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from 13C NMR spectroscopy1° are also in complete accord 
with structure 6. 

On investigating the chemical properties of 6, it was 
discovered that the dimer is readily converted to the mo- 
nomer 3 (bp,, 59-60 O C ;  lit." bp, 54 "C). Alternatively, 
treatment of 6 with Et3N in THF in the absence of an 
acrylic acid also transforms 6 to 3 as evidenced by HPLC 
and 'H NMR analysis. Thus, these studies demonstrate 
that the dimer reaction is easily reversed to regenerate 
usable 2-mercaptothiophene (3). 

The behavior of 3 toward dimerization may be ration- 
alized in terms of a slow tautomerization of 3 to 2,5-di- 
hydro-2H-2-thioxothiophene (7) followed by a rapid Mi- 
chael addition of 2-mercaptothiophene onto the acceptor 
7 to yield 6. Based on the isolation and characterization 
of the dimer as 6, the ex,istence of this highly reactive 
intermediate 7 appears mechanistically reasonable in spite 
of the fact that 7 was not detected by 'H NMR spec- 
troscopy. 
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Since 2-hydroxythiophene is known to exist predomi- 
nately as 2,5-dihydreW-2-oxothiophene (8),12 the Michael 
addition of 3 onto 8 (neat, 18 h, 25 "C) was next examined. 
From this reaction, a quantitative yield of 9 was isolated, 
and the compound was analogous to dimer 6. The struc- 
tural assignment of 9 was based on 'H NMR and mass 
spectral analyses.13 Thus, this result further substantiates 
the existence of intermediate 7 in the above sequence. 
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(10) Carbon NMR spectra were obtained at 75 MHz (Varian XL-300) 
in CDC13. Chemical shifts are referenced to the CDCla triplet at 77.0 
ppm. The carbon resonances were assigned with the aid of a carbon- 
proton correlation experiment (HETCOR). The assignments for C-8 and 
C-10 are based on the observation that ~ J C H  couplings for thiophene 
a-carbons are generally larger than for the corresponding @-carbons. 
Chemical shift in ppm (assignment): 241.1 (C-2), 59.57 (C-3), 50.97 (C-4), 

(11) Houff, W. H.; Schuetz, R. D. J.  Am. Chem. Soc. 1953, 75,6316. 
(12) Frisell, C.; Lawesson, S. 0. Organic Syntheses; Wiley New York, 

1973; Collect. Vol. V, p 642 and references cited therein. 
(13) The HPLC was run as described in ref 6 and under these con- 

ditions, 8 was eluted in 3.12 min and 9 in 15.35 min. The mass spectrum 
calculated for CsHBOSs 215.9737, found 215.9756. Chemical shift in ppm 
(splittings in hertz, assignment): 2.58 (16.8,9.9, H-3a), 2.83 (17.0, 7.1,0.7, 

44.17 (C-5), 129.3 (C-7), 136.8 (C-8), 128.1 (C-9), and 131.7 (C-IO). 

H-3b), 3.77 (10.0, 8.8, 6.4, 5.9, H-4), 3.43 (11.5,8.8, H-h ) ,  3.56 (11.2, 5.6, 
0.7, H-5b), 7.22 (3.6, 1.3, H-8), 7.06 (5.3,3.5, H-9), and 7.48 (5.4, 1.2, H-10). 
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Introduction 
Ring halogenation of a-substituted alkyl aromatic com- 

pounds in presence of Lewis acid catalysts is practically 
impossible due to competing alkylation, which usually 
leads to polymerization and tar formation. Benzyl deriv- 
atives like bromide, chloride, alcohol, or acetate cannot be 
halogenated in the presence of iron or aluminum salts. It 
is also well-known that benzyl chloride cannot even be 
distilled in the presence of traces of iron due to excessive 
tar formation. 

We have recently reported that quaternary ammonium 
salts can function as an alternative Friedel-Crafts aromatic 
bromination catalysts.' This group of catalysts, despite 
being less active than iron or aluminum salts, are water 
resistant and can therefore also catalyze oxybromination 
of aromatic compounds in presence of aqueous hydrogen 
peroxide as an oxidant.' 

