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CHAPTER |

INTRODUCTION

1.1 Introduction of alkyl diphenylphosphinites

Oxidation-reduction condensati(;n is known as one of very convenient and
useful synthetic reactions.for the preparation of C-O bond such as esters and ethers
[1]. The fundamental ceficept OF Oxidation-reduction. condensation is to perform
dehydration condensation‘by, eliminatinglF-'IZO as two H-atoms and one O-atom by a
combination of a weak reductant and an?oxidant. The most characteristic feature of
this reaction is that it proceeds under flmlld and neutral conditions without any

assistance of acidic or basic promoters f ',

Mukaiyama reported the pr’eparatioﬁ'_jf _;élkyl cyanides, sulfides, amide, esters
and ethers from alcohols using-twe-step pféCésthich involves prior conversion of
alcohols into alkyl' dtphenyiphosphinites-followed by-tne substitution with various
nucleophiles and benzéguinone. The preparation protocolé for alkyl esters [2], ethers

[3], amide [4] and sulfides [5] from alcohol are illustrated in Scheme 1.1.

R'COCH, BQ or DMBQ 0
"BuLi, CIPPh R™ OR
i 2 R'OH, fluofadiil
R'OR
PhsPNMe,
ROH ROPPh, —— NHR,R,, DBBO .
CIPPh,, NEt;, DMAP Rl/NR
2
R'SSR' or HSR, DMBQ

R'SR

Scheme 1.1 The conversion of alcohols to alkyl esters, ethers, amide and sulfides.



In 1972, Hudson and coworkers reported the synthesis of alkyl halide from
alcohols, alkyl diphenylphosphenite and HX or X; at 20°C. This method gave alkyl
halide in low to high yield [6].

Ph,POR —Y= Ry + PhP(O)X

X=HorY:Y=1BrCl

However, up till now there has been no report on the conversion of alcohols to

alkyl halides or related compounds via alkykdiphenylphosphenite in a single step.

1.2 Introduction of alkyl-halides

A current functionak=greup interconversion is important in the chemical
industry. Alkyl halides are important| intermediates in organic reaction such as
coupling reactions [7]"and.@lefin synthesis [8]. In addition alkyl halides are valuable

in pharmaceutical [9], iological [10]; andagricultural science [11].

Alkyl halides can he manipulated from various sources of starting materials,
for example alkanes, alkenes, alcohols._qu epoxides. The general and simple
protocols mostly stem from the:conversion of alcohols. The main reason is owing to
the uncomplicated process of the conversion, the variety and easy procreation and

commercial availability of alcohols.
There are many ways to synthesize alkyl halides from alcohols such as
1) Reaction of alcahol with common.reagents such as HX, SOCI, and PXs.

2) Preparation of alkyl halides from organophosphorus, halogenating agents

and alcohol.

3) Synthesis of alkyl halides from alcohols, acids or Lewis acids and halide

salts.
1.2.1 Reaction of alcohol with common reagents
1.2.1.1 HX

The conversion of alcohols to alkyl chlorides using conc. HCI could be

achieved in moderate to high yields. Tertiary alcohols proceeded smoothly to give the



corresponding chloride in excellent yield (90%). However, primary and secondary
alcohols proceeded slowly giving the desired chlorides in moderate yield (68%) and a

common side-rearrangement often occurred.

conc.HC
o L L

90%
conc.HCI
/>(OH N2 />{CI + H,0
68%

The preparation of‘alkyl bromides is more readily than that of alkyl chlorides.
Secondary and tertiary bromidgs can be prepared directly from the reaction of the
corresponding alcohols by heating with constant boiling HBr. This method is not
highly regioselective, for gxample in the case of 2- and 3-pentanol, the same ratio of

products, 2- and 3-bromopgntanes were obtained in 70:30 [12].

QH b 4 Br
/\ conc.HBr )\
= 8%
/\)O\H conc.HBr/\/B( +QBL/ conc.HBr\)O\H/
70% 30%

In 1924, Norris-and Taylor reported the synthesis of alkyl chlorides from the
reaction of primary saturated. alcohols with _conc. HCI in the presence of ZnCl,.
Methyl, ethyl, n-prepyl, isapropyl,..n-butyl; sec-butyl, isoamyl, cetyl, S-phenylethyl,
y-phenylpropyl, m-nitrobenzyl, p-nitrobenzyl alcehols and 2-pentanol could be used
to form'the desired chlondes In 60-70% yields. On the ©ther hand; isobutyl alcohol
was converted into alkyl chloride in 15% yield at a high temperature due to the

problem of the competing elimination [13].

HCI
ZnCl

ROH RCI

In 2008, Klein and co-workers investigated the transformation of alcohols to

alkyl bromides and HI. The desired products could be obtained in moderate to high



yield. The product was further applied to synthesize biologically relevant 3,7-
dimethyladenine and 9-butyladenine [14].

reflux, 120 or 130°C
ROH + HI RI

1.2.1.2 SOCl,

One of common reagents for the preparation of alkyl chlorides from alcohols
is SOCl,. This reaction did not give rearrangement product, but toxic by-products
[12].

OH . > "l + SO, + HCI
60%

In 1955, Caserio and co-workers demonstrated the transformation of allylic
alcohols to alkyl chlorides gsing SOCI, in the presence of dilute ether solution [15].

th 4 \Cl
Rele oy PR
= 71% 29%
SOCI,, Et;0 )\/
95%

In 1989, Faland and co-workers described the total synthesis of
isoarnebifuranone. One ©f=all steps involved the treatment of allylic alcohol with
SOCI; in hexane yielding allylic chiaride in 65% isolated yield as the major isomer of
a 7:1 mixture of ‘regioisomers [16].

OH cl

0O hexane ) @)

In 2004, Baughman and co-workers addressed the preparation of a-alkenyl
halide metathesis synthons. One of all steps was the synthesis of alkenyl chloride
from alkenyl alcohol using SOCI; and pyridine [17].



SOCI
OH 2 Cl
A — A4
pyridine
70%

1.2.1.3 PX3

PBr; is another well known reagent for preparing alkyl bromides from
alcohols. This reagent was generated in situ; however, it was considered as a

hazardous reagent [12].

PBr3
/I\/OH )\/Br

91%

In 1965, Coulson and eo-workers reported the evidence to show that the first
two dealkylations, for"X =¢C1 or Br, gave isomerically"and optically pure (if ROH
was a optically pure)sstraight-chain alkyl halides, whereas the third let to some
rearrangement in 2- or 3spenty! or 2-octyl, ,bijt not in n-alkyl, isopropyl, t-butyl, and s-
butyl groups. There was same lossin opticél purity for the 2-octyl system in the third
step. Similar results were obtainett-when X = I except that 2-octyl iodide lose some
optical purity in all three steps. For the ﬂsobutyl system (X = C1 or Br) some
rearrangement occurred in each step, but not when.X =-I; for then, t-butyl iodide

(< 1%) was isolated ohly-from-the third-step-{ 18}

3ROH + PCl;.~— [ROPCL,,(RO),PCI] —=>  (RO)4P + 3HCI
—— RCI+(RO)LP(O)H 22 REl+ ROP(O)HOH =~ RCI + P(OH),

Besides_the reactions_quoted above, there- have several “limitations such as

using hazardous reagent, the generation-of toxic by-products and rearranged products.

1.2.2 Preparation of alkyl halides from organophosphorus, halogenating agents

and alcohol.

In 1964, Wiley and co-workers explored the synthesis of alkyl and aryl halides
in high yields using phosphorus reagents of the type R3PX,. This reagent gave alkyl
halide in high yields but did not give elimination or rearrangement product [19].



R'OH

RsP + X, RgPX, RsPO + HX + R'X

In 1968, Weiss and co-workers reported the conversion of alcohols to alkyl
chlorides using PPhs and CCl,. This reaction gave the corresponding chlorides in 27%
yield [20].

In 1978, Miyano and co-workers addressed the reactions between PPhs and
CuCl; or CuBr, with alcohols. The corresponding alkyl halides were obtained in
moderate to high yield. Nonetheless, using cyclehexanol and menthol as a substrate

gave low yields due to the formation of alkene by=product [21].

In 1984, Ho and Dawvies demonstrated the use of diethyl azodicarboxylate,
PPhsand zinc halide for the'preparation of alkyl halide. The desired products could be
obtained in high yield Under very mild condition [22].

