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Abstract: In order to reveal the real intermediate in the base-promoted reaction of 1, 2-methyl

derivative 16 has been synthesized and its HBr elimination reaction studied. Reaction of 16 with
potassium t-butoxide did not form the corresponding allene intermediate 17 under the same

reaction conditions as described for 1. Under more drastic conditions exocyclic diene 18 was
formed. These results provide evidence for the intermediacy of the alkyne 3 in the base-
promoted reaction of 1.© 1999 Published by Elisevier Science Ltd. All rights reserved.

Introduction

on a
Decreasing the ring size of cyclic allenes results in deviation of both the normal C=C=C linearity
and the orthogonality of the dihedral angle.'* The smallest isolable carbocyclic allene is 1-zert-butyl-cycloocta-
1,2-diene.” Seven- and six-membered cyclic allenes are elusive compounds for isolation and they easily
undergo dimerization or trapping reactions.'** In a previous paper,* we reported that the highly strained bicyclic
allene 2 is the intermediate in the base-induced elimination of HBr from 1 which gives allene-like cycloadducts
7 in the presence of 1,3-diphenylisobenzofuran (DPIBF) as a trapping agent. However, we proposed an
alternative mechanism for the formation of cycloadducts 7. According to this mechanism the

dehydrobromination of 1 yields the bicyclic alkyne 3 which undergoes cycloaddition with DPIBF to give 6. The
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and trapping of the alkyne 3 by alternative procedures.’ The alkyne 3 was generated by the base-induced
rearrangement of the bromomethylidene compound 4. When 4 was subjected to dehydrobromination with

potassium #-butoxide in the presence of DPBIF
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ingicaies wat inc alkync o5 imually reacis wiil Uripr o give i€ alkyne-l11ke€ cycloadducts 6 which then
isomerize completely to the allene-like adducts 7 in the presence of excess base (Eq.1). The identical product

distribution from two different reactions implies that the intermediates must have the same structure. Since the

intermediate was the alkyne 3.
Even with these results, allene formation cannot be excluded in the base-promoted reaction of 1. In

order to reveal whether the real intermediate in the dehydrobromination of 1 is 2 or 3 it was necessary to

'here the formation of allene 2 was excluded. For this
reason, chloroalkene § was synthesized and submitted to dehydrochlorination with potassium #-butoxide. In
contrast to expectation, the base-promoted reaction of 5 did not form the alkyne intermediate 3.

At this stage the question ‘what is the real intermediate in the base-promoted reaction of vinyl bromide
17’ stiii remained open. In order to soive this problem, the 4,4-dideuterio derivative 8 was synthesized and its

dehydrobromination reaction studied (Scheme 1).°
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Deuterium-scrambling
Scheme 1

Formation of an allene intermediate 10 by dehydrobromination of 8 would result in the scrambling of
deuterium atoms. However, alkyne formation will give product 9 which, after trapping with DPIBF and double
bond isomerization, would have deuterium located at the double bond (Scheme 1). Unfortunately, substrate 8

underwent H/D exchange before HBr-elimination.®
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After the failure of this attempt to determine the real structure of the intermediate we decided to force

the system to undergo allene formation by replacing the double bond proton in 1 by an alkyl group. In this

paper, we describe the synthesis and base-promoted reaction of 2-methyl derivative 16.

Dibromobenzonorbornadiene 11, the starting material for the synthesis of 16, was prepared by our
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8 "C gave bromide 12 whose
structure was established unambiguously by 'H and '*C NMR spectra. Subsequent reductive debromination of
12 gave the known 2-methylbenzonorbornadiene 132 in a yield of 64% (Scheme 2).

® The reaction involves addition of the carbene to

compounds having the benzobicyclo[3.2.1]octyl ring system.
the exo face of the bicyclic alkene to give initially a gem-dihalocyclopropane, which under the reaction
conditions usually undergoes ring opening to afford a rearranged, ring-expanded dihalide with exo-halogen
orientation. "

Addition of dibromocarbene, generated from CHBr; and potassium t-butoxide, to 2-
methylbenzonorbornadiene 13 afforded the exo-dibromide 14 as the sole product in high yield (76%) (Scheme

