CHAPTERI
EXPERIMENTAL

2.1 Instruments and Equipment

T hin layer chrom atography (T LC) woas perform ed on alum inum sheets
precoated w ith silica gel (M erck K ieselgel 60 PF2547 Columann chrom atography was

carried outon silica gel (M erck K ieselgel 60, 70-230 m esh).

The 'H - and 1&-NMR spectra Woere perform ed in deuterated chloroform
(CDCIB)W\Ih tetram ethylsilane (T M S) as an internal reference on the V arian nuclear
m agnetic resonance spectrom eter, m odel M ercury plus 400 N M R spectrom eter w hich
operated at 399.84 M H z for 'h and 10054MHzfor].3:nuclei The chem ical shifts

(8) are assigned by com parison w ith residue solventoprotons
22 Chemicals

All solvents used in this research woere purified prior to use by standard
methodology except for those w hich were reagent grades The reagents used for
synthesis were purchased from Fluka chem ical com pany or otherw ise stated and were

used w ithout further purification .

2.3 Preparation of Brominating Agents

Ethyl tribromoacetate . ..,

0 ne m L of comncentrated H2$04was cautiously added to the moixture o f
Br3CC02H 1 eq (40 mmol, 11.87 g¢g) and EtO H 4.5 m L The mixture was refluxed for
3-6 h and then powuwred into 100 m L of w ater in a separatory funnel. The uvpper layer of
crude ester w as rem oved and woashed woith 50 m L o f w ater, saturated aqueous

N aH C03and woater, respectively, and dried over anhydrous 20A



Ethyl tr|br0m0acetate colorless oil (82% ) 'H -N M R (cDC I3) 6 (ppm ): 1.40
(t, SH‘\]: 7.2 H oz, CH2CH3) and 4.43 (q, ZH‘\]:72 H oz, CH2CH3). 135-NMR

(CDCI3)6(ppm ) 13.7,29.5, 65.7 and 162.1.
Hexabromoacetone .. .,

AnhydrousNaOAc7gwasmixedwi(hZOmLofglaciaICH3CO0H T he

0
reaction m ixture was stirred and heated to 60 C,acetone 1.4 m L woas added and
follow ed bydropwwseaddilionofBrZSmLoveralUminperiodwmh stirring . T he
m ixture w as then heated to 95 ¢ for 2 h. A fter w hich it was cooled to R T and m ixed
woith 100 m L o f w ater to precipitate the desired product as w hite solid A fter air

drying, the pure product was obtained upon recrystallization from hexane

Hexabromoacetone . v icc soia (0w ) 13 % w v (cocid o (bomy 266 sns

24 General Procedure
241 Preparation of Alcohols

1-Phenylethanol ..,

The mixture of acetophenone (5.10 mmol, 0.61 g¢g) and 95% EtO H 10 m L was
added NaBH4(145 mmol, 0.20 ¢g) by portion at least 5 m in Then the m ixture was
stirred for additional 20 m in A fter the reaction has com pleted (m onitoring by TLC,
hexane:Et0O A c¢ 3:1), the reaction was gquenched by cautiously adding water 15 m L in
an ice bath 6M HC1 was slow ly added into the reaction until the reaction m ixture
becam e acidic Finally, the reaction m ixture was extracted w ith ether and dried over

anhydrous N as 04

1'Pheny|ethan0|:ye|\nw 0@l (60% ). 'H -N M R (CDCIS; 0 (ppm ): 1.50 (d, 3H,

\]:SAHZ‘CHCH3).1.91(,1H‘CHOH),490(m‘lH,CHOH)and7.26-740(m

5H ) ]&»N MR (CDC\S}S(ppm): 25.2, 70 .4, 125 .4, 1275, 128.5 and 145.8.



Ethyl mandelate - ..,

0 ne m L of concentrated H2504was cautiously added to the m oixture o f
m andelic acid (PhCH(OH)COZH) 1 eq (40 mmol, 6.09 g¢g) and E tO H 4.5 m L The
m ixture was refluxed for 3-6 h and then powured into 100 m L of w ater in a separatory
funnel. T he upper layer of crude ester was rem oved and w ashed w ith 50 m L of w ater,

saturated aqueous NaHCUSand woater, respectively, and dried ovoer anhydrous
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EthylmﬁndElate: colorless oil (37 % ) 'H -N M R (C D C I3) O (ppm ): 1.22 (t, 3H,
\]: 6.0 HZ‘CH20H3)‘3.8 (, 1H, CHOWH) 4.21 (q‘ZH,\]: 9.0 Hz), 5.15 (., 1H,
CHOH)and733-743(m‘SHJ.]&-NMR (CDCI3) (ppm ). 14,0, 62.2, 72.9, 126.5,

128 .6, 138.4 and 173.7.

