
JANUARY 1957 9,10-DIHYDRO-Q, 10-METHANOANTHRACENE 

[COSTRIBUTION FROM THE DEPARTMENT OF CHEMISTRY OF T H E  UNIVERSITY O F  N I C H I G A S ]  

9,1Q-Dihydro-9,1Q-methanoanthracene and Its Perhydro Derivatives 

WYMAN R. VAUGHAN AND MASAO YOSHIhlINE1*2 

Received Aug. 6 ,  1966 

The synthesis of 9,10-dihydro-9,10-methanoanthracene (dibenzobicyclo [2,2,1] heptadiene), I, is described. The prepara- 
tions of a number of potential as well as actual intermediates containing the same tetracyclic system are described, and 
the conversion of two of these to two stereoisomeric perhydro derivatives, XVI and XX, is discussed. Ultraviolet spectra of 
I and related compounds are considered to afford evidence for interaction of nonadjacent (nonconjugated) chromophores. 

In a preliminary communication3 me have re- 
ported the synthesis of 9,10-dihydro-9,10-methano- 
anthracene (I), which despite a number of earlier 
claims for preparation of various of its derivatives, 
must be considered the parent and unique member 
of a new system of compounds. Our interest in this 
system stems from a suggestion4 that the lactone 
produced by the action of 487, hydrobromic acid 
on 2-hydroxy-3-methyldibenzobicyclo[2,2,2]octadi- 
ene-trans-2,3-dicarboxylic acid5 might be derived 
from I. Subsequent degradation6 showed this hy- 
pothesis to be in error but thereby raised intriguing 
questions as to what might be the chemical nature 
of methylene substituted derivatives of I. 

Discounting such reports of derivatives of I as 
have appeared in experimental l i t e r a t ~ r e ~ ~ ~ ~ ~  on the 
basis of subsequent disproofslOsll of all but one,* 
there remained the positive statementI2 that I was 
known and that oxidation removed the methylene 
bridge to give anthraquinone. Certain preliminary 
studies appeared to confirm the nature of the oxida- 
tion of the system in question (as stated in ref. 6, p. 
1749), but, as will appear in the sequel, there is no 
basis for such a statement when I is subjected to 
oxidation. 

TWO potential routes to the synthesis of I were 
considered and investigated, one of which mas com- 
pletely unsuccessful but yielded new information on 
the benzilic acid rearrangement, wherein an at- 
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tempt was made to contract the ethylene bridge of 
dibenzobicyclo[2,2,2]octadiene-2,3-dione. This will 
be reported elsewhere. The other route involved 
construction of the system about a preformed bi- 
cyclo[2,2, llheptane system by means of the Diels- 
Alder reaction. A number of possibilities were con- 
sidered, and two independent approaches were un- 
dertaken and are reported herewith. 

The initial and less equivocal synthesis is out- 
lined in Chart I and is patterned after the elegant 
synthesis of triptycene by Bartlett, Ryan, and 
Cohen. l 3  

The starting material (11) for this series of reac- 
tibns was readily prepared from 1,4-benzoquinone 
and cyclopentadiene,14 and its conversion to I11 was 
effected at  room temperature in order to avoid the 
difficulties encountered by others who were unable 
to bring about effective a r o m a t i ~ a t i o n . ’ ~ ~ ~ ~  The 
structure of I11 was related to  the quinone, ob- 
tained in poor yield by Diels and Alder15 from I1 
with ferric chloride in hydrobromic-acetic acid mix- 
ture, by reductive acetylation of the quinone to  
give 111. 

The desired ring system was completed by con- 
version of I11 to IV with butadiene, and aromatiza- 
tion was then attempted without success. Conse- 
quently IT’ was hydrolyzed to T’ and smoothly oxi- 
dized to T’I which was oximated to YII. Conversion 
of VI1 to 1’111 was effected, but the latter proved to 
be extremely unstable, and the projected conver- 
sion to IX was not achieved. Instead, T’II was cata- 
lytically reduced to X which mas then deaminated 
to give XI, which unfortunately resisted aromatiza- 
tion. This route was then abandoned, with XI being 
reserved for comparison with products accessible 
by the successful alternative but more equivocal 
route outlined in Chart 11. 

The availability of XIII6 made this approach es- 
pecially attractive, since the dienophilic character 
of the double bond in bicyclo[2,2,l]heptene has 
been established. However, the bis-adduct of XI1 

(13) P. D. Bartlett, M. J .  Ryan, and S. G. Cohen, J .  A m .  

(14) W. Albrecht, Ann., 348, 31 (1906). 
(15) 0. Diels and K. Alder, Ber., 62, 2337 (1929). 
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8 V A U G H l N  AND YOSHIMIKE 
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VOL. 22 

IX A' 

\ 

XI 

CH;1RT I1 

XI1 

m 
I 

with butadiene (XIT7), isomeric with XIII, must 
be considered and v-ould lead to an equi.i-oca1 struc- 
ture (XT-) for the dehydrogenation product. 