2). No trace of the other possible ring-expanded was observed.
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The structure of 14 has been elucidated on the basis of H and “C NMR spectral data. The exo-configuration of

bromine at Ci; has been established by analysis of the AB system arising from the bridge methylene protons by
comparison with analogous systems''. The exo-configuration of bromine at C;; was also confirmed by

nuclear Overhauser enhancement (NOE) studies. Irradiation of Hj; proton at § 4.71

differential g NMR nuclear Overhauser enhancement

induces a peak enhancement only of the bridgehead proton H; not the bridge methyiene proton Hjzai which

supports the exo-orientation of bromine atom at C; .
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LiAlH, reduction of 14 furnished the endo-methyl bromide 15 as a rearranged product (Scheme 3). This

is a stereospecific cis process involving a Sn2' mechanism. Recently, we have observed a similar

stereochemical course in the same ring system.''® Jefford et al.'? have also reported similar results for exo-3,4-

dichloro-2-methylbicyclo[3.2.1]oct-2-ene. Synthesis of the target compound 16 was achieved by treatment of
14 with tri-n-butyltin hydride. Potassium tert-butoxide catalyzed double bond isomerization in 15 gave also the
desired compound 16 (Scheme 3).
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The structures of 15 and 16 were evident from their NMR spectroscopic properties. Methyl protons in
16 show a tripiet (J=2.2 Hz) while a doublet (J=7.2 Hz) in i5. Analysis of the AB system arising from
methylene protons (Hj;) in 16 show that the down field part (2.96 ppm) is split into doublets of doublets of

quartets (J—l7 2, 4.9, 2.2 Hz). The third quartet splitting is reconcilable only by long-range coupling (J

After successful synthesis of the target compound 16 it was submitted to the base-promoted HBr-
elimination reaction (Scheme 4). No reaction was observed when 16 was subjected to dehydrobromination with

potassium #-butoxide under the same reaction conditions as reported for 1. When the more drastic conditions of
diglyme at 170 °C were employed, dehydrobromination occurred and exocyclic olefin 18% was formed;
for dehydrobromination to form aliene 17. On the basis of these results we conclude that the intermediate

is formed from the base-promoted reaction of 1 is the alkyne 3 not the the allene 2. Alkyne 3 is calculated to be
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11 keal/mol (MOPAC) and 16 kcal/mol (PCMODEL) more stable than the allene.” These calculations are also

in agreement with our experimental findings.

KOr-Bu/diglyme
170 °C

B\ _~CH,

P —

Scheme 4

Experimental Section

~n

General. Melting points were determined on a Biichi model 530 apparatus and are uncorrected.
Infrared spectra were recorded on a Mattson model 1000 FT-IR spectrometer. '"H and *C NMR spectra were
recorded on 200 (50)-MHz spectrometers. Apparent splitting is given in all cases. Column chromatography was
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9-tetraene 12. A stirred solution of 11 (3.0 g, 10.0
mmol) in dry THF (20 mL) was cooled to —78 °C under a nitrogen atmosphere and treated dropwise with a
solution of #BuLi (1.7 M, 5.94 mL, 10.1 mmol) in pentane. After completion of the addition, stirring was
continued for 30 min, 1.44 g of CH;I (10.1 mmol) was added at —78 °C and the solution was stirred for a further
30 min.
major part of the THF was removed, the mixture was treated with water (25 mL.) and extracted with ether (3x50
mL ). The combined ether layers were washed with water, dried over Na;SO,, and filtered. The solvent was

emoved, and the oily residue was chromatographed over silica gel with hexane to afford 1.72 g (78%) of 12 as

a colorless liquid; [Found: C, 61.49; H, 4.63. CoH;,Br requires C, 61.3

CDCls) 7.37-7.23 (2H, m, ArH), 6.98 (2H, m, ArH), 3.79 (1H, br s, bridgehead H), 3.68 (1H, br s, bridgehead
H), 2.52 (1H, dd, A part of AB system, J 7.2, 1.5 Hz, bridge H), 2.26 (1H, dd, B part of AB system, J 7.2, 1.5
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Hz, bridge H), 1.76 (3H, 4, J 1.6 Hz, Me); 83 °C NMR (50 MHz, CDCl3) 151.97, 151.46, 150.02, 131.74,

9-Methyltricyclo[6.2.1.0* Jundeca-2,4,6,9-tetraene 13. Metallic sodium (1.95 g, 84.78 mmol) was cut
into small pieces and combined with 3 of dry hexane . The stirred mixture was heated to reflux and a
54 mmol) and t-butyl alcohol (4.91 g, 66.35 mmol) in dry ether (5 mL) was added

solution of 12 (2.0 g,
i h

carefully to destroy unreacted sodium. The resulting mixture was poured into water (50 mL) and extracted with
ether (3x50 mL). The combined organic layers were washed with water, dried over MgSQy, and filtered. After

removal of the solvent, the residue was purified on a short silica gel column, eluting with hexane, to give 0.89 g

,11- dibromo—9-methyltricyclo[6.3.l.0"’]dodeca-2,4,6,9-tetraen 14. To a stirred solution
mmol) in 40 ml of dry hexane was added 1.60 g (14.28 mmol) of pot