Results 
We have now examined the bromination of benzyl de- 

rivatives in the presence of e.g. aliquat 336 (tricapryl- 
methylammonium chloride) catalyst. I t  was found that 
in the presence of 10 mol % catalyst, upon the gradual 
addition of 1 equiv of bromine at  60 OC, benzyl bromide 
was completely converted to 0- and p-bromobenzyl brom- 
ide in the ratio of 911, respectively. The two isomers were 
separated by gas chromatography and identified by com- 
parison with authentic samples. No alkylation or polym- 
erization were observed. 

When the same procedure was applied to benzyl chlo- 
ride, nuclear bromination took place as well, but facile 
halogen exchange of the benzylic chlorine occurred si- 
multaneously; 10 mol % excess of bromine is required in 
this experiment for complete conversion of the substrate. 
This phenomenon was utilized for the preparation of o- 
and p-bromobenzyl bromides directly from benzyl chloride. 
The isomer distribution is essentially the same as in the 
bromination of benzyl bromide. 

More complicated were our attempts to brominate 
benzyl alcohol under the same conditions. Although some 
ring bromination was observed, at least 25% of the alcohol 
was oxidized by the bromine to benzaldehyde,2 which is 
inert to bromination. In addition, some meta bromination 
(up to 5 mol %) of the alcohol took place simultaneously 
with 36% and 24% ortho and para bromination, respec- 
tively. No attempt was made to isolate these products. 

Of particular interest to us was the bromination of (1- 
bromoethy1)benzene (BEB). This compound is an im- 
portant raw material for various substituted styrenes, but, 
unfortunately, it cannot be halogenated under traditional 
conditions. We have examined the bromination of BEB 
in the presence of quaternary ammonium catalysts and 
were surprised to learn that the reaction took an unex- 
pected route of simultaneous dehydrobromination-brom- 
ination (eq 1). 

(1) Dakka, J.; Sasson, Y. J.  Chem. SOC., Chem. Commun. 1987,1421. 
(2) Dakka, J.; Sasson, Y. Bull. SOC. Chim. Fr. 1988, 756. 
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isomerization of (a-bromoethy1)- to (P-bromoethy1)benzene 
and vice versa is ~bserved .~  

In reaction 1 the fast elimination yields styrene, which 
instantly adds free bromine to its double bond. In the 
second stage a normal nuclear bromination is taking place. 
The aromatic bromination is catalyzed via formation of 
adducts with the general structure R,NBr, or R4NBr. 
(HBr), (n  = 3 or 5) in which the bromine molecule(s) is 
polarized and activated.' Tetrabutylammonium tri- 
bromide, for example, is a mild and selective brominating 
agent for phenols or anilines which yields mainly para 
bromination.6i7 

In our aromatic bromination experiments no particular 
selectivity was observed except for the very bulky substrate 
(1,2-dibromoethyl)benzene. This selectivity was higher for 
the smaller onium catalysts than for the larger ones so the 
size of the attacking species is not an important factor in 
determining the selectivity. We suggest that the stability 
of the adduct and the nature of the interaction bromine 
quaternary salt is the main source of selectivity. With the 
smaller catalysts the adduct is more stable and the com- 
plexed bromine molecule is more strongly polarized, and 
these apparently contribute to higher para selectivity. 

CHBrCH3 CHBrCH2Br 
I I 

Ring bromination of BEB is, therefore, impossible. 
However, the product of reaction 1, (1,Zdibromoethyl)- 
benzene, is brominated in situ (eq 2). 

CHBrCH2Br CHBrCH2Br 
I I 

Br 

At 80 OC reactions 1 and 2 take place simultaneously 
according to the following stochiometry (eq 3). 