3] 0

I b ZnX
ROH + PRh; + E{O-C=N-N-C-OEt = ———2—~

RX

In 1989, Matveeva and co-workersstudied a regio-stereoselectivity of allylic
alcohol, PPhs, and derivatives-af trichloroécijﬁ'b acid. This reaction can perform to
give alkyl chlorides in high yield [23]. ST

PPh;, CCILR

R/\/\OH R/\/\Cl

CH,CN

In 1998;“Matyeevarand;co-workers-reported the, transformation of alcohols to
alkyl bromides. ‘using 2,4,4,6-tetrabromocyclohexa-2,5-dienone. This method
presented the high reactivity, regiospecificity and‘stereoselectivity [24].

Br

Br
X )=o)
Br
Br

ROH RBr
PPhs, 0° C

In the same year, Drabowicz and co-workers presented the new reagent

system, dimethyl- or diphenyldichloroselenurane for converting alcohol into



chlorides. The usefulness of this method was demonstrated by experiments with
optically active substrates such as enantiomers of 2-octanol and (-)-menthol. In the
case of acyclic, chiral alcohols, both enantiomers of 2-octanol and (-)-menthol were
converted to the corresponding chlorides and with essentially full inversion of

configuration [25].

C6H13 C6H13
PPhs;/Me,SeCl
HY PR o~
HO H
PPhg/MestC|2
oY "/OH - CI

In 1999, Sugimoto + and co-workers explored a conversion of
hydroxyheterocycles to haloheterocyc|e§_'-'using PPh; and N-halosuccinimide. The
corresponding chloroheterocycles and bromeheterocycles were obtained in moderate
to high yield [26]. '

PPhs, N-halos-[]__'c'Qiln.imide

Het-OH Het-X

dioxane, reflux
j X
X == >N /1 >N N\
Het-X:|| P L L N | ;L
N~ X N” "X Me~ "N~ Me Ph,N N N~ X

In 2004, Pollastri /and’ co4workers=addressed the-conversion of alcohols to
halides using 1;2-bis(diphenylphosphino)ethane (diphos). Various alcohols could be
transformed.to.the.corresponding.chlorides.and bromides in-moderate to high yields
[27].

Ph
Ph
ROH RX
C,Clg, THF, RT

X =Cl, Br



In 2002, Firouzabadi and co-workers proposed the new methodology for
halogenation of alcohol using PPhs 2,3-dichloro-5,6-dicyanobenzoquinone in the
presence of R4NX. This method could be employed to generate the desired products
in high yield, whereas no excellent selectivity between the different types of alcohols
was obtained [28].

PPhy/DDQ/R';NX

RYH  “chcpocorrt . RX

Y =0, S, Se; X =Cl, Br, I; and R*= H, n-butyl, n-hexyl

In 2003, Desmaris and co-workers investigated the reaction of alcohol with the
fluorous phosphine-CBr, compleX in taluene or in two-phase toluene-FC-72 (FC-72
being a mixture of fluorgus hexanes) system afforded the corresponding bromide in
good yields. The separation of bromides from the phosphine oxide could be simply
carried out by a simple liquid=liguid extraction. This fluoerous phosphine oxide could

also be recycled after reduction [29].

CBF4

ROH + P(C6H4-p-(OCH2C7Fl5)3 : RBr + OP(C6H4-p'(OCH2C7F15)3

t = |
HSiCl; -

In 2005, Iranpoor and co-workers developed a new heterogeneous reagent,
silicaphosphine [PCl)3.4(Si0,),] which could be prepared from the reaction of silica
gel and PCls, for the transfermation of alcahels and thiols into bromides and iodides.
Various alcohols |andthiols ‘could be converted into their corresponding alkyl
bromides and iodides in high yields [30].

gilphos, X,

ROH RX
CH3CN, reflux

In 2006, Pluempanupat and Chavasiri reported the preparation of alkyl halides
from alcohol by using PPh; and CCI3CONH,. Primary alcohols could be performed to

give the corresponding chlorides in excellent yields via Sy2 pathway [31].



CI;CCONH,, PPh,
ROH - RCI
CH,Cl,, RT, 15 min

In the same year, Hajipour and co-workers demonstrated the procedure for the
conversion of benzylic, allylic and aliphatic alcohols to the corresponding iodides
using PPha/l, under solvent-free conditions using microwave irradiation. The desired

products could be obtained in high yield under mild condition [32].

l,, PPhs /salvent-free
micrewave

ROH

In the same year, Rirouzabadi and co-werkers presented the conversion of
alcohol into their brommdes~and iodides using N-bromo and N-iodosaccharins,
respectively in the presence of PPhs at RT in CH,Cl5. Aliphatic, allylic and benzylic
alcohols were smoothly_eonverted to-the Eorresponding bromides or iodides in high
yields. In the case of cycli¢ alconol, the bfomination of cyclohexanol gave cyclohexyl
bromide and cyclohexene and the iodination of eyclohexanol gave only cyclohexene
[33].

NXSag/PPh,
ROH i RX
CH,Cly, RT
X=Br, |

In 2008, Tongkate and co-workers investigated.-the bromination of alcohols
using BrsCCOBr3/PPhs“and BrsCCO,Et/PPh; under mild conditions with short
reaction times. Primary, secondary and (cyclic falcohols gave the corresponding
bromides in high yields. Howevery tertiary alcohols gave the gorresponding alkyl

bromides in fower yields [34].

PPhy
Brominating agent

ROH : RBr
CH,Cl,, RT, 15 min

Brominating agent = BryCCOCBr3, BrysCCO,Et

According to the aforementioned results, many efficient methods for the
synthesis of alkyl halide have been disclosed. Nevertheless, some reactions have
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limitations such as long reaction times and harsh conditions. In addition, there is no

report on the synthesis of alkyl halides from alcohols using CIPPh;.

1.2.3 Synthesis of alkyl halides from alcohols, acids or Lewis acids and halide

salts

In 2001, Bandger and coworkers described the conversion of alcohols to the
corresponding alkyl iodides using Kl and BF;-Et;O. Allylic and benzylic iodides
could be obtained in high yields, whereas saturated aliphatic alcohols did not work
well [35].

BF; Et,0; Kl

ROH _ RI
Dioxane, rt

In 2002, Bandger and coworkers presented an efficient method for iodination
of alcohol using KI/H2S0s supported on natural kaolinitic clay under microwave
irradiation. The conversion of benzylic alcohols into benzylic iodides was achieved in
high yields and short reaction times [36].

@AOH Natural clay; H2S0,, Kl . OAI
MW, -2-7-min /‘
R

R

In 2003, Hayat and coworkers proposed the new system using Csl and
BF3-Et,0O. Benzylic, altyic and secondary alcohols coutd also be performed well by
this technique;.howeyver, saturated.aliphatic:alcohols did not.yield iodides even after

prolonged time [37]:

BE| Et30Csl

ROH! RI

CH3CN, rt

In 2006, Tajik and coworkers demonstrated the iodination of benzylic and
aliphatic alcohols by AI(HSO,)s/KI. Aliphatic alcohols were smoothly converted to
the corresponding iodides in high yields. In the case of benzylic alcohols, the rate of
reaction was slower when the ring containing an electron-withdrawing group was
used [38].
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~ Al(H,S0,)s, KI
ROH RI
n-hexane

In the same year, Hajipour et al. investigated the iodination of alcohols under
heterogeneous condition using Kl and silica sulfuric acid (SiO,-H;SO4) which
generated chlorosulfonic acid and HCI (g). Allylic and benzylic alcohols were
smoothly converted to the corresponding iodides in high yields [39].

Silica sulfuric acid, Kl

ROH RI
CH3CN,rt

These methods-have some advantages such-as cheaper and commercially
available halide salts.

As all mentioned above, the intention of this work is to develop an efficient
one-pot synthesis of alkyl halides directly from alcohols using the combined reagents
of chlorodiphenylphosphine and halide salts. The reactions were carried out under
mild conditions, short reagtion time and high yield of products.

1.3 Related compounds

1.3.1 Alkyl thiocyanates
Thiocyanates .are useful intermediates In organic synthesis, and for their
biological activities. There are a few reports on the conversion of alkyl alcohols to

azides using organophospherus reagent.

In 2003, lranpoor and co-werkers reported-the conversion of alcohols, thiols,
carboxylic acids, trimethylsilyl ethers and carboxylates to “thiocyanates using
PPhs/DEADINH3SCN This method provided a simple jland general method for the
conversion of different functionalities into their corresponding thiocyanates. The
excellent chemoselectivity of the method is also advantageous [40].

