G — g3 4> Uil daslr
S\ aglall LS
AW
83\gs Jod £ 2 550
sleaSJ1 & ST s

S g Lygeas clnS 1 20’
8y51ud ool Wt Il slus

Ol gany

aS, >l Jolosll awl,s
plaiuiawl OlgLsSIl gL,y
polymethylhydrosiloxane

tetrabutylammoniumfluoride jaxe Jolc >9>9 \9

aalixo oac blwgl 59

2017/06/07 :p5 cidg
toe 35S Al Al
@l — ot aa dgid il | O Lol Sl ey D
@l — ok e neid amels | T ol Blal | degw Bupd o9 .S
S = ot as dgid dnels | T aslus lud ses Olg

@I — ot as dgid dnaler | T sl Blnl | cenf dernd! dost

Fhid

2017/2016 :imeld) &y



PAg $

Jv:wL}Lef-c,.la:-‘ﬁjLa.lsgg.gwuaﬁyewijjdwwwb}%yj& <l

cdadly s
'”g“s?inﬁ @‘ 2y @ o MT LRI V) Wb et ) gres Y e L U 1 ey S8l
Silae pls Sleosilly Slgamgdl IS Je &—‘«“’” SVEW | UV TSP E B (Y B S A
e lall 2,y
"Aogrs s 9 8" <o gy 10" 23U ksl Gl ) b Salb angl LS
Al (Bl iy it Lislly 35T ada 223kt Wbyl " ylos Dilge 1

g S o LSy 25301 polal) 5SS sl el S ) Ll Jsose S

W ageds Gl olasludly

Ao ol p e el 1 pU] e basle e IS Sl OF T Y,



ehe

o) sl SbpSdl gyl Jolis 3950 e 25 Lalgall jan 5B auls Jasddl ds @ 4
Bl mj a0 B st Lt Lk 50 Wil TBAF iz uley PMHS sl
PMHS szl cbaSdl gl ollae oy &) by sl sad J] uhdll ods Oud e
peon Ly Sliamgtgl] s e 655 e e W e el W (gae pome Jils s s Ul
el 0 o Opdsne daa Il wliall o e Oyladl e lgde Lasall g L)
9080 3> o i dx el 5450 sl W3, 4'-nitroacetophenone sy (Br i Cl F)

éjﬂp_c Jl"‘;' cdﬂwi LQY?J ctbvl cTBAF CPMHS ;\é.ﬂ-\.‘\ Qm\



Abstract

The present work is aimed mainly to investigate and find optimal
conditions by changing various kinetic parameters on reaction conversion such
as duration of reaction, effect of temperature, and solvent. THF was found to be
the best solvent for this mild reduction of carbonyl compounds. These optimal
conditions were applied on fundamental and practical PMHS/TBAF reduction
reaction of carbonyl compounds. This study underscored the reduction of

various acetophenone derivatives, 4'-haloacetophenones (X=F, Cl, and Br) and

4'-nitroacetophenone and the chemical yield could reach about 80% .

Key words: PMHS, TBAF, reduction, alcohols, acetophenones, organic

synthesis.
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+ AH <0 :exothermic

H,C-CH,

Reaction Coordinate
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Alkene attaches to catalyst

Hydrogen atoms attach to the surface. H N Y H

metal catalyst surface. A hydrogen atom is transferred

to the alkene.

‘C —iG
H—H HY / “H
H H H H
H H H H H\C—C'/'-HH o HH H Hw HM\C——C/MH
i [ [ A ey N

Metal catalyst surface

Two hydrogen atoms have

A second hydrogen added to the same face of the
atom is fransferred to double bond (syn addition).
the alkene. H H H The product is a saturated
H«, | ;' H \C L C/ H  akane.
C
~ " / S
—— H H
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Bkt lea By el (GW gy bls (BH3 0l castll agensll dyyies Joe Jlaaza ¥ aesle
st TO &3 0 Jo s S oling By e O 0leSlngpen Lt Jgr S0 OF (o 080U
Ao Bl a Wl Iode OB IS we L (spaal) miadl 3 aalSS mh bl pdsiey O A
& ST pasid Oy LS ey aw it L st oL o C;f’ JoleS” aalisza) G

[58] . Jaxdd
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:(PMHS) Polymethylhydrosiloxane olSyhwsybed Jeiwe 3! —1

