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We wish to report the hydrogenolysis of aryl iodides by
a refluxing suspension of sodium hydride in dry tetrahy-
drofuran. The reaction typically proceeds in 85-95% iso-
lated yield in 24 hr or less with a 3-10 molar excess of
NaH in a small volume of THF.
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Reduction by NaH has been previously observed in ben-
zylic halides,® nonenolizeable carbonyl compounds,* gem-
dihalocyclopropanes,® and some disulfides.® Most exam-
ples of NaH reduction have required dipolar aprotic
media. For example, quinoline and isoquinoline are re-
duced to a mixture of 1,2- and 1,4-dihydroquinolines and
1,2-dihydroisoquinoline, respectively, in a warmed slurry
of NaH and hexamethylphosphoramide (HMPA).7

The reaction with substituted aryl iodides is insensitive
to the position of electron-donating ring substituents in
the cases studied. For example, o-, m-, and p-iodoanisole
with NaH provide anisole® in 93, 95, and 91% yield, re-
spectively (Table I). Similarly, the isomeric 0-, m-, and

Table I

Reaction of Aryl Iodides with NaH in Refluxing THF*

Substrate Product % yield® Registry no.
Iodobenzene Benzene 84¢ 591-50-4
o-Todotoluene Toluene 91¢ 615-37-2
m-Iodotoluene Toluene 97e 625-95-6
p-Iodotoluene Toluene 1004 624-31-7
o-Jodoanisole Anisole 93¢ 529-.28-2
m-lodoanisole Anisole 95 766-85-8
p-Iodoanisole Anisole 91 696-62-8
o-Iodobenzoic acid Benzoic acid ub’? 88-67-5
m-Iodobenzoic acid Benzoic acid 759 618-51-9
p-lodobenzoic acid Benzoic acid 20h.¢ 619-58-9
o-Bromobenzoic acid Benzoic acid 759 88-65-3
a-Jodonaphthalene Naphthalene 88¢ 90-14-2

@ Reaction time of 24 hr unless specified (registry no. for
NaH, 7646-69-7). ?»Crude isolated yield unless specified.
¢ Yield determined by gec with internal standard (toluene or
benzene). ¢ 2 hr reaction time. ¢ 48 hr reaction time. /72 hr
reaction time. ¢ 8 day reaction time. " 6 day reaction time.
i Expressed as a per cent composition of a mixture of product
and starting material.

p-iodotoluenes afford toluene in >90% yield as determined
by gc analysis of the crude reaction mixture. The reaction
of p-iodotoluene is complete in less than 2 hr as indicated
by precipitated Nal and gc analysis. Similarly, iodoben-
zene gives benzene in 84% yield as determined by gc. Pre-
vious reductions of aryl iodides have required lithium alu-
minum hydride.?
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Halobenzoic acids are only slowly reduced with NaH,
perhaps due to heterogeneity of the reaction, and mixtures
of starting material and benzoic acid® are obtained with
o-bromobenzoic acid, o-iodobenzoic acid, m-iodobenzoic
acid, and p-iodobenzoic acid.

The reaction yields unrecognizeable products when the
aryl ring is substituted with electron-withdrawing groups
such as carbomethoxy or nitro. With o-bromonitrobenzene
a bright scarlet color initially appears, perhaps indicative
of a o-complex, followed by rapid darkening of the reac-
tion mixture.

Whereas «-iodonaphthalene is smoothly reduced to
naphthalene with NaH in THF, «-chloro- and «-bromona-
phthalene are inert to NaH even in refluxing dioxane.

Experimental Section

Melting points were determined in open capillaries with a Mel-
Temp Laboratory Devices apparatus and are uncorrected. In-
frared spectra were measured with Perkin-Elmer 137 or 337 in-
struments. Nmr spectra were obtained with a Perkin-Elmer R-24
spectrometer. Woelm alumina was used for column chromatogra-
phy. Organic solutions were dried with anhydrous granular
K2CO3 and concentrated in vacuo with a Biichi rotary evapora-
tor.

Representative Procedure. Naphthalene from «-Iodonaphth-
alene. An oven-dried, three-neck flask equipped with a reflux
condenser and magnetic stir bar was allowed to cool to room tem-
perature under a stream of dry nitrogen. The flask was then
cooled to 0° and charged with 125 ml of dry THF. NaH was pre-
pared by washing ~2 g of NaH oil dispersion (Ventron Chemical
Corp.) with 25 ml of dry pentane and filtering the solid NaH on a
fritted disk. The light gray NaH powder was rapidly weighed and
1.08 g (0.0450 mol) was transferred to the reaction flask at 0°
under Ng. After being stirred 3 min, 2.85 g (0.0112 mol) of a-iodo-
naphthalene was added and the mixture was refluxed for 48 hr.
The reaction was worked up by cooling to 0° and adding 95%
EtOH dropwise under N2. The mixture was diluted with 250 m!
of H20 and extracted with anhydrous ether. (One should ensure
the ether does not contain peroxides as these oxidize the iodide
and cause a darkening of the product.) The ethereal extract was
washed with aqueous NaHSOj3, then H»0, and dried over anhy-
drous KyCO3. Filtration and concentration in vacuo gave 1.43 g
(100%) of light yellow orange material. Chromatography over 20 g
of activity III basic alumina with ether-pentane (1:1) provided
1.26 g (88%) of pure naphthalene as a colorless solid, identical
with authentic material (mixture melting point, nmr, ir).
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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