PPhy/DDQ/R',NSCN
RXH RSCN +  RNCS

CH,Cl,, RT
1°,2°=100%  3°=100%
X=0,S
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In 2004, Hiegel and co-workers investigated the preparation of alkyl nitrates,
nitrites, and thiocyanates form alcohols using trichloroisocyanuric acid with PPhs.
Primary, secondary and benzyl alcohols gave high yields of thiocyanates. However,
cyclic alcohols did not give the corresponding thiocyanates [41].

Cl, O
N
o= N-ClI
N
Cl @)
ROH + NaSCN RSCN

In 2006, Iranpoor and.co-workers addressed the preparation of thiocyanates
and isothiocyanates from.aleehols, thiols, trimethyisiyl-, and tetrahydropyranyl ethers
using PPhs/2,3-dichlore=5,6-dicyanobenzoquinene (DDQ)/n-BusNSCN.  Primary
alcohols were converied to" their coresponding. alkyl thiocyanates without the
formation of any isothiocyanates, but §écondary alcohols gave also some minor
amounts of isothiocyanates as @ side-product. In the case of tertiary alcohol, the
isothiocyanate was formed as the major'-_prgduct together with small amounts of
eliminated product [42]. |

PPhy/DDQ/R,NSCN .
CH:CIS R

RY RSCN + RNCS

oAk 3°
Y = OH;SH, OSiMe;, OTHP

1.3.2 Alkyl azides
Azidesyare importantifunctional greupsiin arganic-synthesis for many purposes
and have been extensively used for the introduction of amino groups and construction

of heterocycles.

In 1997, Saito and co-workers developed the method for the conversion of
alcohols to azides with 2,4,4,6-tetrabromo-2,5-cyclohaxadienone/PPhs/Zn(N3),:2Py in
mixed CH3CN/toluene [43].

Br

Br.
ROH + PPh; + _ >C>=o + Zn(Na),-2Py
r

Br
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In 2004, Iranpoor and co-workers reported the synthesis of alkyl azides with
PPh3/DDQ/n-BuNN3; system. Primary, secondary and tertiary azides were proceeded
to form the desired products in high yields. However, secondary and tertiary azides
required longer time to complete the reaction [44].

PPhy/DDQ/R';NN;

RY CH,CL, RT RN

Y = OH, 'SH; OSiMe,

In 2007, Kuroda and eo-workers presented the conversion of tert-alcohol to
tert-alkyl azides by way of oxidation-reduction condensation using alkyl
diphenylphosphinites with trimethylsilyl azide (TMSN,) in the presence of methoxy-
benzoquinine (MBQ). Thecorresponding tert-alkyl azides with inverted configuration
were also achieved in highwield [45].

CIPPh,, BNl DMAR TMSN;, MBQ
ROH 4 ROPPh; RN3

#

1.4 Objective of this research -

The objectives of this research ar.e-’f_.t(_)_}_explore and develop the optimized
conditions for the one-pot conversion of alkyl alcohol t-alkyl halide using CIPPh;
under mild conditions; short reaction time and high yield ef products. The application
of this developed methodology for the preparation @f related compounds is also

examined.



CHAPTER Il

EXPERIMENTAL

2.1 Instruments and equipment

All reactions were carried out under,an atmesphere of N,. Reactants and products
were identified by several speetroscopic technigues. “H=-and *C-NMR spectroscopy was
performed in CDCl; with.tetramethylsilane (TMS) as an internal reference on a Varian
nuclear magnetic resonange spectrometer, mo__del Mercury plus 400, which operated at
399.84 MHz for *H and 10054 M Hz for 13C;r.{uclei. The chemical shifts (8) are assigned
by comparison with residue solvént protons.Yields of products were determined by *H-
NMR technique using toluene as an internal sfandard. Thin layer chromatography (TLC)
was carried out on aluminium sSheets.precoated with stlica gel (Merck, Kieselgel 60
PF254). Column chromatography was performeid on silica gel (Merck, Kieselgel 60G Art
7734, 70-230 mesh; or Art 9385;230-400 mesh)-ahd aluminium oxide 90 active neutral
(70-230 mesh).

2.2 Chemical reagents

Substrates and.reagents-used for, synthesis were purchased from Fluka chemical
company or otherwises-stated and were-used ‘without further purification.

All~solvents, usedainsthis «research owere, purifieds prior «t9 wse by standard
methodology. except for those whicCh'were reagent grades.

2.3 Alkyl iodides
2.3.1 General procedure for conversion of alcohols to alkyl iodide

A stirred solution of alcohol 1 equiv. (0.25 mmol), Nal 3 equiv. (0.75 mmol) and
BusNI 0.8 equiv. (0.4mmol) in dry CH3CN (1 mL) was successively added CIPPh; 3.45
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equiv. (0.86 mmol, 0.16 mL) at RT (30-32°C) under N, atmosphere. After 3 h, the crude
mixture was analyzed by H-NMR spectroscopy with the addition of toluene as an
internal standard or purified by silica gel column.

2.3.2 Study on optimum conditions for conversion of alcohols to alkyl iodide
2.3.2.1 Effect of alkali metal salts

The conversion of 1-octanol into 1-octyl iodide was carried out using the reaction
conditions described in the general procedure. Three different alkali metal salts including
sodium iodide (Nal), potassium iodide (K1) and lithium iodide (Lil) were utilized.

2.3.2.2 Effect of the amounts of Nal

According to the generalprocedure, the amount variation of Nal as 0.15, 0.25,
0.28, 0.30 and 0.35 equiv..was gxplored to observe the effect of the amount of Nal on the

iodination of 1-octanol.
2.3.2.3 Effect of the amounts of BusNl.and reaction time

The general reaction performed using the amount variation of Bus;NI as 0.3, 0.5

and 0.8 equiv. and different reactiofl time.
2.3.2.4 Effect of solvents

The general reaction was carried out using five different solvents: benzene,

toluene, THF, CH3CN and-CH,Cl, at room temperature for 30 min under No.
2.3.3 The synthesis of alkyl iodides

RT, 30 min
CH3CN 1 mi

ROH +. CIPPh, .+ Nal, t - BugNi
lequiv.,'3.4 equiv, 8equiv. 0.8 equiyv.

The iodination of different alcohols (0.25 mmol) using Nal (0.75 mmol), CIPPh,
(0.86 mmol) and BusNI (0.4 mmol) in CH3CN at room temperature for 30 min was
conducted. The quantity of alkyl iodide in the crude mixture was determined by *H-NMR

using toluene as an internal standard or purified by silica gel column.
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1-Octyl iodide: Colorless oil (61%), *H-NMR (CDCls) & (ppm): 0.88 (3H, t, J =
6.65, CH3), 1.26-1.40 (10H, m, 5xCH,), 1.82 (2H, m, J = 7.28 Hz, CH,) and 3.19 (2H, t, J
= 7.03 Hz, CH,); ®*C-NMR (CDCls) & (ppm): 7.4, 14.1, 22.6, 28.5, 29.1, 30.5, 31.8 and
33.6.

1-Adamantyl iodide: white solid (18%), *H-NMR (CDCls) & (ppm): 1.81 (6H, t, J
= 14.34 Hz, 3xCH,), 1.96 (3H, s, CH) and 2.64 (6H, s, 3xCH,); *C-NMR (CDCls) &
(ppm): 33.1 (3C), 35.6 (3C), 51.2 and 52.5 (3C).

2.4 Alkyl bromides
2.4.1 General procedure for conversion of alcahols to alkyl bromide

A stirred solution of aleehol*l equiv. (0.25 mmel) and LiBr 3 equiv. (0.75 mmol,
0.0651 g) in dry CH3CN (1 mlL) was successively added CIPPh, 3.45 equiv. (0.86 mmol,
0.16 mL) at RT (30-32°C) under N, atmosphere. After 30 min, the crude mixture was
analyzed by 'H-NMR with the addition of toluene as an internal standard or purified by

silica gel column.
2.4.2 Study on optimum conditions for conversion of alcohols to alkyl bromide
2.4.2.1 Effect of alkali metal salts

According to the-general procedure, variation of alkali metal salts as sodium
bromide (NaBr), potassium bromide (KBr) and lithium bremide (LiBr) was explored to

observe the effect of alkali'metal salts on the bromination of2-phenylethanol.

2.4.2.2 Effect of thelamounts of LiBr

The general reaction performed‘using the améunt variation of-LiBr as 1, 2 and 3
equiv. was explored to,observe the;effect. of the lamount of ‘brominating agent on the

bromination of alcohol.
2.4.2.3 Effect of the amounts of BusNBr and reaction time

The reaction of alcohol with various amounts of BusNBr: 0.15 and 0.3 equiv. in
dry CH3CN (1 mL) was stirred under N at room temperatures at the reaction time: 15 and
30 min.
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2.4.2.4 Effect of solvents

The general reaction performed using various solvents (1 mL): benzene, toluene,
THF, CH3CN and CH,ClI; at room temperature for 30 min under Na.