XIV 

Severtheless. the reaction betn-een XI1 and excess 
butadiene was carried out, and a product with an 

XV 

appropriate analysis for XIII (or ZIT) m-as ob- 
tained in 9.37c yield. I t  seemed improbable that  
the second molecule of butadiene would add to  the 
monoadduct a t  the cyclohexene double bond as 
loiig as there remained the iiitrinsically more re- 
active bicyclic double bond, and support for this 
hypothesis was obtained upon examination of the 
infrared spectrum of the product wherein there ap- 
pears but one absorption band in the double bond 
region--and that a t  1640 em. -I corresponding t o  a 
normal unconjugated double bond. On the other 
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hand, XI1 shom a Tveak absorption a t  1550 em-* ,  
m-hich is close to the Raman of 1568 
em.-' for the bicyclic double bond of dicyclopenta- 
diene. X t h  this encouragement aromatizatioii of 
XI11 was investigated. 

Several attempts to  dehydrogenate XI11 with 
sulfur, with and without solvent, afforded only 
unidentifiable high-melting material. Sex t  cata- 
lytic dehydrogenation over palladium charcoal in re- 
fluxing cymene was attempted, but only starting 
material and a trace of perhydrogenated XIII, m.p. 
76.5-77.8" (XT'I) were isolable. Thus. it seemed de- 
sirable to  provide a hydrogen acceptor for the cata- 
lytic reaction, and the procedure of Xdkins, Rich- 
ards and using 570 palladium on charcoal 
in benzene a t  230". with an initial nitrogen pres- 
sure of 450 p.s.i., \vas employed. Vnder these con- 
ditions there m s  isolated a 19% yield of material 
corresponding in analysis to I (or XV). The sub- 
stance melted a t  154.5-1 <%. 5 ', which eliminated 
the isomeric methylanthracenes from consideration, 
as did the ultraviolet spectrum (Table I) and the 
failure to produce w e n  a trace of anthraquinone 
on vigorous oxidation. 

The correctness of assigning to the dehydrogena- 
tion product the desired structure I rather than XI' 
is established by the dissimilarity of the ultraviolet 
spectrum to  that of naphthalenic systems (no ab- 
sorption mavima abos-e 300 iii,u) and its formal re- 
semblance t o  that of 9,10-ethano-9,10-dihydroan- 
thraceiie (XT'II), (Table I) and by the high resolu- 

(18) I<. TT'. F. Kohlraiisch and 12. Seka, B u ,  69, 729 

(19) H. Adliins, 1,. 11. Richards, and J. \T' Ilavis, .I. 2.Lm. 
(1036). 

Chein. Soc , 6 3 ,  1320 (1941). 
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TABLE I 
ULTRAVIOLET ABSORPTION AIAXIMA 

Com- Max. Log Max. Log Max. Log 
pound (mp) e (wL) E (mfiL) e 

I"  264b 3 . 0 7  272 3 . 3 0  278 3 . 4 1  
XI" 259 2 . 8 9  265 3 06 272 3 . 1 0  

XVII" 259* 2 . 9 3  265 3 18 272 3 . 3 0  
XVIIIa+ 266* 3 . 0 3  272 3 34 279 3 . 5 8  

XIXd 264 3 . 0 6  272 3 . 0 0  
Tripty- 263* 3 . 2 5  271 3 . 6 6  278 3 . 5 6  

cenee 
~ ~~ 

a 95% ethanol: Cary Quartz Recording Spectrophotom- 
eter, Model 11. Shoulder. Sample kindly supplied by 
A. C. Schoenthaler. D. D. Phillips and J. Cason, J .  Am. 
Chem. Soc., 74, 2934 (1952). e P. D. Bartlett and E. S. 
Lewis, J .  Am. Chem. Soc., 72, 1005 (1950). 

tion SMR spectra*O of I and XT'II : Only aromatic, 
methine, and methylene (no ethylenic) protons are 
detectable, and there is no mutual C-H and CH, 
splitting, confirming similar rigid structures pos- 
sessing no ethylenic double bonds. Furthermore 
there are equal numbers of methine and methylene 
protons in I and twice as many methylene as meth- 
ine hydrogens in XVII. 

It is interesting to note that while chromic an- 
hydride attacks both I and XT'II, no trace of an- 
thraquinone can be detected whereas 9,lO-etheno- 
9,10-dihydroanthracene2' (XT'III) readily affords 
anthraquinone under similar conditions. ?io at- 
tempt was made to  characterize the oxidation prod- 
ucts of I and XVII, but the implied preferential 
susceptibility to  oxidation of the aromatic rings is 
reminiscent of triptycene13 which affords anthra- 
quinone on mild chromic anhydride oxidation. In 
triptycene this has been attributed to  a possible 
Mills-Nixon e f f e ~ t ' ~ , ~ ?  and in the present compounds 
an analogous situation would seem to obtain. The 
chemical shifts (6) for the aromatic protons in I and 
XT'II are greater than for toluene (-1.58), indi- 
cating fewer electrons per proton than in toluene, 
which is consistent with their structures; and while 
the line a t  6 = -2.6 (XT'II) is very sharp, indicat- 
ing complete equivalence of all aromatic protons, 
that a t  6 = -2.1 (I) shows evidence of unresolved 
structure and hence nonequivalence of the aromatic 
protons. This is indicative of increased disortion 
in I ,  n.hich is to  be expected, and is consistent x i th  
an increased susceptibility to  oxidation and n-ith a 
true Mills-Xixon effect. 

