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Recently we had need to transform vicinal dihalides
to structures containing carbon-carbon double bonds.?
One of the reagents we considered to be a prime candidate
for effecting the dehalogenations was sodium in liquid
ammonia. In surveying the literature, we found reports of
such a reaction to be rare.#7 Much to our surprise, the
treatises which deal with synthetic methods and reagents
fail to illustrate,®® or in most cases even reference, the
reaction.0-17 We have found the reaction of vicinal dihal-
ides with sodium in ammonia to be very valuable in our
work, and we believe that there should be more general
awareness of the usefulness of this dehalogenation meth-
od.

Two synthetic sequences which illustrate our use of the
method are shown by eq 1 and 2. When dichloride 1 was
treated with excess sodium in ammonia for 1 hr, tetracy-
¢clo[5.3.0.02:10,03.6]deca-4,8-diene (2) was obtained in es-
sentially quantitative yield. The structure 2 was estab-
lished unequivocally by partial hydrogenation to known
compound 3 of 3,6-endo configuration.'® A similar dechlo-
rination of 4 likewise gave a high conversion to bicy-
clo[4.2.0]Jocta-2,7-diene (5). The product structure was
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confirmed by the nmr spectrum, which was comparable to
those reported for 5.19.20

Notes

The synthetic scope of the method was evaluated fur-
ther with several simple vicinal dihalide systems. For ex-
ample, treatment of 1,2-dichlorohexane, 1,2-dichlorocyclo-
hexane, or 1,2-dichlorocyclooctane with sodium in ammo-
nia for 1.5 hr gives >96% conversion to the corresponding
alkene. Analogously, 1,2-dibromocyclohexane was trans-
formed to cyclohexene (98%). When 1,2-dichlorocyclooc-
tane was treated with sodium in ammonia for 10 min, a
>95% conversion to cyclooctene was realized. We have not
examined the question of the stereochemistry of the de-
halogenations. However, an early mechanistic study indi-
cates that the process is not stereospecific..21

It is often declared that dehalogenation of vicinal dihal-
ides is of little synthetic value since the dihalides them-
selves are prepared from the alkenes.12-14.16.23.24 Gych
statements are misleading in terms of synthetic useful-
ness. As illustrated by eq 1 and 2, dehalogenation can be
an important part of a synthetic sequence which generates
a structurally new double bond. Sodium in ammonia is an
excellent reagent for this because the reaction is easily
and rapidly completed, and the conversion to alkene is
uniformly very high. For dehalogenation of 1 and 4 we
found sodium in ammonia to be superior to the recently
recommended arene-sodium reagents22:25 in both conve-
nience of procedure and in yield of isolated product.? It is
clear that sodium in ammonia should be ranked among
the best dehalogenating agents.8-17,23-25

Experimental Section?$

4,5-Dichlorotetracyclo[5.3.0.02:10,08.6)dec-8-ene (1). The pro-
cedure used was a modification of the photochemical addition of
benzene to cyclobutene.'8 A solution of 62.9 g (0.51 mol) of cis-
3,4-dichlorocyclobutene?? and 350 ml of benzene under a nitrogen
atmosphere was irradiated (quartz) with a 450-W Hanovia me-
dium-pressure mercury lamp for 20 hr. Progress of the reaction
was followed by glpc (20% SE-30 on Chromosorb W, 15 ft X 0.125
in., programmed 70-130° at 6°/min). After this time the unreact-
ed cis-3,4-dichlorocyclobutene and benzene were removed by vac-
uum distillation at 80° by gradually decreasing the pressure to 0.2
mm. This left a residue of 10.6 g of viscous brown oil. The distil-
late of reactants was again irradiated for 20 hr. A total of five of
these cycles produced 46.8 g of crude photoadduct. Elution chro-
matography on 500 g of neutral alumina (pentane eluent) gave
19.1 g of 1 (31% based on the cis-3,4-dichlorocyclobutene con-
sumed), mp 72.5-75°. An analytical sample was obtained by pre-
parative glpc (16% FFAP on Chromosorb W, 10 ft x 0.375 in.):
mp 77-78°%; nmr (CsDg) 6 5.26 (d of d, 1 H), 5.02 (d of d, 1 H),
4.46 (apparent t, 1 H), 3.62 (br d, 1 H), 3.44 (apparent t, 1 H),
3.14 (m, 1 H), 2.68 (m, 1 H), 2.38 (apparent q, 1 H), 1.47 (appar-
entdoft, 1 H), 1.26 (apparent g, 1 H).