PMHS OlaSshewgyted fetoo Jodt Ciws —1-1

Silicone 0sShd) aslial 556 =b e 3le 38 PMHS OluSilgyn i Lol S5
DS e sbly sl & Ll ST wl LS i) e pompe ls dn g e ol ] BLo)
[59] (B3 o3, [SKad) ablas 0l 093 ol 0 Asb il g Sy 65 O]

sladll 3 PMHS cslsste —o [60] PMHS st asle Sl arnall =
PMHS s 33 3, [

L 2o N & ((CH3)3SIO[(CHa)HSIO],Si(CH3)s 11! a2 sl PMHS Sk

L amg) e o Lo ) ([61] By O g Ble o Ble sy iy 35 529 30 o

Bl > e aslisy 1700-3200 g/mol s> a5k adss” ([60] (12-45 CP) o b 7955 25°C

3 sy sl e e ¥ 858 Laf PMHS @it o - .[60] 1.006 glem?® | ¢ssts 20°C

Sl 3 JlaseW b6 06 0 (S Y &l (6 121°C » aizeny 2t ([61] suaall L) (LS

el sdomie jae 935 A e 9 [62] OV g male BT (of e § &7 LS 5T 51~
[58] (2 (3, Jsud)

PMHS S8 eSOy a5l jailad-t 2 o8y Jgutr

MesSiO(MeHSiO)z0.35SiMes Aot dpuall
i) ede Olid grioy
1700-3200 g/mol il ST
12-45 cP dor g !
1.006 g/cm® RN
Rygianll Sl Al el (3 s, RY
121 °C o) dlaks
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. PMHS 0laSghosyhod Jitos Jod! pad —2-1
Sauer e b s 1946 ale & J54 PMHS OlaSihwsis bt ol 2 Jof
Ll = SOV WE Methyldichlorosilane odew 5505 Lt . [63] Jasll &
Siloxane oLl wlamg 6 Ul 4 cn L 2 Cyclic siloxanes it oluSyll LSk
e Bl &b e Linear polysiloxanes abd! oluSile sl ©lSe naf oo .UNILS
OlaSgless e LS a0 BXCESS 236 . Cyclic siloxane il ol.sil.
o5 IS (i 3y 60-150) e b 3> oleys U cseedls hexamethyldisiloxane

[58] .(34
T L o I\|Ile I\|Ile I\|Ile
—
H,O0 TMS),0 Me Me
_si_ —2—| [H 2 X - Ssi_ | siH_|siC
CI” | ~ci Me ol o Me
Cl
(0] n
n = 30 - 32 units
PMHS jaf Jouis 34 43, |So

PMHS gor bt Jolddl Clbslusean) Jg diladl Oyl 22 —2

Nelid) o bl 3 PMHS (5524l maadly fpal) cLeSUl J12 (3 O L) pitsize) A3
oMol 3 w:lS PMHS el ai wdlelad oda cu ey wiSl Lapey Jldawly Loy eodlelis”
Sl el 3 5t ) e e 293,89 £l

1As e ) s pldsuinl s PMHS cMelys yaa -1-2

il s e bt i) e el sy Vsl e bl 3 PMHS plased Ko
am i b Loy Y ool (3 b etk ¥ PMHS sl Jlmed 3,8 281 1idg
Lands asaly pledllS ailie ol sers 3 PMHS (S asge oo lelad daa)

eSS pdeedll —1-1-2

Y s BLeW Y S odelidl gl aedll s s
~ Carbonyl compounds s S wLsp. Cabsl Chemoselective reductive amination
3 g PSS IS i) OLeSilewgdn e Lsd) plaseaal Aromatic amines aabhl otusd)
[64] .(35 o) JSCad) 28y 2,518 liwl) piad (3 2hkes 23 L)1 ods .methanol Jsitel)
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1.1 eq.
R| q A Rl
r
N 02¢q.5nCh, 2,0 )\ N
| 2 eq. PMHS, MeOH, 70 °C, 6h R N
R o R |
R: Ar, alkyl, vinyl R"

R': H, 1° alkyl
R": 1 alkyl, H, Bn, Ph

A2 JelaS pladll sgrg 4 PMHS pldsnly Qbﬁgu i) LY Jows 35 Pé) Jg’:"

oS b —2-1-2

Sl 2y e LS ble (EtzZn) Diethylzine b el JW e
e Bole ol Gab o Al 2yl e olaedl gl T 0 Chemoselective catalyst
S o il blad) (3 aelhl abid) () LIS e e S PMHS O3l el Cabys
.Lithium chloride #5201 4,53 Substoichiometric amount #ss.Sy.

Bl I Leln)) ¢ 8 il aiby oleses e ssd 3 Amides ol o deges
[65] (36 ¢, JSadl) 1ix 4~ 593,55 Corresponding amines &)

@) 5 mol- % Et,Zn
3 eq. PMH
)L ! > > Ar/\ NR2
0.1 eq LiCl
Ar NR2 THF, r.t.,, 24 h R: alkyl, Bn

2 JoaS il 375 3 PMHS plasety il gyl 36 o3y JK

S p s —3-1-2

Jelid) sy <Ll U] Aromatic nitro groups aildl sidl oleses sln] Sl it
L BA 8l a3 b ols ey Bdboll Slogadl o 18 o0s we (Jls 3938 o1 OF (S
sl Slesaz 2l o PMHS 5 Aqueous potassium fluoride s psmbodl gl puasies
oS o L. ) Aliphatic nitro compounds syl sidl olShe s LS il
o Y Triethylsilane oS Ll S gl Hydroxylamines cuf wSs)Adl
[66] .(37 13, JSCadt) PMHS/KF

