CHAPTER III
RESULTS AND DISCUSSION

A lTkyl halides have been utilized as versatile interm ediates in organic
chem istry The system atic studies for the m anipulation of alkyl halides, especially

alkyl chlorides and brom ides have widely been addressed w hereas those for benzylic

o

nd allylic halides from benzylic and allylic alcohols have been rare system atically

exam ined Thus, th e m oain aim o f this research is to search for th e suitable

alogenating agents to synthesize benzylic and allylic halides A lthough there are

<

arious com m ercially available chilorinating agents for the m anipulation of chilorides,
brom inating agents are norm ally less readily available. Therefore, som e new
brom inating agents should be synthesized as alternative brom inating agents. The

x ploration ofoptim um conditions utilizing these developed reagents and PPI].3fnrthe

reparation of benzylic and ally lic halides from benzylic and ally lic alcohols,

respectively was additionally carried owut. The general equation can be sim plified as

show n below

R-OH PPhB R-X
_ , Halogenating agent
R=benzylic or allylic group (x=d, B

31  Synthesis of Brominating Agents

Even though Br3CC02Et and Br3CCOCBr3‘effective brom inating agents are
com m ercially available, their costs are quite expensive Thus, those reagents were

prepared according to the reported protocols

Br3CC02EI could be easily prepared by esterification of Br3€CC)2H, EtO H
and concentrated H2504asacala|yst[36-37].
H,SO j\
conc. Hjp 4
~"OH = B o>
82%

Br&x
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Br3CCC>2EI coupled w ith PPh3has been reported as a brom inating agent for
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Figure32 13‘.-NMRspectrum nfBr3CCC>2Et

The synthesis of Br3CCOCBr3c0uId be achieved by the reaction of acetone,
Br2andNaOAc in glacial acetic acid as previously described [52]. The ].&-NMR

spectrum (Fig 3.3) exhibits the signal of the carbon directly bonding w ith brom ine

atom s at dc 24.6 and the carbonyl carbon atdc 173.

0 NaOAc 0
BraC~CBr3
60%

H3C~~CH3 + 3Br2
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Figure33 132-NMRspectrum 0fBr3CCOCBr3
32  The Preparation of Alcohols

Some alcohols c¢chosen as starting m aterials to exoplore the effects of alcohol

structures for halogénation are prepared by the follow ing reported m ethods.

1 -Phenylethanol, a secondary benzylic alcohol was prepared by reduction of

acetophenone w ith N aB fB

NaBH4
EtOH
RT, 2. 60%
The 'H -NM R spectrum of 1-phenylethanol (Fig 3.4) discloses a doublet signal
woith \]: 6.4 H z ofthe methyl group at OH 1.50. A singlet signal of a hydroxyl group, a
guartet signal w ith \]: 7.0 H iz ofthe benzylic proton, and m ultiplet signals of arom atic

protons resonate at5h 1.91, 4.90 and 7.26-7.40, respectively T he 131-NM R spectrum

(Fig 3.5) show s tw o peaks at 6c 25.2 and 70.4 being the m ethy!l and m ethine carbon
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an arom atic ring are detected at
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Figure 3.5 13-NMR spectrum of 1-phenylethanol
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E thyl m andelate, one of benzylic alcohol m oodels bearing an electron -
w ithdraw ing group could be prepared by esterification of m andelic acid and E tO H in
the presence of catalytic am uunlufH2504.

OH conc. H,SO4 o
N > T
* HO
3%

T he H N M R spectrum of ethyl m andelate (Fig 3.6) reveals a triplet signal of
amelhylgroupwi(h\]: 6.0 Hz at 8h 1.22. A quartet signal of the tw o m ethylene
prolonswilh\]'g.oHz.asingletswgnaloflhebenzylicproton and m ultiplet signals
of arom atic protons resonate at 8h 421, 515 and 7.33-7 .43, respectively. The 132
N M R spectrum (Fig 3.7) discloses the m ethyl carbon signala18c14.0‘lw0peaks at
8c 62 .2 an d 72.9 being the m ethylene and m oethine carbons, respectively. The
arom atic carbons are noticeable al8c 126.5, 128.6, 138.4 d the carbonyl carbon
reveals at 8¢ 173.7.
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Figure 3.6 'H-NMR spectrum of ethyl mandelate
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Flgure37 1&-NMR spectrum of ethyl m andelate

33 Condition Optimization for the Preparation of Halides

M any factors concerning the preparation of benzylic and allylic halides such
as types of halogenating agent, the m ol ratio ofPPhgtuhalogenalingagent‘ reaction
tim e and tem perature are needed to be scrutinized. T his section w as aim ed to screen
for appropriate halogenating agents and to search for the optim al conditions for the

conversion ofbenzylic and allylic alcohols to their corresponding halides.

Part| Chlorination

Benzylic Alcohols

0O ptim um conditions for the preparation of benzylic c¢chlorides from benzylic
alcohols uwsing various chilorinating agents cowupled w ith PPh3were exam ined Benzyl
alcohol was c¢chosen as a chemical model. Typical reaction involves the reaction o f
benzy\alcohcl(leq).chlorinalingagenl(l.seq)andPPI].S(l.Seq)indryCHZCIZat

R T for 30 m in under N 2atm osphere The quantification of the desired benzyl chloride
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was determ ined by ‘H -N M R technigue in the crude reaction m oixture (Fig 3.8)
To illustrate this, the 'H -N M R spectrum of the crude m ixture displays the m ethylene
prntonsignalat8h4.43 For the calculation, the peak area of the methyl protons of
toluene, an internal standard w as com pared w ith that of the m ethylene proton signal.
The percentage yield was then calculated by the relative ratio o f the integration and

number ofproton as showwn in equation 3.1

Equation 3.1

0.0944 mmol of toluene Integration of toluene Integration of A 1 mmol
%YieldA = — X — X — X cmmme — ==X 100

1 mmol # H of toluene #HofA 0.25 mmol

4.43

Cl

S 4.43 (5)
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Flgure38 ‘H -N M R spectrum ofbenzyl chiloride in the crude m ixture
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33.1 Effects of Types of Chlorinating Agents

D ifferences in the productivity of benzyl chloride w ere m ainly cauvsed from

¢chlorinating agents To observe this assum ption, the variation of eleven chilorinating
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agents containing trichlorom ethyl group (C|3C') woas explored. The results are

described in T able 3.1

Tab|e3.1 Effects oftypes ofchlorinating agents

OH PPh3(1.5 eq) cl
©/\ Chlorinating agent (1.5 eq) ©A
025mmol  CHXO2, RT. 30 min RCl

