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1.2,13-Benzo-l0-bromo[ 10]metacyclophane (4c) has been prepared and chemical transformations of the de- 
rived Grignard reagent (sa) and the corresponding aryllithium reagent (5b) are described. The Grignard func- 
tion in 5a is quite hindered, but reacts normally with mineral acids, deuterium oxide, and benzaldehyde; however, 
reduction occurs with acetone-&, acetaldehyde, and presumably with other enoliaable ketones. Reaction of the 
Grignard reagent 5a with carbon dioxide is quite slow, and, with oxygen, transannular reactions occur. The 
ultraviolet spectrum of ketones 8 and 9 euggests that lack of coplanarity of carbonyl group with the aromatic 
ring results in considerable change in wavelength of absorption. 

We have r e ~ e n t l y ~ ! ~  described synthesis of the 1,3- 
bridged naphthalenes 3a-3c and 4a by procedures sum- 
marized in eq 1. The lower practical limit of m (in 1) 

I-HX 
J 

3,x=c1 
4, X-Br 
a , n - - 2  
b , n = 4  
c , n - 6  

in this synthesis was found to be six, and the aromatic 
ring containing the methylene bridge in 3a and 4a was 
observed to be highly strained and reactive. The 
present work was directed to a study of the chemical 
behavior of the analogous 1,a-bridged aromatic system, 
12,13-benzo-16-bromo [lO]metacyclophane (4c). 

Preparation of 4~.--12,13-Benzo-16-bromo [ 10 Imeta- 
cyclophane (4c) was prepared in 80% yield by 
reaction of 1 (m = 10) with two equivalents of potas- 
sium t-butoxide and bromoform, essentially as pre- 
viously described for the preparation of 312.~ The nmr 
spectrum of 4c, which showed characteristic broad and 
complex methylene absorption a t  r 6.00-10.27 and 
which was analogous to that reported for 3c, established 
the fact that the methylene bridge is tightly packed 
over the face of the aromatic system to which it is 
attached and that the methylene bridge cannot pass 
over the halogen to the other face of the aromatic sys- 
tem (ie., the molecule is asymmetric and exists as a dl 
pair).2 The very high field absorption of 4c near r 
10.27 was expected by analogy with 3a2 (near r 11.0) 
since the bridging atoms are held closely over the face 
of the benzene ring, and, as a consequence, are held 

(1) Supported by the National Science Foundation, Grants GP-6169X 
and GP-11918. 

(2) For the preceding article in this series, see W. E. Parham, D. R. John- 
son, C. T. Hughes, M. K. Meilahn, and J. K. Rinehart, J .  Ore. Chsm., 86, 
1048 (1970). 

(3) Taken in large part from the thesis of Riohard W. Davenport, The 
University of Minnesota, 1969. 

(4) W. E. Parbam and J. K. Rinehart, J .  Amsr. Chsm. Soc., 89, 5668 
(1967). 

closely in the shielding cone of the aromatic ring. The 
metacyclophane 4c reacted readily with magnesium in 
tetrahydrofuran to give the corresponding Grignard 
reagent 5a or with n-butyllithium in hexane to give the 
corresponding aryllithium derivative 5b. By con- 
trast, the analog 3c did not react4 with magnesium even 
when an entrainment agent was added. 

Reactions of 5. A. With Acids.-The Grignard 
reagent Sa reacted in a normal manner with dilute hy- 
drochloric acid to give 6 in quantitative yield and with 
DzO to give 7 in 74% yield (75% deuterium incorpora- 

5a, M = MgBr 
b, M =Li 

CH2 
6 

CH2 
7 

tion by nmr). When the Grignard reagent 5a reacted 
with acetone-& the metacyclophane 7 was obtained 
(85y0 yield, 70% deuterium incorporation) together 
with only trace amounts of other materials which could 
have been addition products. Similarly, the reaction 
of 5b with mineral acid gave 6 in 99% yield. 

The nmr spectrum of 6 is in sharp contrast to that of 
the bromo derivative 4c. The rather simple spectrum 
for the former (see Experimental Section) shows that 
conformational averaging is occurring and that the 
bridge methylenes pass rapidly to the opposite face of 
the aromatic ring. 

The position of deuterium in 7 was evident by its nmr 
spectrum, which showed almost complete disappearance 
of hydrogen in the aromatic region at  7 2.76. This 
absorption for the hydrogen a t  position 16 in 6 corre- 
sponds to absorption a t  7 3.06 for the 2-hydrogen in 
1,3-dimeth~lnaphthalene~ which is also upfield, and 
which similarily exhibits no ortho coupling as predicted 
for the 1,3-dialkylnaphthalene structure. 

B. With Benzaldehyde and with Acetaldehyde.- 
It was of interest to note that reaction of 5a with excess 
benzaldehyde proceeded directly to the ketone 8 (63% 
yield). Although oxidation of magnesium salts of 
alcohols by hydride transfer wth aldehydes is well 
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known, the ketone 8 rather than the corresponding 
alcohol was unexpected in view of the steric demands in 
this system. 