24.2 Optimum Conditions Study for the Conversion of Benzylic and Allylic
Alcohols to Their Corresponding Chlorides

A stirred solution of alcohol 1 eq (0.25 m m ol) and selected chlorinating agent
1.5 eqg (0.375 m m ol) in dry CH2CI2(0v5 m L) was successively added PPIBl.B eq
(0.375 m m ol) at R T (30 C)underNZalm osphere A fter 30 m in, the reaction w as
guenched by solventevaporation, and then the corresponding product was determ ined
by 'H -N M R on the crude m ixture w ith toluene as an internal standard or purified by

silica gel colum n chrom atography (eluent: hexane)

Benzylchloride:culorlessowl 'H -N M R (CDCIS)()(ppm):?SS(m‘BH)‘A.SB

1'Phenyethy| Chlorlde: colorless oil 'H -N M R (CDC I3) § (ppm ): 1.88 (d, 3H

\]:7.2Hz,)‘512(m‘lH).736(m‘5H).

Furfuryl Chlorlde: colorless oil 'H -N M R (cDC I3) 8 (ppm ): 4.49 (., 2H,

CH2C1), 6.20-6.30 (m , 2H ), 7.35-7 .45 (m , 1H)

Desylchloride:colorlessoiI 'H -N M R (CDCI3)8(ppm): 6 .32 (, 1H ) and

7.33-7.99 (m , 10H).



Trans-cinnamyl chloride: «ooiees it w8 (coc1d 6 (pny w2e (s,

ZH.\]—7‘0 Hoz), 6.29 (dt, 1H,\]: 15.9, 7.0 Haz), 6.65 (d, 1H ,J= 15.9 Hz), 7.26-7.41
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\]:71Hz)‘1.37(m‘4H) AOE(d.ZH.\]:7.1Hz)‘SGZ(m.lH)‘579(m.1H)

Geranylchloride:cu\urlessoiI. 'H -N M R (CDCI3)0(ppm) 1.71 (, 3H ), 2.05

(m.AH)‘AUS(d.ZH‘\]:71Hz CHCHZCI)‘S.ZU(m.lH)‘SAS(m‘lH)
2.4.2.1 Effects of Chlorinating Agents

The synthesis of benzyl chloride and trans-ninnamy\chlorideas tw o m odel
com pounds for benzylic and allylic alcohols, respectively w ere carried out using the
reaction conditions described in the general procedure Eleven different chilorinating
agents CCI4CHCI3‘lrichInxoethane(CI3€CH3‘hexachluroelhane (CI3€CCI3},2,2,2-
trichloroethanol (CI3€CH20H)‘ trichloroacetonitrile (C\BCCN)‘ hexachloro-2-
propanone (CI3CCOCCI3}, trichloroacetic acid (CI3CC02H). ethyl trichloroacetate

(c~CccCChEUt), 2,2 ,2-trichloroethyl acetate (C[3CCH 20 ZCCH 3) and trichloroacetam ide

(CI3CCON H2)were utilized

2.4.2.2 Effects of PPh: and Chlorinating Agent Ratio

Voarious ratios o f PPI13 and chlorinating agent for the synthesis of benzyl
chiloride and trans-cinnamyl chiloride utilizing th e general procedure were varied
(based on the alcohols 1 eq). A fter 30 m in, the yield of chlorides in the crude m ixture
was quantified by 'H -N M R w ith the addition of toluene as an internal standard The

selected chlorinating agent w as CI3€ cC o NH 2
2.4.2.3 Effects of Reaction Time

T he raliosofPPI].sand CI3CCONH2furlhe synthesis of the chilorides were
varied (based on alcohols 1 eq) as follow s t:1, t:1.5, t:2, 1. 5:1.5, 1.5:2,2:2,2:3,2:4
and 2.5:2.5, respectively. D eterm ine the yield of the chlorides by 'H -N M R in the

crude m o ix ture woith to luene as an internal standard Furtherm ore, em ploying the
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above-m entioned reaction conditions, the reaction w as operated by altering reaction

tim e at R T (30 °C ) under N 2atm osphere.