Entry  Chlorinating agent %RY(iﬁld* %Sgg%le*red I(\él@%

1 none 5 90 90
2 CCla trace 98 98
: CHCl3 - 92 92
4 ClsCCHs \ 97 97
5 ClsCCH20H - 91 91
6 chXxoochZcil - 90 90
: CCCC3 quant - quant
8 C13CCN 92 - 92
9 C13CCOOH 60 30 90
10 CI3CCOOEt 92 - 92
1 CIsCCONH2 80(11)a 9 100
12 C13CCOCCu 01 - 91

* quantified by ‘H-NMR
a) benzyl phosphonium salt

Table 3.1 reveals that w hen the reaction was perform ed in the absence of a
chilorinating agent (entry 1), none of benzyl chloride was obtained This was clearly
dem onstrated that a chilorinating agent w as im portant for this reaction The efficiency
o f chlorinating agent depended on types of substituent. W hile the reagents in entries
7-12 containing an electron-w ithdraw ing group bonded directly to trichlorom ethy!l
group (CI3C-) provided the desired products in high yield the others (entries 2-6)

gave low yield ofthe targetm olecule.
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A m ong chlorinating agents containing an electron-w ithdraw ing group,
CI3CCOOH (entry 9) and CI3CCONH2(entry 11) cowuld not com pletely convert
benzyl alcohol into its chlorides. In the case quI3CCOOH‘ this was probably
because o f its acidity that m ay m ake the reaction becom e acidic and thus not

appropriate for further reaction to take place.

It is an dinteresting point to note that w hen the chlorination of benzyl alcohol
woas perform ed using PPh3/CI3CCONH2,besidestheIargetbenzylchloride‘benzyl
phosphonium salt was detected as another product (entry 11). The occurrence of the
latter productcould be confirm ed by the presence of the doublet signal of the benzylic
prolons(ZH)with\]: 14.0 Hz at Oh 4.87 (Fig 3.9) [54], This additional product w as
not form ed in other system s wsing different c¢hlorinating agents such as CI3CCN,
cfc CoOOFET¢t. The production of different products m ay be explained by reactivity of

each chlorinating agent.

H H
®
PPh,

5000 4.950 4.900 4850 4.300 6H 4.87 (d)
ppm(f1)
U . P

Figure 3.9 'H-NMR spectrum of phosphonium salt in the crude mixture
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The proposed m echanism [23] presented below described w hy the reagents
containing an electron-w ithdraw ing group w oorked woell for the preparation o f
chilorides and cowuld explain whyuswngPPh3/C\3CCONH2thereaclion also generated

the phosphonium salt.

c ~Cl EWG © /EWG R-OH

Cl-PPh3
PPh3  CI" bl
A

cl RyOjPPh3  + ClaHCN e » RCl + OPPh3

Cc

PPh3w as believed to react w ith CI3C-EW G yielding A and Bwilh a negative

charge. In order to stabilize th e negative charge Bshou\d contain an electron -
woithdraw ing group (EW G ) The order o f stabilization ab ility [ reactivity o f
¢chlorinating agents depending 0on ty pe o f electron-w ithdraw ing substituents as

displayed below [23, 43]

-COCCI3>-CN >-CCl3 -CO2Et>-CONH2

>

ccording to the reactivity of each c¢hlorinating agent, it was believed that the
sy stem using CI3CCONH2c0upIed woith PPh3generated less am ount of chloride ion
than those em ploying other chilorinating agents. T hus, the reaction betw een the
interm ediate generated and PPh3wnuId be a com petitive reaction w ith that of the

interm ediate and chloride ion

T he reaction m echanism for the ¢chlorination o f benzylic alcohols using
PPh3€I3CCONEI2waspruposedtu take place by first generating an interm ediate ¢
(PhCH 20+PPH3) [42], which was then attacked by ¢ r to produce the desired product
either by Sn\Viatheform ation of a stable benzyl carbocation (PhCHZ)inlerm ediate
before reacting w ith ¢ r or Sn2 depending upon the alcohol structure. The form ation
of benzyl phosphonium salt was m anifestly derived from the reaction of the benzyl

cation interm ediate and the excess PPIB(Schem e 3.1)
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OH
+ PPh3+ CIZCONHZ2

0]
O-PPhg

Sp2 Sn1
o
S)

®
Cl

ol CH,
O=PPh; + - ©/ + O=PPh,

PPh3

PPh
3 ®

PPh,

SCheme3.1 Proposed m echanistic pathw ays for chlorination ofobenzyl alcohol
using PPh3CI3€CONH2

0 ther independent experim ents Woere conducted try ing to ex plain the
occurrence of phosphonium salt. U sing benzyl c¢hloride as a substrate in place of
benzyl alcohol, benzyl phosphonium salt w as detected in only trace am ount w ith
PPh3/CI3CCONH2(rec0veredbenzylchlurideﬂ?%,MB = 91% ). 0O n the other hand,
the product was not observed (recoverd benzyl chloride 90% , M B = 90% ) w hen the

reaction w as perform ed in the absence of CI3CCONH 2.Thus‘ it could be concluded
that the phosphonium salt was not derived from the reaction of benzyl chloride and

PPh3underlh\s particular condition .

\C I 3CONHZ2(2.0)
0.25 mmol  CHZI2, RT, 15 min trace

E\]/ Gl %(2-0) W\]/ ~Cl

CHZI12, RT, 15 min
0.25 mmol 90%
(recovered)
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The cost of reagent is one of the im portant factors to be seriously considered
in organic synthesis. The practical synthetic reaction m vst offer high yield of the

desired product using non-toxic and dinexpensive reagents. A Ithowugh, CI3€CONH2

could not com pletely proceed for the conversion of benzyl alcohol com pared w ith
certain chlorinating agents, it was still recognized as a new and practical chlorinating
agent for c¢hlorination of benzylic alcohol judging from cheap price of reagent,

high % yield of the desired chiloride achieved and the ease for the separation of

332 Effects of Mol Ratio of PPhs: Chlorinating Agent and Reaction Time

The ratio ofPP\l?)and CI3€CONH2was varied to find out the m ost suitable
ratio that produced the m axim um yield of benzyl chloride. T he results are shown in

Table 3.2.

