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60' (bath temperature) (10 mm) and the distillate was collected 
a t  -78". Gas chromatographic analysis and separation on a 
10 f t  X 0.25 in. 5% OV-17 column at 110" showed 7 and 8 to be 
present in a ratio of 1:4.5. There was collected 90 mg of 7 and 
410 mg of 8. 

For 7: A n a l .  Calcd for C8Hln: C, 88.81; H, 11.19. 
Found: C, 88.52; H, 11.29. For 8: Found: C, 88.70; 
H, 11.45. 

Reduction of 7.-A vigorously stirred solution of 54 mg (0.50 
mmol) of 7 and 3.88 g (20 mmol) of dipotassium azodicarboxylate 
in 6 ml of methanol was treated dropwise during 30 min with 
3.0 g (50 mmol) of acetic acid. Stirring was continued until 
the yellow color had faded, and the reaction mixture was poured 
onto 25 ml of water and 25 ml of pentane. The water layer was 
extracted with pentane (10 ml) and the combined organic phases 
were shaken with saturated sodium bicarbonate solution and 
dried. The majority of the solvent was removed by careful 
distillation a t  atmospheric pressure, and the product (10 mg) 
was collected on the OV-17 column at  110'. The nmr sample 
of the hydrocarbon was identical with that of an authentic 
sample of ezo-7-methylbicyclo[4.1 .O] heptane (9) .10111J7 

Reduction of %-Like treatment of 8 resulted in the formation 
of endo-7-methylbicyclo[4.1 .O] heptane ( lo) ,  whose pmr spectrum 
was identical in all respects with that of an authentic sample.l7 
endo-l,7-Dimethylbicyclo[4.l.0]hept-2-ene (12).-When a solu- 

tion of 1.0 g (10.6 mmol) of 2-methyl-l,3-~yclohexadiene (11) 
and 1.6 ml (15 mmol) of diethylzinc in 5 ml of dry pentane was 
treated dropwise under nitrogen with 5.65 g (20 mmol) of 1,l- 
diiodoethane dissolved in 3 ml of pentane in the predescribed 

requisite pmr spectra. 
(17) We thank Professor R .  M .  Magid for kindly providing us with the 
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manner, there was produced a single substance (190 mg isolated 
after preparative vpc purification on the OV-17 column at 110') 
identified as 12. 

A n a l .  Calcd for C9H14: C, 88.45; H, 11.55. Found: C, 
88.46; H, 11.55. 

Magnesium Bromide Catalyzed Isomerization of 13.-To a 
solution of freshly prepared magnesium bromide in anhydrous 
ether [2 ml of a solution (bottom layer) prepared from magnesium 
turnings (excess) and l,2-dibromoethane (18.8 g, 0.10 mol) in 
100 ml of ether] diluted with 6 ml of dry benzene was added 
0.44 g (3.6 mmol) of 13. After 2.5 hr a t  50°, the reaction mix- 
ture was cooled in ice water and 10 ml of water was cautiously 
introduced. The organic layer was removed and the aqueous 
phase was extracted with pentane. The combined organic 
phases were dried and carefully concentrated at  atmospheric 
pressure. The remaining material was distilled a t  60" (bath 
temperature) (1 mm) and the volatiles were collected at  -78". 
The lone product was purified by preparative vpc on the OV-17 
column at  110' and identified as 14 (21 mg). 

A n a l .  Calcd for CsHlr: C, 88.45; H, 11.55. Found: C, 
88.25; H, 11.71. 

Registry No.-1, 2566-57-6; 5, 36601-59-5; 7, 
36601-90-8; 8, 36601-91-9; 12, 36601-92-0; 14, 36601- 
93-1 16,33375-20-1. 
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Silver acetate promoted acetolysis of l-bromomethyl-3,6-diben~otricyclo[3.3.0.0~~~]octadiene (1-Br) and de- 
amination of l-aminomethyl-3,6-dibenzotricyclo[3.3.0.0~~~]octadiene (1-NH2) have been studied. Solvolysis 
leads only to the rearranged acetates 2, 3, 4, and 5 ,  along with benzofluorene 6;  "normal" deamination in acetic 
acid gives. besides 6. unrearranged acetate 1-OAc and alcohol 1-OH and exo oroducts 2 (acetate and alcohol); 
and "aproticJ' deamination gives 6, I-OAc, and 2-OAc 
results are offered. 

Each of our groups has developed interest in car- 
bonium-ion rearrangements in bridged polycyclic com- 
pounds and, in particular, jn the question of multiplic- 
ity of carbonium-ion intermediates, as well as in the 
study of dibenzosemibullvalene and its  derivative^.^ 
These interests overlapped in work on the rearrange- 
ments attending treatment of 1-bromomethyl-3,6- 
dibenzotricyclo [3.3.0.02~*]octsdiene (l-bromomethyl- 
dibenzosemibullvalene, 1-Br) with silver acetate in 
acetic acid (Colorado group) and of the corresponding 
deamination of l-NH2 (Ohio State group). This paper 
describes the results of those experiments. 