CHBrCH3 CHBrCH2Br 
I I 

Br 

It was observed that the bromination is selective in 
nature and the main product obtained was 1-(1,2-di- 
bromoethy1)-Cbromobenzene, with only a minor amount 
of the corresponding ortho isomer. This selectivity was 
also dependent on the nature of the quaternary ammonium 
catalyst. The para selectivity increased with catalysts with 
shorter alkyl chains. Thus at  80 "C in presence of 5 mol 
% catalyst at 90% conversion the para selectivity was 85% 
with aliquat 336,92% for tetra-n-butylammonium brom- 
ide, and 98% for tetraethylammonium bromide. Exami- 
nation of catalysts with different counteranion had no 
effect because these were instantly exchanged with brom- 
ide in presence of the hydrogen bromide. 

Although the rate was increased upon the application 
of larger amount of catalyst the ortho/para ratio was not 
affected. 

The product of reaction 3 is an excellent starting ma- 
terial for the synthesis of (p-bromopheny1)acetylene via 
double dehydrobromination. We have carried out this 
process according to a known procedure in presence of 
potassium hydroxide in methanol or with polyethylene 
glycol (PEG) catalyst3 (eq 4). 

CHBrCH2Br C=CH 
I I 

Q + 2KOH - 9 + 2KBr ( 4 )  

Br Br 

Discussion 
We have reported in the past that quaternary ammo- 

nium compounds can catalyze the HBr elimination from 
both (a-bromoethy1)- and (P-brom~ethyl)benzene.~ When 
a base is present or a strong vacuum is applied the prod- 
ucts are styrene  derivative^.^ However in the absence of 
a base, under atmospheric pressure the eliminated hy- 
drobromic acid cannot escape the system and mainly 

(3) Kimura, Y.; Regen, S. L. J .  Org. Chem. 1982, 47, 2493. 
(4) Halpern, M.; Zahalka, H. A.; Sasson, Y.; Rabinovitz, M. J .  Org. 

(5) Wiener, H.; Neumann, R.; Sasson, Y. Israeli Patent, 71576,1984. 
Chem. 1985,50, 5088. 

Experimental Section 
Materials .  Chemicals, reagents, and quaternary ammonium 

catalysts were all purchased from Aldrich and used without further 
purification. 

0 -  and p-Bromobenzy l  Bromide. T o  a solution of 4.0 g of 
aliquat 336 in 17.1 g of benzyl bromide (0.1 mol), which was kept 
a t  constant temperature of 65 OC, 16 g of bromine is added 
dropwise over a period of 3 h with stirring. The mixing at 65 O C  
is continued for an additional hour. The mixture is distilled under 
vacuum to  yield 22.2 g (88%) of bromobenzyl bromide (mixture 
of 45.5% ortho and 54.5% para). 

(1-Bromoethy1)benzene. Bromine (80 g, 0.5 mol) is added 
dropwise (during 2 h) t o  a well-stirred glass flask containing 53 
g of ethylbenzene (0.5 mol) kept a t  a constant temperature of 50 
"C and irradiated with a 200-W tungsten lamp from a distance 
of 10 cm. The mixing is continued under light for an additional 
hour; 89 g of (1-bromoethy1)benzene is obtained, which was found 
to be 97% pure (GC analysis). This material was used without 
any purification for the next step. 

1-( 1,2-Dibromoet hy1)-4-bromobenzene. (1-Bromoethy1)- 
benzene (37 g, 0.2 mol) and 1.9 g of tetraethylammonium bromide 
(9.25 mmol) are mixed at 90 "C; 64 g of bromine (0.4 mol) is added 
dropwise with stirring during a period of 3 h. The  mixing was 
continued for an additional hour a t  a constant temperature of 
90 "C. After cooling the mixture was washed twice with water, 
dried over magnesium sulfate, and evaporated to  yield a colorless 
solid, mp 57-60 "C (when prepared via addition of bromine to 
Cbromostyrene the melting point of the pure compound was found 
to  be 60-61 OC8). The  material was analyzed by NMR and 
elemental analysis and was found to contain 1-(1,2-dibromo- 
ethyl)-4-bromobenzene with purity of over 96%. This crude 
material was used for the next step without any purification. 'H 