Anal. Caled for C10H14Clp: C, 59.70; H, 5.01; Cl, 35.28. Found:
C, 59.89; H, 4.88; Cl, 35.06.

Tetracyclo[5.3.0.02:10,03.8]deca-4,8-diene (2). A 4.0-g (0.174 g-
atom) sample of freshly cut sodium (porcelain spatula) was
added to 500 ml of dry ammonia which had been distilled from
sodamide. To this stirred blue solution under a nitrogen atmo-
sphere was added via a syringe 7.73 g (0.034 mol) of 1 in 75 ml of
dry tetrahydrofuran. The reaction solution was stirred for 1 hr
and then was quenched by cautiously adding ammonium chloride
in small portions. Following this, 200 ml of ether and 800 ml of
water were added. The aqueous mixture was extracted contin-
uously with ether. The ether was removed from the dried extract
{(MgS0,) by careful distillation, leaving 4.92 g (~98%) of 2. A
pure sample of 2 was obtained by preparative glpc (20% SE-30 on
Chromosorb W, 10 ft X 0.375 in., 110°): ir (neat) 6.27 (C=C, cy-
clopentene),?® 6.45 u (C=C, cyclobutene);?8 nmr (CsDs) 6 6.18
(m, 1 H), 5.62 (d of d, 1 H), 5.50 (br d, 1 H), 5.00 (d of d, 1 H),
3.86 (m, 1 H), .70 (m, 1 Hj, 3.18 (apparent d of t, 1 H), 2.96 (ap-
parent q, 1 H), 1.66 (apparent d of t, 1 H), 0.94 (apparent q, 1
H); high-resolution mass spectrum m/e 130.0790 (caled for
CmHlo, m/e 130.0783).

Tetracyclo[5.3.0.02:19,03-6]dec-8-ene (3). A 40.1-mg (0.31
mmol) sample of 2 in 5 ml of ethyl acetate containing 30 mg of
5% palladium on carbon was partially reduced by the microhy-
drogenation procedure of Wiberg.2? Stirring was stopped when



Notes

0.34 mmol of hydrogen (110%) had been absorbed (ca. 30 sec).
Qualitative glpc analysis (15% FFAP on Chromosorb W, 8 ft X
0.125 in., 94°) showed one major and five minor products. The
major product, which was collected by preparative glpc (20%
SE-30 on Chromosorb W, 10 ft X 0.375 in., 110°), showed an nmr
spectrum identical with that published for 3:1® nmr (CDCls) 6
5.80 (m, 2 H), 3.1 (br m, 3 H), 2.69 (br m, 1 H), 2.2-1.2 (series of
m, 6 H). )

7,8-Dichlorobicyclo[4.2.0]octa-2,4-diene. This dichloride was
prepared in 54% yield from cyclooctatetraene and chlorine by the
previously described method: bp 102-104° (2 mm);3% nmr (CDCls)
8 5.2 (m, 4 H), 4.67 (t, 1 H), 4.45 (t, 1 H), 3.5 (br m, 1 H), 3.0 (br
m, 1 H). On the basis of the nmr spectrum, our compound ap-
pears to be the trans-7,8-dichloro isomer.31

7,8-Dichlorobicyclo(4.2.0}oct-2-ene (4). A solution of 9.6 g
(0.055 mol) of 7,8-dichlorobicyclo[4.2.0)octa-2,4-diene in 150 ml of
a 50:50 methanol-ethyl acetate mixture and 50 mg of 5% palladi-
um on carbon was partially reduced in a Parr shaker. The shaker
was stopped when 0.055 mol of hydrogen had been absorbed (ca. 5
min). The solution was filtered, the solvent was removed, and the
residue was distilled to give 6.8 g (73%) of 4, bp 115-116° (30
mm). An analytical sample was obtained by preparative glpe
(20% SE-30 on Chromosorb W, 20 ft X 0.25 in.): nmr (CDCl3) 6
5.94 (m, 2 H), 4.7-3.9 (9-line m, 2 H), 3.4-1.3 (series of m, 6 H).

Anal. Caled for CgH10Cle: C, 54.29; H, 5.65; Cl, 40.06. Found:
C, 54.48; H, 5.85; Cl, 39.89.