5a + (excess) C6H,>CH=0 -+ 

9 

I CO! &,,OH 

CHJ \ /  

10 

Rekker and Nauta6 have investigated steric effects in 
the ultraviolet spectrum of substituted benzophenones, 
and have shown that ortho substituents prevent co- 
planarity of the carbonyl group with the benzene nuclei. 
These steric effects cause only small changes in the 
wavelength and somewhat larger decreases in the 
absorption intensity. By analogy, the uv spectrum of 

(8240) and 320 (sh) (595)] was expected to be similar to 
that of 2-benzoylnaphthalene6 [X,,, 254 mp (31,600), 
285 (11,500), and 335 (2400)l. In  view of the great 
difference noted, 2-benzoyl-1,3-dimethylnaphthalene 
(9) was prepared (eq 3) as a model. The uv spectrum 
of 9 (see Experimental Section) was in good agreement 
with that of 8. The ortho substituents in both of these 
ketones undoubtedly prevent coplanarity of the naph- 
thalene ring and the carbonyl groups, and unlike pre- 
vious reports for related hindered benzophenones, lack 
of coplanarity of the carbonyl group with the aromatic 
ring results in considerable change in wavelength of 
absorption. 

There was no evidence for the formation of addition 
products when Sa was treated with acetaldehyde; ex- 
tensive enolization occurred, as evidenced by the isola- 
tion of 6 (64% yield). 

These results, coupled with those described for reac- 
tion of Sa with acetone-de, established that functional- 
ity a t  C-16 in 5 could be introduced by organometallic 
addition reactions to carbonyl groups provided that no 
enolizable hydrogen was present in the carbonyl func- 
tion. 

C. With Carbon Dioxide.-Reaction of Sa with 
crushed Dry Ice, under conditions which gave excellent 
yields (73%) of the model compound 10, gave only the 
metacyclophane 6 (96%). While the result was sur- 
prising, the Grignard reagent is highly hindered and 
prefers to react with water, inevitably present on Dry 
Ice, rather than carbon dioxide, even though the latter 
is present in large excess. 

8 [Amax 232 mp ( E  66,lOO), 250 (sh) (22,600), 276 (sh) 

(6) R. F. Rekker and W. Th. Nauta, Reel. Tmv. Chim. Pays-Bas, 78,  969 

(6) L. L&ng, "Absorption Speotra in the Ultraviolet and Visible Region," 
(1954); S'pectTOchim. Acta, 8, 348 (1957). 

Aoademic Press, New York, N. Y., 1961. 

In  one experiment the acid lla was obtained from Sa 
in 48% yield, together with 6 (2001,) and an unidentified 

CH -CH, 
I 2 /  

lla, R = H 

hydrocarbon (see Experimental Section), by bubbling 
dry carbon dioxide (generated from Dry Ice) through 
the Grignard reagent for 6 hr. The ester l l b  was pre- 
pared from the acid lla; however, preparation of the 
acid by this procedure could not be repeated. The 
major products from such reactions were subsequently 
shown to be 6 (-22%), 15 (,-IS%), and 16 (-~42%). 
Attempts to prepare the acid lla from Sa using >99% 
pure commercial carbon dioxide were generally unsuc- 
cessful. 

Reaction of the lithium reagent 5b with solid Dry Ice 
also gave 6 (89% yield) ; however, reaction of 5b with 
carbon dioxide generated from Dry Ice gave the acid 
1 la in 18% yield, or with high purity commercial carbon 
dioxide the acid lla in 38y0 yield. These results were 
reproducible. 

With Oxygen.-In a number of reactions of 
the type described in section C, the Grignard reagent 
was completely reacted but only small quantities of 6 or 
acid lla were formed. It was concluded that the 
Girgnard reagent 5a was reacting selectively with small 
concentrations of oxygen present as an impurity in the 
carbon dioxide. This conclusion was confirmed by a 
study of the reaction of Sa with oxygen. 

Oxygen was bubbled through a solution of the 
Grignard reagent in tetrahydrofuran for 2 hr  (tlc analy- 
sis indicated the reaction was complete within 30 min). 
The products isolated and characterized were the meta- 
cyclophane 6 (42%), the a-hydroxy ketone 15 (16'%), 
and a mixture of isomeric alcohols 16 (34%) formed by 
transannular reaction (eq 5 ) -  These results compare 

b, R = CH, 

D. 

5a + 0, 

1 6 , m $ n  = 9 1 
(5) 

\ /  
CHI 1 7 , m + n = 9  

15 
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with yield of 22y0, 1801,, and &yo 6, 15, and 16, re- 
spectively, when the Grignard reagent 5a was treated 
with carbon dioxide generated from Dry Ice. 