ULTR-4VIOLET SPECTRA 

The resemblance of I l o  triptycene is observable 
in their ultraviolet spectra, and for purposes of 

(20) Kindly obtained by Dr. E. 13. Baker of the Physical 
Research Laboratory, DOK Chemical Company, Midland, 
Mich. 

(21)  S. J .  Cristol and S. L. Hause, J .  Am. Chem. SOC., 
74, 2193 (1952); A. C.  Schoenthaler, Dissertation, Univer- 
sity of Michigan, 1955. 

(22)  Cj. G. W. Wheland, Resonance in Organic Chemislry, 
John Wiley & Sons, Inc., Xew York, Ii. Y., 1955, p. 497 E. 

discussion, the principal absorption bands of sev- 
eral of the dihydroanthracenes mentioned above, as 
n-ell as those for XI and 9,10-dimethyl-9,10-dihy- 
droanthracene (XIX) are presented in Table I. 

If XIX is considered a model compouiid for the 
9,lO-dihydroanthracene system, it will be noted that 
XI and XVII have spectra which resemble that of 
XIX closely, except for a generally increased in- 
tensity for XVII.  Thus, the methano bridge in XI 
and the ethano bridge in XVII do not appear 
to influence the absorption characteristics of 
the adjacent aromatic ring(s) . On the other hand, I, 
XVIII,  and triptycene show more intense absorp- 
tion by a factor of 2 to 3, and their maxima occur 
at  from 4 to 7 mp longer wave lengths than their 
apparent equivalents in XIX, XI, and XT'II. 

The wave lengths of the absorption maxima as 
well as the intensities of absorption for hydroaro- 
matic compounds such as XIX are greater than for 
benzene, and this may be attributed to hypercon- 
jugation, as for alkylbenzenes. 2 3  However, XI and 
XT'II, which like triptycene (Table I, ref. e ) ,  are 
probably incapable of hyperconjugation on stereo- 
chemical grounds, spectroscopically resemble XIX. 
Friedel and Orchin24 have suggested that the spa- 
tial overlap of two methyl groups in 4,5-dimethyl- 
phenanthrene and 4,5-diniethylchrysene introduces 
strain in the aromatic nucleus, causing an increased 
absorption maximum and intensity. Since there is 
undoubtedly strain imposed on the aromatic nuclei 
of XI and XVII by the 9,lO-bridges (cf. KMR 
shifts for I and XT'II aromatic protons, above), i t  
is reasonable to attribute the resemblance of their 
spectra to that of XIX to this strain phenomenon. 

TI-hile there is no other obvious phenomenon to  
account for the "abnormal" spectrum of XI, all of 
the remaining compounds (except the model, XIX) 
are capable of increased conjugation by interaction 
between nonadjacent chromophores as suggested by 
Bartlett and Lem-is (Table I, ref. e )  for triptvcene 
and considered 
cyclophanesZ5 : 

by Cram and Steinberg for thepara- 
e.g.1 

- + 
(23) F. A. Matsen, W. W. Robertson, and R. L. Chuoke, 

Chem. Revs., 41, 273 (1947). 
(24)  R. A. Friedel and &I. Orchin, Cltraviolet Spectra o j  

Aromatic Compounds, John Wlev and Sons. Inc.. S e w  
Pork, X. Y., 1951, pp. 23, 25. 

73, 5691 (1951). 

" 

(25PD. J. Cram and H.  Steinberg, J .  Am. Chem. Soc., 
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However, all of these systems also contain highly 
strained structures, aiid consequently the strain 
and nonadjacent chromophores interaction effects 
cannot be separated. One might expect the increase 
in strain in I over that in XT’III (bicyclo[2,2,l]hep- 
taiie us.  bicyclor2,2,2]octane) 26 to  produce the in- 
creasing wavelength and intensity order, triptycene 
< XYIII < I. But the observed order is triptycene 
< I < XT’III, and therefore it is possible that in 
addition to  interaction between the aromatic rings, 
there is interaction between the rings aiid the 
etheiio or vinylene bridge: e . g . ,  

- 
t 

- 1  + 

t - 

STERIC REL LTIOSSHIPS 

It n-as originally thought that the skeletal struc- 
ture of I might be established by relating the perhy- 
dro derivative of XI (XX) to  the perhydro com- 
pound (XT’I) derived from XIIT. Bccordingly, a 
sample of XTT. n1.p. 763.5-77.8” ( v i d e  S U ~ T C L J ,  was 
prepared hy hydrogenation of XI11 (hdams’ cata- 
lyst), and XI was similarly reduced to  g k e  XX, 
1n.p. 47.:$-48.3”. Obviously, isomers rather than 
identical substaiices s e r e  produced. The inode of 
synthesis leaves no room to doubt the structure of 
XX, and the arguments advanced concerning the 
structure of I, above, establish by iinplication an  
identical structure for XT’I ; thus. stereoisomers are 
at hand. Of the iiuiierous possibilities all but three 
can be eljmiiiated by invoking the principles of c i s  
addition in the Diels-Xlder reaction arid of one-side 
hydrogenation adraiiced by I,instead2’ : those re- 
maining have exclusively czs ring junctions and 
may be represented as (A).  e.do: e.ro; ( B ) ,  e m :  endo; 
and (C). cvdo:  endo.  all configurations with re- 
spect to  the methylene bridge. d consideration of 
Courtauld models28 indimled clearly that spatial 
requirements prohibit t x o  endo cyclohexaiie rings 
attached to the b1cyrlo[2.2,l]heptane system, and 
thus the existence of configuration C is rendered 
improhahle. Coiisecjuently it is reasonable to  as- 

76: I088 (1051). 
( 2 7 )  E. P. Linstead, IT. E, Doering, S. B. Davis, P. 