24.3 Optimum Conditions Study for the Conversion of Benzylic and
Allylic Alcohols to Their Corresponding Bromides

A stirred solution of alcohol 1 eq (0.25 m m ol) and selected brom inating agent
1.5 eq (0.375 m m ol) in dry CH2CI2(05 m L) was successively added PPI].315 eq
(0375mmn|)alRTundevN2almosphere‘Afler3Um\n‘lhereacl\nn woas qguenched by
solvent evaporation, and then the quantification of the corresponding product w as
perform ed by 'H -N M R on the crude m ixture w ith toluene as an internal standard or

purified by silica gel colum n chrom atography (eluent: hexane).

Benzylbromide:colorlessoiI. ‘'H -N M R (CDCI3)8(ppm) 4.52 (., 2H ), T.19-

1'Phenyethy| br0m|de: colorless oil. 'H -N M R (CDC I3) 8(ppm) 2.06 (d, 3H,

\]:7‘0 Hoz), 5.24 (g, TH ) - 7.0 Hz), 7.31-7.49 (m , 5H).

Furfurylbromide:cu\ur\essowI '‘H -N M R (CDCI3)8(ppm) 441 (., 2H ), 5.88

(m,lH)‘6.88(m TH) and 7.21 (d, LH \]:10.UH1).

Desylbromide:cu\nrlessoiI.*H-NMR (CDCI3)8(ppm) 6.45 ( , 1H ), 7.30-

8.15 (m , 10H)

2H , 0= 1.1 Hoz), 6.50 (t, TH U= 1.0 Hz), T.10 (d, ZH‘\]— 70 H ), 17.90 (d, 3H, \]—

7.1 Hz)‘B.Ol(d‘lH‘\]:70Hz)

Geranyl bromlde colorless oil. 'H -N M R (C D CI3) 8 (ppm ) 1.60 (., 3H,

CHCHI), 1.68 ( , 3H), 1.72 ( , 3H), 2.07 (m , 2H ), 4.02 (d, 2H , J= 7.0 Hz, ClIrc 1),



16

24.3.1 Effects of Brominating Agents

The synthesis ofbenzyl brom ide and trara-cinnam yl brom ide were carried out

using the reaction conditions described in the general procedure. E ight different
brom inating agents CBr4‘ CHBr3‘ Br3CCOCBr3‘ B ~CCCMH , Br3€CC>2Et‘
trichlorobrom om ethane (B rc C Ij), dibrom oacetic acid (Br2HCCO0H) and

2.4.3.2 Effects of PPh: and Brominating Agent Ratio

TheraliosofPPhgandbrominal\ngagenlfurlhesynlhesisofbenzy\brumide
and trom -cinnam yl brom ide utilizing the general procedure were varied (based on the
alcohols 1 eq). A fter 30 m in the yield of brom ides in th e crude moixture woas
determ ined by 'H -N M R w ith the addition of toluene as an internal standard Selected

brom inating agents were BACCCHhETtand Br3CCO ¢ Br3‘
2.4.3.3 Effects of Reaction Time

A ccording to the general procedure the reaction tim e for each brom inating
agent can procure using suitable ratiosofPPhgand brom inating agent as follow s
1.5:1 an d 1.5:0.3 eq in the case o f utilizing B ~CCChE' an d Br3€COCBr3
respectively . T he tim e variations are as follow s 5, 15 and 30 min at R T under 2
atm osphere. The bromide product in the crude m ixture w as quanlified by 'H -N M R

w ith the addition of toluene as an internal standard.

25 Comparative Reactivity Study of Halogénation between Benzylic and
Allylic Alcohols

The relative reactivity o f PPI].3/CI3€CONH2 PPh3/Br30€02Et and

PPh3/Br3€COCBr3wilh tw o alcohols was further studied by com peting tw o selected

alcohols in the sam e reaction vessel.

In case of PPhs/CfjC C O N ED, a stirred solution of tw o selected alcohols (1 egq

each) in dry CH 2CI2(0.5 m L) were successively added PPh3(2 eq) and CI3€CONH2

(VY
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In case o!PPh3{Br3CCC>2Etand PPh38r3€COCBr3‘a stirred solution of tw o

chosen alcohols (1 eq) in dry CH2C\2(U.5 m L) were added PP\BUS eq) and
Br3€c02Et (1.0 eq) or Br3CCOCBr3(03 eq) under the sam e condition as the

chlorination.
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