|*) '
Tab|e3.2 Effects ofm ol ratio o f Il?).chlounaling agentand reaction tim e

OH FoH3 PPh
©/\ CIZCONH2 ©/\ ©/\ i

0.25 mmol CHZ12, RT R-CI

Reagent (eq) pm % Yield* % Recovered MB
PPh.  CI,CCONH, ™" R-Cl R-P  alcohol -

1 1.0 1-0 15 30 trace 59 89

Entry

2 15 15 38 trace 55 93
3 20 15 40 . 67 107
4 1.5 1.5 15 65 13 14 92

; 2.0 s 1o ;
6 2.0 2.0 s b ;
7 2.0 0 0 7
8 2.0 00 1 12

o
©
=

9 3.0 15 81 9

10 4.0 15 81 9
11 2.5 2.5 15 83 13

quantified by 'H-NMR

O O O o o o
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TheuseofPPhSandCI3CCONH2\n ratiosofusingPPI]Sless than 2.0 eq
(based on alcohol) furnished benzyl chloride in poor or m oderate yield (entries 1-5)
W hile thereactionusingtheralioofPPIBatIeale.Oeqwilhvaryingtheequivalent
ofCI3CCONH2(enlries6-11)couldbecumplele\y converted into the target products
The maxim um yieldwasgainedwhen2eqofPPIBandC\3CCONH2wereusedwilh\n
15 m in (entry 6) It was interesting to pointoutthatobenzyl phosphonium salt w as still
detected as a m inor productbesides the form ation ofa m ajor product, benzyl chloride
Therefore, the m odification of the reaction trying to redwuce the form ation of benzyl

phosphonium saltwas further explored

The conditions were m odified by changing th e order of adding PPh3and
CISCCCONHZThemixtureofPPhSand C\3CCONH2W as stirred in dry CHZC\210r7
m oin Benzyl alcohol (1 eg) was then added and the reaction w as further stirred for
another 8min The reaction w as finally quenched by solvent evaporation and the
desired product was guantified by "H -N M R in the crude m ixture after adding toluene

as an internal standard. T he results are revealed in T able 3.3.

Tab|e3-3 M odified optim um conditions for the chilorination ofbenzyl alcohol

=

)

Entr Reagent (eq) im3 % Yield* %Recovered MB
PPh, CLCCONH, MM R.Ccl R-P alcohol*

2.0 2.0 s s 10 : 110
2 2.5 15 92 5 5 102

—

3 3.0 15 91 trace - 91

co 2.0 . s 68 6 20 ‘e
5b 2-0 3.0 15 6 4 l 28 93

* (etermined by ‘H-NMR

a) EtAICI (1 eq) was added as an external chloride source
b) LiCl (1 eq) was added as an external chloride source

W hen the reaction com prised of the equivalent of CI3CCONH2more than
PPh3(entriesZ-3),theform ation of benzyl phosphonium salt decreased, especially in

entry 3 w ith com plete conversion Thus, the suitable ratio ofPP\i3‘CI3CCO N H Zforthe
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preparation of benzyl chloride was 2.0:3.0. This reaction could dem onstrate that the
am ount o f Cr affected on the transform ation of benzyl alcohol into its chloride.
M oreover, by m ixing PPIBand CI3€CONH2fur7 m in before adding benzyl alcohol
better yields w ere obtained w ithout the form ation of phosphonium salts. T his was
prohab\ybecausePP\Bwould firslreaclwithI3CCONH2!u produce Crnuc\eophwle

andwouldkeepPPI].sin the reaction at the m inim um to prevent it from com peting

« i CF,

Surpr\swngly‘El4AIC\andLiCIasexternaIcthridesuurcescuu\dnolassisllhe
increm ent of % yield of the corresponding benzyl chloride (entries 4-5). T his strongly
im plies that the don pair interm ediate form ed is so tight that it could not react w ith
added nucleophile [44]; thus, in this case, the external nucleophiles did not affect on

333 Chlorination of Selected Benzylic Alcohols

T he optim um conditions for th e preparation o f benzyl chloride using
PPh3CI3€CONH2in the ratio Qo fany? .\ Datng e woere further apoplied to explore the

¢chlorination ofvarious benzylic alcohols. T he results are summ arized in T able 3.4

Tab|63.4 Chilorination of selected benzylic alcohols

% Yield MB
R-Cl R-P
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Tab|634 (Continued)

% Yield* MB
Entry Substrate R-C| R.p (%)

OH

KjJ o0

* quantified by 'H-NMR

a% Use the general procedure and the ratio of PPh3:CIACCONH2in 2.0:2.0, 15 min
b) Ethyl mandelate recovery

Under the optim um conditions, various prim ary and secondary benzylic
alcohols could be converted into the corresponding benzylic c¢hlorides in high to
Quantitative yield w oith low y ield of phosphonium com pounds (entries 1-6). A

substituent on the benzene ring or at the benzylic position of the m olecule had no

effect on their transform ation (entries 2-4).

Figure 3.10 displays an exam ple of the III-N M R spectrum o f furfuryl chiloride
and its phosphonium salt in the crude m ixture The singlet signal of the m ethylene
protons of furfuryl c¢chloride w as detected alS||4‘45 [45] and a doublet signal w ith
\]:136 Hz of the methylene protons of furfuryl phosphonium salt in the crude

m oixture was clearly observed al§H5.U7 [47].
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®
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Oy 4.45 (s)

O

FIgureB.lO 'H -N M R spectrum of furfuryl chloride and its salt in the crude m ixture

In the case of secondary benzylic alcohols such as benzoin and ethyl

m andelate (entries 5-6), the desired chlorides were found only in good to excellent
yield. M oreover, the corresponding phosphonium salts could not be detected. T his
inform ation gave clues that the benzylic carbocation of those m oolecules woere
generated w ith difficulty since the destabilization of benzylic carbocation by electron -

w ithdraw ing carbonyl group m ainly occurred.