5 mol- % Pd(OAc),

4 eq. PMHS, 2 eq. KF
Ar—NO, d d > Ar—NH,
THF / H,0 (5:2), r.t,, 0.5 - 12 h

Neﬁéﬁu\ S 9 ‘é PMHS ol idld jj\.gj\ icgast CL’Jl 37 (,.'é) Jg.a
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JsJs PA(OAC), Palladium(ll) acetate st pusdUl il a2 0 J7 46
Chemo-, aslesy &b (bl adlisl diey coneS 65 & ez PMHS OLSihogyios Lits
Benzylic . ~=.si el 33 regio- and stereoselective deoxygenation
(KF) Aqueous potassium fluoride s sswbsd a5l 5529 3 OXygenated substrates
21 el 5l Sl &sd A Aromatic chloride ald sl e e 2.,
C-O . gl Ohwgudl wlsl gl @ palladium-nanoparticle-catalyzed
Chloroarenes ) <1 wlss Jes (Hydrosilylation followed by C-O reduction
HCI clyglSyudl oot ¢ adly C3Y =l b e Hydrogenolysis cors bl 6lo) adas
[67] .(38 3, JS0)

O 2.5 -4 eq. PMHS, 5 mol- % Pd(OAc),
0.1 eq. PhCI or 4-OMe-CcH,-Cl
>

Ar R 4eq KF, THF/H0 (52),r.t, 1h  Af
2 JolaS 0030 3929 3 PMHS alaseant St gyl oS 1 Bl Jolis 38 43, [So

/\R

: eSS dyyehdl —4-1-2
AL 2SO0 Jf ool gy oF 52 PA(0) i o PMHS 0bSihsyion e U
JSKad) AT wompe lole ) b V1 09y dyshid) smg 3 aBIL BIaealdl ) 2Jles acid chlorides

[68] .(39 o
@ 3 eq. PMHS, 3 eq. KF (3 M in H,0) @)
)J\ 0.8 mol- % TBAF, 1 mol- % Pd,dbas )J\
'
Ar Cl 4 mol- % trifurylphosphine (TFP) Ar H

THF,r.t.,1h
S gl 3575 & PMHS plascent iplS01 ol o\ o) Jolis 39 3, IS

sl ol —5-1-2

& W ol Reductive alkylation zelr) ¥l SOV =l o 2l domgie Jla
Iridium  ppt2Y) dise plasanl ae (EtsSiH) Triethylsilane odiw Jal 3y oliadl)
Jite Lol OB ane Joladl) Wsguy GlSG e s ) BLYLS layshs & W6 5imaS” COMplex
[69] .(40 .3, JSedi) ale astisty (EtsSiH) josm a6l jall 6 PMHS OLsilws i
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0 5 mol- % PMHS R/\ AN
e N N )J\ 0.5 mol- % [IrCl(cod)],
R NH R | THF, 50°C, 5h >
H R R"
W?ﬁ-\.&ﬁ:ﬂ‘ Ains 429 3 PMHS pldsnl L) Sl el Uy Jow 40 95) ngﬁ

B- =S3xa—P <5253 Directed reductive amination «xs oYl BLo| Jelis
-3¢1 I stereoselective preparation &)l Slis¥l pa=db = hydroxy-ketones
psslidl ASyrenanl sl eldy 1,3-syn-amino  alcohols zasdl w¥eSi- i
Sy b 2V Je S oy geed T e (TI(OIPY)4) Titanium isopropoxide
[70] .(41 (3, JSKa) s e belaS PMHS

OMe 1)1.4eq. Ti(OiPr
P /©/ 1\3IeCN 20 gcl 1)1;1 oH  NHPMP
+ ’ ’ H H
- '
R/\)]\R' H,N 2)22eq PMHS, 570 R~ > R

FonS aglad) 345 3 PMHS aluswat wSyyia— Sl axglt ol Bl Jolis 41 o3y S0

"o

izl Chemoselective conjucate reduction sls¥l asid sl gyl
-0 wbeS s i Electron-deficient Michael acceptors «b s iSOV assine IS
Niro sadl wLsies Nitriles eMadl (ilnss S wlzey) co,B-unsaturated ketones il
Ohs(ded o)l W) Y a1 s Mme &S 3ery @ PMHS . componds
[71] .(42 3, JK20) (B(CeFs)s) Tris(pentafluorophenyl)borane

EWG 0.5 mol-% B(C6F5)3 EWG
- /ﬁ/ 2 eq. PMHS _ R/\/
DCM,r.t.,0.5-12h
R' R’
2 Jole 3979 3 PMHS alaseat g iOY1 dogine JSlo cMitns £yl Jolis 42 o3y (S