Leviric anti It. R. IYhetstone, J .  Ani. Chenz. Soc., 64, 1986 
(1942). 

(28 )  G. S Hartlpy and C Robinson, 1‘Cans Faraday 
Soc , 48, 847 (19.52) 

sume that the two stereoisomers XT’I and XX rep- 
resent the remaining configurations A and B. 

If one disregards for the moment the coiifi, w r a -  
tion produced by the synthesis of XI (i.e, I11 -+ 

IT.’, Chart I) and considers only the hydrogenation 
of XI to  XX, there is ample precedent for preferen- 
tial exo h y d r o g e n a t i ~ n . ~ ~ ~ ~ ~ ~ ~ ~  This, then, vi111 lead to  
endo ring junction for the iiev hydroaromatic ring, 
and XX will possess the exo: endo configuration, 
since the endo: endo configuration (C) has heeii 
eliminated on steric grounds. 

XOK if the initial Diels-Alder reaction had pro- 
duced an endo ring junction, either the improb- 
able endo: endo system xyould result from ex0 hydro- 
genation of the aromatic ring, or the hydrogenation 
would have had to  be endo. The latter n-ould be as 
improbable as the existence of the endo: endo sys- 
tem, since the original endo cyclohexane ring would 
effectively exclude the necessary quasiplaiiar con- 
tact of the aromatic ring with the catalytic surface 
(6. ref. 27). 

These arguments lead to  the conclusions that the 
initial Diels-Alder reaction (I11 -+ Is’, Chart I) 
must have produced an ezo ring junction aiid that 
the reaction of XI1 with two molecules of butadiene 
must hare  produced two eso  ring ,junctions (Chart 

H H 
A: XVI 

n H 

H 
B: XX 

n 

H H 
XI11 

A 

\ /  
I3 

XI 

(29) I<. Alder and G. Stein, Ann.,  525, 183 (1036). 
(30 )  R. B. Wood\?-ard and H. Baer, J .  Am. Chem. Soc., 

(31) K. Alder and IT. Roth, Ber., 87, 161 (1051). 
(32) G. Stork, E. E. van Tamelen, L. J. Friedman and 

4 .  IT. Burgsthaler, J .  Am. Chem. Soc., 75, 384 (1953). 

70, 1161 (1948). 
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11). In both Diels-Alder reactions, then, butadiene 
has added to a bicyclo 12,2,l]heptene (or heptadi- 
ene) system in the exo manner, for which there is 
again ample p r e ~ e d e n t . ~ ~ , ~ ~ ~ ~ ~  Accordingly, XIII, 
and therefore XTI, have the exo: exo configuration 
( A )  and XI, and therefore XX, have the exo: endo 
configuration ( B ) .  

It remains to comment upon the hydrogenation 
of XI11 as it bears upon its structure as compared 
v-ith XIT'. The uptake of hydrogen plotted as a 
function of time gives a smooth curve, no break 
being observed. Taken by itself this fact is only sug- 
gestive of two sterically identical double bonds; but 
taken in concert with the infrared spectrum of the 
compound, which, as stated above shows but one 
double bond absorption-and that in the normal 
rather than bicyclic double bond region-it con- 
stitutes presumptive support for the assigned struc- 
ture (XIII) and the assigned configuration. 

EXPERIMENTAL 

All melting points are uncorrected. Infrared spectra were 
obtained from Sujol  mulls, unless otherwise noted, by means 
of a Perkin-Elmer Infrared Spectrophotometer, Model 21. 
lClicroanalyses were run by Goji Kodama ( K )  and Anna 
Griffin (G) University of Michigan, Department of Chemis- 
t r y  and Spang lIicroanalytical Laborat,ory, Ann Arbor, 
Mich. (S). 

6,8-Diacetox y-1 ,d-dihydro-l,4-methanonaphthalene (111). TO 
a solution of 50.0 g. (0.287 mole) of 1,4,4a,8a-tetrahydro- 
1,4-methanonaphthalene-6,8-dione (11)14 in 88.0 g. (0.862 
mole) of acetic anhydride and 50 mi. of glacial acetic acid 
was added, Tvith stirring, 4 ml. of concentrated hydrochloric 
acid. A slight temperature rise and darkening of t'he react'ion 
mixture was noted. After standing overnight a t  room tem- 
perature t,he mixture was cooled, several ml. of water m-as 
added, and the sides of the flask were scratched to induce 
crystallization. White crystals were collected and washed 
with a small portion of water. The diluted filtrate was cooled 
and a second crop of white crystals was collected and 
washed xvith water. The two crops were combined and dried 
in a vacuum desiccator to  give 47.5 g. (647,) of white crys- 
tals, m.p. 102-105'. Three recryst'allizations from petroleum 
ether (b.p. 60-75') yielded white crystals, m.p. 105-106". 

