CHAPTER
INTRODUCTION

O rganohalogens are organic com pounds w o hich their carbons are directly

=

onded to at least one halogen atom . They can be divided into alkyl, vinylic, aryl, and

cyl halides An alky!l halide w hich all the carbon single bonds bearing to the halogen

can also be further subdivided into alkyl, allylic and benzylic halides [l],

Adlky!l halides, especially alkyl chlorides, are im portant industrial chem icals as

solvents, inhaled anesthetics in moedicine, refriderants, pesticides and fum igating
agents [2]. In addition, they are generally used as both synthetically vseful precursors
and valuable end products in chem ical and pharm aceutical industries [3], T herefore,

m any researches try to develop m ore efficient m ethodologies to synthesize this class
of com pounds. The optim um conditions in each nearly developed reaction are still

11 Introduction of Alkyl Halides

A lky!l halides are im portant precursors w hich can be converted to m any other
functional groups such as ethers, esters, nitriles, am ines and sulfides [4], The
transform ation of alkyl halides to other organic com powunds are illustrated as shown in

Table 1.1.
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Reagent
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R-Metal
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RCOCT
nh3
NH2R
NHRR"
PPh3

RS~

ArH +AICI3

Base

Mg, dry ether
Metal, H+

falkyl halides to other organic com

reagent

Product

ROH
ROH
ROR

RCACR’

RR
R
RCN
R'COOR
rnh2
RNHR'
RNRR"

RPPh3x"

RSH
RSR
AR
c=C
RMgX
RH

pounds [4]

Functional group
alcohol
alcohol
ether (Williamson synthesis)
alkyne
alkane (Coupling)
alkyl iodide
nitrile
ester
primary amine
secondary amine
tertiary amine
phosphonium salt
thiol (mercaptan)
thioether (sulfide)
alkylbenzene (Friedel-Crafts)
alkene
Grignard reagent
alkane

12 Classical Methods for the Preparation of Alkyl Halides from Alcohols [4]

Alkyl halides can be prepared from various sources of starting materials, for
example halogénation of alkanes, addition of alkenes, substitution of alcohols and
ring opening of epoxides [6]. The general and simple protocols mostly stem from the



conversion of alcohols. It was due to the easy transform ation process, the variety and

com m ercial availability

The preparation of alkyl halides from alcohols using comm on reagents (such
asHC\‘SOCIZ)hasheen reported for decades. The reaction of alcohols w ith HC1 or
HBr produced the corresponding alkyl halides, especially tertiary alkyl halides, in
excellent yield, w hereas other alcohols could be slow ly converted or notreact w ith the
reagents In the case ofusingSOCI2furcthrinaliun‘lhereaclion was only occurred
in severecunditions‘andHClandSOZgasasby-prnduclsare invariably produced.
M oreover, there are certain reports using phusphorusreagenlssuchasPCI3‘PBr3and
POCI3‘as halogenating agents for the preparation of alkyl halides [4], In addition,
chlorotrim ethylsilane (M e35iC\)c0upIedwwth lithium brom ide in CH3€N woas chosen
as a reagent system to treat w ith alcohols in order to transform the alcohols into the
desired brom ides in high yield. This reaction was equally applicable not only to

prim ary, secondary and tertiary alcohols, butalso to allylic and benzylic alcohols [7].

A ccording to th e outcom es derived from such com m on reagents, som e
problem s still rem ained For example, the use of HC1 and H Br often causes undesired
side reactions, especially rearrangem ent products that occurred w o hen the reagent

reacted w ith som e secondary alcohols O ther com m on reagents such as SOCI2,PC\3

andPBr3areknuwnasharmfu reagents and produce corrosive by-products. From the

aforem entioned reasons, m any researchers have attem pted to im prove the synthesis of

halides using non-toxic reagents under m ild conditions. T herefore, the controllable
and selective m ethodology is still called for further study for the preparation o f
halides.