Enantioselective reduction (lezs nall of gl (11SJ) grasssVl SLas gl

ol SN s plasal W] S<oo,B-unsaturated nitries asll ge-of oSl
Hydrosilylation  (Mewsadl 5adt Ggb o2 imas” CU(OAC)2/jOSIPhOS  rsisjer/ S
B-aryl-substituated chirales J,i—P a8 als w¥azws W 3y Jeladl 1l .conditions

[72] .(43 () JS)) 55k Enantioselectivity iy ) a5lisl ae L 393,64 Nitriles
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CN CN

3 mol-% Cu(OAc),
J{ 3 mol-% ligand
- %
R 4 eq. PMHS, 4 eq. tBuOH A, R
toluene, 0 °C, 8.5-23 h

CysP
Ligand : ys %
Ph,P
é

42 Jole 39 3 PMHS aluseiat daslt -0 B ojudl gl Jolis 43 o3y IS8

Ar

PMHS SlaSghawgitad fits Jod! plusuanty ddhisll Cibglt glory) —2-2
o2n Al Gl b by Lgaall 2dbyl Slegest! o il g} 3 PMHS plas) Sa

:Olefins wluwdd Y plryl —1-2-2

A Gredl ab e Bsladl adk b sl Sk CHEARN gl Zkee of ~
S holss Silanes OV oS ssry 3 s WL Lad (S« (Molecular hydrogen
055 5 Ogw Va1 e g &) amgnill Lol )l e oBlelid) (3 aslisyl .PMHS
B gkl Loy )l gyl oz B LWL GLaxwl T Carbocation inermediate ey 355
[73] .« wiladl ol §f PA/C 355 3 PMHS s miipe 35350 o bad Lo ssle .oV
[74]

B- O ) 9)slS=B I B-Chlorostyrene pesols =B S ¢l)) o2
b))l [75] (44 3, JS)) sémeS pesdly PMHS xs 4 3556 Chloroethylbenzene
L=l S5 o,B-unsaturated esters s 2-0P 2Nl g EnOnes osuY oS (3 drasil
[76] .Laif w5058 Akl ks L

O Cl

2 €q. PMHS, C6H63 l‘.t., 6h

Pd siloxane nanocomposite

>

85%
2 oS 0 3529 & PMHS ity (psgysls =B glnyl Jolis 44 (3, 1S
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S S ety =T e Hydride Lyadl iy ¢ 2dle 1 PMHS bl il

0O l-0® Aaby el Jo sif @ oSl Reductive cyclization sl
(45 3, JK2)) exo-methylenecycloalkanes oSl il cpkis 58T Ui Ul enynes
triethylsilane oSuw ) 53 a0 Lxe Jail 23936 PMHS a0 &0 oMsdl oda [75]

[76]
OMe
BnO n-Bu BnO
A) PMHS, Pd,(dba);, CHCl; =
HOAc, CICH,CH,Cl, r.t.

73%

MeO,C — H MeO,C
B) PMHS, Pd,(dba);, CHCl;
MeO,C HOAc, toluene MeO,C

79%

PMHS plasest o= 0B degast dyglht SLSpell il St Jolis 45 03 (S

F

:Aromatic and Aliphatic Halides 45WJ¥y 4 kall i gy —2-2-2

s» aromatic hydrocarbon ksl 045,441 11 Aryl halides |, <l gl Ol
aall Sliardldl s GOSN A jen de 5udl B Gl cll dolsy Rl e JsF
polybrominated — ssl saee el S olse ke polyhalogenated aromatics
Ls,sy o b o4 4-bromobenzaldehyde wadly gos,-4 x5 Of K6 .Lanes biphenyls
da ¥l asgez o Ble 8 pln)) Ahes a9 (aiie 39345 benzaldehyde aadin () dees
[77] .(46 o3, JSKad) ars ¥ aasd

CHO CHO

Pd(PPh;), (5 mol%), Bn;N

1.4 eq. PMHS, MeCN, DMSO
Br 110°,3 h

93%
PMHS plisesl dguilis 309 —4 gl Jolis 46 o3y S
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:Esters i1y Carboxylic acids dkwmsy S o3 gl ~3-2-2

4 jap L ol tétra-n-butylammonium sssss¥ Jss—N- ol (Ko e aslddl sy 3
~4 Js=s" ) 4-bromobenzoic acid hgsusesp—4- 2o slry) LSS o TBAF & Loz
Al S dezad ] Asgast £l (3 Bgmall OB WM ods (3 4-bromobenzyl alcohol s
il pde [78] (47 W3, ) Aryl bromide sl Ll dese Jo sl @ oSS
ides LI .0rganosilane sses) oMl oS gl Wil oVl LS e S Ol
e LSy o-haloketones ossdla-—00 wlshs e organohalide &sas ol sl
[76] .Pd(0) #5291 3529 3 PMHS S 32k e o5 B [77] vinyl bromides s