2.4.3 The synthesis of alkyl bromides

RT, 30 min

ROH + CIPPh, + LiBr
CH,CN 1 mL

1equiv. 3.4equiv. 3equiv.

The reaction of variation of alcohal (0.25:mmol), CIPPh, (0.86 mmol) and LiBr
(0.75 mmol) in CH3CN (1 mL) was stirred ai‘reem temperature for 30 min under No.
After evaporation, the corresponding products were analyzed by *H-NMR based on a

standard toluene 10 pL or pukified.by.silica gel column.

2-Phenethyl bromide: celogless 0il (80%), *H-NMR (€DCls) & (ppm): 3.20 (2H, t,
J =7.70 Hz, PhCH,CH,B#), 3.61 (2H, t;-d =7.70 Hz, PhCH,CH,Br) and 7.24-7.37 (5H,
m, Ar-H), *C-NMR (CDCl3)'6 (ppm): 33.3,39.6, 127.1, 128.8 and 139.1.

1-Adamantyl bromide: white solit (20%):,__17H-NMR (CDCl3) & (ppm): 1.72 (6H, s,
alkyl groups), 2.09 (3H, s, alkylGrolips) and 2:86 (6H, s, alkyl groups). C-NMR
(CDCl5) 5 (ppm): 32.6, 35.5, 48.3.and 66.8.

2.5 Alkyl chlorides
2.5.1 General procedure-for conversion of alcohols to alkyl chloride

A stirred solution ‘of alcohol € equivi~(0:25 mmol) 4m dry CHsCN (1 mL) was
successively added«CIPPh; 3.45 equiv. (0.86 mmol, 0.16 mL) at RT (30-32°C) under N,
atmospheres After 45 min, the-crude-mixture was-analyzedby H-NMRwith the addition
of toluene as.an internal’'standard or purified by Silica gel'‘column.

2.5.2 Study on optimum conditions for conversion of alcohols to alkyl chloride

According to the general procedure, the variation of reaction time as 30 and 45
min and solvent as CH3;CN and CH,CI, was explored to observe the effect of reaction

time and solvent on the chlorination of 2-phenylethanol.
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2.5.3 The synthesis of alkyl chlorides

RT, 45 min
CH,CI, 1 mL

ROH + CIPPh,
1equiv. 3.4 equiv.

The reaction of variation of alcohol (0.25 mmol) and CIPPh, (0.86 mmol) in
CH,CI, (1 mL) was stirred at room temperature for 45 min under N,. After evaporation,
the corresponding products were analyzed by *H-NMR based on a standard toluene 10 pL

or purified by silica gel column.

2.6 Related compounds

2.6.1 Alkyl thiocyanates

2.6.1.1 General procedure for.eonversion of alcohols to alkyl thiocyanate

A stirred solution of alcohol/1 equiv.(0.25 mmol) and LiBr (0.75 mmol, 0.065 g)
in dry CH3CN (1 mL) was sugcesSively added CIPPh; 3.45 equiv. (0.86 mmol, 0.16 mL)
at RT (30-32°C) under N atmaosphere for 30°min. \When the reaction was completed, the
reaction mixture was added NH;SCN 3 equiv. .((-).75 mmol) at reflux temperature under
N2 atmosphere. After 8 h, the crude mixture wéé rénalyzed by *H-NMR spectroscopy with

the addition of toluene as an internal standard or purified by silica gel column.
2.6.1.2 Study on optimum-conditions-for-conversion-of-aiconols to alkyl thiocyanate

1-Octhanol was used to synthesize alkyl thiocyanate. Several factors including
thiocyanate reagents, phase’ transfers and reaction time were varied to explore the
efficiency of the ‘reaction.” In addition, using_the ‘same technique with 1-octanol as a

substrate to verify the optimized condition was carried out.
2.6.2 Alkyl azides

2-Phenylethanol was used as a model compound. Several parameters including
type of azide reagents, the amounts of azide reagents, temperature, reaction time, and
solvents were investigated to optimize the reaction conditions for conversion of alcohols
to alkyl azide. In this optimizing study, the obtained product was characterized by

'"H-NMR spectroscopy based on a standard toluene 10 pL.



CHAPTER I

RESULTS AND DISCUSSION

The transformation_of alcohols into“the“carresponding halides represents an
important functional group interconversion in grganic synthesis. They are usually
prepared from the correspending alcohals by the action of a great variety of reagents.
However, some reactions‘have several limitations such as using hazardous reagent,
generate toxic by-produefs, /rearranged- products, long reaction times and harsh
conditions. There is N0 report for synthéléiS-aIkyI halide from alcohol using CIPPh;
and alkali metal salts indL step. /

In this research, the development and exploration of optimum conditions for
the one-pot synthesis of alkyl~halide from'g_a-l'kyl alcohol using CIPPh, under mild
conditions, short reaction time-and high yi'e'lrc#'of products. The application of this

developed methodology-forthe preparation-of related-compounds is also examined.
3.1  Alkyliodide
3.1.1 Study on optimum-conditions,for.conversion-of alcohols to alkyl iodides

To search for an optimized condition for the iodination of alcohol, the effects
of alkaliymetal-salts; the amount:of INal] and BusNI freaction time and solvents were
investigated. 1-Octanol was selected as a model substrate for these examinations. In
this optimizing study, the obtained product was characterized by *H-NMR based on a

standard toluene 10 pL.
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3.1.1.1 Effect of alkali metal salts

The reactions of 1-octanol (1 equiv.) with three alkali metal salts were
performed to quest for the optimized conditions. The results are described in table 3.1.

Table 3.1 Effect of alkali metal salts in the synthesis of 1-iodooctane

CIPPh, (3.4 equiv.)
alkali metal salt (3.5 equiv.)

0.25 mmol CH:CN I mL, RT, 3 h
Yield?
Entry  Alkali metal salt ¥ T (%)
Toeridocthneamanayeicd Other®
Alcohol
1 Lil 84 |\ - 16 100
2 Nal 96/(61%)s 4 . - 96
3 Kl 96— - - 90

2 analyzed by 'H-NMR based on toluene 10 ;,LL
® %yield of 1-octyl diphenylphosphinite an:d__,l;_octyl diphenylphosphinite oxide
“isolated yield '

#

As the results presented-in table 31,_the reaction using Lil (entry 1) provided
the desired product in 84% and by produc'ts-'a‘s 1-octyl diphenylphosphinite and 1-
octyl diphenylphosphinite oxide in 16%. Entries 2 and 3 gave only 1-iodooctane in 96
and 90%, respectively.. The reaction using Nal gave the best yield of 1-iodooctane.

Consequently, Nal wasappropriate to be used as iodinating agent.

The corresponding 1-octyl jodide was fully-characterized its identity by NMR
spectroscopy. The *H- and *C-NMR spectra of 1-octyl iodide are illustrated in Figs
3.2 and"3:8; respentively: The<*H:NMR) spectrumy displayed «thegtriplet signal of
methylene protons adjacent to iodide at 84 3.19. The **C-NMR revealed the signal at
d¢c 33.4 assigned to the carbon connecting to iodine. Seven remaining signals were

seven carbons on an aliphatic chain.
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3.1.1.2 Effect of the amounts of Nal

Preliminary results revealed that using Nal, the transformation of 1-octanol to
1-iodooctane could be achieved in excellent yield. The amount of Nal was thus

investigated to search for optimum conditions as presented in Table 3.2.

Table 3.2 Effect of the amounts of Nal in the synthesis of 1-iodooctane

CIPPh, (3.4 equiv.)
HO/\/\/\/\ + Nal - I/\/\/\/\
0.25 mmol 3.5 equi. CH,CN I mL,RT,3 h
96Yield®
Entry Nal (equiv.) S (%)
iiodoogtane ocovered o
alcohol
3 3.0 967~k 4 \ ) 9%
4 35 96 , \ 3 9%

2analyzed by *"H-NMR based on toluene 10'yl;-
® 9yield of 1-octyl diphenylphosphinite an'dj—ir-orctyl diphenylphosphinite oxide

Table 3.2 reveals that the yield of p,rE)—qU_ct was increased when the amounts of
Nal were increased (entries 1-4). MoreoVe;, it should, be mentioned that the
conversion of 1-octanel to 1-iodooctane using Nal 3.0 and.3.5 equiv. (entries 3 and 4)
gave almost the same yield. However, Nal 3.0 equiv. was considered as the most

proper amount for further investigation.
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3.1.1.3 Effect of the amounts of BusNI and reaction time

The effect of the amounts of BuyNI and reaction time was investigated and the
results are accumulated in Table 3.3.