When 1-Br was treated in acetic acid with silver ace- 

(1) Paper LXXIV in series Bridged Polycyclic Compounds of the Uni- 
8. J.  Cristol, J. R. Mohrig, and 

G. C. 9. gratefully acknowledges support 

versity of Colorado group. 
G. T.  Tiedeman, J. O w .  Chem., 37, 3239 (1972). 

via a NAS.4 fellowship. 

Paper LXIII: 

(2) University of Colorado. 

(3) The Ohio State University. 
(4) See, for example, (a) S. J. Cristol, R.  M. Sequeira, and G .  0. Mayo, 

J. dmer .  Chem. Soc., 90, 5564 (1968); (b) S. J.  Cristol, W. Y.  Lim, and A.  R.  
Dahl, ibid., 98, 4013 (1970); (0) L. A. Paquette and G .  H .  Birnberg, ibid. ,  
94, 164 (1972); (d) L. A.  Paquette and G. V. Meehan, ibid., 9'2, 3039 
(1970). 

Mechanistic rationaiizations of these differing sets of 
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tate, either a t  room temperature or a t  approximately 
loo", ready reaction occurred with the formation of 
four acetate products (2-OAc, 3-OAc, 4-OAc, and 5- 
OAc) and one hydrocarbon, 3,4-benzofluorene (6). 
Pmr analysis indicated that the reaction mixture com- 
prised 30% 2-OAc, 6% 3-OAc, 24% 4-OAc, 23% 5- 
OAc, and 16% 6. No unrearranged 1-OAc was de- 
tectible in the reaction mixture, nor was there any evi- 
dence for ring opening to the benzohydryl acetate 7. 
That the reaction mixture is the result of kinetic, rather 
than thermodynamic, control was demonstrated by 
treatment of a mixture of the four acetates with 0.5 M 
HC10, in acetic acid a t  room temperature. The mix- 
ture was converted cleanly to 4-OAc. Treatment with 
0.02 M HC10, demonstrated that endo-3-OAc was more 
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stable than exo isomer 2, a result consistent with sivi- 
lar properties of the demethylene compounds 8 and 

fH2 C K  
It 

A 
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H, ,OAc 

6 
6H2 
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x 
8 

their  derivative^.^ 1-OAc was also readily converted 
to 4-OAc by acid catalysis. 

The product mixture from treatment of 1-NHz with 
sodium nitrite in acetic acid was substantially different 
from that produced by acetolysis of 1-Br. It com- 
prised 16% unrearranged acetate 1-OAc, 12% the cor- 
responding alcohol 1-OH, 24% exo acetate 2-OAc, 
40% exo alcohol &OH, and 8% 6.  None of the endo 
isomers 3 or of tbe [ 2 . 2 . 2 ]  products 4 and 5 were found. 
Deamination of l-NHz with isoamyl nitrite in diglyme 
containing an equivalent of acetic acid led to  a mixture 
containing 33% 1-OAc, 51% 2-OAc, and 1601, 6.  
Again, no endo product 3-OAc or [2 .2 .2]  products 4 
and 5 were noted. 

The acetate products of the solvolysis experiments 
with 1-Br can be readily rationalized by the reactions 
in Scheme I. We have chosen to write Classical ion 
intermediates, rather than nonclassical ’ones, in these 
systems for several reasons. First, there is no evidence 
for the latter, and indeed there is contrary evidence in 
similar systems where similarly highly stabilized clas- 
sical ions i n t e r ~ e n e . ~ ~ J  Finally, the formation of both 
exo and endo acetates 2-OAc and 3-OAc can be most 
readily accommodated to the capture of 10 from either 
side (with exo capture predominating, as anticipate$), 
although nonclassical intermediates could be devised 
to accommodate these results. Apparently there is no 
solvent participation (Le . ,  direct displacement) in an 
SxBlike process to  give 1-OAc nor is ion 9 captured to 
give 1-OAc products before rearrangement. Although 
ion 9 is a cyclopropylcarbinyl cation, i t  does not appear 
to be stable enough to  resist rearrangement to its allyl- 
carbinyl isomer, the benzylic ion 10, and indeed i t  
seems likely that it is completely by-passed in the reac- 
tion process (e.g., 1-Br goes directly to  10; see below). 