CO,H

OH
1. PMHS, 0.02 mol- % TBAF

2.H,0
Br Br

>

74%
PMHS plascly chasu a4 gl Jolis 47 3, JS

Aliphatic carboxylic acids a5tV ilwsSy S (ol 0k WT STl Jull ) Loyl
[79] st wbles iy PMHS plasianly 2l byps of Joms U] Ll Sa

1- Jpotsyi-1 J) octadecanoic acid cLslslsyl am gl Mo LS

<< octadecanoate «\s\Calsyl il gl Ll Ss LS™. %86 o6 33,4 Octadecanol

oo WS Sy el Y1 06 %092 o5 355,6 1-octadecanol JsSatsyi-1 Jf Ly, 2dl

Jued) Slaf ] lactones s el o ws slilly ([80] Syl 2925 & el

o oAb ketals VLS5 olefing wluadsV e S| 05 of oo Jed) 14a . hemiacetals

o5 JSal) organosilanes sl odedl Sl 3b e Dsgem olny] o2 b b3l VS of
[82] [81] .(48
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0]
o PMHS,Cp,Ti(O-C¢H,-4- Cl)
TBAF, alumina, Toluene, rt
\ 89%

© (0]
nO
PMHS, CpQTi(O—C6H4—4—C1)
TBAF, alumina, toluene, rit.

9) O 91% 0 (@)

N >N

PMHS plasaly ot s S gt Jolis 48 5y S

:ketones <t iS15 Aldehyddes <luaddt gy —4-2-2

dshdl 0wl 3rs (3 NiItO group sis aesed Jold aad1 af o PMHS U S
iibyl degal e 0-Keto esters ol wS-0 ol glryl Se WS ([10] Fluoride ion
S 5l U o ) akd obmS) [83] (A-49 3, ) Lk Y ey Keto s
olizie @ bud g el s intermediate carbocation L.y 055 045 5SS
»b 2 hydrocarbon 0s,55,4» ) Lsl=) Sk Acetophenone derivatives oyussu.Y!
tris(pentafluorophenyl)boron ogs (Jadspslil) S sl Lewis acid g aa
3 PMHS b oo aeidl wbsSU ) o5f ENONES syl ([84] (B-49 (3, [S5) simas”
.[85] ;=S copper carbene <l oS 5>

COzMe PMHS, Sn(OTF), CO,Me
MeOH rt, 12-14h

J (10 mol%) 98%

PMHS, (C6F5)3 X
CH2C12 rt.

88%

PMHS plisunly bzl chuaid¥l el Jolis 49 43 (Ss
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:Imines @k glry) —5-2-2

B e oo Sl e 553,0 0555 PMHS plassants a8 il J) dlsem JSo i) oo
3 Lebsdy Lesl) S Hydroxylimines ) JewSs, bl olse 0l s e JisS™.[86] ;e
Lol LS LS. [87] (A-50 o3, JSadl) samly 35kt t-BOC aosestl dedl Blintae ] gl ok
Ggasl) SIGW plol Gl3y sasly ks gk e t-BOC Assetl Bl Sl U] sl
(B-50 4, Jsa) t-Boc anhydride 4,447 t-Boc se-9 ¢ PMHS Ju Organic azides
[88]

OH

pd

NHBoc

e &
PMHS, Pd/C

Boc,0, EtOH

90%
Cl
Cl
B) Nj NHBoc
PMHS, Pd/C
Boc,0, EtOH
Cl Cl

88%
PMHS plasal ol gl Jolis 50 3, JS

reductive deallylation (&Y issest ¢ 5) LY degadl plry) o5 —6-2-2
:rections

ol allyl ethers Y 23 s » propylene odspdl G gy S
aseo0 s SU sl 5 8 PMHS 32k oo allyl esters 2091 wir.yls allyl amines 2.3
Allyl substituted 2LV & s2e)l 2abll Slesed) Gl 1ld) 65 G Vsl oda .Pd(0)
I b s iy Oleses sue 399 3 badis Ss Laa .Organic fonctionalities
[89] (51 o3, JK2)) Ketals «¥isJly sl wleses colnwyl (Halides
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OI OH
PMHS, ZnClz, Pd(PPh3)4
r
N THEF, r.t. N

85%
PMHS gl &3 dogastl el Jolis 5T 43y S

asymmetric reductions of prochiral &Sy @Sl ¢ blod glry¥t —7-2-2
:ketones

& Ladi Bis(tetrahydroindenyl)titanium pssledi(fudil g sb)) 2> JU i
LSl @ b sV glr)Y) o PMHS s pasaes 0F (S« phenylsilan oS s
[76] .(52 13, JSa) 2 593,6 Jelidh s oz Arylalkyl ketones LS L)