(m, 2 H).9 Anal. Calcd: C, 27.98; H, 2.04. Found: C, 27.88; H, 
2.03. 
1-Bromo-4-ethynylbenzene. 1-(1,2-Dibromoethyl)-4- 

bromobenzene (34.3 g 0.1 mol) are added to a solution of 11.3 g 
of potassium hydroxide (0.2 mol) in 160 g of methanol. The  
solution is stirred at 25 "C for 2 h, filtered, and evaporated. The 
solid product was recrystallized from ether to yield 15.5 g (85%) 

NMR (CDCl,): 6 7.12 (d, 2 H), 7.39 (d, 2 H), 5.11 (dd, 1 H), 4.01 

(6) Berthelot, J.; Guette, C.; Ouchefoune, M.; Desbene, P. L.; Basaelier, 

(7) Kajigaeahi, S.; Kakinami, T.; Yamasaki, H.; Fujisaki, S.; Okamoto, 

(8) Ziegler, K.; Tiemann, P. Ber. Dtsch. Chem. Ges. 1922,55B, 3406. 
(9) Hamer, G. K.; Reynolds, W. F.; Wood, D. J. Can. J. Chem. 1971, 

J. J. J. Chem. Res. (S) 1986, 381. 

T. Bull. Chem. SOC. Jpn. 1988,61, 2681. 

49, 1755. 
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of pure (p-bromophenyl)acetylene, m p  64 "C (lit. m p  64-65 OC,loJ1 

Similar results were obtained by using the elimination proce- 
dure of Kimura and Regen.3 'H NMR (CDCI,): 6 3.12 (s, 1 H), 
7.47 (d, 2 H),  7.35 (d, 2 H).13 

63.5-63.7 OC"). 

(10) Dufraisse, C.; Dequesnes, A. Bull. SOC. Chim. Fr. 1931,49,1880. 
(11) Konkov, L. I.; Przhiyalgovskaya, N. M.; Suvorov, N. N. Dolk. 

(12) Otto, M. M. J. Am. Chem. SOC. 1934,56, 1393. 
(13) Dawson, D. A.; Reynolds, W. F. Can. J. Chem. 1975, 53, 373. 

Akad. Nauk. SSSR 1984,278, 1130. 
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As part of a continuing program concerned with the 
synthesis and chemistry of novel polycyclic systems,l we 
are seeking new synthetic entries into highly strained cage 
molecules. In a previous study,2 a synthesis of l,&bisho- 
mopentaprismane was developed that involved introduc- 
tion of a methylene bridge across the 8,ll-positions of a 
readily available3 cage dione, pentacyclo- 
[5.4.0.02~6.03J0.05~g]undecane-8,11-dione (1, Scheme I). 
More recently, another, potentially general method has 
been developed to introduce a functionalized methylene 
bridge across the 8,ll-positions of 1. We now report the 
successful application of this strategy for the synthesis of 
the title compound (11). The parent hydrocarbon, hom- 
open tap r i~mane ,~~~  and several substituted homopenta- 
prismanes have been synthesized previously in our labo- 
ratory4 and by other  investigator^."^ 

Wads- 
worth-Emmons reaction8t9 of pentacyclo- 
[5.4.0.@~6.03J0.05~g]undecane-8,1 1-dione monoethylene ketal 
(2)5a with ethyl (diethoxyphosphiny1)acetate afforded the 
corresponding 8-carbethoxymethylene derivative, 3, in 92% 
yield. This material was obtained as a mixture of two 
isomers as judged by the fact that its 13C NMR spectrum 
contained 34 resonances (i.e., twice the number expected 

Our synthesis of 1 is outlined in Scheme 11. 

(1) See: Marchand, A. P. In Advances in Theoretically Interesting 
Molecules; Thummel, R. P.; Ed.; JAI: Greenwich, C T  1989; Vol. 1, pp 
357-397, and references cited therein. 

(2) Marchand, A. P.; Wu, A.-h. J. Org. Chem. 1986,51, 1897. 
(3) Marchand, A. P.; Allen, R. W. J. Org. Chem. 1974, 39, 1596. 
(4) (a) Marchand, A. P.; Chou, T.-C.; Barfield, M. Tetrahedron Lett. 