Allylic Alcohols

In order to reach optim um conditions for allylic c¢hilorination, trara-cinnam yl

alcohol was selected as a chem ical model. The reaction consisted of allylic alcohol (1

eq), a chilorinating agent (1.5 eq) and PPh3(1.5 eq) in dry CH 2CI231 R T for 30 min

under N 2a(m osphere. The am 0unlof/7<ms‘-cinnamy|chluride w as determ ined by 'H

N M R in the crude m ixture after adding toluene as an internal standard (Fig 3.11).
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The 'H -NM R spectrum discloses a dowublet signal (2H ) w ith \]—70 H oz of the

m ethylene protons connecting w ith a chlorine atom a2t 8h ¢ .0

H H
Cl

0, 4.08 (d)

|7 TR I S P, | L | RS = ' T k.Y ' 1 3 T v J v v 3 ¥ T v

Lppm (f1)

F|gur93.11 'H -N M R spectrum o ftram -cinnam yl chiloride in the crude m ixture

334 Effects of Types of Chlorinating Agents

The efficiency of the production of trA m -cinnam yl chloride w as significantly
differed by the influence of chilorinating agents To investigate this, the variation of

eleven chilorinating agents was explored The results are shown in T able 3.5,



Tab|e3-5 Effects oftypes of chlorinating agents

PPh3(L.5 eq)

X OH X Cl
Chlorinating agent (1.5 eq)

0.25 mmol CHZI12,RT, 30 min

Entry  Chlorinating Agent %Fg(_ig‘d* %Féﬁ:%%\ﬁied MB

1 none - 99 99

2 CC14 7 8 4 91

3 CHCI3 - 91 91

’ 13 e d : tos toe
5 ¢ 13 ¢ w2 n : 0 0
b ch 3 oo cn docid X 96 96
7 CI3CCC|3 91 - 91
8 ¢ e 91 . 01

9 CI3CCOOH 3¢ 56 91

10 cC13¢c C 0 0 Et 75 19 94

11 C\BCCONHZ 69 (16)a 10 95
12 CI3CCOCCI3 90 . 90

* quantified by "H-NMR
a) phosphonium salt

A ccording to th e effects of types of chlorinating agents, these reactions
revealed com pletely the sam e trend as those observed for benzylic alcohols Since
there are a few reports involving the reaction of allylic alcohols w ith the com bination
0fPP|13andacthrinatingagent In this research, the uvuse of PPIV ChHhCZCONED was

chosen for further investigation
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335 Effects of Mol Ratio of PPl.s: Chlorinating Agent and Reaction Time

The effects of m ol ratio o f PPI13: CI3CCON H 2f0r the preparation o f tranS'

cinnam yl chloride were exam ined. The results are revealed in T able 3.6.

Tab|e36 Effects ofm ol ratio anPh3ichIorinaling agentand reaction tim e

PPh3
+ jjra~r~~pph3
CIZCONH2
0.25 mmol chZi2 rt R-CI R-P

Reagent(eq)  Time % Yield* osRecovered MB
PPh,  CLCCONH, ™" Rl Rp acohof .

1 1.0 1.0 15 21 7 6 4 92

Entry

2 1.5 15 47 trace 44 91
; 2.0 s ;s o e s 09
! » L s 5 2 12 ' ‘2
5 20 15 14 19 trace 93
6 2.0 2.0 s 68 29 : ‘1
7 2.0 #0 e 22 : 7

9 3.0 15 70 25 - 95

10 4.0 15 72 20 . 92
11 2.5 2.5 15 71 27 - 98
* determined by 'H-NMR

The above results showed the sam e trend in term s of the percentage yield of
the chloride product as that obtained from the c¢hlorination of benzylic alcohols. The
suitable m ol ratio anPI13:CI3CCONH2f0thennnversion of fram -cinnam yl alcohol
into its c¢hloride was 2.0:2.0 for 15 m in (entry 6) D ue to the structure nftrans'
cinnam yl alcohol, the corresponding phosphonium salt was produced (Fig 3.12)
Thus, the reaction conditions should be m odified to reduce the form ation of the

phosphonium salt.
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The 'H -N M R spectrum of Jfram -cinnam yl phosphonium salt in the crude

m oixture reveals a dowuble ofdoubletsignalwith\]' 150 0wz of the m ethylene protons

st 5n4.60 [46],

X @
PPh;
81 4.60 (dd)
4.750 4.700 4.6504 600 4 550 4 500 4.450
ppm(f1)
L1 Al
L T L S R R\ s e S e S ) e e e B I e e e
8.0 7.0 6.0 50 40 30 20

Lopm {f1)

FIgureB.lZ 'H -N M R spectrum oftnm s-cinnam yl phosphonium saltin the crude

moixture

ThemodifiedcundilionsinvolvedlhemixingufPPh3andCISCCONHZindry
CH2CI2,slirring for 7 m in before adding an alcohol (1 eq) and further stirring for
anuther8min‘Then‘lhe reaction w as quenched by solvent evaporation, and the
desired product w as gqguantified by 'H -N M R in the crude m ixture after adding toluene

as an internal standard. The results are revealed in T able 3.7.
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Tab|e3.7 M odified conditions for the chlorination of o rnm y-cinnamyl alcohol

Entry Reagent (&) Time % Yield*  9%Recovered MB
PP CLCCONH, (™" Rcl Rp  alcohok (@)

i 20 2.0 L 8 9 90

) 2.5 L 0 ... 90

; 30 L5 0 ... 0
15

4 40 B %
* determmed by 'H-NMR

From the attained results, w ith the reaction com prising 0fC\3CCONH2m ore
thanPPh3(entriesZ-4),thephosphonium salt was detected in trace am ount. T hus, the
m axim um yleldwasgalnedwhenZeqofPPh3and25eqofC\3CCONH2wereused

336 Chlorination of Selected Allylic Alcohols

The modified conditions aim ing to reduce generated phosphonium salts w as
on ly used for th e preparation o f ally lic alcohols having benzylic effects lik e
trara-cinnam yl alcohol For others allylic alcohols, the norm al optim um condition

woas em ployed The results are shown in T able 3.8.



Tab|63-8 Chlorination of selected allylic alcohols

PPh3(2.0 eq)
K '~ UH CIZCONHZ(2.0%q)
0.25 mmol  CHZI2. RT, 15 min R-Cl

Entry Substrate %R%ld* MB

(% )

\OH

5 W 034)(56)° 90

*quantified by 'H-NMR

a) Phosphonium salt

b) Use the modified procedure and the ratio of PPh3.CICCONHZin 2.0:2.5, 15 min
¢) CH3CH24CH=CHCHX1

d) The rearrangement product; CHYCH(CH3(CH233CH=CHCH2CL

e) Olefin product: CHYCH(CH3(CH232CH(CH)ZCH=C(CH3CH=CH2

R eferring to the results, treating of PPI13/CI36CONH2wilh various allylic
alcohols could generate the corresponding allylic c¢hlorides in high yields w ithout the
rearrangem ent of carbon skeleton in entries 1-3, especially prim ary allylic alcohols.
This reaction cowuld dem onstrate thatthe reaction m echanism occurred ViaSnZIU form
moore stable alkene; therefore, the com petitive pathway (Sn2") to produce the
rearranged product was difficult to take place A previous report addressed that the

¢chilorination o f som e ally lic alcohols using SOCIdeneraled the rearrangem ent



product as a m ajor product. This was thus an advantage of this system for the

preparation of the desired chilorides w ithoutthe rearranged products.