Anal.  Calc'd for ClBH1404: C, 69.75; H, 5.49. 
Found (K): C, 69.47; H, 5.49. 

Reductive acetylation of 1 ,4-dihydro-I ,4-1nethanonaphthal- 
ene-5,8-dione.15 To a suspension of 0.0140 g. (0.0000804 
mole) of 1,4-dihydro-1,4-met~hanonaphthalene-5,8-dione~~ in 
ten drops of acetic anhydride were added 0.05 g. of zinc 
dust and 0.02 mg. of sodium acetate and the mixture was 
heated to TO" for 10 min., thereby discharging the init'ial 
yellowish One milliliter of glacial acetic acid Tvas 
added and the hot solution was filtered from the zinc and 
zinc acetate. The filtrat'e was boiled and water was added to 
destroy the excess acetic anhydride, forming a slightly 
turbid mixture. Sfter cooling the mixture in the refrigerator 
for an  hour, 0.0030 g. (147,) of Tvhite crystals, m.p. 102.5- 
104.0", was collected. A mixed m.p. with 5,8-diacetoxy- 
1,4-dihydro-1,4-methanonaphthalene, 111, shoaed no de- 
pression. 

1 ,4-Diacetoxy-6,8,8a,9,10,1 Oa-hexahydro-9,l O-methano- 
anthracene (IV). To 5.2 g. (0.096 mole) of butadiene con- 
densed in a borosilicate glass combustion tube was added 

(33) L. F. Fieser, Experiments in Organic Chemistry, 2nd 
ed., D. C.  Heath and Company, New York, N: Y., 1941, p. 
399. 

2.50 g. (0.00968 mole) of I11 and 10 ml. of sodium dried 
benzene. The sealed tube was heated for 14 hr. a t  206", 
yielding a tan reaction mixture which Tvas concentrated 
under an air jet to a tan gummy mass. The crude product 
was sublimed a t  125' a t  0.04 mm. for 4 hr., giving 2.34 g. 
of white crystalline material, m.p. 80-115". The continued 
sublimat,ion of the residue for 12 hr. yielded 0.40 g. of a 
white powder, m.p. 108-117'. The combined sublimates 
m-ere crystallized irom petroleum ether (b.p. 40-60") to 
obtain 1.65 g. (547,) of white glistening plates, m.p. 116.5- 
119.0". Several recrystallizations from petroleum ether (b.p. 
40-60") afforded m-hite glistening plates, m.p. 119-120". 

Anal. Calc'd for Ci9H2004: C, 73.06; H, 6.46. Found (K): 
C ,  72.89; H, 6.77. 

6,8,8a,9,10,1 Oa-Hesahydro-1 &dih ydrox y-9,1 O-methano- 
anthracene (V). A solution of 0,190 g. (0.000608 mole) of 
IV in a mixture of 25 ml. of 5% hydrochloric acid and 150 
ml. of 9570 ethanol was heated under reflux for 2 hr. After 
one half of the solvent was stripped off a t  water pump 
pressure in a nitrogen atmosphere, the react'ion niixture was 
cooled, and 0.125 g. (goyo) of white glistening plates, m.p. 
213-215' d. ,  was collected. The analytical sample, white 
glistening plates, m.p. 215.0-215.5" d. ,  n-as obtained aft'er 
two recrystallizations from benzene. 

Anal.  Calc'd for ClSH1602: C ,  78.92; HI 7.06. Found (G): 
C, 58.94; H, 6.86. 

6,8,8a,9,10,1 Oa-Hexah ydro-9,lO-methano-1 ,i-anthra- 
quinone (VI). To a solution of 2.40 g. (0.0105 mole) of V in 
150 ml. of absolute ether were added 5.40 g. (0.0244 mole) of 
freshly prepared silver oxide and 5.40 g. of anhydrous mag- 
nesium sulfate. This mixture was shaken for 45 min. and 
then was filtered. The filtrate was concentrated under an air 
jet, yielding 2.40 g. of deep yellow crystals, m.p. 119.0- 
123.5". One crystallization from petroleum ether (b.p. 40- 
60") gave 1.80 g. ( i570) of fine yellow needles, m.p. 123- 
124". The analytical sample \\-as prepared by several 
recrystallizations from petroleum ether (b.p. 40-60°), 
yielding fine yellow needles, m.p. 125.0-125.5". 

Anal. Calc'd for C1bH1402: C, 79.62; HI 6.24. Found (I<): 
C, 79.32; H, 6.27. 

6,8,8a,9,10,1 Oa-Hexahydro-9,lO-methano-1 ,d-anthra- 
quinone diozime (VII).  h solution of 2.08 g. (0.00920 mole) of 
VI and 6.39 g. (0.00920 mole) of hydroxylamine hydrochlo- 
ride in 75 ml. of et'hanol was refluxed for ten hours and then 
was poured into 800 ml. of water. After 12 hr., a brownish 
precipitate was collected by filtration and dried. The 
dioxime, 1.95 g. (797,) of light brown poivder, was obt,ained 
after two washings with benzene. The dioxime darkened a t  
195" and decomposed completely a t  208'. The decomposi- 
tion t'emperature was dependent on the rate of heating. 
Two recrystallizations from benzene yielded a light yellow 
powder. The melting point capillary m-as placed in the bath 
a t  195" and heated at  the rate of 10" per minute. The 
dioxime darkened a t  205" and decomposed instantaneously 
a t  211". 