Bicyclo{4.2.0]octa-2,7-diene (5). A 0.85-g (0.037 g-atom) sam-
ple of freshly cut sodium was added to 200 m! of ammonia. To
this stirred solution under a nitrogen atmosphere was added 1.5 ¢
(0.008 mol) of 4 in 100 ml of dry ether. The reaction solution was
stirred for 1.5 hr and then was quenched with ammonium chlo-
ride. After this, 400 ml of water was added and the mixture was
continuously extracted with ether. The ether extract was dried
(MgS0O,4) and the solvent was removed by careful distillation,
leaving 0.74 g (83%) of 5 which was >97% pure by glpc (20%
SE-30 on Chromosorb W, 10 ft X 0.125 in., 70°): nmr (CgDg) &
6.08 (d, 1 H), 5.9 (m, 3 H), 3.2 (br m, 2 H), 2.3-1.2 (series of m, 4
H).19.20

Reaction Scope Studies. The vicinal dihalides 1,2-dichlorohex-
ane, 1,2-dichlorocyclohexane, 1,2-dichlorocyclooctane, and 1,2-
dibromocyclooctane were prepared in the usual way by addition
of halogen to the corresponding alkene at low temperature.32 In
all cases the dihalides were purified and had physical and spec-
tral properties in agreement with the indicated structures. Dehal-
ogenations were carried out by the procedure given above for the
formation of 5. The conversion of dihalide to alkene was quantita-
tively measured by glpe using appropriate n-alkane internal stan-
dards and detector response factors obtained from standardized
solutions.

Acknowledgment. We thank Mr. Richard E. Hurst for
expert help in the reaction scope studies.

Registry No.—1, f11326—65-2; 2, 50987-22-9; 3, 31750-01-3; 4,
50987-23-0; 5, 3786-98-9; benzene, 71-43-2; cis-3,4-dichlorocyclobu-
tene, 2957-95-1; cyclooctatetraene, 629-20-9; trans-7,8-dichlorobi-
cyclo[4.2.0}octa-2,4-diene, 34719-15-8.

References and Notes

(1) Supported by the National Science Foundation Grant GP-30743X.

(2) National Science Foundation Trainee, 1969-1973.

(3) E.L.Allred and B. R. Beck, J. Amer. Chem. Soc.. 95, 2393 (1873).

(4) H. Smith, "Chemistry in Nonaqueous lonizing Solvents,” Vol. 1, Part
2, Interscience, New York, N. Y., 1963, pp 198-200.

(5) W. M. Schubert, B. S. Rabinovitch, N. R, Larson, and V. A. Sims, J.
Amer. Chem. Soc.. 74, 4590 {1952).

(6) H. O. House and T. H. Cronin, J. Org. Chem.. 30, 1061 (1965),

(7) R. L. Cargill, T. Y. King, A. B. Sears, and M. R. Willcott, J. Org.
Chem.. 36, 1423 (1971).

(8) H. O. House, "Modern Synthetic Reactions,” 2nd ed, W. A. Benja-
min, Menlo Park, Calif., 1972, pp 219-220,

(9) |I. T. Harrison and 8. Harrison, "Compendium of Organic Synthetic
Methods,” Wiley-interscience, New York, N. Y., 1971, p 511,

(10) W. Theilheimer, “Synthetic Methods of Organic Chemistry,” Vo!,‘

1-26, S. Karger, Basel, 19481972,

(11) G. Hilgetag and A. Martini, Ed., “Preparative Organic Chemistry,”
Wiley, New York, N. Y., 1972.

(12) C. A.'Buehler and D. E. Pearson, “Survey of Organic Synthesis,”
Wiley-Interscience, New York, N, Y., 1970, p 80.

(13) J. March, "Advanced Organic Chemistry,” McGraw-Hill, New York,
N.Y., 1968, pp 770-771.

(14) S. R. Sandler and W, Karo, "Organic Functional Group Prepara-
tion,” Vol. |, Academic Press, New York, N. Y., 1968, p 46,

{15) V. Migrdichian, ''Organic Synthesis,” Vol. 1 and 2, Reinhold, New
York, N. Y., 1857,

J. Org. Chem., Vol. 39, No. 10, 1974 1427

(16) R. B. Wagner and H. D. Zook, "Synthetic Organic’ Chemistry,”
Wiley, New York, N. Y., 1953, p 40.

(17) L. F. Fieser and M. Fieser, “Reagents for Organic Synthesis,” Vol.
1-3, Wiley-Interscience, New York, N. Y., 1967, 1969, 1972,

(18) R. Srinivasan, /BM J. Res. Develop., 15, 34 (1971).