13  Literature Reviews on the Conversion of Alcohols into Halides by
Organophosphorus/Halogenating Agent

N umerous m ethodologies for the preparation o f alkyl halides using
phosphorus com pounds/halogenating agent such as PPI1366I4. PPh3CI3€CCI3‘

PPI13/C I30C N PR‘aB r2PR-3{C B r4syslem s are alternatively attractive m ethods. T hat is



because those reactions c¢ould be perform ed under m ild and acid-free conditions

M oreover, m osthalogenating agents are com m ercially available

B um an d Cadogan [8] ex hibited the conversion of alcohols using the
com bination 0f(R0)3P an d CCI40r B rC Cb yielding the corresponding alkyl halides,

trialky l phosphites and chloroform

W iley and co-w orkers [9] reported the preparation of a variety of alkyl and
aryl chlorides in high yields using phosphorus reagents nfthetypeRSPXZ(X:Br,Cl‘
I) prepared by halogénation 0fPP\].3in carbon tetrahalide follow ed by exhaustive

evaporation of the solvent. The reaction produced H X gas as a by-product

PR3 + X2 - ) RPX2—R H» RX + HX + R¥FO
R —CgH5 or n-CaHy

R =alkyl or ayl
X=B I

Lee and N olan [10] developed the m ethod for the preparation of chloro sugars

and chloropolyols using phosphorus com pounds and halogenating agents. The
reaction acted rapidly uwunder m ild and nevutral conditions. In addition, this m ethod
could be possible for the preparation of c¢hloroesters from hydroxyl-ester using

PPh3{CCI4‘

W eiss and Snyder [11] described the transform ation o f either alcohols or thiols
into their corresponding alkyl chilorides using PPh3/CCI4under moild conditions

yielding 27% o fthe desired alkyl chlorides.

Hozz and G ilani [12] reported the transform ation of alcohols to alkyl chilorides
andalky\bromidesusinglri-n-ontylphosphine(TOP)wilhCCI40rCBr4,respectiver‘
Prim ary and secondary alkyl chilorides cowuld be obtained in high yield. The same

trend cowuld be observed for prim ary alkyl brom ides. Tertiary alkyl chlorides however

gave low yield.
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M iyano and co-w orkers [14] described the use ofthe com bination cfPPI].Band

CucCch for the c¢hilorination of alcohols. The reaction w orked well to achieve alky!l
chilorides in th e range of 42-95% yield. The reactions using cyclohexanol and
m ethanol as starting m aterials gave poor yields of alkyl c¢chilorides and alkene w as
generated as by-products. W hen CuBrZwas used in place of CuC 12, the reaction
yielded alkyl brom ides.

Jones and co-w orkers [15] exhibited the rate of form ation of phosphorylated
interm ediate form ed by reacting PPI].3€CI4and an alcohol This com bination w as
only slightly influenced by steric effects. T he relative rates of interm ediate form ation
woere prim ary > secondary > neopentyl. The neopentyl alcohol reacted woith the
phosphorylating agent at room tem perature (R T ) to form an interm ediate w ithout
concom itant decom position to neopentyl chiloride. T he structure of the interm ediate
was elucidated by 'H -N M R and 31p decoupling

PPhy/CCl,

bl >(\OPPh3Cl
|
]

M atveeva and co-w orkers [16] reported that certain alcohols such as 2 -
decanol, 2-m ethyl-3-0ctanol and 2,4-dim ethyl-3-pentanol could be converted into the
desired alkyl c¢hlorides by wusing PPIBCIBCCN They also dem onstrated that alkyl
chilorides were only the products formed, although another nucleophile such as iodide
woas added to the reaction

Schlamaand co-workers [17] studied the preparation of alkyl chlorides and
alkyl bromides from tetrahydropyran (THP) derivatives of alcohols using dimethyl-



phosgeniminium salt under various conditions. Secondary and tertiary alcohols could
generate not only alkyl chlorides, but also alkene products, whereas for the
preparation of alkyl bromides, no alkene by-products were detected.