( 5 )  (a) 6 .  J. Cristol and D. D. Tanner, J .  Amer. Chem. Soc., 86, 3122 
(1964); (h) S. J. Cristol, F. P. Parungo, D. E. Plorde, and K. Schwareenbach, 
%bid., 81, 2879 (1965); (c) S. J. Cristol, R. J. Bopp, and A. E. Johnson, 
J. Org. Chem., 34, 3574 (1969). 
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Available evidence suggests outlined in Scheme 11. 
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that deamination proceeds through unstable diazohy- 
droxides,‘j which are generally assumed to  decay to 
products, often through ion-pair intermediates. The 
timing of carbon-nitrogen and nitrogen-oxygen hcter- 
olytic bond cleavages is markedly dependent upon 
structure.’ When the diazonium ion is long lived, sol- 

(6 )  (a) H. Zollinger, “Azo and Diazo Chemistry,” Wiley-Interscience, 
New York, N.  Y. ,  1961, pp 123-136; (b) R. A. M. O’Ferrall, Advan. Phys.  
Org.  Chem., 6, 362 (1967): (0) E. H. White and D. J .  Woodcock in “The 
Chemistry of the Amino Group,” S. Patai, Ed., Wiley-lnterscience, New 
York, N.  Y. ,  1968, pp 440-483; (d) L. Friedman in “Carbonium Ions,” 
Yol. 11, 0. A. Olah and P. v. R. Schleyer, Ed., Wiley-Interscience, New 
York, N. P., 1970, pp 655-713; (e) C. J .  Collins, Accounts Chem. Res., 4, 
315 (197;). 
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vcnt exchange occurs, and the product is largely that 
involving solvent ( e . g . ,  acetate ester in acetic acid). 
On the othcr hand, it has been proposed‘ that, when 
the carbonium ion resulting from the loss of nitrogen 
from the diazonium ion is a very stable one, its forma- 
tion is either coincident with breaking of the nitrogen- 
oxygen bond or follows it very shortly, so that there is 
much capture by the geminate’ hydroxide ion to  give 
alcohol, often with substantial retention in the alcohol 
product.’ 

Our results permit us to suggest that the diazonium 
ion which is produced from 1-IYH2 is of medium longev- 
ity. We propose that it either reacts with its geminate 
hydroxide ion to  yield the alcohol 1-OH coincident 
with loss of nitrogen,8 or that this ion pair exchanges 
with solvent to give the acetate ion pair 14. As pro- 
posed in Scheme 11, either ion pair 13 or 14 can lose ni- 
trogen to  give (possibly directly) ion pairs 15 and 16, 
respectively. If these ion pairs collapse to  products 
before relaxation (that is, epimeric migration of the 
counterion), they will yield the exo isomcrs 2 without 
the endo isomers. Assuming that isomerization of ion 
10 t o  11 is slow compared with collapse of 15 and 16, we 
can also accommodate the fact that the tight ion pairs 
15 and 16 lead by rapid collapse to species 2, while the 
solvent-separated ion pairs involvcd in the solvolysis 
reactions outlined in Scheme I permit equilibration of 
10 and 11 before coordination capture by external sol- 
vent species or by counterions. lo 

Thus it seems possible to  explain the product differ- 
ences observed here in the two methods for formation 
of the carbonium-ion system. 

The formation of benzofluorene (6) represents a more 
deep-sented rearrangement than those of the other 
products. It is of especial interest that 6 is produced 
only when the carbonium-ion system is entered from 
1-X species, and that it is not produced in the solvolyses 
of 2-Br, 3-Br, 4-Br, or 5-Br, although all of the acetatcs 
(except for 1-OAc) are produced in these s~lvolyses.’~ 
It therefore must be assumed that the first stage in the 
formation of 6 is a rearrangement concerted with the 
loss of nucleofuge12 and using a path not involving ion 
10. Several pathways appear possible for this rear- 
rangement, assuming classical cations. If the 1,2 (or 
1,s) bond migrates, the cyclobutyl cation 17 would 
form. Cyclobutyl-homoallyl interconversion yields 
ion 18, which has the correct carbon skeleton but re- 
quires hydride shifts followed by proton loss (or 
proton loss followed by double-bond isomerization) for 

(7) (a) R.  A. Moss, A. W. Fritz, and E.  M. Emery, J .  Org.  Chem., 86 ,  
3881 (1971); (b) H.  Felkin, C. R. Acnd. Sci., 2S6, 298 (1953); (e) R .  Huisgen 
and C. Rllchardt, Justus Liebigs Ann.  Chem., 601, 21 (1956). 

(8) A number of investigators have suggested direct displacement of 
nucleophiles upon diazonium ions.0 

(9) (a) J .  A. Berson and D. A. Ben-Efraim, J .  Amer. Chem. Soc., 81, 4094 
(1959): (b) J.  A. Berson and A. Remanick, ibid., 86, 1749 (1964); (c) J. G. 
Traynham and M. T. Yang, ibid., 87, 2394 (1965); (d) R.  D.  Guthrie, i b i d . ,  
89, 6718 (1967); (e) J. H. Bayless, A. T. Jurewicz, and L. Friedman, i b i d . ,  
90, 4466 (1968); ( f )  W. J .  Albery, J. E .  C. Hutchins, R. M. Hyde, and R. H. 
Johnson, J .  Chem. SOC. B ,  219 (1968). 
(10) We have looked” into the solvoiysis of the bromides 2, 3, 4, and 6 

(whioh will be reported later) and have data consistent with the idea tha t  
10 and 11 do equilibrate but tha t  their rates of equilibration are competitive 
with their rates of capture by solvent. 