(19) O. L. Chapman, G. W. Borden, R. W. King, and B. Winker, J.

Amer. Chem. Soc., 86, 2660 (1964).

J. Zirner and S. Winstein, Proc. Chem. Soc., London, 235 (1964).

in this regard, the well-known dehalogenating reagents zinc in

water,5 magnesium in tetrahydrofuran,® and naphthalene-sodium??

tend to be stereospecific.

(22) W. Adam and J. Arce, J. Org. Chem., 37, 507 (1972).

(23) E. E. Royals, “Advanced Organic Chemistry,” Prentice-Hall, New
York, N. Y., 1954, p 309.

(24) R. T. Morrison and R. N. Boyd, “Organic Chemistry,” 3rd ed, Allyn
and Bacon, Boston, 1973, p 156.

(25) C. G. Scouten, F. E. Barton, J. R. Burgess, P. R. Story, and J. F.

Garst, Chem. Commun., 78 (1969).

Melting points are uncorrected and were determined with a

Thomas-Hoover capillary melting point apparatus. Infrared spectra

were determined using a Beckman |IR5A spectrometer. The nmr

spectra were determined using either a Varian A-60 or XL-100-12

nmr spectrometer. The high resolution mass spectrum was deter-

mined with an Associated Electrical industries MS-30 double beam

spectrometer. Analytical gipc measurements were made with a

Varian Aerograph Series 1200 chromatograph, and preparative glpc

separations were conducted with a Varian Autoprep 700 chromato-

graph. Microanalyses were performed by M-H-W Laboratories, Gar-

den City, Michigan.

R. Pettit and J. Henery, Org. Syn., 50, 37 (1970).

R. N. Jones and C. Sandarfy in “Chemical Applications of Spectros-

copy, Techniques in Organic Chemistry,” Vol. IX, W, West, Ed., In-

terscience, New York, N. Y., 1956, p 371.

(29) K. B. Wiberg, “Laboratory Techniques in Organic Chemistry,”

McGraw-Hill, New York, N. Y., 1860, p 228.

W. Reppe, O. Schlichting, K. Klager, and T. Topel, Justus Liebigs

Ann. Chem.. 560, 1 (1948); A. C. Cope and M. Burg, J. Amer.

Chem. Soc., 74, 168 {1952).

(31) R. Huisgen, G. Boche, W. Hecht!, and H. Huber, Angew. Chem.,
Int. Ed. Engl.. 5, 585 (1966).

(32) Reference 16, p 107.

(20
(21

(26

(27
(28

(30

Cleavage of Protecting Groups with Boron Tribromide

Arthur M. Felix

Chemical Research Department, Hoffmann-La Roche Inc.,
Nutley, New Jersey 07110

Received December 4, 1973

Boron halides have been used for the cleavage of methyl
ethers,1:2 benzhydryl esters,® tert-butyloxycarbonyl amine
protecting groups,*5 and hindered esters.® A recent re-
port? that benzyloxycarbonyl amine protecting groups can
be removed quantitatively with boron tribromide prompts
us to report on our observations using this reagent in pep-
tide chemistry. We observed that, in addition to the re-
moval of N-tert-butyloxycarbonyl and N-benzyloxycarbon-
vl protecting groups, boron tribromide in methylene chlo-
ride gave rapid conversion of methyl, ethyl, tert-butyl,
benzyl, and p-nitrobenzyl esters to their corresponding
acids. The alkaline conditions usually employed to hy-
drolyze methyl and ethyl esters enhances the chances of
racemization. The sensitivity of the N-benzyloxycarbonyl
group® and the seryl peptide bond®-11 to strongly basic con-
ditions also render that method unattractive for general
usage.

The products after boron tribromide treatment were
isolated by ion-exchange chromatography, found to be an-
alytically pure, and were obtained in yields of 60-90%
after crystallization. Optical purity of the products was
ascertained to be >99.9% using the procedure of Manning
and Moore.*? Table I summarizes the results obtained for
the deprotection of a variety of substrates with boron tri-
bromide. Many of the widely used amino acid side chain
protecting groupsid [Ser(Bzl), Tyr(Bzl), Tyr(ClzBzl),
Thr(But), Glu(OMe), Glu(OEt), Glu(OBzl), Asp(OBut),
and Lys(Z)] were also removed by boron tribromide,
whereas certain other groups [Arg(Tos), Cys(Bzl), and
His(im-Bzl)] were unaffected. Although Arg(Tos) was not