Table 3.3 Effect of the amounts of BusNI and reaction time

CIPPh, (3.4 equiv.)

HO S~~~ ¢ Nal ¢ NBug —BONImb
0.25 mmol 3.5 equiv, RT, 30 min
Enry  BuN! Reaction % :ema : o
(equiv.) Gme () 4 odooctane - Recovered b
alcohol
! ) & 76 - 14 90
? ] ! 81 : 9 90
3 - 15 84 . 8 92
) ' / 9 : - 92
° ' ° % : - %6
6 0.3 0.5 78 . 1 %0
7 0.5 0.5 88 _ 8 96
8 0.8 05 96 { i 96

% analyzed by ‘*H-NMR based on toluene 10 pl
® 9yield of 1-octyl diphenylphosphinite and 1-octyl diphenylphosphinite oxide
lodonation“of 1-octanol/was performed using‘the redction time ranging form
0.5 to 3 h (entries 1-5). The reaction gave the highest yield within 3 h was employed
(entry 5). When, the, reaction=time was jlessened-t0 0:5 M, I=iodeoctane was merely
obtained.in 76% yield," whereas employing the same reaction condition, but adding
BuyNI from 0.3 to 0.8 equiv. (entries 6-8) yielded the desired product in high yield.
When 0.8 equiv. was used, 1-iodooctane was obtained in the highest yield (entry 8).
From the above results, the optimal amounts of BusNI and reaction time for the

synthesis of 1-iodooctane was 0.8 equiv. and 0.5 h, respectively.
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3.1.1.4 Effect of solvents

Solvent was another important factor for iodination of 1-octanol. In this study,

five diverse solvents were examined. The results are shown in Table 3.4.
Table 3.4 Effect of solvents

CIPPh; (3.4 equiv.)

HO "+ Nal | + NBu4, . PN NN
0.25 mmol 3.5equiv. 0.8 equiv. '
Entry Solveni % Yield®
1 CH:CN 96
2 toluene 58
3 THF 73
4 béggene 62
5 CH.Cl, 75

* analyzed by "H-NMRbasgd on toluene 10 ple

The treatment of 1-o¢tanok (1 equivr'_i,jC_IPth (3.4 equiv.) , Nal (3 equiv.) and
BuyNI (0.8 equiv.) was performed-in varidgs;'léolvents at RT for 30 min. Common
solvents which were not expensive ‘and com'hﬁéfcially available such as toluene, THF,
benzene and CH,Cl . provided-the-desired-product-in-moderate yields (entries 2-5).
When CH3;CN was used, 1-iodooctane was obtained-in excellent yield (entry 1).
Therefore, the reaction of alcohol (1 equiv.), CIPPh, (3.4 equiv.), Nal (3 equiv.) and
BusNI (0.8 equivy) ineGH3sCN at Ry for=30ymin; was, applied to be the optimized

condition for screening-substrates.
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3.1.2 The synthesis of alkyl iodides

Since the optimized reaction conditions such as alkali metal salts, the amounts
of Nal, the amounts of BusNI, reaction time and solvents could be achieved as
previously discussed. The scope of the preparation of alkyl iodide from alcohols using
CIPPh,/Nal/BusNI in CH3CN at RT was further explored and the results are displayed
in Table 3.5.

Table 3.5 The synthesis of alkyl iodide from alcohols using CIPPh,/Nal/BusNI in
CH3CN at RT

Bu,NI(0:8 equiv.)

onia. iv.
ROH - N CIPPh5«(3.4 equiv.) _ R

0.25 mmale™ 3€quiv. CH3CN 1 mLyRT, 30 min

” Product®
Entry Substrate (Yyield)
1 HgF - 520 96
2 @AOH Lo 100
OH

3 RN e

4 O 61

OH
18°

%analyzed by *H-NMR based on toluene 10 pL
bisolated yield
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Primary alkyl iodide: 1-iodooctane underwent a clean reaction providing the
corresponding alkyl iodide in an excellent yield (entry 1). Similarly, the preparation of
benzyl iodide was also achieved using benzyl alcohol in quantitative yield (entry 2).
On the contrary, 2-dodectyl and 1-adamentyl iodides were obtained only in moderate
and low yield as the reaction was not completed within this optimized time (entries 3
and 5). Steric hindrance of substrate might cause this incomplete reaction. In the case
of cyclic secondary iodide, the reaction did not smoothly proceed (entry 4). It suffered

from the elimination of alkyl iodide to.its corresponding alkene.
3.1.3 The proposed mechanism

The reaction pathway for the formation of alkyl iodides was proposed as
illustrated in Scheme 3.1 _dn"the first step, alcohel initially reacted with CIPPh; to
generate alkyl diphenylphesphinite. Then alkyl diphenylphosphinite was reacted with
CIPPh, to generate intermediate A'and then the reaction of the intermediate with

iodide anion formed alkyl iodide and by-product B.

/RP-QL« QPT@ Q I PPh,

R”OH R™0-PPh, R\ O-PPh, RI+ 0=pph,
(A) (B)

Scheme 3.1 Proposed‘mechanism for iodination of alcohol.
3.1.4 Reactivity studies of selected alcohols

The relative reactivity of CIPPh,/Nal/BusNI with various alcohols was further

studied by competing two selected alcohols.in the same reaction vessel.

Two selected alcohols.(1 equiv. each), CIPPh;, (3.4 equiv.),“Nal (3 equiv.) and
BusNI (0.8 equiv.)iin dry CH4CN (L mL) were stitred under standard.conditions. The

results are accumulated in Table 3.6.



27

Table 3.6 Reactivity studies of selected alcohols

BuyN1 (0.8 equiv.)

IPPh,, (3.4 equiv.
RIOH + R20H + Nal CIPPh, B4equiv) oy 4 gy

0.25mmol  0.25 mmol 3 equiv. CH3CN 1mL,RT, 30 min

] Recovered
. 4 % Yield?
Entry R*OH R“OH . alcohol® (%)
RU/R? ) ) (%)

R'OH/R*0OH
1 o~ ©AOH 96/95 0/0 96/95
A~~~ gOH 36/95 60/0 96/95
OH 95/22 3/75 98/97

3 N0 ©/\/
A ©AOH ©/\/OH 99/36 0/56 99/92
/\/\/\/\/Y

5 o o 86/12 /81 95/93

2 analyzed by "H-NMR based ontaluene 10 uL
® 15 min

For the experimental time around 30 min, the amount of the products gained
from 1-octanol and benzyl alcohol (long chain primary alcohol vs benzylic primary
alcohol) was not different (entry 1); nevertheless, in 15 min benzyl alcohol gave the
designated product more than 1-octanol (entry 2). 1-Octanol and benzyl alcohol could
still be converted to the desired alkyl iodide in predominant yield compared with 2-

phenylethanol (entries 3 and 4). 1-lodododecane was obtained in 86% yield whereas
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2-iodododecane was obtained in 12% yield (entry 5). This result gave an informative
clue that the iodination of primary alcohol was more reactive than that of secondary
alcohol under developed system.

According to the aforementioned results, the reactivity of alcohols with
CIPPh,/Nal/BusNI could clearly be concluded: 1) benzyl alcohols appear to be the
most reactive under this developed system supporting the Sy2 mechanism 2) long
chain primary alcohols are more reactive than steric primary alcohols. 3) primary
alcohols are more reactive than secondary. alcohols. The order of reactivity of alcohols

is displayed below.

gOH —s | S ©/VOH

OH

3.2  Alkyl bromide
3.2.1 Study on optimum conditions for conversion of alcohols to alkyl bromides

Several parameters inctuding type of alkali metal salts, the amount of LiBr,
and BusNBr, reaction time, and solvents were investigated to optimize the reaction
conditions for conversion of alcohols to alkyl bromides. For optimizing the reaction
conditions, 2-phenyléthanel was)usedas a~madel substrate; 4a this optimizing study,
the obtained preduct was characterized by *H-NMR based on a standard toluene 10

ML.
3.2.1.1 Effect of alkali metal salts

Significant differences in the reactivities of alkyl bromide were mainly caused
from types of alkali metal salts. The results of the effect of halogenating agent on the

formation of 1-octadecyl benzoate are collected in Table 3.7.



Table 3.7 Effect of alkali metal salts in the synthesis of 2-phenylethyl bromide

CIPPh, (3.4 equiv.)