(11) G. C. SchIoemer, Ph.D. Thesis, University of Colorado. 
(12) (a) This term for describing a group leaving with an electron pair has 

been used in Europe for some We recommend its further ac- 
ceptance. (b) J. Mathieu, A. Allais, and J. Valls, Angew. Chem., 7 2 ,  71 
(1960); (e) C. A. Grob and P. W. Schieae, Angew. Chen .  Int.  Ed.  En&, 6 ,  
1 (1967). 
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aromatization to 6. Alternatively migration of the 
2,5 bond gives the ion 19 which is the cyclopropyl- 
carbinyl isomer of 17. Also a third alternative involves 
migration of the benzo ring (a l,&aryl migrati0n4~) to 
give 20 followed by cyclopropyl cation to allyl cation 
rearrangement (it seems likely that these steps would 
be telescoped) would give 21 which would lose a proton 

17 18 

19 20 

A 

21 

to give 6. Each of these proposed routes has a t  least 
one less than attractive feature, and wc havc no labeling 
experiments to distinguish among the several possibil- 
ities, so that these suggestions are speculative, a t  best. 

The reaction of 1-NH2 with isoamyl nitrite in diglyme 
containing an equivalent of acetic acid deserves further 
commcnt. This procedure, which Friedman and Bay- 
less13 have termed “aprotic diazotization,” has been 
suggested by them to proceed via diazo csters produced 
by addition of acetic acid to  the diazoalkanes formcd 
by deprotonation of the diazonium ions in the aprotic 
solvent system. Our failure to  find thc alcohols 2-OH 
or 3-OH in the “aprotic” system would appear to con- 
firm that suggestion, and comparison of results in this 
system with that in glacial acetic acid, where more than 
half of the alcohol-acetate fraction is alcohol, provides 
the beginning of an insight into solvent effects on rela- 
tive rate constants for the various processes involvcd. 

Preparation of Reagents and Identification of Prod- 
ucts.-Compounds with the skeleton represented by 1 
were derived from l-carbocthoxydibcnzotricyclo- 
[3.3.0.02~8]octadiene (22-Et) or its methyl ester analog 
(22-Me). These compounds are readily available by 

CO,R 
1 -  CONHp 

I 

22 23 

w 
OAc 

24 25 

(13) L. Friedman and J .  H. Bsylesa, J .  AmeT. Chem. SOC.,  91, 1790 
(1969). 
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Ciganek's elegant photochemical procedure. l4 Re- 
duction of 22 with lithium aluminum hydride gave 1- 
OH16 which gave 1-OAc with acetic anhydride in pyr- 
idine. Treatment of 1-OH with phosphorus tribro- 
mide and pyridine in benzene gave I-Br. 

Treatmont of 22-RIe with methanolic sodium hy- 
droxide gave, after acidification, 22-H, which upon 
treatment first with thionyl chloride and then with 
ammonia gave the amide 23. Diborane reduction of 
23 gave I-NH,. 

The product mixtures from the solvolyses were ana- 
lyzed by pmr techniques before and after treatment 
with lithium aluminum hydride to  convert the acetates 
to alcohols, and those from the deamination without 
lithium aluminum hydride treatment (4-OH and 5-OH 
are more readily distinguishable than their acetates). 

A pure sample of 5-OH was prepared by lithium alu- 
minum hydride-aluminum chloride reductionI6 of 7- 
carbocthoxydibenzobicyclo [2.2.2]octatriene as de- 
scribed by Shen0y.l' As reported by Shenoy, omission 
of aluminum chloride gave the saturated alcohol. 
5-OAc was also prepared from propargyl acetate and 
anthracene, l5 although the Shenoy procedure for 5-OH 
is simpler. Treatment of 5-OAc (or 2- or 3-OAc) with 
perchloric acid in acetic acid gave 4-OAc. Pure sam- 
plcs of 2-OAc or 3-OAc were not obtained, but mixtures 
of the two can he readily characterized by the different 
coupling constants of the carbinyl (C-4) proton with 
the bridgehead proton.ls A mixture or 2-OAc and 3- 
OAc was prepared by a Wittig reaction on 24 which 
was prepared by oxidation of 25. 25 was prepared 
by treatment of epoxydibenzobicyclo [2.2.2]octadienelg 
with acetic acid. Compound 6 is 

Experimental Section 
Pnlr spectra were determined on Varian A-60A and HA-100 

spectrometers. 
1-Hydroxymethyldibenzotricyclo [3.3.0.024 octadiene (l-OH) .I5 

--A solution of 3.11 g (11.2 mmol) of l-carboethoxytricyclo- 
[3.3.0.02*8]octadiene (22-Et)14 and 800 mg of lithium aluminum 
hydride in 60 ml of tetrahydrofuran was heated at  reflux for 24 
hr. Work-up in the usual way gave, after treatment with 
charcoal and recrystallization from petroleum ether (bp 60-70'), 
1.60 g (63%) of 1-OH: nip 147-148" (lit,"mp 146-147"); pmr 
(CDCla) T 2.5-3.0 (8 H, m, aromatic H) ,  5.57 (1 H,  s, H 4 ) ,  