1% 1) 1115, V1 licAadlly 1112 1

reaction mixture was cooled to —10 °C with an ice-salt bath, and a solution of CHBr; (3.47 g, 13.71 mmol) in 10
mL of hexane was added dropwise over a period of 1 h. The resulting reaction mixture was stirred for an
additional 1 h at room temperature. The mixture was diluted with water and the aqueous solution was extracted
with ether, washed with water, and dried over Na;SO4. After removal of the solvent, the oily viscous residue
was crystallized from ether/hexane (1/3) to give 3.2 g (76%) of exo-dibromide 14 as a colorless crystals. mp 85-
86 °C; [Found: C, 47.29; H, 3.54. Ci3H2Br; requires C, 47.60; H, 3.69 %]; &4 (200 MHz, CDCl3) 7.37-7.11
(4H, m, ArH), 4.71 (1H, m, Hy;), 3.78 (1H, m, H,), 3.35 (1H, d, J 4.3 Hz, Hg), 2.70 (1H, d, A part of AB
system, .JJ 10.9 Hz, Hj2ami), 2.37 (1H, dt, B part of AB system, J 10.9, 4.2 Hz, Hiagn), 1.95 (3H, d, J 1.3 Hz,

Me); 8¢ (50 MHz, CDCl3) 153.10, 147.96, 143.52, 129.13 (2x), 126.92, 122.71, 118.26, 60.11, 52.89, 50.61,

40.53,24.91; IR (KBr, cm™) 3080-2876, 1651, 1472, 1395, 1191.

Reduction of exo-Dibromide 14 with LiAlH,: endo-10-Bromo-11-methyltricyclo[6.3.1.0*’|dodeca-
2,4,6,9-tetraene 15. To a suspension of 25 mg (0.66 mmol) of LiAlH, in 30 mL of dry and freshly distilled
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min. The resuiting reaction mixture was stirred magneticaily at room temperature for 20 h. Wet ether was added
to the reaction mixture (while cooling with an ice-bath) until no reaction was observed. The resulting

precipitate was dissolved by adding dilute HCI solution. The organic layer was washed with water, dried over

MNal fléavwad -
waviz, llllUlCu alll

hexane to give 0.12 g (80%) of endo-methyl bromide 15 as a colorless liquid; [Found: C, 62.52; H, 5.4
C3Hy3Br requires C, 62.67; H, 5.26 %]; 8y (200 MHz, CDCls) 7.26-7.08 (4H, m, ArH), 6.49 (1H, d, J 7.4 Hz,
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(1H, d, B part of AB system, J 10.3
144.14, 136.88, 128.45, 128.05, 127.77, 123.02, 122.37, 49.86, 45.46, 45.08, 43.84, 20.
3080-2876, 1625, 1472, 1395, 1038.
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Reduction of exo-Dibromide 14 with Tri-n-butyltin Hydride: 10-Bromo-9-methyltricyclo-

[6.3.1.0*"]dodeca-2,4,6,9-tetraene 16. A mixture of exo-dibromide 14 (1.2 g, 3.66 mmol), tri-n-butyltin
hydride (1.42 g, 4.88 mmel), AIBN (20 mg), and cyclohexane (40 mL) was heated at reflux temperature for 6 h

and then cooled to room temperature. The resulting mixture was diluted with water and the aqueous solution
was extracted with ether, washed with water, and dried over Na,SO4. After removal of the solvent, the oily
residue was purified by repeated column chromatography (silica gel/hexane) to give 0.6 g (66%) of 16 as a
colorless liquid; ; [Found: C, 62.38; H, 5.21. Cy3H;3Br requires C, 62.67; H, 5.26 %]; 6u (200 MHz, CDCl;)
7.30-7.04 (4H, m, ArH), 3.24 (2H, m, H, and Hjs), 2.96 (1H, ddq, A part of AB system, J 17.2, 4.9, 2.2 Hz,
Hjy), 2.36 (1H, dm, B part of AB system, J 17.2 Hz, Hy;), 2.25 (1H, dt, A part of AB system, J 10.1, 5.4 Hz,
Hizsyn), 2.08 (1H, d, B part of AB system, J 10.1 Hz, H2am), 1.90 (3H, t, J 2.2 Hz, Me); 8¢ (50 MHz, CDCl3)

147.48, 141.09, 136.82, 128.64, 128.30, 125.30, 122.05, 117.11, 49.93, 44.24, 44.14, 43.18, 24.19; IR (neat,
cm’') 3080-2876, 1472, 1395, 1217, 1012.

Reaction of 15 with Potassium 7~-Butoxide. To a stirred solution of endo-methyl bromide 15 (0.3 g,

1.21 mmol) in 20 mL of dry and freshly distilled THF was added 150 mg (1.28 mmol) of potassium ¢-butoxide.
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The reaction mixture was refluxed for 6 h and then cooled to room temperature. After a major part o

with water, and dried over MgSQy. After removal of the solvent, the oily residue was fiitered on a short silica

gel column eluted with hexane to give 165 mg (55%) of 16 as a colorless liquid.

