave two products ( a )  55 mg. prisms, m.p. 
201-207", after purification through the orange trinitro- 
fluorenone complex, 13 mg., m.p. 208-214", colorless needles, 
with a spectrum identical with that of 7,14-dihydrodibenz- 
[a,h]anthracene. ( b )  66 mg., forming a brown trinitrofluor- 
enone complex, which, after recrystallization, gave green 
needles and prisms, m.p. 214.5-216.5". The hydrocarbon was 
regenerated, 28 mg., m.p. (after rrcrystallization) 192-194", 
colorless flat plat,es. The absorption spectrum was qualita- 
tively very similar to  that  of 1,2,3,4,8,9,10,11-octahpdrodi- 
henz\a,h]anthracene (IV) aM a t  261 mfi = 28,600. Infrared 
bands at 2840, 2862, 2888, 2933, 3035 cm. 

3.5", colorless rectangular flat plates. 
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Contrary to the reports of previous investigators, Birch reductions of estradiol derivatives and other high molecular 
weight, relatively insoluble phenolic ethers can t ie effected in good j-ields with sodium. Suitable experimental conditions 
are described. Iron salts have been found to catalyze strongly the reaction between sodium and alcohols in liquid ammonia; 
the corresponding reaction betmen lithium and alcohols is much less strongly catalyzed by iron. In view of the common 
occurrence of colloidal iron compounds in commercial ammonia, these findings probably account for the failurrs of previous 
investigators to effect, Birch reductions efficiently with sodium in contrast t,o the successful use of lithium. 

In  1937 Wooster? reported that aromatic com- cstablished that  the reduction proceeds pre- 
dominantly by the addition of hydrogen to  afford 
_ _  

pounds are reduced by sodium and a proton donor 
in liquid ammonia solution. A. J. Birch greatly ex- 

(1) Presented at the 126th Meeting of the American tended Wooster's observations and, as a iesul t ,  the 
so-called Birch reduction has found considerable 
utility in synthetic organic chemistry. Rirrh December 1959. 
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