O 1. (R,R)-(EBTHD)TiF, OH

PhSiH;, pyrrolidine, MeOH
60°, THF

2. PMHS, MeOH, 15°
3. NaOH,q
80%; >98% ce

PMHS plaseisly a1t b gaS (g BLosll oy Jolis 52 43, (s

:Asymmetric reduction of enones <uguW s bl glry Y1 —8-2-2
& phsi OF (S8 PMHS me o) 25tsy) Loy Lt DTBM-SEGPHOS L)
(Triphenylphosphine) copper hydride s>l Lyde (cniwss i SY) 5929
Enantioselective conjugate reduction awess s aslist sl glnl 1 e (PhsP)CuH
90% o ST 593,84 Jelid) Vs . B-substituated cyclic enones @izes—f adldl by

.[90] (53 5, JSKad) s Jis (e.€.) enantiomeric excess (spesst] 25

37



PMHS b Ll ool W Ladl

(Ph3P)CuH (1mol%)
DTBM-SEGPHOS (0.1-0.5 mol%)

'
2eq. PMHS, toluene .,
Ph -35%16h """ ph

95%; 99.5% ece
PMHS plascaly sl s blosll glmydl Jolis 53 43, (Ko

asymmetric reduction dal! -0 gy Sl g Bl gl —9-2-2
:0f a,b-unsaturated esters and lactones
¢ (CuH) 3 wyus 9 PMHS oo ax ISi: DTBM-SEGPHOS L)l Jos
.o,B-unsaturated esters and lactones ixedl xe—0f wbyasUly Slped EI7) slnyy)
JSa)) bSO ) Loyl AcyCliC esters a0 il ae s s Jom Jelid) Vs

[76] .(54 3,
0] 0]
A)
OEt  (PhyP)CuH, PMHS OEt
(R,S)-PPF-P(¢-Bu), i,
M Ph
e YR Ph
92%; 98% ee
B) (PhsP)CuH, PMHS
3 ufd, -
I 0O (R,S)-PPF-P(t-Bu), 0
Ph Ph

96%; 99% ce

PMHS phiscil dnilt -0 B sy Ol s bt gyl Jolis 54 o3y IS
:asymmetric reduction of imines <L s LW glny ¥ —10-2-2

Jeib o ehair 2 OF S ((EBTHI)TIF) Titanium precatalyst posidl salbi i
Jul=N ) Sl g blsdll glisyl gm0 PMHS s daes Ladays Phenylsilane oS
Chiral amines 25" <l {| Dialkyl Ketones (S s <bwxs” o N-aryl imines
SN o] o 2l ([91] wie (€.€.) ENANLIOMENIC EXCESS (Spseisi) Latlis Jle 3535
L (e.e.) Enantiomeric excess pesss! sl oS By 15l 3930 Jaws LS )T obs2SY
Jl isobutylamine cxf Jss o) 8lal of s 25, .dialkyl systems I s adst

38



PMHS b bl odlelss o fed

JSad) JSIT ol bl gyt (3 (B8.) qmmseisi V) il o8y Jolidll 3500 0 1857 5 Jolid
192] (55
PMP

_PMP HNT

1. (EBTHI)TIF, (2 mol%)
PhSiHj3 (2 mol%), pyrrolidine, MeOH
2. PMHS, i-BuNH,, 60° .

90%; 96% ee
Sl g B ¥ Jols 55 ) IS
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: Jeadll Lo

Jels wlles sl JSLal i Y Sy PMHS 0L Jsall S 6l fad)l s 2,6 3
o (3 el o e sl Lide Jgus Sl e o s Ll LabS3 ) gyl

oo 393,8 Bibl Slegadl o el e sl OVl cla] @ adled e ol LS
G awl psiie @ Jolad) dsle g b 3 A 5930 e b iz Llet L ey 3le 356
BSA ada e aall (L
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o) 554 el Ladl

-

ey

ey ki) SVl 5oV S gl Akes 3 Badll fusd) 2i b Ladll s 25
Lgnzdling Aulyll oda (3 ] ol i) ol L

plsnl <l xSl a3 Jelad Jdi Lo adl slk] ga Lol M 3 4] 8kl oo o (,JJ
to Al ods e 3ylill by 2l oS5y TBAF ;i Lle 399 (3 PMHS

Bl s -
Jedl oy -

g/..g.LU zy -
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(ko) ¢ el Ladl

el T —1

el dna) A U TBAF il Ll sy e cbnS gl el daze
& Y ddead o wpudl F e PMHS it (S LosdSe Julss” [CH3(CHo)slsNF
[93] .(56 (3 JSa)l) nlin (526 Loy

@) OH
)j\ PMHS /E\
R, R, TBAF, Solvent R; R,
Y \/\/
TBAF

TBAF 3575 § PMHS aluseal cbgSdl gl Jolis 56 o3y JSCo
(57 o3y UK VT g e sae e Jelis s oz

S Bl s Jelidl s (3 cals TBAF il Jaladl o sl ayoldll 33 0950 —
Bhon! AU agtdl 2 e Wapid 2T e PMHS (S 3 0Ol 3,3 asles agis
Y