Anal. Calc'd for ClSHl6N2O2: C, 70.29; H, 6.29; N, 10.93. 
Found (S): C, 70.33; H, 6.21; N, 10.77. 

1,4-Diamino-5,8,8a,9,10,1 Oa-hexahydro-9,l O-methanoan- 
thmcene (VIII) .  To a solution of 0.200 g. (0.000760 mole) of 
VI1 in 4 ml. of ethanol was added a solution of 0.65 g. of 
stannous chloride dihydrate in 4.7 ml. of concentrated hydro- 
chloric acid. The reddish react,ion mixture Tvas heated a t  80" 
for 5 min., discharging the color. From the cooled reaction 
mixture, xyhite crystalline material was collected by filtra- 
tion, washed with an ethanol-hydrochloric acid mixture and 
with ether. A sample of the product was burned leaving a 
white residue; therefore, to a solution of the crj-st,als in wat,er 
was added several drops of 5% sodium hydroxide, producing 
a white turbid mixture. Upon cooling and scratching the 
sides of the flask, a whit'e precipitate was obtained Tyhich was 
quickly filtered, washed with boiled water, and dried. 
Nearly white cryst'als, 0.050 g. (297,), m.p. 103-108" d. 
were obtained. All attempts to purify the diamine further 
were unsuccessful. 
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A4?~al. Calc'd for CljHleKr: C, i9.60; H, 8.02; 12.38. 
Found (S): C ,  79.29; H, 8.15; S, 12.28. 

1,~-l>iarnino-i;,6,7,XJ8a,9,10,10a-octah~~ro-9,~0-~~zethano- 
anthracene dihydrochloride (S). To a suspension of 0.04 g. of 
platinum oxide reduced in 10 mi. of absolute erhanol v;as 
added a solution of 0.500 g. (0.00195 mole) of VI1 in absolute 
ethanol. The theoretical volume of hydrogen nas absorbed 
in 30 miii. The platinum residue was filtered off and the 
filtrate  as dried over Drierite, treated v i th  Sorit ,  and 
filtered. The hrownkh filtrate vias satrrrat,ed -tvith dry hydro- 
gen chloride and then 400 mi. of sodium dried ether was 
added, precipitatiiig a tan materia!. The  mixture \vas cooled. 
The resalting prccipitate K ~ E  collected by filtration and was 
dried in a racuiim desiccator, The reduction yielded 0.56 1. 
g. (957;) of tan crystal?, m.p. 288-293" d. xyith previous 
da-rkening. S o  attempts to purify diamine hydrochloride 
~ e i  e matie. 

A n s / .  Calc'ti for C!&I??Cl~S?: C, 59.79; H, 7.36; S, 7.30. 
Found (G): C:, 5!j,32; H, 7.12; K, 7.43. 

i , ~ , 8 , ~ . ~ o , 9 ~ B n . 3 0 - O c t a / ~ ~ ~ ~ ~ ~ n - 9 , 1 0 - , , i e  ( S I ) .  
This compound  as prepared by the deamination pro- 
cedure of Barllett and Greene.26 -1 sohition of 1.00 g .  
(0.00320 mole) oi' X i n  50 ml. of 50%, hypophosphorous acid 
WE added dropn-is?! n-ith stirring, to a solution of 1.375 
g. of d i i m  iiitriti: in 100 mi. of 505; hypophosphorous acid 
cooled t o  beiov - 15". .[I; .5 m i x  a frot,hing of the ye!lon- 

:in. Thc: addition required 1.5 hr., and 
,red for an additional hour at -15'. 

The reaction mi.stii~e T ~ P  placed in the cold room at -5" 
foi,  5 lir., ca;ieing Lhe formntion of an orange precipitate. 
Aftcr adding 100 g.  of ice to  the reaction mixtiire, it ~ 3 - a ~  

ailoxred t,o st:and ; t i  t,he cold room for ail additional 10 hr. 
L hc reactioii mixtare n w  then extracted n-ith several por- 

tioris of et,lier, tot,a!ing '300 in!. The combined ethereal es- 
tr:$cts yerc n-as!ic~I iyith .5';i sodiiirr: hydro\.ide, hydro- 

r ,  

c, 90.62; H, 8.88. 
I,i,4tr,:i,8,8u,ii,ga ,lC/,lOo-DecaFli/ii.o-S,10-irlethclnoatlthi.a- 

S U ~ O S  ioi  one ho:ii. to i~cmore !ov h i l ing  components. The 
resi JCiiig g1:v-m:- residcc TI. 

Long i\--liitc plates, ?.C2 g. 
lected ~ I J .  filt,ralion. Tile 
55.5°j \\-:is prepwed by two 

c, 89.68; 13: L0.19. 
hloleciihr weirrht ik~rominatioii3ji Calc'd: 200. Found: I~ 

107. 

artti lti-40 em.-'. 
Tho irihareti q;eclrnm iias mediiim bands a t  3030 em.? 