Sugim oto and co-w orkers [18] exhibited the form ation of haloheterocycles
from the conversion of hydroxylheterocycles using PPh3/7V-ha\osuccwnim ide. This

developed m ethod could be applied for halogénation of som e heterocycles.

Pollastri and co-w orkers [19] described th e conversion of prim ary and
secondary alcohols using I.2-bis(dipheny|phosphino)ethane or diphos, to avoid the
problem s of phosphine-oxide by-product isolation. W hen this reagent and CCI40r

CBr4reanled w ith alcohols, the reaction produced alkyl chloride

and alkyl brom ides

in moderate or high stereoselective yield.

Qe O

P<<r/ 1P

&0

diphos

lranpoor and co-w orkers [20] reported the preparation of alkyl halides from
alcohols wusing a m ixture ofPPIl3.2‘3-dichI0r0-5.6-dicyanobenznquinone(DDQ)and
tetrabutylam m onium halides as halide ions in CH2CI2In addition, thiols and selenols

could be converted into alkyl halides under the sam e conditions

PPh3DDQ/R'AN--
RX
cHZI2 g

Y =0, , Se X =Cl, Br, |

D esm aris an d co-w orkers [21] dem onstrated that the form ation o f alkyl

brom ides could be accom plished from alcohols using fluorous phnsphine-CBr4
com plex in heterogenous system . T he by-product of the reaction woas fluorous-
phosphine oxide w hich cowuld be separated by liguid-liguid extraction In addition, this

m oethod was an alternative to homogenous PPI13CC\4c0nversion to the polymer-

supported phosphine m ethod.



lranpoor and co-w orkers [22] reported that alcohols and thiols cou ld be
converted to th e desired brom ides and iodides using silicaphosphine (S ilphos):

[P(CI)3.n(Si02)n] as the filterable phosphorus reagent w ith Br2and I2in refluxing

CHSCN

Pluem panupat and Chavasiri [23] dem onstrated that alcohols could be

converted into their desired chilorides in excellent yield using PPh30 I3€CON H 2as a

new reagent system Various alcohols, especially prim ary alcohols, could sm oothly be
converted into chlorides under m ild conditions.
Tongkate and co-w orkers [24] reported th e com parative study o f the

brom ination of alcohols w ith various brom inating agents to achieve the corresponding
alkyl brom ides The order of the reactivity of the reagent w as PPhaBrSCCOCBrg.

PPh3{Br3C C 02Etand PPhacBrd‘respenlively‘

A ccording to the literatures using common reagents or the com bination of
phosphorus com powund/halogenating agent several m ethods for the conversion o f
alcohols into their corresponding halides have been addressed; however, those
m ethods m ainly reported for the preparation of alkyl halides rather than allylic and

14 Literature Reviews on the Conversion of Benzylic and Allylic Alcohols

N otmany literatures addressed the conversion ofbenzylic and allylic alcohols
into benzylic and allylic halides For examople, Caserio and co-w orkers [25] reported
that the c¢hilorination of certain allylic alcohols wusing SOCI2in E t20 produced the

undesired rearranged products

Cl
71% 29%
MOH ”
SOCl,, Et,0 )\/
4
99%




Collington and M eyer [26] investigated the conversion of allylic alcohols to

their corresponding halides w ithout allylic rearrangem ent using m ethanesulfony!l
0

chiloride (CH35026\) and @& m o ixture of LiCI, DM F an d co llidine at 0 C.The

unrearranged allylic chilorides were form ed in excellent yield.

OH ch 3o i " e—— y —Cl

LiCI DMF, -~y
collidine

10% Homoallylic isomer

Snyder [27] reported that the com bination 0fPPI13/CCI4wasofaputentialin
¢chilorination of allylic alcohols. T hat system could convert prim ary and secondary
ally lic alcohols into their corresponding ¢chlorides w ithout the form ation o f the
rearranged products, w hereas ally lic alcohols containing term in al double-bond

carbon, 3-buten-2-01l did notproduce the desired product.