GeasSIY Bl e Al ok 6B OLuShog e Jall sy o bl oy Ledie =
S5 e o5y VI Me e A gy e sl SN 0T S Jled
Ol 3,3 Je

oo W AU s, Sad a3 ) oY) OleShongpen ot oy e sl 00T i -
il Samy 1SS e Al sde S5 G Slgs LSy G W3l (3 2T OsaS
[58] .PMHS (2 5555l OluSilow g, dn

K2 @ moge 98 LS NAOH Bla) sk o )b PMHS U dasll o¥enSO LT -
ST 3
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el M\

PIpT

Y

HO—< + Reactifs
Ph
n

TBAF 3575 ¢ PMHS pluseat, cognsl gl Jolis J10 57 3, JS

NaOH
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PIpT

el M\

:J.ud\ 3\.5,34.!93 3}@29‘ -2

:3.4}’.;:5\ oillaze -1-2

Skt —1-1-2

(e 10) ol -

(s 1) 0801 -
(o3 5-3) TBAF -
(Us» 1.5)PMHS -
(U 10) s 3 ;5% NaOH -
(J+ 60) CHCl, -

(sl Lomzns A 4,.5) MgSOy -

(Y1 2 13) Amppedl 1312550y Sy CCM  Jorf 0 g 30S)) Jsilinn =
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Alfa Aesar

Safetx Data Sheet Page 114
per OSHA HazCom 2012 Printing date 11/24/2015
Reviewed on 08/21/2014

1 Identification
Product identifier
Product name: Polymethylhydrosiloxane

Stock number: 88756
Relevant identified uses of the substance or mixture and uses advised against.
Identified use: SU24 Scientific research and development

Details of the supplier of the safety data sheet
Manufacturer/Supplier:

Alfa Aesar o .

Thermo Fisher Scientific Chemicals, Inc.

30 Bond Street

Ward Hill, MA 01835-8099

Tel: 800-343-0660

Fax: 800-322-4757

Email: tech@ alfa.com

www.alfa.com

Information Department: Health, Safety and Environmental Department
Emergency telephone number:

During normal business hours (Monday-Friday, 8am-7pm EST), call (800) 343-0660. After normal business hours, call Carechem 24 at (866) 928-0789.

2 Hazard(s) identification
Classification of the substance or mixture in accordance with 29 CFR 1910 (OSHA HCS)
The substance is not classified according to the Globally Harmonized System (GHS).
Hazards not otherwise classified No information known.

Label elements

GHS label elements Not applicable

Hazard pictograms Not :,)plicable
e

Signal word Not atpphca

Hazard statements Not applicable

WHMIS classification Not controlled
Classification system

HMIS ratings (scale 0-4) .
(Hazardous Materials Identification System)
Health (acute effects) = 1
Flammability = 1

" Physical Hazard = 1

Other hazards

Results of PBT and vPvB assessment
PBT: Not applicable.

vPvB: Not applicable.

3 Composition/information on ingredients

Chemical characterization: Substances
CAS# Description:
Polymethylhydrosiloxane

4 First-aid measures

Description of first aid measures

éﬂerlin#alztiqn . X
up, esh air. d, p

Seeg lymmediate medical advice.

After skin contact

Immediately wash with water and soap and rinse thoroughly.

Seek immediate medical advice.

After eye tact Rinse opened eye for

After swall g Se dical

Information for doctor

Most important symptoms and effects, both acute and delayed No further infe i

Indi of any diat dical and sp | tr ded No further relt

le artificial respiration. Keep patient warm.

1 minut.

under ing water. Then consult a doctor.

5 Fire-fighting measures
Extinguishing media
Suitable extii ishing ts Carbon dioxide, extinguishing powder or water spray. Fight larger fires with water spray or alcohol resistant foam.
ﬁpecial hazards arising from the substance or mixture
this product is involved in a fire, the following can be released:
Carbon monoxide and carbon dioxide
Silicon oxide
Advice for firefighters
Protective equipment:
Wear self-contained respirator.
Wear fully protective impervious suit.

6 Accidental release measures

Personal precautions, protective equi t and emergency procedures

Wear protective equipment. Keep unprofecfed persons away.

Ensure adequate ventilation

Environmental precautions: Do not allow p to reach or any water course.
Methods and material for and cleaning up: Absorb with liquid-binding ial (sal
Prevention of secondary hazards: No special measures required.
Reference to other sections

See Section 7 for information on safe handling s
See Section 8 for infe onp Ip ti quip

o,

nd, diatomite, acid bind . 1 bi )

(Contd. on ‘"ﬂ%ﬁ Zl

73



3>

Safetg Data Sheet
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Page 2/4

/A HazCom 2012 Printing date 11/24/2015

Reviewed on 08/21/12014

’Product name: Polymethylhydrosiloxane

|

’ See Section 13 for di: | inf

(Contd. of page 1‘)‘

7 Handling and storage

Handlin

Precautions for safe handling

Keep container tightly sealed.

Store in cool, dry place in tightly closed containers. .