Figure 3.13 show s an exam ple of 'fl-N M R o f the reaction m oixture o f

isophytol w ith PPIBCIgCCON H2(entry 5, Table 3.8).

ES

Figure . ..

-N M R spectrum o f the c¢chlorination of isophytol in the

crude m ixture.

The above spectrum revealsadoubletsignalwi(h\]—8‘0Hzofthemethylene
protons connecting to chlorine atom of the rearranged product at On 3.97 [47]. The
other com pound is an ulefiniccompnundwhichshowsatripletsignalwith\]=7‘2Hz

of the m ethine proton (-C H 2—CH=C-) at 0H 5.33 and a dowuble of doublet signal w ith

\]— 17.3, 10.8 H z ofthe m ethylene protons (=CH -CH ?2) resonating at Dh s .09 and 4.90
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For secondary and tertiary allylic alcohols, l-0octen-3-01 and disophytol being
com m ercially available were chosen for study the c¢hilorination of secondary and
tertiary allylic alcohols, respectively. From the attained results, the chilorination of
l-octen-3-01l in entry 4 produced the rearranged product; however, the corresponding
¢chloride was a m ajor product. A Ithough the com petitive pathw ay (Sn2"') could occur,

th e desired product w as still the m oajor. T his woas considered that the use o f

PPI13/CI3CCON H2as a developed reagent m ainly proceeded Vla Sn2 not depend on

the stability of alkene group in the productm olecule.

In the case o isophytol as tertiary allylic alcohols, the olefinic product w as a
m ajor product w hile a rearranged product being a m inor one. T his im plied that the
steric hindrance of substituent had a profound effect on the form ation of the product.
This could therefore be explained thatthe com petition betw een c¢hlorination (Sn2) and
elim ination (E2)0flhelertiary allylic alcohol under this condition w as predom inantly
com peted, w hereas the other com petitive pathw ay (Sn2') was less affected. T his

¢chilorination w as considered to proceed through three com petition pathw ays am ong

SnZ‘E2and Sn2 ' as shownn below

\ OH
PPhy/Cl,CCONH,
Sn2_ Sn2' Ez
\ c)jPPh;,, O?PPh;
o~ oS
Cl

Y \



N

p

a

everal

Part [l Bromination

Benzylic Alcohols

Suitable conditions for the preparation of benzylic brom ides treating
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woith

brom inating agents and PPh3w ere explored. To investigate on brom ination of

enzylic alcohols, benzyl alcohol was c¢hosen as a c¢hem ical m odel. The re

rocedure woas first adding PPh3(15 eq) in a m o ixture of alcohol (1 eq)

ruminalingagenl(l‘seq)indryCHZClZa(RTfurSOmin underN2almcspher
roduced benzyl bromide was determ ined by 'H -N M R in the crude m ixture
dding toluene as an internal standard.

action

[

d a
The
after

Benzyl brom ide in the crude m ixture w as identified by 'H -N M R spectroscopic

technigque. The spectrum discloses a singlet signal of m ethylene protons at 8h .35 .
The ].H-NMRspeclrum o f benzyl brom ide in the crude m ixture is displayed in Figure
3.14
Br
d,, 4.35 (s)
L AJL (N
R T A P P T . -, R N T . T L DB
8.0 70 6.0 50 40 30 20
| ppm {f1)

Flgure3.14 'H -N M R spectrum ofbenzylbromide in the crude m ixture




3.3.7 Effects of Types of Brominating Agents

Various brom inating agents used in this research are commercially available,
such as C B r4, BrSCCOZH‘ BrCCI3 and BrCHZCHS‘ w hile BISCCOZEt and
Br3€COCBr3were obtained from the synthesis as described in C hapter Il. The effects
o f types of brom inating agents on the brom ination o f benzylic alcohols woere

exam ined and the results are presented in T able 3.9.

Tab|e3.9 Effects oftypes ofbrom inating agents
H PPh3 (1.5eq)™ r

Brominating agent (1.5 eq)
0.25 mmol CH2CI2, RT, 30 min R'Br

L % Yield* %Recovered  MB
Entry  Brominating agent R-Br alcoholt N

1 none X 90 90
2 CBr4 qQuan-t - qQuant
3 B r3c C 0 0 Et guant - guant

4 BI3CCOCB(3 89 11 100

5 B r3c C o0 0 H 87 (10 ) . 97

6 B r2H C C 0 0 H 64 (14)b 18 96

7 BrCCIS 9 (37 )¢ 54 100

8 BrCH2€H3 - 98 98

9 CHBr3 - 98 98

* determined by 'H-NMR
a) PhCH200CCBr3

b) PhCH200CCHBI2

¢) PhCHZI

A ccording to the effects of types of brom inating agents on the form ation of
benzyl bromide, the reaction cowuld not generate benzyl brom ide w hen the reaction
contained no brom inating agent (entry 1). Brom inating agents containing electron -

w ithdraw ing groups directly bonded to di- or tri-brom om ethyl group (Br2HC-0r
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Br3C-) produced the desired products in high yield (entries 2-6), w hereas the others

gave low yield of the desired products (entries 7-9)

Although,theuseofBrSCCOZH andBrZHCCUZH in entries 5-6 gave good

yield of benzyl brom ide, the undesired ester product w as also detected

T

occurrence o f the latter w as confirm ed by com paring woith authentic specim

obtained from the synthesis [33-34], In the case of B rC C I3, the corresponding brom

and chloride woere found. It w as considered that this reaction to ok place

h e
en
ide

via

com petitive substitution betw een chloride and brom ide ions being generated. B ecause

of the am ount of chilorine atom s being m ore than brom ine atom s in this reagent,

possibility ofPPhSlo reactw ith chlorine atom s w as thus m ore than brom ine atom s

the

B ased upon th e results, CBr4, Br3CC02Et and Br3CCOBr3 are efficient

brom inating agents. CBr4is knowmn as a brom inating agent for the preparation of alkyl

brom ides in for decades, w hereas there is only a report involving BrSCC 0 2E t and

