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ABSTRACT

A simple and efficient method of zinc dust/ammonium chloride system for
the reductive dehal ogenation of alkyl halides has been described. Thereac-
tion is carried out under mild conditions. The significant feature of this
method is the isolation of the pure product by simple work up in a short

time. © 2009 Trade Sciencelnc. - INDIA

INTRODUCTION

Thereductive deha ogenation of dkyl halidesisan
useful transformation inthe synthesis of numerousor-
ganic compoundsand asointhesynthesisof key inter-
medi atesof important pharmaceutical compounds. Ear-
lier reportsreveal ed that the reductive deha ogenation
has been achieved by the systemslike Bu,SnH with a
catd yticamount of AIBN, organolanthanide hydride/
NaH!, Cp,TiBH, B and [Cp,TinBu,] MgCI*4. These
systemsrequirereactiontimeaslong as5-10 hrsat
reflux, expensive cata ystsare used but offer very low
yield. Moreover, stringent precautions must betaken
whileemploying Bu,SnH becauseof itstoxic natureand
a so haslimitationsbased on chemosel ectivity and eco-
nomic considerations. Therefore, thereisaneed of an
efficient and inexpensive non toxic reagent systemfor
thereductive dehad ogenation of akyl halides. Recently,
we have also devel oped anew protocol for the synthe-
sisof optically pure methyl-D-erythro-2,3-dihydroxy
butanoate, using environmentally benign zinc dust/
NH,Cl reagent system for reductive debromination as
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akey step®.

In continuation of our work to develop new meth-
odology for organi c transformations, we herein report
that zinc dust/NH,Cl reagent system might be an useful
and inexpensive non toxic reagent for the reduction of
termind akyl hdides. Though zinc hasbeen extensively
used in the preparation of organometallic compounds®
and asareducing agent!” in organic synthesis, the utility
of zincfor the synthesisof o, 3-unsaturated ketones by
areaction of anacid chloridewith allyl bromide® and
homoallylic alcohol g% has also been demonstrated.
Furthermore, the zinc mediated preparation of triphenyl
phosphonium ylides*?, Fridel-Crafts acylation*¥ and
carbamate formation*? has been reported. In thiscon-
text, theuse of zinc asareagent inthe organic synthetic
processes has gained cons derableimportance dueto
promoting and catalyzing organic transformations un-
der ambient conditions, without the need for any added
catalyst or ligand.

Inthisletter, wereport arapid and efficient reduc-
tion of halidesto corresponding reduced productsus-
ing zinc dust and ammonium chloridea 60°Cinmetha-
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TABLE 1: Reduction of organic halides using zinc and NH4CI in methanol

Entry Substrate(la-j) Product(2a-j) Reaction conditions Yield (%)?
o) o)
1 60°C, 4 h 72
BTMOH NOH '
AN Br N
2 o (7~ 60°C, 3h 70
Br.
3 ¥@j {% 60°C, 3h 76
Br
OCHj, OCHs
Br 0
4 60°C,3h 78
Br
OCHg, OCHj3

5 BrJ_>—N o) /_>/-—N o) 60°C, 4 h 70
d d ’
(e} (6]
6 60°C, 4 h 68
Br/\)]\OCH3 \)]\ocm
7 PPN M rt,3h 75
OEt OEt
(0] (e}

8 Br/\H)J\OEt ﬁ‘)}\oa rt,4h 78
(0] (0]
0 (0]

9 Br rt, 4 h 70

Q )
10 OCHj, OCHg, rt,3h 73

2Yieldsrefer to pureisolated products and were characterized by spectral data.

Zn, NH,CI, RESULTSAND DISCUSSION
R X —CHOH _ g cH, _ _ o
L 60°C @ Thereduction of termina halidesinthe presence of
R= a]k(y|), aryl 70-78% zincdust and ammonium chloridewascompleted within
SCHEME1 threeto four hours. The course of reaction wasmoni-

tored by TLC. Thework-up and isolation of the prod-
R EWGR EWG R EWGR EWG uctswereeasy. Thus, theterminal halidesreduced (a
Y A»\( ZnX \@/ M eOH‘Y few examplesarelistedin TABLE 1) by thissystem
X H were obtained in good to moderate yields (72-78%)
and no undesired side product was observed*3. The
o _ _ resultsshownin TABLE 1 clearly indicate the scope
r)o'l asq|ep| ctedin SCHEME 1. Variousother functiona g4 generality of the reaction with respect to various
lities like -OH, ~OCH,, -COOR, > C=C <and - gyl halides Allyl and benzyl hlides, aswell aso-hao
CH, aretolerated (TABLE 1). carbonyl compounds arereduced by zinc/NH,Cl.
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Thereductive imination of halidesfrom a-halo
carbonyl compounds (TABLE 1; entry 7-10) consists
animportant exampleand to notethat thereaction fa-
cilitated by the carbonyl group (EWG= dectron-with-
drawing group) for both elimination of ZnX and ab-
graction of protonfrom themethanol evena roomtem-
perature (SCHEME 2). Itisavery good dternativefor
expensive Pd/C for thesekinds of transformationg*3.

Furthermore, the unactivated akyl haidesarere-
duced under thesesimilar reaction conditions. Theprod-
uctswere characterized by comparison of their boiling
pointsor melting points, TLC and IR spectrawith au-
thentic samples. Further characterization of the prod-
uctswas done by *H and **C NM R spectroscopy.

Inconclusion, wehavedemongrated avery smple,
efficient and practical method for the reductive
deha ogenation using zinc dust with ammonium chlo-
ride. Theimportant features of thismethod include (a)
operationa smplicity, (b) no need for any other addi-
tiveto promotethereaction, (c) short reactiontime, (d)
theuseof cheap, commercidly availableand nontoxic
reagents, and (e) good to moderateyields of desired
products.

EXPERIMENTAL

'H NMR spectra were recorded on 400 MHz
Bruker AVANCE 400 spectrometer and *C NMR
spectrawererecorded on 100 MHz Bruker AVANCE
400 spectrometer, respectively usng TMSasaninter-
nal standard. IR spectrawererecorded on aPerkin-
Elmer FT/IR 100 spectrometer. Mass spectra were
recorded on Agilent-1100 mass spectrometer. All the
reactionswere monitored by thin layer chromatogra-
phy (TLC). TLCwasperformedonF,,,,0.25mmslica
gel plates(Merck). Plateswere el uted with appropri-
ate solvent systems, and then stained with either dkali
KMnQ, or Ceric ammonium molybdate solutions pre-
paredinthelaboratory. Thedevel oped plateswerefirst
anadysed under UV 254nm then stained with appropri-
ate reagent. Column chromatography was performed
usingsilicagd with particlesze 100-200 mesh.
General procedurefor preparation of (2a-j)

A solution of the tarting substrate (1a-j) (1 mmol)
inmethanal (10 ml) wasadded ammonium chloride (0.5
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mmol) and zinc dust (2 mmol). Themixturewasstirred
a 60°C (1a-f) or room temperature (1g-j ) for 3-4 hours.
After the completion of the reaction (monitored by
TLC), thereaction mixturewasfiltered through celite.
Thefiltratewas evaporated under vacuum and theres -
duewastaken into chloroform or ether (50 ml), washed
twicewith saturated brinesolution and findly withwa
ter. The organic layer was dried over anhydrous so-
dium sulphateand evaporation of theorganiclayer was
followed by columnchromatographic purificationtoyidd
thedesired products.
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