The structure of the hydroxy ketone 15 was not es- 
tablished unequivocally, but was assigned on the basis 
of its composition; comparison of its ultraviolet 
spectrum with that of 18;’ its infrared spectrum which 
showed strongly hydrogen bonded OH a t  3520 cm-I 

68) 1s 

characteristic of a-hydroxy ketones;8 arid its nmr 
spectrum.g The hydroxy ketone 15 is assumed to be 
derived from the expected hydroperoxide 14 (eq 5) and, 
while arylhydroperoxides do not normally lead to such 
products, the effective rearrangement of 14 to 15 is 
logical for such a strained system. lo 

The mixture of alcohols 16 was obtained as an oil that 
was partially crystallized to give one pure isomer of 16 
(11% overall yield from 5a). The ir and nmr spectra of 
the mixture of alcohols were essentially identical with 
those of the pure isomer, which suggested that the mix- 
ture contained only isomers of 16. The alcohols could 
not be resolved by tlc; however, oxidation of the mix- 
ture with Jones reagent gave a mixture of ketones in 
79% yield which showed four spots on tlc. The ir and 
nmr spectra of this mixture suggested that only isomers 
of the ketone 17 (eq 5) were present. The principal 
isomeric ketone was isolated in 26% yield from the 
isomeric alcohols and in S9yo yield from the pure isomer 
of 16. From these data it was concluded that the alco- 
hols 16 consisted of a t  least four isomers (the OH groups 
at different positions on the methylene bridge) one of 
which comprised a minimum of 55% of the mixture. 

The uv spectrum of the major ketone 17 derived from 
the major alcohol 16 showed typical naphthalene ab- 
sorption similar to the metacyclophane 6. The nmr 
spectrum of this ketone showed for the methylene pro- 
tons T 6.42-6.68 (2 protons), 6.83-7.38 (4 protons), 
and 7.58-9.55 (12 protons). Using the data of Tiers” 
and standard chemical shifts it was concluded that only 
when the carbonyl group is a t  C3 or CS (CI, CZ, Ce, and 
CIO being eliminated by the nmr spectrum of the major 
alcohol 16) on the chain will there be six protons ab- 
sorbing in the region of T 6.4-7.6 as experimentally ob- 
served. Thus, it was concluded that the major trans- 
annular alcohol derived by reaction of 5a with oxygen 
has the hydroxyl function at  either C3 or Cs of the meth- 

(7) R. D. Campbell and N. H. Crommell, J .  Amer. Chew. Boo., 79, 3456 

(8) L. Joris and P. von R.  Schleyer, ibid., 00, 4599 (1968). 
(9) The nmr spectrum is summarized in the Experimental Section. 

(1957). 

The 
allylic protons in 16 are nonequivalent owing to the asymmetric center at Cs; 
one of the allylic protons is deshielded by the adjacent carbonyl group; 
consequently, the allylic protons have widely different chemical shifts. 

(10) The conversion of one aromatic ring carbon atom from spa to spa 
relieves strain. The enhanced reactivity of strained systems of this type 
toward electrophilic reagents has already been noted and discussed in ref 2. 
Rather obvious reaction paths from the conversion of 14 to 16 can be formu- 
lated. 

(11) G. V. D. Tiers, “Characteristic Nuclear Magnetic Resonance 
(NMR) ‘Shielding Values’ (Spectral Positions) for Hydrogen in Organic 
Structures,” Minnesota Mining and Manufacturing Company, S t .  Paul, 
Minnesota, 1958. This assignment is tentative since the data of Tiers are 
gathered from saturated acyclio systems and may not be applicable to 17. 
For example, thiii treatment ignores possible transannular shielding or 
deshielding effects which possibly could be important in this system. 

ylene chain. This conclusion is consistent with exam- 
ination of models which show hydrogen at  C-3 and C-8 
in close proximity to functionality a t  C-16. 

The mechanism of the transannular reaction of Sa 
leading to 16 is not known. It does not appear that the 
Grignard reagent undergoes appreciable exchange in 
the absence of oxygen as shown in 5a + 19 (eq 6), since 
the Grignard reagent behaves normally in its reactions 
with acids and acetone-&. The details of the mech- 
anism are under further examination and will be re- 
ported subsequently. 

5a 19 

Experimental Section 
Glpc separations were performed on a Beckman Model GC-4 

or Varian-Aerograph Model 90-P instrument. All ultraviolet 
spectra were determined in 95% ethanol. Petroleum ether used, 
unless otherwise specified, had bp 60-70’. 