1-Acetoxymethyldibenzotricyclo [3.3.0.024 octadiene (1-OAc). 
--Treatment of 1-OH with acetic anhydride in pyridine gave 
1-OAc, mp 144.2-145.3", after recrystallization from isopropyl 
alcohol: pmr (CDC11) T 2.6-3.2 (m, 8, aromatic H) ,  5.56 (s, 3, 
H-2, H-3, H-8), 6.90 (8, 2, CH20) ,  8.08 (s, 3, CH3CO); pmr 
(C6D6). the T 5..56 singlet divides into T 3.68 (s, I, H-5) and 7 

6.17 (2 H, h,  H-9), 7.01 (2 H, S ,  H-2, H-8), 8.10 (I H ,  S, OH). 

5.78 (s, 2, H-2, H-8). ~ 

Anal. Calcd for C111Hlli09: C. 82.58: H .  5.80. Found: C ,  ." ." - 
82.72; H ,  5.67. 

1-Bromomethyldibenzotricyclo [3.3 .O .O2l8] octadiene (1-Br) .-A 
stirred solution of 2.50 mg (1.07 mmol) of 1-OH in 2.5 ml of reagent 
grade benzene containing 1 ml of phosphorus tribromide (2.8 g, 
10.3 mmol) and 1 ml of pyridine was heated t o  60" for 4.5 min. 
The reaction mixture was then poured into 50 ml of water and 
extracted with several 25-ml portions of benzene. The benzene 
layers were washed with water and sodium bicarbonate solution 

(14) E. Ciganek, J .  Amer. Chem. Soc., 88, 2882 (1966). 
(15) This was carried out  by Dr. G. 0. Mayo, unpublished work. 
(16) M. J. Jorgenson, Tetrahedron Lett.,  559 (1961). 
(17) P. K. Shenoy, Ph.D. Thesis, University of Arizona, 1966, p 53. 
(18) S. J. Cristol, J. R. Mohrig, and D. E. Plorde, J .  Org.  Chem., 30, 1956 

(1965). 
(19) s. J. Cristol and R. K. Bly, J .  Amer. Chem. Soc., 82, 6155 (1960). 
(20) J. W. Cook, A. Dansi, C. L. Hewett, J. Iball, W. V. Mayneord. 

and E. Roe, J. Chem. Soc., 1319 (1935). 
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and dried (nlgS04). Removal of the solvent and recrystallization 
(charcoal) from petroleum ether (bp 60-70') gave 166 mg (52%) 
of 1-Br: mp 132.5-136'; pmr (CDCL) T 2.5-3.0 (8 H ,  aromatic 
H), 3.51 (1 H,  S ,  H-3), 6.20 (2 H,  S, H-9), 6.84 (2 H ,  S, H-2, 
H-8). 

A n d .  Calcd for C17H13Br: C, 68.70; H,  4.41. Found: C, 
69.07; H,  4.52. 

7-Acetoxymethyldibenzobicyclo [2.2.2] octatriene (5-OAc), mp 
104-105°, wah prepared by a diene synthesis between anthracene 
and propargyl acetate:15 pmr ( c n c h )  T 2.0-3.0 (9 H,  m, H-8, 
aromatic H) ,  5.00 (1 €I, 7, €I-4), 5.10 (1 H, d, H-1, J = 3.3 Hz), 
j.33 (2 H, d,  H-9, J = 1.3 Hz), 8.19 (3 H ,  s, acetate). It was 
converted to 5-OH by hydrolysis. 7-Hydroxymethyldibenzobi- 
cyclo [2.2.2]octatriene (5-OH) was also prepared by the lithium 
aluminum hydride-aluminum chloride reduction16 of 7-carbo- 
ethoxydibenzobicyclo 12.2.2) octatriene, as described by Shenoy.'? 
It melted at  126-127" and had pmr (CDC13) T 2.3-3.0 (8 H,  ni, 
aromatic H) ,  3.33 (1 H, d of d, H-8, J = 1.5, J = 5.0 Hz), 
4.98 (1 H,  s, H-4), 4.98 (1 H,  d, H-1, J = 5.0 Hz), ,533 (2 H,  d, 
H-9, J = 1.3 Hz), 8.32 (1 H,  9 ,  OH). 