1975, 3359. (b) Marchand, A. P.; Chou, T.-C.; Ekstrand, J. D.; van der 
Helm, D. J. Org. Chem. 1976,41, 1438. 

(5) (a) Eaton, P. E.; Cassar, L.; Hudson, R. A.; Hwang, D. R. J. Org. 
Chem. 1976,41,1445. (b) See also: Smith, E. C.; Barborak, J. C. J. Org. 
Chem. 1976, 41, 1433. 

(6) Synthesis of homopentaprismanone: Ward, J. S.; Pettit, R. J. Am. 
Chem. SOC. 1971, 93, 262. 

(7) Substituted homopentaprismanes and homopentaprismanones 
were prepared as intermediates in Eaton's synthesis of pentaprismane. 
See: (a) Eaton, P. E.; Or, Y. S.; Branca, S. J. J. Am. Chem. SOC. 1981, 
103,2134. (b) Eaton, P. E.; Or, Y. S.; Branca, S. J.; Ravi Shankar, B. K. 
Tetrahedron 1986, 42, 1621. 

(8) Wadsworth, W. S., Jr.; Emmons, W. D. J. Am. Chem. SOC. 1961, 
83, 1733. 

(9) Wolinsky, J.; Erickson, K. L. J. Org. Chem. 1965, 30, 2208. 
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"(a) (Et0)2P(0)CHzC0zEt, NaH, THF, reflux 36 h (93%); (b) 
H2 (1 atm), Pd-C, EtOAc, room temperature, 2 days (100%); (c) 
10% aqueous H2SOI, dioxane, reflux 2 days (90%); (d) NaH, 
DMF-THF, 20 h (91%); (e) MeLi, T H F  (80%); (0 (CF3C0)20, 
90% aqueous HzOz, 1 day, followed by 5% aqueous NaOH, MeOH, 
50 O C ,  17 h (60%); (9) NCS, Me@, Et3N, -25 O C  (77%) or 
(COCI)z-DMSO, -60 "C - -40 OC (42%); (h) TsCl, py (88%); (i) 
20% aqueous KOH, reflux 7 h (94%). 

from the formula of 3). Tandem gas chromatography-mass 
spectral (GC/MS) analysis revealed that these two isomers 
were present in ratio 68:32. 

The corresponding endo-11-carbethoxymethylene de- 
rivative, 4, was prepared in quantitative yield by catalytic 
hydrogenation of 3.2 Treatment of 4 with aqueous sulfuric 
acid hydrolyzed both the ester and ketal moieties to pro- 
duce 5 (90% yield). The 13C NMR spectrum of 5 displays 
singlet resonances at  6 178.33 and 221.02 that correspond 
to the COzH and ketone carbonyl carbon atoms, respec- 
tively, in this compound. 

The key step in the synthesis, i.e., the introduction of 
a functionalized methylene bridge across the 8,11-position, 
was achieved by treatment of 5 in dimethylformamide- 
tetrahydrofuran with excess sodium hydride [or, somewhat 
less conveniently, with excess lithium diethylamide 
(LDA)]. A substituted 1,3-bishomopentaprismane, 6, was 
thereby obtained in 91 % yield. This material was obtained 
as a mixture of two isomers (ratio 69:31 by GC/MS 
analysis); its 13C NMI? spectrum contained 26 resonances. 

Some difficulty was experienced when we attempted to 
decarboxylate 6 oxidatively. Thus, efforts to introduce an 
SMe group into 6 or into its methyl ester by using the 
method of Trost and TamarulO resulted only in quanti- 
tative recovery of starting material. Our attempts to in- 
troduce an a-hydroperoxyl group into 6 by use of LDA- 
oxygen a t  -78 OCll also were unsuccessful. 

Net oxidative decarboxylation of 6 ultimately was per- 
formed successfully as follows. Carboxylic acid 6 was 

(10) Trost, B. M.; Tamaru, Y. J. Am. Chem. Soc. 1977, 99, 3101. 
(11) Wasserman, H. H.; Lipshutz, B. H. Tetrahedron Lett. 1975,4611. 
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