OH alkali metal salt (3 equiv.) Br
©/\/ CH,;CN 1 mL, RT, 30 min ED/V

29

0.25 mmol
Alkali Yield?
Entry  metal ™% phenylethyl  2-Phenylethyl  Recovered , 2 (%)
salt bromide chloride alcohol Other
1 LiBr ~100 3 - trace 100
2 NaBr 46 dop 17 17 97
3 KBr 69 | - 23 11 104

2 analyzed by *H-NMR based on toluene 10 pl
® 9yield of 2-phenylethy! diphehylphosphinite and 2-phenylethyl
diphenylphosphinite exide

The effect of.alkali metal salts."op the synthesis of alkyl bromides was

manifestly observed when using NaBr (édntfy 2), the desired product was obtained

only 46% yield. NaBr was less sofuble in CH3CN, thus causing the competition

between CI from CIPPh, and Br=fiom NaBr. ‘The reaction using LiBr (entry 1) gave

the desired product in quantitative yiéhij _')Accordingly, LiBr was a suitable

brominating agent and was used for further'éibl;c_)r'ation.

3.2.1.2 Effect of the'amounts of LiBr

In order to find out the optimized conditions, the amount of LiBr was one of

crucial parameters far the reaction that needed to examing.| Fhe outcome is presented

in Table 3.8.



30
Table 3.8 Effect of the amounts of LiBr in the synthesis of 2-phenylethyl bromide

OH CIPPh, 3.4 equiv. Br
©/\/ . LlBr N ©/\/
CH;CN 1 mL , RT, 30 min

1 equiv.

% Yield®
Entry  LiBr(equiv.) 2 phenylethyl Recovered b Z (%)
. Other
bromide Alcohol
1 1 ’ , 4 98
2 2 /// 29 3 90
3 2.5 3 103
4 3 0 x\ trace 100
® analyzed by 'H-NMR.basedon foluens 10 ul.
® 9yield of 2- phenyleth diphényiphosphinite phenylethy!

diphenylphosphinite0X

The yield of 2<phe *__' : incres m 30 to 100% upon raising
1 :

the amount of LiBr froi 3 equiv. gave a quantitative

yield of the desired prod

_.i",—".-“":‘-'f' b2t _} ' i

bromination of 2-p ar € res! hown inTable 3.9.

re important factor for

ﬂﬂﬂ’)‘ﬂﬂ‘ﬂ’ﬁﬂﬁ?ﬂ‘i
ammmm UANINYA Y
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Table 3.9 Effect of the amounts of BusNBr and reaction time
LiBr 3 equiv.

OH CIPPh, 3.4 equiv. Br
+ BU4NBr
CH;CN 1 mL , RT

1 equiv.

0 H a

Ent BusNBr Reaction % Yield 0

ntry (equiv.)  time (min)  2-Phenylethyl ~Recovered o X (%)
i Other
bromide alcohol

1 - 15 30 16 3 %
] ) 30 100 - - 100
3 0.15 15 ) g5 ) _ .
4 0.3 i5 32 _ _ N

2 analyzed by *H-NMR based on ioluene 10 il
® 9yield of 2-phenyletiy! dlphenylphosphlnlte and 2-phenylethyl
diphenylphosphinite oxide

Table 3.9 reveals'that when the reaction was carried out in the absence of
BusNBr at 30 min (entry 2), the desired Vproduct was obtained in 100% vyield. The
reaction using Bus;NBr 0.15 equivs-at 15 .min gave 2-phenylethyl bromide in 86%
yield (entry 3). Comparing the effect of Bu4NBr at the reaction time of 15 min,
without the addition of this bromide salt, 2’-phehylethyl bromide was merely obtained
in 80% vyield (entry-1), whereas the addition of Buy,NBr-0:3 equiv. yielded the target
product in 92% yield (entry 4). However, BusNBr Is rather expensive. To prolong the
reaction time to 30 min was determined as the most proper optimized conditions
(entry 2).

3.2.1.4 Effect of solvents

2-Phenylethanol was selected as.a model substrate to explore the solvent effect
on this reaction. The treatments of 2-phenylethanol (1 equiv.), CIPPh; and LiBr in

four diverse solvents were displayed in Table 3.10.
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Table 3.10 Effect of solvents

OH CIPPh, 3.4 equiv. Br
+ LiBr > ©/\/
RT, 30 min

1 equiv. 3 equiv. solvent 1 mL
Entry Solvent % Yield®
1 CH3CN 100
2 Toluene 62
3 THF 58
4 Benzene 56
-
5 CH,CIL, 91

2 analyzeddy " HENMR based on toluene 10 ul

From Table 3.10, toltuene; THF :and benzene provided the desired product in
moderate yields (entries 2-4). Whénz CI—L;CN and CH,CI, were used, 2-phenylethyl
bromide was obtained inigh yielrd (entri"é_es 1 and 5). Nevertheless, when CH,Cl, was
employed in this reaction (entry.5), the éEi_lulaility of LiBr in this solvent was poor.

After screening a number of solvenis, CH&C_N was found to suit the need for this

reaction. = 1

1y =
o el

3.2.2 The synthesisiof alkyl bromide

Since the optimized conditions could be obtained as previously discussed, the
scope of the reaction“to convert various alcohols into their corresponding alkyl

bromide was further investigated, The results are,displayed.in.Table 3.11.
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Table 3.11 The synthesis of alkyl bromide from alcohols using CIPPh,/LiBr in
CH3:CN at RT

CIPPh, (3.4 equiv.)

ROH + LiBr ~ RBr

0.25 mmol 3 equiv. CH3CN 1 mL, RT, 30 min
Product®
Entry Substrate (%yield)

1 [::j/”\»/OF’ 100

OH

2 analyzed by *H-NMRbased on toluene 10-u.L
Y isolated yield
Various primary alcohols could be completely converted to the corresponding
alkyl bromides in high to quantitative yield (entries 1-4). Alcohols containing two or
three carbon linkages between phenyl ring and hydroxy group could be converted to
the corresponding chlorides in excellent yields (entry 1). Similarly, the preparation of
benzyl bromide was also achieved using benzyl alcohol in a quantitative yield (entry

2). In the case of long chain aliphatic alcohols including 1-octanol and 1-dodecanol,
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the carbon chain length, perhaps being considered as steric hindrance, did not affect
this reaction (entries 3-4). For secondary alcohol, 2-dodecanol could be converted to
the corresponding bromide in moderated yield (entry 5). The conversion of 1-
adamantanol to the corresponding alkyl bromide could also be achieved in low yield

(entry 6) because steric hindrance.

3.2.3 Kinetic study

The kinetic study of the bromination of 2-phenylethanol under the optimized

conditions was explored. The results are preseated as shown in Figure 3.3.

OH 2 €D5C1 1 mL Br
PPh LiB >
©1/\/ et g iBr S ©/\/

equiv. 34 eguiv.// 3 equiv.
\
Studyof kinetic
120 — 4 F FE —
’
100 ¢ & Forriirm b - — L ——————
80 F . W A
m ¥ 324
Yoyteld 60 +—— m=io A_“q # Substrate
I Y | :
. c————— = M Intermediate
e = s A Product
20 28 DL
[
%2 ¢ o o .
Q@ W | | |. |’ i
0 20 40 60 30 100
Reéaction time

Figure 3.3 Kinetic study of the bromination of 2-phenylethanol under the optimized

conditions

With the aids of *H-NMR spectroscopy, it was clearly seen that the reaction
produced alkyl diphenylphosphinite as a detected intermediate in the early stage. The
maximum amount was around 10 min and then gradually reduced. The formation of
the product could be observed after 10 min and the maximum yield was found around

80 min.
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3.2.4 Reactivity study of selected alcohols

The relative reactivity of various alcohols with CIPPh,/LiBr was further
studied by competing two selected alcohols under the optimum reaction conditions.

The outcome is presented in Table 3.12.
Table 3.12 Reactivity study of selected alcohols

LiBr (3 equiv.)

CIPPh, (3.4 equiv.)
RIOH + R20H : —~ RIBr+ R2Br
0.25 mmol  0.25 mmol  CHCNLmi, RT, 30 min

~— Recovered
L J % Yield
Entry R'OH RfOH N alcohol® (%)
RBI/RBr | ) (%)
R"OH/R“OH

NN
1 o4 @AOH L\ 0098 93/0 93/98
P NG N O~ 100/9
2 2 ©N 98/1 2196 ;

w

OH
@OH (j/V 3873 58/93 96/96

4 ok 38/0 61/93 95/93

2 analyzed by *H-NMR based on toluene 10 pL

The results of reactivity of alcohols with CIPPh,/LiBr exhibited the same trend
as those with CIPPh,/Nal/BusNI. In addition, Kinetic studies indicated that alcohols
quickly reacted to CIPPh,, producing alkyldiphenylphosphenite intermediate in the
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first step. On the other hand, the transformation of these resulting intermediates into
alkyl bromides slowly preformed via Sy2 mechanism, which suggests that the first
step is the rate-determining step. Therefore, the order of reactivity of alkyl

diphenylphosphenite is displayed below.