Br3CCOCBr3used as brom inating agent for the conversion of alkyl alcohols to alkyl

brom ides [24] N onetheless, these reagents have not been reported as brom inating

agent for benzylic alcohols before. Thus, Br3(:C 00 2Et and Br3CCOCBr3were chosen

338 Effects of Mol Ratio of PPh3 Brominating Agent and Reaction Time

T he ratios o f PPh3 and selected brom inating agents (Br30C02EI

or

BrSCCOCBrﬁ) woere varied w ith the aim to obtain the m ost suitable condition for the

preparation ofbenzylic brom ides. The results are dem onstrated in T able 3.10
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Tab|e3.10 Effects ofm ol ratio ofPPhS‘brnm inating agent and reaction tim e

@AOH PPh3 ©/\Br
Brominating agent

Brommatm 0l Ratio 0 ime % Y|eId*%Recovered MB
Entry SIO0eR Ppméfgg”g'r?a“”g E i REL et (%)

1 1010 0 88 s 101

2 1.5:1.5 30 g uant - guant
3 1.5:1.5 15 guant - guant
4 da S IN 5 5 guant - guant
BrSCCDZEI
5 15‘1.0 30 97 97
6 1.5 :1 .0 15 97 97
7 1510 5 98 98
8 1.5:0.5 30 69 29 98

10 Y . SPpslesnb 30 91 9 100
11 1.5:1.0 30 97 - 97
12 BISCCOCBIS oo i) 30 98 - 98

13 1.5:0.3 30 96 96
14 1.5:0.3 15 95 95
15 1 el 6.4 e 5 98 98

*(uantified by ‘H-NMR

From the above results, itoowoas found that the suitable ratio of PP h3:
brom inating agent for the preparation of benzyl brom ide w as Pth‘BrSCCOZEt\n
1.5:1.0 (entry 7)), whereas Ihat!orPPhS‘Br3CCOCBr3w as 1.5:0.3 (entry 15). This
result cowuld dem onstrate that the type of brom inating agents had an effect on the
reqguired am ount of the brom inating agents The reaction of benzyl alcohol w ith the
comb\nat\nnufPPhSand a selected brom inating agentcould successfully occur w ithin

5 m in to convert benzyl alcohol into benzyl brom ide in excellent yield Thus, the



Tab|e3|11 The brom inat fose

ot

0.25 mmol

Entry Substrate

- (X H
I A Sas,
("M
¢ (I

OH

: 0
6 T

*(etermined by H-NMR

a) % Benzoin récovery
b) % Ethyl mandelate’recovery

PPh3 (L5 eq)
BraCCO2Et (1.0 eq)

Br3CCOCBr3 (0.3 eq)
CHZCI2, RT, 5 min

Brominating
agent

BISCCOZEt

BI3CCOCBI3

Br3CC02Et

Br3€COCBV3

Br3€COZEt

Br3€COCBr3

Br3CCOZEt

Br3CCOCBr3

BISCCOZEt

BI3CCOZEI

lected benzylic alcohols

% Yield*
R-Br

98
9

101

97

100

92

9
94

89(8)a

50(38)b

MB

(% )

9
93

101

97

100

92

9
%4

97

97
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From the aforem entioned results, both selected brom inating agents provided
the corresponding prim ary and secondary benzylic brom ides in high to gquantitative
yield w ithout the side products (entries 1-4). A substituent on the benzene ring or at
the benzylic position of the m olecule had no effect on the brom ination of benzylic

alcohols (entries 2-4).

For benzoin and ethyl m andelate (entries 5-6), secondary alcohols directly
beared w ith an electron-w ithdraw ing group, the desired brom ides were detected in
low er yield than other benzylic alcohols These reactions were the sam e trend as the

Allylic Alcohols

To investigate suitable conditions for the conversion of allylic alcohols into
thecurrespondingaIIyIicbromideswilhPPh3andhruminalingagenls‘/r<ms-cinnamyl
alcohol was chosen as a chem ical model. This reaction consisted of alcohol (1 eq), a
brominalingagent(lseq)andPPti3(15eq)indriedCFI2CI231RT for 30 m in under
NZatm osphere The desired /frcw s-cinnam yl brom ide was qualified by 'H -N M R in the

crude m ixture after adding toluene as an internal standard

The spectrum o f trans-cinnamyl brom ide discloses a doublet signal o f
methyleneprolonswith\]: 7.0 Haz at On 4.02. The 'H -N M R spectrum oftrans'

cinnam yl brom ide in the crude m ixture is showan in Figure 3.15.
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N
©/\/\Br
0,,4.02 (d)
TR R TR 7 7T R N N L P N R R
8.0 7.0 60 50 40 30 20

Lppm (1)

Flgur63.15 'H -N M R spectrum of /fr<m ve-cinnamyl brom ide in the crude m ixture

3.3.10 Effects of Types of Brominating Agents

D ifferences of the structures ofbrom inating agents had a m arked effect on the
form ation oftrans-cinnamyl brom ide To explore this assum ption, eight diverse

brom inating agents were selected and the results are presented in T able 3.12.

Tab|e3.12 Effects oftypes ofbrom inating agents

PPh3 (1.5 eq)

X~ TOH N Br
Brominating agent (1.5 eq)

0.25 mmol cHzci2, RT, 30 min R-Br

Entry  Brominating Agent %RYiBeld* %Elig%\éﬁled (ME?