(4) .-Decahydro- 
cyclododec[b]indene (0.0532 mol) was treated with bromoform 
(0.106 mol) and potassium t-butoxide (0.256 mol) in anhydrous 
benzene (200 ml, 20 min a t  0’) by a procedure similar to that 
d e s ~ r i b e d ~ ~ ~  for related syntheses with chloroform. Chro- 
matography (alumina, petroleum ether as eluent) of the oil gave 
0.0426 mol (80.1% yield) of 4c (mp 57-63.5’) which was purified 
(from ethanol) to  give pure 4c: mp 63-64.5’; uv max 232 mp 
(sh) (e 68,800), 237 (77,300), 268 (sh) (3960), 278 (52801, 287 
(5650), 298 (sh) (3960), and 320 (339); nmr (CC14) T 1.90-2.76 
(m, 4.8, aromatic H)  and 6.00-10.27 (very complex, 20.2, CHz); 
mass spectrum m/e 344 (calcd 344). 

Anal. Calcd for CZ0HzbBr: C, 69.56; H, 7.30. Found: c, 
69.56; H, 7.33. 

12,13-Benzo[10]metacyclophane (6). 1. From Sa.-A mix- 
ture of 4c (0.273 g, 0.792 mol) and magnesium (0.108 g, 0.00444 
g-atom) was heated a t  the reflux temperature under nitrogen for 
4 hr after which time glpc analysis (6 f t ,  in., 20% SE-30 on 
AW-DMCS, 200’) showed that all 4c was consumed. The 
cooled mixture was hydrolyzed with aqueous hydrochloric acid 
(lo’%, 10 ml), the resulting mixture was extracted with ether, 
and the ether was dried (MgSO,). The oil (0.202 g, 96% yield) 
obtained by concentration of the ether was shown to be -~1007~ 
pure 6 by glpc analysis using n-docosane as an internal standard. 
Pure 6 was obtained as a solid, mp 38-39’, by recrystallization 
of the oil from petroleum ether, bp 30-60’, a t  -78’, and showed 
uv max 225 mp (sh) (e60,600), 231 (85,200), 278 (sh) (5290), 285 
(5650), 293 (sh) (4440), and 322 (363); nmr (CClr) T 1.96-2.72 
(m, 5.0, aromatic H), 2.76 (d, 0.9, J = 2 He, H a t  Cia), 6.91 (t, 
2.0, J = 7.0 Ha, benzylic CHZ), 7.20 (t, 1.9, J = 7.0 Hz, benzylic 
CHZ), and 7.97-9.33 (m, 16.2, CHz); mass spectrum m/e  266 
(calcd 266). 

Anal. Calcd for C Z ~ H Z ~ :  C,  90.16; H, 9.84. Found: C, 
90.29; H, 9.96. 

2 .  From 5b.-A solution of 4c (0.565 g, 1.64 mmol) in an- 
hydrous hexane (10 ml) was added over a period of 10 min to a 
solution of n-butyllithium (3.3 ml of 1.5 m n-butyllithium in 
hexane, 4.9 mmol, threefold excess) in anhydrous hexane (5 ml) 
maintained under a nitrogen atmosphere. The mixture was 
heated a t  reflux for 5.5 hr when glpc (see 1, above) showed com- 
plete absence of 4c. The mixture was treated as in 1, above, to 
give 0.396 g (91oJ,, 9801, corrected for amount used for analysis) 
of pure 6. 

12,13-Benzo[10]metacyclophane-16-d (7). 1. From 4c.- 
The procedure was essential as described for 6 from 4c except 
that 3 drops of 1,2-dibromoethane was added as a carrier and an 
8-hr reflux period was required for complete reaction of 4c. The 
mixture was treated with deuterium oxide (1 ml) stirred over- 

12,13-Benzo-16-bromo [ IO] metacyclophane 
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night and then treated with aqueous acid and processed as above. 
The oil was chromatographed on alumina (Woelm neutral, 
activity I ,  20 g, petroleum ether was used as eluent). The cyclo- 
phane 7 was obtained pure (by glpc) as an oil (74% yield) that 
was recrystallized to mp 38.5-39.5'. The infrared spectrum of 
7 was essentially identical with that of 6 but absorption a t  772 
om-'was considerably less intense. Pure 7 showed uv max 225 
mp (sh) (e 61,700), 231 (93,400), 276 (sh) (5410), 286 (5630), 292 
(sh) (4720), and 323 (412); nrnr (CC4) 7 1.96-2.79 (m, 5.25, 
indicating 75y0 deuterium incorporation, aromatic H), 6.91 (t, 
2.0, J = 7.0 Hz, benzylic CHz), 7.20 (t, 2.0, J = 7.0 Ha, benzylic 
CHZ), and 7.97-9.33 (m, 17.3, CHZ). 
2. From Acetone-&.-The procedure was essentially the same 

as that described above. A~el0ne-d~ (1 g, Stohler Isotope Chemi- 
cal Co.) was added and the mixture was stirred a t  room tempera- 
ture overnight prior to processing. The resulting oil was puri- 
fied by preparative tla (alumina PF 254, petroleum ether). Two 
bands (Rr 0.8 and 0.0) were separated and eluted with chloro- 
form. The deuterated cyclophane 7 (Rr = 0.8) solidified (mp 
36-38.5', 84.5% yield) and was further purified by recrystalliza- 
tion (petroleum ether, bp 30-60°, a t  -78') to mp 38.5-39.5" and 
was identical with 7 prepared above, mass spectrum analyses 
indicated 70% deuterium incorporation. 