©ﬁ0PPf& > INNN0pph, > ©/VOPPh2

/\/\/\/\/\/\OPPhZ R,
OPPh,

According to the aferementioned results, the reactivity of alcohols with
CIPPh,/LiBr could clearlysbe concluded: 1) benzyl alcohols appear to be the most
reactive under this develgpedssysiem supporting the Sy2 mechanism 2) long chain
primary alcohols are more feactive than ste_r_ic primary alcohols. 3) primary alcohols
are more reactive thanssecondary alcoholé. The order of reactivity of alcohol is

displayed below.

©AOH > /\/\/‘__\",(__\OH>©/\/OH

/\/\/\/W\OH>/W

OH
3.2.5 The proposed mechanism

The reaction pathway for the formation of alkyl iodides was proposed as
illustrated “in" Scheine, 8.2: In-the first step; aleoholtinitially realted with CIPPh, to
generatesalkyl diphenylphosphinite. Then alkyl diphenylphosphinite was reacted with
CIPPh, to generate intermediate A and then the reaction of the intermediate with

iodide anion formed alkyl iodide and by-product B.

./RP-\C,I« /?th—g, @ Br PPh,

ROH — R "O-PpPh, R“\0-PPh, RBr + 0=pph,

(A) (B)
Scheme 3.2 Proposed mechanism for bromination of alcohol.
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3.3  Alkyl chloride
3.3.1 Study on optimum conditions for conversion of alcohols to alkyl chlorides

Various factors including reaction time and solvents were scrutinized to
evaluate for the optimal conditions for the conversion of alcohols to alkyl chlorides.
2-Phenethyl alcohol was selected as a chemical model. In this optimizing study, the

obtained product was characterized by *H-NMR based on a standard toluene 10 pL.

The effect of reaction time and solvents was investigated and the results are

accumulated in Table 3.13.

Table 3.13 Effect of reaction time and solvents

OH \ Cl
©/\/ P, solvent 1 mL ©/\/
Lequivg 34 equive, & RT

I % Yield?
E Solvent Reaction 0
ntry (mL) time (min) . 2-Phenylethyl’. "Recovered p 2 (%)
i Other
chloride alcohol
1 30 =1 71 9 97
CH3;CN $a7
2 45 20 70 8 98
3 30 76 17 8 101
CH,CI,
4 45 90 - 10 100

2 analyzed by *H-NMR based on toluene 10 pl-

® 9yield of 2-phenylethyl diphenylphosphinite and 2-phenylethyl
diphenylphosphinite exide

From Table 3.13, CH3CN provided the desired product in low yields (entries
1-2). When..CH,Cl, was_used, 2-phenylethyl. chioride was..obtained in high yield
(entries 3-4). After’screening & numberof solvents, CH;Cl, was found.to suit the need

for this reaction.
3.3.2 The synthesis of alkyl chloride

In order to explore the scope and limitations of this methodology, the
treatment of various alcohols (1 equiv.) with CIPPh, (3.4 equiv.) in CH.CI, at RT

afforded a wide range of alkyl chlorides as summarized in Table 3.14.
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Table 3.14 The synthesis of alkyl chloride from alcohols using CIPPh;, in CH,Cl; at

RT
OH H,C “
H L
1 equiv. 3.4 equiv. RT, 45 min
Product?
Entry Substrate (Yoyield)

OH
. @N 0
2 [:j/\OH 89

3 Py f Y AN 86
OH
Y J P P .
OH
S 10°

2 analyzed by *H-NMR based on toluene 10 L
® isolated yield
Primary_alkyl alcohols (2-phenylethanol and 1-octanol) and benzyl alcohol
underwent a cleanreactioncproviding 'the corresponding alkyl chlorides in excellent
yields (entries 1-3). The conversion of 2-dodecanol and 1-adamantanol to the
corresponding alkyl chlorides could also he achieved in: moderate” and low yields
(entries 4-5). Steric hindrance of substrate might cause incomplete reaction.

3.4  Related compounds
This disclosed methodology for the preparation of alkyl halide directly from
alcohol was further applied for one-pot synthesis of alkyl thiocyanate and azide.
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3.4.1 Alkyl thiocyanate

From the success of using the optimum reaction conditions to synthesize the
desired alkyl halides, this general procedure was further investigated. The conversion
of alcohol into alkyl thiocyanate was first explored. 1-Octanol was selected as a
model substrate to search for an optimized condition. The reactions of 1-octanol (1
equiv.) and CIPPh; (3.4 equiv.) with various thiocyanate reagents and phase transfers
in CH3CN were carried out at RT for 30 min. The outcomes are shown in Table 3.15.

Table 3.15 Effect of thiocyanate reagents and phase transfers

phasetransfer

Thiocyanate reagent 3 equiv.

/\/\/\/\OH . CIPPhZ /\/\/\/\SCN
1 equiv. 3 eqitv’ /// CH3CEN I'mL,30. min (B)
(A) +
SN ()
©
Ent Thiocyanate J Phasetransfer: « Product?® (%oyield) y
ntr
Y reagent Type s equivs A B C Other” (%)
1 z - 10 28 22 4 %
2 KSCN BuzNSCN 08~ 15 30 4 46 95
3 BiizNBi—=0:09 10--27 14 43(3)° 97
4 - - 257 32 trace 46 103
5 NH;SCN Bu;NSCN 0.8 10 32 15 38 95
6 BuyNBr 0.09 127 +33 10 44 (4)° 103

% analyzed by "H-NMR based on toltene 10 pL
® 9yield of 1-octyl diphenylphosphiite and 1-octyl diphenylphosphinite oxide
¢ 1-octyl bromide

From Table 3.15, the reaction using KSCN gave 1-thiocyanatooctane in
27-30% yield (entries 1-3). On the other hand, the similar reactions in the presence of
NH4SCN afforded the desired product around 30% vyield (entries 4-6). NH;SCN was
selected as the optimal reagent. The reaction time for the production of
1-thiocyanatooctane was next examined. The results are collected as shown in Table
3.16.
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Table 3.16 Effect of reaction times

NH,SCN 3 equiv.

ANN"S0OH + CIPPh, S S N N
1 equiv. 3.4 equiv. CH;CN 1 mL B)
(A) +
/\/\/\/\Cl
©)
Reaction time Product® (%oyield) >
Entr Phase transfer

4 () A B C Other’ (%)
1 (A% 25 32 trace 46 103

2 1 11 35 15 38 99
3 2 frace. 36 11 44 91
4° 2 = 45 15 30 90
8
8

5 - .37 17 40 94
6° - .50 15 30 90
7 AL 05,4 0, 32 15 38 95
8 T AN W31 14 43 91
9 BusNSCN ol &A™ 36 15 40 91
10 8 - 40 10 42 92
11° g i 52 10 31 93

2 analyzed by *H-NMR based on toluene 10 ul-
b %yield of 1-octyl diphenylphosphinite and 1-octyl diphenylphosphinite oxide
¢ reflux temperature

As shown in Table3:16, the reaction.in the presence or absence of BusNSCN
did not show the difference in the praduction of 1-thiocyanatooctane (entries 1-11).
The reaction at reflux yielded the desired product.in higher yield than that obtained at
RT; however, only"50% (entries 6 and 11). From the abave observatians, the amount
of the desired product was unsatisfactory. Therefore, more studies are carried out by
two-step procedure.

Step I: The preparation of alkyl bromide using 1-octanol 1 equiv. (0.25 mmol)
as a substrate, LiBr 3 equiv. (0.75 mmol), CIPPh;, 3.4 equiv. (0.85 mmol) for 30 min
at RT.

Step I1: The synthesis of thiocyanate was completed from the reaction of the
received alkyl bromide with NH;,SCN 3 equiv. (0.75 mmol).
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The reaction time for the production of 1-thiocyanatooctane was next

examined. The results are described in Table 3.17.