Reaction of 16 with Poiassium /-Butoxide: 11-Meihyi d
18. To a stirred solution of 16 (0.4 g, 1.61 mmol) in 20 mL of dry diglyme was added 0.21 g (1.87 mmol) of

potassium fert-butoxide. The reaction mixture was refluxed for 24 h and then cooled to room temperature. The

wasg extracted with ether, washed with water,

and the aqueous solution was extracted witl

g
and dried over Na,SOy4. After removal of the solvent, the residue was filtered on a short silica gel column eluted
with hexane to give 0.23 g (85 5%) of exocyclic methylene compound 18 as a colorless liquid. The 'H NMR
d IR spectra were identical to that reported.” C NMR (CDCl3) 8 151.14, 147.67, 146.93, 137.08, 128.11

(2x), 127.39, 125.34, 123.11, 110.86, 51.91, 46.73, 43.88.



L T 5 ot 31 L Toterlesden cc 1NnNnn 1N771 IN77Q
F. Tiimer et al. / Tetrahedron 55 (1999) {0771-10778
Acknowledgement, The authors are indebted to the Department of Chemistry and Atatiirk University

PR -

for financial support of this work (Grant Nr. 1998/60 University Research Fund) and the State Planning
Organization of Turkey (DPT) for purchasing a 200 MHz NMR spectrometer.

References and Notes

W . (V8]

oo

10.

. (a) Cakmak, O.; Tagkeseniigil, Y.; Baici, M. J.

12.

(a) Johnson, R.P. Chem.Rev. 1989, 89, 1111-1124. (b) Schuster, H.F., Coppola, G.M. Allenes in Organic
Synthesis; John Wiley: New York, 1984. (c) Landor, S.R., Ed. The Chemistry of the Allene; Academic
Press: New York, 1982 (d\ Patai, S, Ed. The ('hpmlstrv nf Ketenes, Allenes and Related Cgmpgun_dg;

1 aAUSS. 2 iR, 270S. 1 alqz, . FaX 214 (1244

<7

Wiley: New York, 1980, Parts 1 and 2. (e) Balci, M., Tagkesenligil, Y. in Advances in Strained and
Interesting Organic Molecules; Halton, B., Ed; JAI: Greenwich, Vol.8., in press.
Price, J.D.; Johnson, R.P. Tetrahedron Lett. 1986, 27, 4679-4682.

VK - Qaran H . Keaurior M Watecnn W H - Ral

1A o~ N
1014, 1.0, OUQUILL, 11, DDIAWILL, 1VL., YV QLOULL, VY .11., LIGIwmE, iVI.
Balci, M.; Harmandar, M. Tetrahedron Lett. 1984, 25, 237-240.
(a) Tagkesenligil, Y.; Kashyap, R.P.; Watson, W.H.; Balci, M. J. Org. Chem. 1993, 58, 3216-3218. (b)
Tiimer, F.; Taskesenligil, Y.; Dastan, A.; Balci, M. Aust. J Chem. 1996, 49, 599-603.

LI, X ..-- ---_. ..,,—., 4 Daivl; ivli. A

s pd 1 E NS B § N, FTUNURSIE Pl / gPumpRE o BN § PU I Lo P S
Taskesenligil, Y.; TUmer, r.; Kazaz, {.; baici, M. 1urk. J. {_nem., in press.

Cossu, S.; De Lucchi, O.; Lucchini, V.; Valle, G.; Balci, M.; Dastan, A.; Demirci, B. Tetrahedron Lett.
1997, 38, 5319-5322.

K.N.J. Org. Chem. 1982, 47, 422-428.
(a) Kitahonoki, K.; Takano, Y.; Matsuura, A.; Kotera, K. Tetrahedron 1969, 25, 335-353. (b) Tanida, H.;
Tori, K.; Kitahonoki, K. J Am. Chem. Soc. 1967, 89, 3212-3224, (¢) Goldschmidt, Z.; Gutman, U.
Tetrahedron 1974, 30, 3327-3331. (d) Johnson, R.P.; Exarchou, A.; Jefford, C.W.; Hahn, R.C. J. Org.
Chem. 1977, 42, 3758-3759.

Wege, D. J. Org. Chem. 1990, 55, 1667-1670.

™1 A V4 PaY

g. Chem. 1991, 56, 3442-3445. (b) Cakmak, O.; Balci,
M. J Org. Chem. 1989, 54, 181-187.
Jefford, C.W.; Sweeney, A.; Delay, F. Helv. Chim. Acta 1972, 55, 2214-2227.