9,10-1)ihydro-9, iO-,?!ethanoanth,ccerze I. The method of 

( 3 4 j  Julius Hyman and Co., Belg. pat. 498,176, Jan. 15, 

(35) 9. Sigyin, Qzmntitutice Oiyanic Analysis Via F m c -  
tional Groups, 2nd ed., John Ti ley  and Sons, Inc. ,  Sen- 
York, S. Y., 1954, p. 69. 

1951; C. i l . ,  49, 372 (1955). 

Adkins, Richards and D a v i e ~ ' ~  71-as used to dehydrogenate 
XII I .  To a solut'ion of 0.500 g. (0.00200 mole1 of XI I I  in 
10 m!. of benzene in a glass lined stainless steel bomb i n s  
added 0.50 g. of 5%; palladium-charcoal cat'alyft. The bomb 
was flushed with nitrogen, then put  under an initial pres- 
sure of 450 p.a.i. of nitrogen, and heated a t  290" for 14 hr. 
Tyith shaking. The catalyst was filtered off and Tvashed with 
70 ml. benzene and 100 ml. of acetone. The solvent, \vas 
stripped from the filtrate a t  iyater pump pressire i L t  40-50", 
leaving a n-hit,e oily mass. The crude product  as cr~-stal- 
lixed from ethanol to yield 0.075 g. ( 1900) of white c 
m.p. 151.5-153.0'. TKO crystallizations Croin ethano gave 
the analytical sample glistening 11-hite plat,es, m.p. 154.5- 
155.5". 

Ana!. C'alc'd for CijH13: C, 93 . i l ;  H, 6.29. Found (S):  
C, 93.54; H, 6.27. 

Partia! ozidatl 'on o j  9,lO-dihydro-0,1O-niethan3nnlhmcene 
I. To a solution of 0,020 g. (0.00010 mole) of 9,10-dihydro- 
9j10-methanoanthracene, I, in 5 ml. of glacial acelic x i d  
xvas added 0.0.40 g. (0.00040 mole) of chromic anhydride 
nhich T ~ P  hea1c.d o n  a Ptmm bath for 1 hr . ,  giving :I clear 
green aolrition. The coo!ed reaction mixture w:$s poured into 
25 nil. of \vater; forming a xvhite prccipitate xvhich wa.5 
filtered off, \~-aahetl with u-ater, and dried. The n.liitc 
crystals, 0.013 g., in.p. 151-153", gave no aiithruciriirione 
vat test'.3G A sample crysiallized from ethanol gave no m.p. 
depression n-ith starting material. S o  attempt nas made to 
isolate the oxidation products. 

Oxidation o,f 9,10-di/iydi.o-9,10-17zethunoun~l~racene I. To :L 
sohition of 0.20 g. (0.000:O mole) of 9,10-diliydro-9,10- 
methanoantliraceiie, I) in 5 ml. of glacial acetic acid w i s  
addcd 0.100 g,  (0.00010 mole) of chromic anhydride whic82i 
v-as heated on a stcam h t , h  for 24 hi.. resulting in a c l t w  
green soiation. The  miction mixtiire \vas poiircid into 50 
ml. of ix-ater and cooled in a refrigerator for tn-o \\-Celts. S;) 
precipiiate m s  formed. S o  attempt v;as nittde t o  identify 
The oxidation prod:icts and no anthraquinone could lie 
detected.30 

Oxidation o j  9.1O-dih ydi,o-9,1 O-ethnnoenlh,race?ie ( S V I I  j. 
To a soliition of 0,050 g. (0.00024 mole) of XITI*' TELS 

added 0.113 g. (0.00113 mole) of chromic aiih>-dridc in I O  
ml. of glacial acetic, acid; the rxixtiirc  as Iicntcd for 2 h~~ 
xeulting in a clear green solution. The reartion mixtiire TWP 

poiyed int,o 50 in!. of xi-ater forming a nhite prccipit:itc: 
n-hich n-as filtered OK, rrashed n-ith u-ater, arid d1,icttl. TIK. 
yshite crystals, 0.0036 g.] m.p. 138 
qiiinone vat t,e::t.ae A sample re 
gave no m.p. depression viith star 

PeriiUd,~o-9,1O-i:!eihn?2oanfhracene (XTI). T o  u siisperisiori 
of 0.20 g. of p h t i  side rediiced i n  10 ml. of glacial 
ncetic acid  as add iution of 0.0902 g. (0.000-i51 molcj 
of SI11 in 10 mi. acctic acid. T h e  t,heorctic:il 

bsorbed iii 15 niiii. and no i m a k  
ptakc cs. t ime K:LS ol~servetl. l'hc 

platinum residue 1m.5 filtered off, and the iiltrale \vas po~ired 
into 20 ml. of n-ater to form a tiirbid mix 
in the refrigerator, 0.0710 g. (77%;) of n-hite 
13-77', was collected by filtration and dried. 
from ethanol yielded 0.0413 g. (45%) of 1 
ni. p. 76.5-~i7.8 '. 

I- 

.inal. Calc'd for C1&~: C, 88.16; H, 11.84. Found (GI: 
C, 83 14; €1, 11.77. 