Cl
PPh,/CCl,
/\/\OH Al . 4 /\/\Cl i )\/
100% 0%

OH Cl
PPh;/CCl
11% 89%

Ronald and co-workers [28] explored a regio- and stereoselectivity for the

conversion of allylic alcohols into allylic chlorides using PPh3CCI3€OCCI3,The

sim ilar results to those of Snyder were reported.

N icolaou and co-w orkers [29] showed the preparation of allylic brom ides
using phosphorus tribrom ide (PBr3) and PPh3CBr4from tertiary alcohols being
term inal dowuble-bond carbon and prim ary ally lic alcohols, respectively. Tertiary
alcohols reacting w ith PBr3yieIded their allylic brom ides in 95% w hereas prim ary

allylic alcohols treating w ith PPh3CBr4yieIded 70%

M atveeva and co-w orkers [30] investigated a regio - and stereoselective

halogénation of allylic alcohols. M ixing CIS'and thm y-RCFM"CHTCFBOH (R = CH3‘

Cai]lwithccl&l(l?lz -CN‘-COZE(,-COCclg in CH3CN and PPh3gavethe



corresponding allylic chlorides w ith > 95% regio- and stereoselectivity The selectivity

for analogous reactions ofCIS' and /ram-HOCHRCH=CH2was §1-92% wohile

CH2=CHCHUDOMH gave 53% CH2;CHCHD61.

M unyem ans and co-w orkers [31] studied the reaction of tetram ethyl-a-
halogenoenamines for the conversion of alcohols into halides. Prim ary and secondary
alcohols were sm oothly converted into their corresponding alkyl halides in excellent
yield w hile secondary allylic and propagyl alcohols gave some rearranged halides

generated after the form ation of the desired halides.

M eyer and co-w orkers [32] addressed th e sy nthetic investigations o f

rapam ycin. I'n th e ¢chlorination step, dienallylic alcohol woas treated woith

0
PPI13/CI3CCOCCI3in the presence of 2,6 -di-terr-butylpyridine at -40 wathin 15

moin
OMe
HO £
OMe OTBS OMe
PPh,/Cl,CCOCCl,
2,6-di-t-Bu-pyridine
OMe
Cl g 5
OMe OTBS OMe
V ejendra and G anesh [33] reported that A cC I/E tO H could rapidly transform
secondary ally lic alcohols, prim ary and secondary ally lic acetates into ally lic
¢chilorides w hich still retained the olefinic bond in the m ore stable position The
reaction woith prim ary ally lic alcohols containing 1,2-disubslituled alkence woas

howeververy slow

AcCI/EtOH
RAv-~crN ————* R cl

Isomerisation

Cl



10

B andgar and B ettigeri [34] dem onstrated that a com bination o f SOC\Z

benzotriazole, and potassium halides in D M F reacting woith ally lic and benzylic
alcohols could generate ally lic and benzylic halides in high to excellent yield
However, this reagent system W as unreactive w ith prim ary, secondary and tertiary

alcohols

i) SOCI2, benzotriazole, CH2CI2

ROH - DMF--------* R-X
R=allyl, benzyl, x=|, Br, F

Sanchita and co-w orkers [35] reported the synthesis of uvnsymm etrical allylic
chilorides wsing 2,4 ,6-trichloro-1,3,5-triazine (T CT) in com bination w ith D M F The
reaction showed that electronic and steric properties of the allylic alcohol starting

m aterials have an effecton the form ation of their allylic chlorides

The previously reported procedures for the preparation of benzylic and allylic
halides generally suffer from one or other disadvantages, such as low yields, long
reaction tim e, use of expensive reagents, reguirem ent of severe reaction conditions or
com plicate w ork-up procedures The investigation for a new , selective and efficient
halogénation m ethod using inexpensive, safe and easily available reagent is thus

15  Goal of The Research

The objective of this research is to develop an efficient and selective protocol
for halogénation of benzylic and allylic alcohols wutilizing PPhahangenat\ng agent

under m ild conditions
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