1 none - 99 99
2 95,4 guant - guant

3 B r3C C 0 0 Et 90

4 Br3€COCBr3 40 (58 )a - 98

5 B r3C C O O H 70 (20)b - 90



Table 312 (Continued)

Entry  Brominating Agent %RYiBe;d* %Félec%%voel*[ed (|\:|)

6 B r2H C C 0 0 H 83 (5)¢ 2 90

7 BrCC\3 6 (48 )d 41 95
8 BrCH20H3 - 98 98

9 CHBrS - 99 99

*uantified by 'H-NMR

a) PhCHBrCHBrCH2Br

b) PhCH=CHCH200CCBI3
¢) PhCH=CHCH200CCHBr2
d) PhCH=CHCHZCI

From the above results, it was clearly concluded that brom inating agents
affected the preparation oftrans-cinnamylbromidesincethedeswred brom ide was not
detected w hen th e reaction woas treated w o ithout brom inating agent in entry 1
T he reaction treated woith brom inating agents containing brom ine atom directly
bonded to electron -w ithdraw ing group could generate the desired Dbrom ide in high
yield (enlri552»6)‘whereaslheotherscou’dnotproducelhecorrespondingbromide
or generate in very poor yield (entries 7-9) CBr4and BrSCCUZEtwere tw o prom ising
candidates!orlhepreparat\nnnftrans-cinnamylbrumide\nhighlo excellent yield
Br3€COCBr3as another potential brom inating agent for the preparation of benzylic

brom ides; however, the reaction of fam s'-cinnam yl alcohol w ith BrSCCOCBrSunder

this particular conditions furnished the form ation of 1,2 ,3-tribrom o-3-phenylpropane
58 % (Fig 3016 ). T hus, it was interesting for further investigation to ex plore th e
developed conditions for the preparation o f tram ~cinnam yl brom ide in high yield

w ithout other undesired com pounds. The reactions using BrSCCOZH,B“FICCChH
and B rC Cb provided tribrom oester, dibrom oester and tranS»cwnnamy\ chiloride as
other products, respectively. From the ahovereasons.BrSCCOZEland Br30COCBr3

were chosen for further investigation on the brom ination of allylic alcohols.
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Br

Br
Br

Flgur63.16 'H -N M R spectrum of 1,2 3 -tribrom o-3-phenylpropane

in the crude m ixture.

Figure 3.16 reveals a doublet of doublet signal w ith \]: 11.6, 4.0 H 1z of the

m ethylene protons at On 4.103, 3.81. A m ultiplet signal of the m ethine proton displays

at Onh 4.64 and a doublet signal with \]— 9.6 Hz ofthe benzylic proton resonating at On

5.18 [497],

3311 Effects of Mol Ratio of PPl.s: Brominating Agent and Reaction Time

The appropiate ratio o f PPh3:Br3C(:02EI, PPh3:Br3CCOCBr3and PPh3:CBr4

treating w ith trara'-cinnam yl alcohol for the preparation of trans-cinnam yl brom ide

woas exam ined The results are revealed in Table 3.13.
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Table 3.13 Effects of mol ratio of PPhs: brominating agent and reaction time

n Brominating Agent \ ~
0.25 mmol CH2CI2, RT
M ol R atio of .
B rom inating T im e % Y ield* % R ecovered M B
E ntry PP h3:Brom m ating ( in)
agoent moin . o
agent R B r alcohol* (o)
1 1.5:1.5 30 90 90
2 1.5:1.5 15 90 90
3 1.5:1.5 5 90 90
4 BIBCCUZEK 1.5:1.0 30 90 - 97
5 15‘10 15 91 91

1 1.5:0.5 30 55 35 90
8 1.5:1.5 30 40 (58 )a - 98
9 1510 30 51 (54 )a 105
10 1.5 1.0 15 63(35)a . 98

11 1 50Uy 30 77 20 97

Br3CCOCBr3
12 ) T | . 15 90 - 90

13 el 0 .3 30 73 23 96
14 1.5:0.3 15 91 91
15 1.5:0.3 5 90 90
16 1.5:1.5 30 guant : quant
17 1.5:1.5 15 guant - qguant

18 1.5:10 30 67 34 101

. oo ok 1o y 66 s 101

21 1.5:0.5 15 47 55 102

* determined by 'H-NMR
a) PhCHBrCHBrCHZBr
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From the results presented in Table 312, the suitable ratio o f PP h3:
brom inating agent for the preparation of tnm s-cinnam yl brom ide w as 15:1(enlry 6),
and 1.5:0.3 (entry 15) using Br3CCC>2Et and Br3CCOCBr3j respectively. M ore
intriguing, those reactions could com pletely occur w ithin shortreaclinnlime(Smin)
(entries6,15).ltshnuldhenoledatthispointthatemployingBr3CCOCBr3,0nIy03

eqguivalentwas required (entry 15)

W hen the am ount of brom inating agents (BISCCOZEtandBr3CCOCBr3)was
reduced, the substrate cowuld still be com pletely converted (entries 4-6, 9, 12, 14). 0n
lheotherhand,whenlhereactionwaspertormedusing\essamountofCBr4suchas
1.0 eq and 0.5 eq, the com plete conversion could notobe achieved (entries 18-21). This
clearly reveals th e advantages o f the tw o developed brom inating agent for the

transform ation o f allylic alcohols into their brom ides.

3.3.12 Bromination of Selected Allylic Alcohols

7>¢£ s-cinnam yl alcohol cowuld be accom plishedly converted into tranS'
cinnam yl brom ide using the com bination ofPPhSandtwoselectedbrominalingagents
under the optim um conditions. To observe the scope of this developed brom ination,

the system was applied to various allylic alcohols. T he results are displayed in T able



Table 3.14 Bromination of selected allylic alcohols
PPh3 (1.5 eq)

Br3C C02Et (1.0 eq)
0.25 mmol ___or R-Br
Br3CCOCBr3 (0.3 eq)

CH2CI2, RT, 5 min

Brominatin % Yield*  MB

Entry Substrate et 0 R o
1 B r3C C 0 2E ¢t 80 80

B r3C cC 0 C B r3 80 80

B r3C C 0 2E t 83 83

X B r3C C 0 C B r3 82 82

3 B r3C C 0 2E t 97 97

0 ’ ' B r30 cC 0 C B r3 90 90

T (KA
C3.c.3 0029460 %

\OH Br3cc02Er 0 (78 )c(14)0 92
5 LW
Br3€€0€5r3 0 (71 )c(19)e 90

*(uantified by 'H-NMR
a) CHICH24CH=CHCHZr
b) % Recovered I-octen-3-ol
¢) The rearranged product: CHYCH(CH3)(CH2: ): CH=CHCHZBr
d) Olefin product: CHYCH(CH3)(CH2J2CH(CH2ZCH=C(CH3CH=CH2
e) % Recovered isophytol

R eferring to the results, PP Ilyjlselected brom inating agent carried out w ith
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produce m ore stable alkene The com petitive product from SN2 ' was not generated

w o ithin shortreaction tim e.