Peikvd,o-9.lO-i,zethanoanthiacene (SX). To a suspension 
of 0.05" g. of platinum oxide rediiced iii 10 mi. of-  glaciai 
acetic acid vas  added a solution of 0.100 g. (0.00050;i mole) 
of 1,2,3,4,4a,11,9a,lO-octahydro-9,l0-mctha1~oantl~racene 
(SI)  in 5 m!. of glacial acct,ic acid. The theoretical roliime of 
hydrogen T ~ S  absorbed in 4 hr. The platinilm resid,Lie K:LS 
filtered from the reduction mixtiire and the solvent was 
stripped off a t  '40-50" under imter pump preesiire, yielding 
0.087 g. (847c) of xhit,e crystals, n1.p. 45-48". Crystalliza- 

(36) Ref. 33, p. 190 
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tion from methanol afforded 0.55 g. ( 5 3 % )  of white needles, 
m.p. 46.8-48.0'. The analytical sample was obtained by 
one further recrystallization from methanol yielding lyhite 
needles, m.p. 47.3-48.3'. 

Anal. Calc'd for CljHlr: C, 88.16; H, 11.84. Found (G):  
C, 88.02; H, 11.73. 

ASN ARBOR, MICH. 
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The eqiiilibria between conjugated and unconjugated isomers in two highly branched -{-alkyl unsaturated ester systems 
have been investigated. The proportion of unconjugated olefin has been shorn  to decrease with increasing branching in the 
?-substituent. These reeults have been correlated with a number of earlier data and evidence has been presented supporting 
an interpretation in terms of steric interactions. 

It was recently reported that  the alkoxide-cata- 
lyzed isomerization of ethyl 4-ethyl-2-methyl-3- 
octenoate (Ib) leads to  an equilibrium mixture con- 
taining approximately one third of this ester (or its 
glycol analog) and tTvo thirds of the corresponding 
conjugated ester, ethyl 4-ethyl-2-niethyl-2-octeno- 
ate (IIb).z The substitution of other n-alkyl groups 
for ethyl or n-butyl in the y-position exerted little 
effect on the position of equilibrium in this system 
(IC-IIc). Hon-ever. when ethyl was replaced by 
methyl, the proportion of uiiconjugated isomer (Ia) 
in the equilibrated mixture with I Ia  was reported to  
be 567G. 

R, CH, 
Ia-e 

Ie , ' I Ie :  R; = n-C;Hil R; = lert-C41-Ig 

Enhanced hyperconjugatire stabilization of the 
P,y-double bond by the methyl group and re- 
duced strain of the cis-type about the P,y-double 
boiid n-ere considered as alternative explanations 
of the higher proportion of uncoiijugated isomer 
found in the equilibrated y-methyl compounds. To  
examine these alternatives in systems containing 
more highly branched substituents, the correspond- 
ing esters with y-isopropyl aiid y-tert-butyl substit- 
uents (Id-IId and Ie-IIe, respectively) have been 
synthesized and the equilibriurn mixtures of the two 
isomers determined after isonierization.3 

(1) Presented in part a t  the 130th National Ueeting of 
the AMERICAN CH&ICAL SOCIETY, Atlantic City, Sipt.  
16-21, 1966. 

(2) J. Cason and K. L. Rinehart, Jr., J .  Org. Chem., 20, 
1591 (1955). 

SIXTHESIS 

Unsaturated esters required for these studies 
were prepared by dehydration of the p-hydroxy es- 
ters (TrIIIa, T'IIIb) formed in the Reformatsliy re- 
action of the corresponding a-alkyl aldehydes 
(T'ITa, TIIb) xvith ethyl a-bromopropioiiate. The 
aldehydes were obtained by Rosenmund reduction 
of the corresponding acid chlorides. Branched acids 
n-ere prepared via modifications of the malonic es- 
ter synthesis. Thus, the synthesis of 2-tert-butylhex- 
anoic acid (TTb) via ethyl isopropylidenecyanoace- 
tate, ethyl tert-butylcyanoacetate and the dialkgl- 
cyanoacetate (111) is shomi in the series of equa- 
tions belon-. The corresponding 2-isopropylhexa- 
noic acid (T'Ia) n-as prepared by a reaction sequence 
Ivhich is iiot shown, but n-hich involved successive 
alkylations of malonic ester with isopropyl bromide 
and n-butyl bromide, folloJTed by alkaline hydroly- 
sis, acidification and decarboxylation. 

COzCpHj COgCgH: 

( 3 )  The a-methyl substituent has been retained both as a 
point of reference throughout the series and to prevent 
thermal equilibration of the tn-o isomers during distillation 
of the isomerized mixtures. Such equilibration is known to 
occur in the absence of an a-alkyl group [J. Cason, S. L. 
Sllinger, and C. F. Allen, J .  Ory. Chent., 18, 857 (1953)]. 
The a,y-dialkyl system is further convenient in that no 
addition of alkoside to the double bond has been found to  
occur for these compounds [cf. R. P.  Linstead and E. G. 
Noble, J .  Chem Soc:, 610 (1934); R. P. Linstead, J .  Chem. 
Soc., 2498 (1929)]. 