4-ezo-Acetoxy-8-syn-hydroxydibenzobicyclo [3.2.1] octadiene 
(25).-A solution of 16.2 g (73 mmol) of epoxydibenzobicyclo- 
[2.2.2]octadiene'$ in 200 ml of glacial acetic acid wai heated at  
50" for 12 hr. Addition of 500 ml of cold water wa5 followed by 
extraction with several 100-nil portions of ether. The combined 
ether extracts were washed with water and aqueous iodium bi- 
carbonate and dried (?rIgS04). Evaporation of the ether left an 
oil, which was chrromatographed on Merck 71707 alumina and 
eluted with benzene. The crude 25 weighed 9.2 g (43%) and was 
recrystallized from benzene: mp 124.e5-1260; pmr (cuc13) T 

2.R-3.0 (8 H,  m, aromatic H) ,  4.21 (1 H,  d, H-4, J = 2.0 HL), 
3.40 (1 H,  m, H-8, J = 4.0, J = 4.,5, J = 10 Hz), 6.11 (1 H,  
d, H-1, J = 4.0Hz),  6.,57 (1 H,  dof d, H-5, J = 2.0, J = 4.3 
Hz), 7.44 (1 H, d, OH, J = 10 Hz), 7.92 (3 II, b ,  acetate). 

Anal. Calcd for ClSH1603: C, 77.13; H,  3.7.5. Found: C, 
77.03; H ,  5.7.5. 

4-Acetoxy-8-methylenedibenzobicyclo[3.2.l]octadiene (ezo-2- 
OAc, endo-3-OAc).-Solid sodium dichromate (11 ..5 g, 39 mmol) 
was added to a itirred solution of 10.0 g (36 mmol) of 25 in 200 
ml of glacial acetic acid a t  room temperature, after which stirring 
was continued for 4 j  min. The reaction mixture was poured into 
water and extracted with ether. The ethereal extracts were 
washed with water and aqueous sodium bicarbonate and then 
dried (hIgS0,). Evaporation of the iolvent left an oil which 
appeared (pmr) to be mainly 24. This wa$ not purified but used 
directly in the Wittig reaction. 

A 537' dispersion (446 mg) of sodium hydride (10 mmol) wab 
placed in a flask under a nitrogen atmosphere and washed with 
pentane several times to remove the mineral oil. The flask was 
placed in a bath at  7.5" and 10 ml of dimethyl sulfoxide (DMSO) 
was added. Reaction proceeded with hydrogen evolution, and, 
when this stopped, 3.5 g (10 mmol) of methyltriphenylphos- 
phonium bromide%] dissolved in 30 ml of DMSO was added to 
the ice-cold solution. After 20 min, 4 g of impure 24 dissolved in 
15 ml of DMSO was added. The reaction mixture way stirred 
overnight. Addition of water was followed by extraction with 
ether. The ether layer was dried (MgSOh), and evaporation 
left an oil which upon alumina chromatography and benzene 
elution gave 400 mg (10%) of a mixture of 2-0Ac and 3-0Ac 
( ~ 9 0 7 ~  2-OAc). Although this mixture wa5 not separated, the 
following pmr absorbances (CDC13) can be confidently18 assigned: 
2-OAc, T 2.5-3.0 (8 H ,  m, aromatic H),  4.03 (1 H, d, H-4, 

s, H-l), 6.12 (1 H, d,  H-5, J = 2.0 He), 7.76 (3 H,  s, acetate); 
3-OAc, 7 2.5-3.0 (8 H,  m, aromatic H), 3.75 (1 H,  d,  H-4, 

d,  H-3, J = 6 Hz), 7.76 (3 H,  s, acetate). The mixture was 
reduced with lithium aluminum hydride to give a mixture of 2-OH 
and 3-OH. Pmr data: 2-OH (CDCL), T 2.5-3.0 (8 H ,  m, aro- 
matic H) ,  4.92 (1 H, s, H-9), 4.98 (1 H, s ,  H-9), 5.2.5 (1 H,  d, 
H-4, J = 2 Hz), 3.74 (1 H, s, H-l), 6.16 (1 H ,  d, H-5, J = 2 
Hz); 3-OH (CCla), T 2.6-3.0 (8 H, in, aromatic H) ,  3.10 (1 H, 

5.80 (1 H ,  s, H-1), and 6.08 (1 H, d, H-3, J = 5 3  Hz). 
7-Acetoxy-8-methylenedibenzobicyclo [2.2.2] octadiene (4-OAc). 

-The acetate mixture from the solvolysis of 1-Br (4.6 g, 16.6 
mmol) (see below) was dissolved in 30 ml of 0..5 M perchloric 
acid in acetic acid. After 40 hr at room temperature, the solution 

J = 2.0 Hz), 4.9h (1 H ,  s, H-9), 5.03 (1 H ,  S, H-9), 5.68 (1 H, 

J = 6 Hz), -4.90 (1 H, S ,  H-9), -5.00 (1 H,  s, H-9), 6.00 (1 H,  

S, H-9), .5.10 (1 H,  d, H-4, J = 5.5 Hz) ,  5.11 (1 H,  S, H-9), 

(21) G. Wittig and U. Sch6llkopf, Ber., 87, 1318 (1954). 
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was poured into 2.50 ml of cold water and extracted several times 
with ether. The ether extracts were combined and washed with 
water and aqueous sodium bicarbonate. Drying (lIgSOa j ,  
solvent evaporation, and chromatography on hlerrk 71707 
alumina with benzene elution gave 4.35 g (95%) of 4-OAc, mp 
97-98", after recrystallization from benzene: pmr (CDC13) T 
2.5-3.0 (8 H, m, aromatic H) ,  4.57 (1 H ,  m, H-7, J = 3.5, 
J = 1.8, J = 2.0 Hz),  4.78 (1 H, d, H-9, J = 2.0 Hzj, 5.07 (1 H ,  