The other band ( E t  0.0) was shown by tlc (silica gel HF 254, 
benzene) to contain a t  least six components and was not further 
processed. 

12,13-Benzo-16-benzoyl[ 101 metacyclophane (8) .-A mixture 
containing 4c (0.620 g, 1.80 mmol), magnesium (0.120 g, 0.00494 
g-atom), and 1,Z-dibromoethane (4 drops) in tetrahydrofuran was 
heated a t  reflux for 6 hr [until 4c completely reacted (by 
tlc)] and freshly distilled benzaldehyde (0.912 g, 8.6 mmol) was 
added all a t  once. The resulting stirred mixture was allowed to 
cool to room temperature and was then stirred overnight and 
finally for 2 hr a t  the reflux temperature. The dry oil obtained 
by processing the mixture in a conventional manner was chro- 
matographed on alumina (40 g, petroleum ether). There was 
obtained cyclophane 6 (25.2% yield) and the ketone 8 as an oil 
(0.422 g, 64% yield) which melted a t  78.5-84' after crystalliza- 
tion from ethanol-water. The solid ketone was rechromato- 
graphed and the product was recrystallized from acetone-water 
to give pure 8: mp 85.5-88.5'; uv max 232 my (e66,100), 250 
(sh) (22600), 276 (sh) (8240), and 320 (sh) (595); ir (KBr) 1665 
cm-l (C=O), 743 and 698 (ortho and monosubstituted benzene); 
ir (Cc4)  1678 cm-l (c=O); nrnr (CC14) 7 1.88-3.00 (m, 9.9, 
aromatic H)  and 6.38-10.47 (complex, 20.1, CHz). 

Anal. Calcd for CZ,H~~O:  C, 87.52; H,  8.16. Found: C, 
87.43; H ,  8.18. 
2-Bromo-l,3-dimethylnaphthalene was prepared from 2,3- 

dimethylindene4 essentially as described for 4c. The crude ma- 
terial was chromatographed on alumina (petroleum ether) and 
was obtained as a liquid: bp 92-93' (0.10 mm); 75% yield; 
n Z 5 ~  1.6494; LIV max 232 mp (log e 4.93), 245 (sh) (3.44), 266 
(sh) (3.60), 275 (3.73), 285 (3.76), 296 (3.58), 319 (sh) (2.37), 
324 (sh) (2.37); nmr (CCl,) 7 2.18-2.93 (m, 5, aromatic H), 

Anal. Calcd for C12H11Br: C, 61.30; H,  4.72, Br, 33.99. 
Found: 
2-Benzoyl-l,3-dimethylnaphthalene (9) was prepared from the 

Grignard reagent obtained from 2-bromo-l,3-dimethylnaph- 
thalene and benzaldehyde by a procedure similar t o  that described 
above for 8. The crude ketone was obtained by chromatography 
as ayellow oil (13.2% yield) that solidified, mp 101.5-106.5' (one 
spot by tlc on alumina H F  254, petroleum ether, Rr 0.15). 
Recrystallization of the crude ketone from ethanol gave pure 9: 
mp 109.5-110.5"; uv max 227 mp (e 74,700), 250 (21,000), 280 
(sh) (7800), 292 (sh) (5380), and 320 (sh) (742); Ir (CC14) 1774 
cm-I (C=O); nmr (CDCla) 7 1.67-2.87 (m, 10.3, aromatic H), 
7.53 (s, 2.9, CHa), and 7.73 (s, 2.8, CHs). 

Anal. Calcd for C19HlsO: C, 87.68; H,  6.17. Found: C, 
87.86; H, 6.05. 
1,3-Dimethyl-Z-naphthoic Acid (IO).-The Grignard reagent 

was prepared under a nitrogen atmosphere from 2-bromo-1,3- 
dimethylnaphthalene (10.6 g, 0.045 mol) in anhydrous ether, 
magnesium (1.20 g, 0.0494 g-atom) and 1,2-dibromoethane (5 
drops). The reagent was added to a slurry of Dry Ice in ether. 
The resulting mixture was treated with 20% sulfuric acid (20 
ml), and the resulting mixture was extracted with ether. The 
crude acid 10 (7.23 g, 72.6y0 yield) was obtained from the dry 
ether (MgS04) extract. The pure acid (5.62 g, 62.3% yield, mp 
147.5-148.5' from toluene), showed uv max 227 mp (e 66,400), 

7.42 (s, 3, CHs), 7.61 ( 8 ,  3, CHs). 

C, 61.52; H ,  4.75; Br, 33.78. 