For secondary and tertiary allylic alcohols: l-octen-3-01l1 and isophytol were
chosen From the attained results, wusing both selected brom inating agents for the
brom ination of I-octen-3-01l (entry 4), the rearranged productwas detected. In the case

o f using Br3CC02Et‘ the desired brom ide was observed as a m ajor product, w hereas
usingBr3CCOCBr3onIy the rearranged product w as detected This was interesting to
em phasize that types of brom inating agents affected on the form ation of the target
allylic brom ides. W hile the reaction of tertiary allylic alcohols w ith the com binative
reagents produced the rearranged produvct in high yield, the olefinic product and the
recovered alcohol were observed using Br¢CCCMELt and Br3CCOCBr3‘ respectively
This outcom e clearly dem onstrated that the structure of substrate had a profound
effect on the brom ination. To clarify th e above observation, the brom ination o f
secondary and tertiary allylic alcohols was further investigated, and the results are

presented in T able 3.15
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Table 3.15 Bromination ofthe secondary and tertiary allylic alcohols

Brominatin - % Yield*
Entry Substrate agent g Equ|\/a|ent 2 n2' Other
e e _ _ _ 91D
2 0-5 78 8 trace 5
3 B r3C C 0 2Et 1.0 50 40
15 21 63
5 ° . 80
; 3 3 03 . 29 61b
7 B rJC C 0 C B r Ol5 9 81
8 1.0 0 78 140
9 o 1 108 0 5 39d
10 1of 0 94
11 - y v 1.5 0 9].
12 ; : 03 0 10
13 B4 DJ0" CESGNRC TR, Ol5 . 96
*(letermined by 'H-NMR
a) Reflux (40°C), 1h
b) % Recovered l-oceten-3-ol
¢) 15min,RT
d) % Olefin product
e) Reflux (40°C), 5 min
f) at 10°c, 5 min
g) % Recovered isophytol
t h ld occur Via e petit boet S 2 d Sn2' path y N Iy
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reaction m ay be predom inant when the substrates are either sterically or electrically,
or both [56] For l-octen-3-01l, a secondary alcohol containing unsteric term inal
double-bond, the reaction could thus generate Sn2 "' product easier than other allylic

alcohols

From th e reaction in entries 2-7, w hen the am ount of brom inating agents
increased, the Sn2’ products woere increased . T his w oas dem onstrated that the
concentration of brom ide ion nucleophiles affected on th e form ation o f the Sn?

product [57], A ccording to a previous report addressing the preparation o f allylic
brom ides from allylic alcohols [31], the am ountoforearranged products (Sn2 "'  product)

was tim e-dependent and m ostly occurred after form ation of the halides W hen the

reaction was perform ed using moore eqguivalent of brom inating agent and longer
reaction tim e, the Sn2' product was com pletely proceeded w ithout the Sn2 product

(entry 5)

For isophytol, the rearranged productwas a m ajor com position and an olefinic
product being a m inor. T his im plied that the steric hindrance greatly affected on the
form ation o f the corresponding product. A ccording to the previous results of the
chilorination of alcohols, the Sn2 m echanism showuwld occur in non-polar solvent. Thus,

the com petition betw een brom ination (Sn2) and elim ination (E2) o f tertiary allylic

alcohol cowuld take place sim ilar to that for chilorination. O w ing to the structure of
substrate and ability of brom ide ion being a better nucleophile than chiloride ion, the
other com petitive pathw ay (Sn2") woas m oore effective. Therefore, the rearranged

product was formed m ore than an olefinic product since Sn2 displacem ent generally
did not occur w ith tertiary alcohols The reactions in entries 9-10 could endorse the
explaination of the m echanism . The elim ination (E2)cou|d increasingly com pete w ith
Sn2 or S$Sn2' when the tem perature of the reaction increased (entry 9), on the other
hand, when the tem perature was reduced, the elim ination (E2)productwasdecreased

orthe Sn2"productwas increased
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34  Comparative Reactivity Study on Halogénation between Benzylic and
Allylic Alcohols

Therelalivereaclivmyo!PPh3lhaIngenatingagenlwilh tw o kinds of alcohols
was further studied to observe the effect of the structure of alcohols on the form ation
of the corresponding halides. The com parative reactivity study of the com binative
reagents w ith benzylic and allylic alcohols w as carried out by com peting tw o selected

alcohols in the sam e vessel

For the chilorination, a stirred solution of tw o selected alcohols (1 eq each) in
dry CH2C\2(D5 m L) was successively added C\SCCONHZ(Zeq)and PPh3(29q)
under standard conditions w hereas the reaction for the brom ination woas added
BISCCOZEt (1 eq ) or Br3CCOCEr3 (0.3 eq) and PPh3(15 eq ) in place o f

C\3CCON H2The results are displayed in T able 3.16

Tab|e3.16 Com parative reactivity study ofbenzylic and allylic alcohols

PPh3
RIOH R2OH RIX + ri

05 mmol 0.25 mmol Halogenating agent N
CH2CI2 RT, Time s

% R ecovered MB

. Y oield *

H alogenating % ield
(% )

Eontry R 10 H r 20 h alcohol*
agent
v oox Ir 2x R jO H IR 20 H
N | — 57125 36170 93195
1 (T N u_l TR 75136 211052 96190
53 cocs g 64133 34065 'RNER]
cidconn 65149 30041 95190
2 0 P B ¢ o02E 54045 45150 9595
5 cocs 3 51058 b5 032 96190
ci1dcconk 2 b6i6s L9130 95095
3 ¢ ror o H Brde ¢ 02kt 35064 59029 94193
5 % coce g 18069 58124 96193

* quantified by 'H-NMR
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The com parative reactivity study of benzylic and allylic alcohols containing

benzylic m oiety and C_C, respectively was conducted wusing 2-phenylethanol and

tT Y m -cinnam yl alcohol as studied m olecules

It w as clearly found that C_C did not affect on the reaction since the
com petitive brom ination betw een 2-phenylethyl and /ram -cinnam yl alcohols
furnishing alm ost the sam e yields w hile chilorination of 2-phenylethanol displayed

m oore reactivity than trans-cinnamylalcohnl(entry 2). In addition, benzylic alcohol
showed less reactivity than 2-phenylethanol under the developed system (entry 1)
These resu lts could be concluded that allylic alcohols, especially prim ary ally lic
alcohols were m ore reactive w ith PPhase\ecled haloganating agent than benzylic
alcohols The order ofreactivity of alcohols w ith PPh3lseIected halogenating agent is

displayed below

OH X" 0H OH

1V
A%
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