Table 3.17 Effect of reaction times in two-step synthesis

LiBr 3 equiv. NH4SCN 3 equiv

/\/\/\/\OH + ClPPh2 o o /\/\/\/\SCN
1 equiv. 3.4 equiv. CH3;CN 1 mL reflux (B)
(A) 30 min, RT
N
NN By
W
ér %yield
Entry = A7V ) . Of
A Bw.C Other® (%)
1 0 - 96
2 - 95
3 - 97
4 - 95
% analyzed by "H ontolue
® 9yield of 1-0g iphenylphos |n|te and 1-octyl diphenylphosphinite
oxide ;

—-i' ' ;l‘""‘l

LI
reflux using reactio 0.5 to 8 h (entri he reaction gave the highest
yield of products wi tion, U protocol for other alcohols to
verify the optimized cgndltl 1 wa , e outcomes are presented in Table
3.18.

ﬂﬂﬂ’)‘ﬂﬂ‘ﬂ’ﬁﬂﬁ?ﬂ‘i
ammmm UANINYA Y
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Table 3.18 The synthesis of alkyl thiocyanate from alcohols

LiBr 3 equiv. NH,SCN 3 equiv.

ROH + CIPPh, RSCN
_ ~ CH;CN 1mL reflux
1 equiv. 3.4 equiv. 30 min, RT 45 min
Product®
Entry Substrate (%yield)
1 HO > 77

OH
2 Ej/V 78
©AOH

2 analyzed py ‘H-NMR based‘on toluene 10 uL

By utilizing the two-step protocol, primary alkyl alcohols (entries 1 and 2) and
benzyl alcohol (entry 3) could be transforméd to the corresponding alkyl thiocyanates

dein A

in high yields. e

| el

3.3.2 Alkyl azide_

2-Phenylethanel was used as a model compound:-Several parameters including
type of azide reagents, the amount of azide reagents, temperature, reaction time, and
solvents wereinvestigated-to, @ptimize, the greaction~conditions for conversion of
alcohols to alkyl aZides: The obtained product was-characterized by *H-NMR based

on a standard toluene 10 pL. The results are presefited in Table 3.19.
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Table 3.19 The synthesis of alkyl azide from alcohols

OH N3 Cl
©/\/ + CIPPh, + azidereagent ——> ©/\/ + ©/\/
1 equiv. 3.4 equiv.
(B) (©)

(A)
. a (Q, H
Azide reagent Reaction Solvent Temp. Product® (%yield)
Entry ime() T (0) MB
Type  Equiv. mL B C Other®
1 - 62 10 92
2 - 10 8 98
3 - 8 8 98
4 - - - 90
5 - 93 - 93
MegsiN3
6 - 32 12 95
7 - 17 10 93
8 - 95 - 95
9 - 31 10 96
10 - 20 12 91
11 - 93 - 93
12 - 90 - 90
13 ‘o W ¢t 15 - 80 - 95
. AUYINENINEANT w5 -
. ¢
CARWIANN ENWﬁﬁE["]ﬁJ .
16 14&13 a :)i 1 refl 0" - 10 95
17 2 rt 67 - 15 10 92
18 1 rt 69 - 15 6 90
19 1 0 70 - 20 2 92
CH;CN

20 1 reflux. 38 - 50 5 93

21 2 rt 80 - 9 5 94




Table 3.19 (Continued)
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Azide reagent . Solvent Product?® (%oyield)
Reaction Temp.
Entry . e MB
] time (h) (°C) b
Type Equiv. Type mL A B C  Other
22 1 rt - - 9% - 95
23 - -9 - 90
24 14 - 83 - 97
25 54 - 35 10 99
26 5 - 35 8 98
27 Me;SiN3 3 28 - 55 9 92
28 65 - 20 10 95
29 65 - 20 6 91
30 70 - 22 2 94
31 28 - 60 5 93
32 - 15 3 93

AULINENINYINS
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Table 3.19 (Continued)
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Azide reagent ] Solvent Product? (%yield)
Reaction Temp.
Entry - _— MB
] time (h) (°C) b
Type Equiv. Type mL A B C Other
33 CH.Cl, 1 rt - -9 - 90
34 - 35 40 95
35 - 30 50 94
36 - 92 - 92
37 - 38 38 96
38 - 32 45 90
39 - 95 - 95
40 -39 40 97
NaN;
41 - 50 30 90
42 - 3 43 92
43 - 51 32 98
44 - 95 - 95
45 ¢ =2 el rt 15 - 43 35 93
o«  PAUHINTNINUINDT . . = o
U
o L & o/
T ARIANNIULNRIINYIQE T 7
48 9 1 reflux 10 - 60 25 95
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Table 3.19 (Continued)

Azide reagent ) Solvent Product® (%oyield)
Reaction Temp.
Entry ) _— MB
) time (h) (°C) b
Type Equiv. Type mL A B C Other
49 CH,CI, 1 rt - - 93 - 93
50 1 0.5 THF 1 rt 25 - 30 37 92
51 CH3;CN 1 rt 16 - 30 50 96
52 CH,Cly " 1 rt - - 95 - 95
53 2 05 THF 1) it 22 - 40 35 97
54 CH3CN 1 rt 15 - 35 40 90
55 CH,Gl>" | 1 rt - - 95 - 95
56 o5 v rt 15 - 38 40 93
Bu,NN; TEES,
57 M reflux 13 - 51 30 94
58 £ 204 rt 20 - 38 38 96
CH3CN
59 1 reflux .15 - 45 32 92
3 ...............................
60 CH,Cl, 1 rt - - 95 - 95
61 2 1 rt 20 - 45 30 95
THF
62 1 reflux =5 - 47 28 90
63 1 rt 19 -, 42 33 94
CHsCN
64 1 reflux .19 4 L56 20 95

2 analyzed by *H-NMR based on toluene 10 pL
® 9yield of 2-phenyletyl diphenylphosphinite and 2-phenyletyl diphenylphosphinite
oxide

The attempts to utilize this developed procedure for the synthesis of alkyl
azide were carried out. Under various conditions, the alkyl chloride was detected as a
product without formation of alkyl azide. After several attempts, it was rationally

thought that the reagent CIPPh, may react with azide reagent. Based on previous
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literature, the reaction using CIPPh, and excess LiN3 provided N3sPPh; as a colorless
solid which decomposed at 13.6-13.8°C [46].

AULINENINYINS
AR TN TN



CHAPTER IV

CONCLUSION

The objective of this research is to explore and develop the optimized conditions
for the one-pot conversion of alkyl alcohol .fo”alkyl halide using CIPPh, under mild
conditions, short reaction time and highayield of products. The application of this

developed methodology forthe preparation of related compounds is also explored.

From this research, the optimum conditions for the conversion of alkyl alcohols
into halides were disclosed. The gutcomie of the optimum conditions for the iodination of
alcohols was that alcohol (1 eguiv.) as substrate, CIPPh; (3.45 equiv.), Nal (3 equiv.) and
BusNI (0.8 equiv.) were regommended to carry out in CH3CN under RT for 30 min. The
preparation of alkyl bromideswas carried out_eﬁrﬁbloying the same conditions as that of
alkyl iodide but using LiBr instead of Nal aﬁ_d"n,qt using BusNI. In synthesis of alkyl
chloride, the optimal condition was usifg alcohOI (i equiv.) as substrate and CIPPh; (3.45
equiv.) in CH,Cl, under RT for 45 min. L

Various alcohols were examined to study on the halogenation effects of their
alcohols under developed conditions. The characteristics of'the developed system can be
summarized below:

1) Primary_alcohols appear' to-be the most ‘reactive 'substrate in this reaction

within short reaction time.

2) “The steric hindrance of secondary or tertiary alcehols aftects' on the outcome

of the reaction: a large steric interference leads to a low desired halides.

The application of this developed methodology to the synthesis of various
thiocyanate was also fruitfully achieved. Therefore, the optimum conditions were
synthesized by one-pot synthesis in two steps.

Step I: The preparation of alkyl bromide using 1-octanol 1 equiv. (0.25 mmol) as a
substrate, LiBr 3 equiv. (0.75 mmol), CIPPh; 3.4 equiv. (0.85 mmol) for 30 min at RT.
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Step 1I: The synthesis of thiocyanate was completed from the reaction of the
received alkyl bromide with NH,SCN 3 equiv. (0.75 mmol) for 8 h at reflux
temperature.

However, the conversion of alcohols into azides is not possible mainly

because the azide reagent reacted with CIPPhs.

Proposal for the further work

This research dlstlnctly revealed the ssful methodology development for
ate from alcohols via alkyl

ynthesis Thw opened many possibilities

d be applied with other

DN

diphenyl- phosphinites in one
to deal with further expl

related compound as ami

ﬂﬁﬂ?ﬂﬂﬂﬁﬂﬂﬂﬂ‘i
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