274 (sh) (5230), 280 (5610), 290 (sh) (4250), 307 (sh) (697), 315 
(sh) (557), and 321 (583); ir (Nujol) 3250-2200 om-' (OH) and 
1700 (C=O); nmr (CDCla) 7 -0.20 (broad s, 1.2, -OH), 1.83- 
2.81 (m, 5.1, aromatic H), 7.23 (6, 2.8, 1 CH3) and 7.43 (9, 3.0, 

Anal. Calcd for ClsHl2Oz: C, 77.98; H ,  6.04. Found: C, 
77.98; H ,  6.15. 

Methyl 1,3-dirnethyl-2-naphthoate (from 10 and diazomethane) 
showed mp 51-52' (from methanol-water); uv max 227 mp 
(e 69,600), 272 (5020), 281 (5540), 293 (sh) (4060), and 323 (753); 
ir (Nujol) 1732 cm-' (C=O). 

Anal. Calcd for Cl4H1402: C, 78.48; H,  6.59. Found: C, 
78.26; H, 6.81. 

12,13-Benzo-16-carboxy[10]metacyclophane (1  la).-The Gri- 
gnard reagent was prepared as described for the preparation of 
6 [l,a-dibromoethane was used as a carrier and about 6 hr was 
generally required for complete conversion (glpc) of 4c]. The 
Grignard reagent was treated as follows. 

(a) With Crushed Dry Ice.-Such reaction gave only the re- 
duced cyclophane 6 ( ~ 9 6 %  yield). 

(b) With Carbon Dioxide Generated from Dry Ice.-In 
these experiments the carbon dioxide was dried by passing suc- 
cessively through columns (2 ft X 1.5 in.) of calcium chloride 
Tel-Tale@ (a silica gel desiccant, Davison Chemical Co.) and 
molecular sieves (Linde 13X) and then bubbled through the 
Grignard mixture for 6 hr. Chromatography of the mixture of 
products obtained by conventional means on silica gel using 
petroleum ether-acetone as eluent gave (1) reduced metacyclo- 
phane 6 (0.092 g, 19.8% yield), ( 2 )  a hydrocarbon (0.07 g crude, 
mp 113-140', petroleum ether-2y0 acetone), and (3) the acid 
l l a  (0.26 g, 48% yield, mp 213-214', petroleum ether-10% ace- 
tone). Attempts to repeat this experiment failed. 

The unknown hydrocarbon showed mp 147-149" (from ace- 
tone); uv max 231 mp (€:%,, 2620), 237 (sh) (1550), 276 (sh) (173), 
287 (205), 298 (sh) (153), and 322 (12.8); nmr (CC14) T 2.00-3.00 
(m, aromatic H),  and 6.07-9.76 (complex, CHZ), CHt/aro- 
matic = 3.96; mass spectrum m/e (re1 intensity) 264 (16), 282 
(loo), 566 (1.8). 

3-CHs). 

Anal. Found: C ,  89.98; H, 9.90. 
Acid l l a  showed mp 213.5-215.5'' (from ethanol-water); 

uv max 234 mp (E 81,300), 286 (5210), and 325 (511); ir (KBr) 
3600-2150 cm-I (OH), 1678 (C=O), 1455 and 1440 (CHZ), 1286 
and 1262 (aryl C=O stretch), and 750 (ortho substituted ben- 
zene); nmr (CDCla) 7 0.47 (broad s, 0.9-COOH), 1.67-2.67 (m, 
5.0, aromatic H )  and 6.06-10.50 (very complex, 21.0 CHz). 

Anal. Calcd for CZlHz6Oz: C, 81.25; H,  8.44. Pound: C, 
81.43; H,  8.55. 

The methyl ester l l b  (from l l a  and diazomethane) showed 
mp 112.0-113.0" (from methanol-water); uv max 233 mp (e 
67,300), 283 (5210), and 325 (635); ir (KBr) 1730 cm-l (C=O). 

Anal. Calcd for C22HzsOz: C, 81.44; H ,  8.70. Found: C, 
81.49; H ,  8.99. 

(c) Isolation of 15 and 16.-An experiment using 4c (2.00 g, 
5.80 mmol) was conducted essentially as described in (b), above, 
except the carbon dioxide was pretreated through columns of 
only calcium chloride and molecular seives (Linde 4A). The 
crude product obtained subsequent to neutralization with sul- 
furic acid and extraction with chloroform, was chromatographed 
over silica gel (50 g). Elution of the column with petroleum 
ether gave 6 (0.334 g, 21.6% yield). The next fraction (0.112 g), 
eluted with petroleum ether-2% acetone, contained a t  least four 
components (tlc) and was not processed further. 

The a-hydroxy ketone 15 (0.303 g, 17.5%, eluted with pe- 
troleum ether -4% acetone) showed one spot (Rt 0.50) on 
tlc (silica gel H F  254, petroleum ether-lO% acetone-1% acetic 
acid) and showed the following: mp 143-144.5' (from ethanol- 
water); uv max 242 mp (e 15,900) and 317 (9500); ir (CC14) 3520 
cm-1 (OH), 1671 cm-1 (C=O); nmr (CDCb) 7 2.27-3.07 (m, 
5.2, aromatic H and C=C-H), 6.23 (s, 0.9, OH), 6.80-7.30 
(m, 1.1, allylic H), 7.63-9.67 (m, 18.8, allylic H and CHz); 
mass spectrum m/e 298 (calcd mol wt 298). 