3 3  Hz), 8.05 (3 H,  s, acetate). 
Anal. Calcd for C I D H I ~ O ~ :  C, 82.58; H,  5.80. Found: C, 

82.89; H, 6.05. 
Lithium aluminum hydride reduction of 4-OAc gave 8- 

methylene-7-dibenzobicyclo[2.2.2]octadienol (4-OH): mp 148- 
149' after recrystallization from petroleum ether; bp 60-70'; 
pmr (CDClq) T 2.5-3.0 (8 H ,  m, aromatic H) ,  4.75 (1 H, broad 

(2 H, unresolved m, H-1, H-7), 8.20 (1 H, broads, OH). 
Anal. Calcd for CIIH~,O: C, 87.15; H,  6.02. Found. C,  

87.29; H, 6.20. 
Silver-Assisted Acetolysis of 1-Br.-A solution of 100 mg 

(0.338 mmol) of l-Br and 100 mg (0.60 mmol) of silver acetate 
in 30 ml of glacial acetic acid was heated at 90" for 45 min. The 
cooled solution was filtered and the filtrate diluted with 300 ml 
of water. Ether extraction, washing with water and aqueoui 
sodium bicarbonate, dryihg (MgS04), and sol$ent evaporation 
left 9.5 mg (1000/;1) of an oil which by pnir analysis comprised 
307, Z-OAc, 57, 3-OAc, 2170 5-OAc, 24% 4-OAc, and 18% 6. 
The pmr analysis was done on a solution in deuteriochloroform. 
Acetate methyl peaks at  7 8.05 for 4-OAp, 8.00 for 5-OAc, and 
7.76 for 2-OAc and 3-OAc gave preliminary data. The C-4 
proton absorbances at T 4.05 for 2-OAc and at 3-75 for 3-OAc 
were used to determine the 2:s ratio. The acetate mixture wa5 
reduced to an alcohol mixture with lithium aluminum hydride 
and the ratio of 5-OH to 4-OH was obtained by integration of 
the absorbance3 at  T 3.22 and 4.7 for 5-OH and 7 5.83 and 3.41 
for 4-OH. Benzofluorene was analyzed by integration of the 
absorbance at  T 6.05. 

Separation of Alcohols from Solvolysis Mixtures.-The acetate 
mixture from the solvolysis was reduced with lithium aluminum 
hydride in ether arid the oil which resulted was subjectkd to 
chromatography on Merck 71707 alumina with elution with 5% 
ether in benzene. 4-OH, mp 147-148' after recrystallization 
from petroleum ether, was eluted first, folIowed by mixtures of 
2-OH and 3-OH contaminated by 4-OH. We did not succ'eed in 
separating 2-OH and 3-OH. The last fractions contained 5-OH, 
mp 123-123.3' after recrysiallization from petroleum ether. 

Dibenzotricyclo 13 .3.0.O2~*] octadiene-l-carboxylic Acid (22-H). 
-A solution of 2.00 g (7.6 mmol) of 22-Et14 in 50 ml of 407, 
aqueous sodium hydroxide and sufficient methanol to cause dis- 
solution was refluxed overnight. The solution was cooled in an 
ice bath while 20% sulfuric acid was added dropwise with stirring 
to effect neutralization. The resulting white precipitate was 
separated by filtration, washed with water, and dried to yield 
1.5 g (797,) of the acid. Recrystallization from isopropyl alcohol 
afforded white needles: mp 229-231'; pmr (CDC13) 7 -0.57 
(s, 1, COOH), 2.5-3.1 (m, 8, aromatic H),  5.03 (s, 1, H-5), 

Anal. Calcd for CI7H1202: C, 82.24; H ,  4.87. Found: C, 
82.06; H ,  4.88. 
1-Dibenzotricyc1o[3.3.0.0~~*] octadienecarboxamide (23).-To a 

suspension of 5.18 g (20.8 mmol) of 19-H in 60 ml of dry benzene 
was added 4.R4 g (41 mmol) of freshly distilled thionyl chloride 
and 1.65 g (20 mmol) of dry pyridine. This mixture was refluxed 
for 1.6 hr. The solvent and excess thionyl chloride were removed 
zn vacuo and the residual oil was treated with -200 ml of ether 
saturated with ammodia. After standing for 30 min, the ether 
solution was washed with an equal volume of water and the water 

d, H-9, J = 1.8 Hz),  5.31 (1 H, S, H-4), 5.43 (1 H,  d, H-1, J = 

S, H-9), 4.90 (1 H,  d, H-9, J = 1 Hz),  5.48 (1 H, S, H-4), 3.62 

6.14 (s, 2, H-2, 71-8). 
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layer was reextracted with methylene chloride. The combined 
organic phases were dried, filtered, and evaporated to give 4.94 g 
(967,) of 23 as fine white needles: mp 208-209' from hexane- 
benzene; pmr (CDCl,) 7 2.5-3.1 (m, 8, aromatic H ) ,  4.29 (br, 