Anal. Calcd for CzoHzeOz: C, 80.50; H ,  8.78. Found: C, 
80.44; H, 8.96. 

The alcohols 16 (0.690 g, 42.4% yield, eluted with petroleum 
ether-6yo acetone) showed only one spot on tlc (silica gel H F  254, 
petroleum ether (bp 60-70') - 20'33 acetone-1 yo acetic acid, 
Rr = 0.35). The isomeric alcohols 16 were dissolved in petro- 
leum ether and allowed to stand a t  -20' for several days. The 
principal isomeric alcohol 16 crystallized and showed mp 114- 
115'; uvmax225 mp (sh) (e64,600), 231 (96,100), 278 (sh) (5570), 
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285 (4890), 292 (sh) (4820), 308 (sh) (751), and 322 (455); ir 
(Nujol) 3415 cm-l (broad OH) and 735 (ortho substituted ben- 
zene); nmr (CDCla) 7 1.93-2.96 (m, 5.8, aromatic H), 6.36- 
7.43 (m, 4.9, benzylic CHZ and -CHOH), and 7.77-9.53 (m, 15.3, 
CHZ and OH); mass spectrum m/e 282 (calcd mol wt 282). 

Anal. Calcd for CzoHzsO: C, 85.06; H,  9.28. Found: C, 
85.03; H ,  9.37. 

The spectra of the crude alcohol and the isolated pure isomeric 
alcohol were essentially identical and suggested that the former 
contained only isomers of 16. 

The hydroxy ketone 15, the alcohols 16 and acid l l a  (-10%) 
were obtained when commercial carbon dioxide (99.80/o, J. T. 
Baker Chemical Co.) was employed. 

Preferred Procedure for 1la.-The acid l l a  (mp 202-208', 
38% yield) was prepared reproducible from the aryl lithium 
derivative prepared from 4c (1 .OO g, 2.90 mmol), n-butyllithium 
(10 ml, 1.5 M in hexane, -15 mmol) in anhydrous hexane (50 
ml) a t  reflux ("6 hr until tlc confirmed the absence of 4c). The 
solution was cooled to -78' and carbon dioxide (99.8%, J. T. 
Baker Chemical Co.) was passed over the surface for 3.5 hr. The 
mixture was allowed to warm to room temperature and carbon 
dioxide was passed through the solution for 41 hr. The acid l la  
is not soluble in alkali. Water was added to  the mixture which 
was then extracted with chloroform (white solid that separated 
was kept in solution by addition of more chloroform). The com- 
bined organic layer was washed with water. The oil obtained 
from the dried (MgS04) extract partially solidified. The mixture 
was titurated with cold (0') petroleum ether to give acid l l a  
(0.340 g, 38% yield; mp 202-208', mp 213.5-214' from ethanol- 
water). 

Reactions of 5a with Oxygen.-The Grignard reagent 5a, pre- 
pared from 4c (0.500 g, 1.45 mmol) as described above, in tetra- 
hydrofuran (50 ml) was cooled to room temperature and oxygen 
(Air Reduction Co .), dried by passing through a column of CaC12, 
was bubbled through the mixture for 2 hr. Analysis (tlc, silica 
gel H F  254, petroleum ether-lO% acetone) showed alcohol 16 
(Rf 0.16), hydroxy ketone 15 (Rr 0.44), and reduced cyclo- 
phane (Rf 0.78). The crude mixture obtained subsequent to 
hydrolysis (HzROI, 15%, 10 ml, 20 min), extraction (ether, 15 
ml), washing (HzO), and drying (MgSO,) was purified by preprtra- 
tive tlc (silica gel PF 254, petroleum ether-10% acetone). The 
products (yields) were reduced cyclophane 6 (-42% yield), 
unchanged 4c ( ~ 1 8 % ) ,  unidentified mixture (0.04 g), hydroxy- 
ketone 15 (0.06 g, 15% yield; mp 125-131", mp 142-143' from 
ethanol-water), and alcohols 16 (0.130 g, 34.4%). 