Anal. Calcd for C17HI3NO: C, 82.57; H, 5.30; N,  5.66. 
Found: C, 82.60; H, 5.18; X, 5.55. 

l-Aminomethyldibenzotricyclo[3.3.0.02 8]octadiene ( l-NH2),- 
To 40 ml of diborane in tetrahydrofuran (-1 M ,  40.0 mmol) was 
added dropwise under nitrogen a solution of 1.66 g (6.73 mmol) 
of E3 in 60 ml of anhydrous tetrahydrofuran. The solution was 
refluxed for 8 hr, stirred at room temperature overnight, treated 
with 6 -V hydrochloric acid (-10 ml) until gas evolution was 
complete, and freed of tetrahydrofuran in vacuo. The aqueous 
emulsion so produced was saturated with sodium hydroxide 
pell'ets and extracted with six portions of methylene chloride. 
The usual work-up furnished 1.41 g (90.47,) of 1-NH2 as a 
fluffy white powder: mp 180.5-182.5' dec from isopropyl 
alcohol; pmr (CDCl,) T 2.5-3.2 (m, 8, aromatic H) ,  5.58 (s, 1, 

Anal. Calcd for C17Hl:N: C, 87.51; H ,  6.48. Found: C, 
87.74; H,  6.63. 

Protic Deamination of 1-NH2.-To a solution of 1.5 g (6.44 
mmol) of I-iYH? in 50 ml of glacial acetic acid was added 3.54 g 
(51.3 mmol) of sodium nitrite in small portions. After the solid 
dissolved and evolution or nitrogen ceased, the orange solution 
was poured into a mixture of 75 ml of benzene and 7 5  ml of water. 
The water layer was extracted with benzene (8 X 50 ml) and the 
combined benzene layers were washed with saturated sodium 
bicarbonate solution ( 5  X 50 ml), dried, and evaporated. Chro- 
matography on silica served to separate the mixture of acetates 
from 3,4-benzofluorene (6, 42.2 mg), white plates, mp 124-125" 
(lit.4d mp 125.5-126.5'). The composition of the acetate-alcohol 
mixture was determined by careful integration of the pmr spec- 
trum. Preparative thick layer chromatographic separation of 
the mixture led to  the isolation of the following components: 
2-OAc (171.4 mg), l-OAc (111.7 mg), 2-OH (239.6 mg), and 
1-OH (68.6 mg). The total recovery of products based on starting 
material was 39%. 

Aprotic Deamination of l-NHs.--To a solution of 102 mg (0.44 
mmol) of 1-NH2 in 20 ml of anhydrous diglyme (distilled from 
sodium) was added under nitrogen 26.2 mg (25 pl, 0.44 mmol) of 
anhydrous acetic acid and 62.8 mg (72 pl, 0.545 mmol) of freshly 

lled isoamyl nitrite and the mixture was heated rapidly 
to 130" by immersing the flask in a preheated oil bath. After 13 
min, the orange solution was cooled, poured into 50 ml of water, 
and extracted with ether (2 X 50 ml). The ether was washed 
with saturated sodium bicarbonate solution (50 ml) and water 
(100 ml), dried, and evaporated. Analysis was by pmr. Prepara- 
tive thin layer chromatography on silica gel (elution with 20% 
ether in hexane) gave 8.9 mg (l5.7Yc) of 6 ,  37.1 mg (51.4%) of 
2-OAc, and 23.8 mg (32.9%) of l-OAc. The overall recovery of 
products was 59%. 

Acid-Catalyzed Rearrangement of 1-0Ac.-1-OAc (50 mg, 
0.18 mmol) was dissolved in 10 ml of 0.027 M perchloric acid in 
acetic acid and this solution was stirred with exclusion of moisture 
for 9 hr a t  room temperature. The contents were poured into 10 
ml of water and extracted with ether (2 X 25 ml). The customary 
work-up gave an orange oil, the pmr spectrum of which was 
superimposable upon that of authentic 4-OAc. 

Registry No.-1-Br, 28545-62-2; l-SH,, 34131-53- 

2, NHI),  5.25 (s, 1, H-5), 6.25 (s, 2, H-2, H-8). 

H-5), 6.89 (s, 2, H-9), 7.00 (s, 2, H-2, H-8), 8.91 (s, 2, -NH,). 

8; 1-OH, 28545-61-1; l-OAc, 36481-82-0; Z-OAC, 
36357-95-6; 2-OH, 36357-96-7 ; 3-OH, 36357-97-8; 
4-OAc, 36357-98-9; 4-OH, 36357-99-0; S-OAc, 36358- 
00-6; 5-OH, 27651-43-9; 22-H, 10589-07-8; 23,28889- 
08-9; 25,36358-02-8. 