In  a dutdicate exDeriment the vield of 15 was 9% and the yield 
of 16 was37%. - 

Oxidation of 16. (a?-The m r e  isomer of 16 (0.180 e. 0.639 
mmol, mp 111.5-113:Ob) in reagent grade acetone was oxidized 
with Jones reagentla (0.7 ml of 1 M solution prepared from 35 g 
of chromic acid, 250 ml of water and 30.5 ml of concentrated sul- 
furic acid) added dropwise over a period of 5 min. Analysis of 
the crude white ketone (mp 122-125', 0.160 g, 89.5% yield) by 
tlc (silica gel H F  254, petroleum ether-5% ethyl acetate) indi- 
cated that a single product (Rf 0.38) was present. The pure 
ketone showed mp 125-126' (from ethanol); uv max 230 mp (E 
77,800), 277 (sh) (5590), 282 (6000), 291 (sh) (4840), 308 (sh) 
(698) and 323 (652); ir (Nujol) 1708 cm-l (C=O); nmr (CDCla) 
7 1.77-3.15 (m, 5.9, aromatic H)  and 6.42-9.55 (m, 18.1, CHZ); 
the methylene protons (7 6.42-9.55) consisted of a series of 
multiplets with principal absorpt,ion as follows, 6.42-6.68 (1 .8), 
6.88-7.38 (3.71, and 7.88-9.55 (11.7); mass spectrum m/e 280 
(calcd mol wt 280). 

85.82: H,  8.76. 
Anal. Calcd for CzoHz40: C, 85.67; H,  8.63. Found: C, 

(b)-The oxidation was repeated as described above but using 
the mixture of isomeric alcohols of 16. The ir spectrum of the 
product was essentially identical with the product described in 
(a), above; the nmr spectrum was quite similar with the excep- 
tion of a multiplet a t  7 6.68-6.88 and a multiplet a t  7.90 that are 
absent in the spectrum of the ketone described above. Re- 
crystallization of this mixture (petroleum ether, bp 30-68' a t  
-20') gave the principal product (mp 122-123.5', mixture 
melting point with ketone in (a), mp 125-126', was 122-125'). 
The mother liquor gave a mixture of ketone (mp 84-82'); analy- 
sis by tlc (silica gel HF 254, petroleum ether-5% ethyl acetate) 
suggested that four isomeric ketones were formed by oxidation of 
16. 

Registry No.-&, 25097-45-4; 6, 25097-46-5; 7, 

50-1; lla, 25097-51-2; llb, 25097-52-3; 15, 25097-53- 
4; bromo-l,3-dimethylnaphthaleneJ 25097-54-5; methyl 
1,3-dirnethyl-2-napthoateJ 25097-55-6. 

25097-47-6; 8, 25097-48-7; 9,  25097-49-8; 10, 25097- 

(12) J. Meinwald, J. Crandall and W. E. Hymans, Ore. Sun., 45, 77 
(1965). 
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Several 5-substituted bicyclo[3.1.0] hexane-1-carboxylic acids have been prepared and characterized. Di- 
methyl bicyclo[3.1.0] hexane-1,5-dicarboxylate (3) was prepared by a 1,3 elimination of hydrogen bromide from 
dimethyl l-bromocyclohexane-l,3-dicarboxylate ( 8 )  in 85% yield. From bicyclic diester 3, by standard reaction 
sequences, bicyclo[3.1.0]hexane-l,5-dicarboxylic acid (9) and 5-carbomethoxy- (IO), 5-bromo- (12), 5-carboxamido- 
(14), and 5-cyanobicyclo[3.1.0] hexane-1-carboxylic acid (16) were prepared. Bicyclo[3.1.0] hexane-1-carboxylic 
acid (19) was prepared by a 1,3 elimination of the elements of p-toluenesulfonic acid from methyl 3-tosyloxy- 
cyclohexane-1-carboxylate ( 17) and subsequent hydrolysis. 

Useful methods have been reported for the prepara- 
tion of bicyclic, bridgehead substituted carboxylic 
acids.2-6 This paper presents the syntheses of certain 
5-substituted bicyclo [3.1.0]hexane-l-carboxylic acids 

(1) (a) For paper VI11 in this series, see R.  N. McDonald and G .  E. Davis, 
J .  Ow. Chena., 84, 1916 (1969). (b) National Defense Education Act 
Trainee, 1968-1970. 

(2) J. D. Roberts, W. T. Moreland, and W. Frazer, J .  Anaer. Chem. Soc., 
76, 637 (1953). 

(3) F. W. Baker and L. M .  Stock, J .  Org. Chem., 88,  3344 (1967). 
(4) C. F. Wiloox and J. S, McIntyre, ibid., 80, 777 (1965). 
(5) C. F. Wilcox and C. Leung, ibid., 88, 877 (1968). 

which were required for pKa studies as well as solvolytic 
studies on derivatives of the 1-carbinols. 

The key to the synthesis of the bicyclohexanecar- 
boxylic acids was the preparation of dimethyl bicyclo- 
[3.1.0]hexane-1,5-dicarboxylate (3). Prinzbach, et aZ.,6 
have reported the synthesis of 3 by a photochemical 
route. We employed some slight modifications to 
Prinzbach's procedure to allow preparation of larger 
quantities of material. Irradiation of a sample of di- 

(6) H. Prinabaoh, H. Hagemann, J, Hartenstein, and R.  Kitzing, Chem. 
Ber., 88, 2201 (1965). 