Information about protection against explosions and fires: No information known.

gonditions for safe storage, including any i patibilities

torage

Requirements to be met by storerooms and recey les: No special requit 1
Information about storage in one common storage facility: Store away from oxidizing agents.
Further information about storage conditions:

Keep container tightly sealed.

Store in cool, dry conditions in well sealed containers.

Specific end use(s) No further relevant information available.

8 Exposure controls/personal protection

Additional information about design of technical
Properly operating chemical fume hood designed for hazardous chemicals and having an average face velocity of at least 100 feet per minute.

Control parameters

Components with limit values that require monitoring at the workplace:
The pr f does not in any rel t quantities of materials with critical values that have to be itored at the
Additional information: No data

Exposure controls .

Personal protective equipment

General protective and hygieni es

The usual precautionary measures for handling chemicals should be foll J
Keep away from foodstuffs, beverages and feed.

Remove all soiled and confaminated clothin immediately.

Wash hands before breaks and at the end of work.

PPTOD

e

Maintain an
Breathing equip 4
Protection of hands:
Impervious gloves
Check protective gloves prior to each use for their proper condition.
The selection of suitable gloves not only depends on the material, but also on quality. Quality will vary from
Penetration time of glove material (in minutes) Not determined
gye protection: Safety glasses

ody protection: Protective work clothing.

il r when high concentrations are present,

9 Physical and chemical properties

Information on basic physical and chemical properties
General Information

A;}:__pearance:
orm: Liquid
Odor: Not determined
Odor threshold: Not determined.
pH-value: Not determined.
Change in condition

Velting point/Melting range: Not determined

Boiling point/Boiling range: Not determined

Subiimation temperature / start: Not determined
Fiash point: 121 °C (250 22
Flammability (solid, gaseous) Not determined.
Ignition temperature: Not determined

ecomposition temperature: Not determined
Auto igniting: Not determined.
Danger of explosion: Not determined.
Explosion limits:

Lower: Not determined

Upper: Not determined
Vapor pressure: Not determined
Density at 20 °C (68 °F): 1 glem?® (8.345 Ibs/gal)
Relative density Not determined.
Vapor density Not determined.
Evaporation rate Not determined.

Solubility in / Miscibility with
Water: Not miscible or difficult to mix
Partition coefficient (n-octanoi/water): Not i

Viscosity:
dynamic: Not determined.
kinematic: Not determined.
Other information No further rel fi labl

10 Stability and reactivity

Reactivity No information known.

Chemical stability Stable under recommended storage conditions.

Thermal decomposition / conditions to be avoided: Decomposition will not occur if used and stored according to specifications.
Possibility of hazardous reactions Reacts with strong oxidizing agents

Conditions to avoid No further rel inf i ilabl
Incompatible materials: Oxidizing agents
Hazardous decomposition products:
Carbon monoxide and carbon dioxide
Silicon oxide

usa—
(Contd. on page 3)
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’Product name: Polymethylhydrosiloxane

(Contd. of page 2)

11 Toxicological information

Information on toxicological effects

Acute toxicity: No effects known.

LD/LCS50 values that are relevant for classification: No data
Skin irritation or corrosion: May cause irritation

Eye irritation or corrosion: May cause irritation
Sensitization: No sensitizing effects known.

Germ cell mutagenicity: No effects known., .
Carcmogergrcn?l: No classification data on carcinog p
Reproductive toxicity: No effects known.

Specific target organ syst tax.fcr:{y -rep d exp e: No effects known.

Specific target organ system toxicity - single exposure: No effects known.

Aspiration hazard: No effects known.

Subacute to chronic toxicity: No effects known.

Additional toxicological information: To the best of our knowledge the acute and chronic toxicity of this substance is not fully known.

of this ial is available from the EPA, IARC, NTP, OSHA or ACGIH.

P

12 Ecological information
Toxicity
Aquatic toxicity: No further rel inf ion availabl
Persistence and degradability No further i
Bioaccumulative potential No further
Mobility in soil No further rel t infi it
Additional ecological information:
General notes: Avoid fer into the
Results of PBT and vPvB assessment
PBT: Not applicable.
vPvB: Not applicable.
Other adverse effects No further relevant information available.

13 Disposal considerations

Waste treatment methods

Recommendation Consult state, local or national regulations to ensure proper disposal.
Uncleaned packagings:

Recommendation: Disposal must be made according to official regulations.

14 Transport information

UN-Number

DOT, ADN, IMDG, IATA Not applicahle
UN Froper shiﬂpinlq name

DOT, ADN, IMDG, IATA Not applicahle

Transport hazard class(es)
DOT, ADR, ADN, IMDG, IATA

Class Not applicable
Packing grou

DOT, IﬂgG, .'f TA Not applicable
Envirc I hazards: Not licabl
Special precautions for user Not applicable.

Transport in bulk according to Annex Il of MARPOL73/78 and the IBC Code Not applicable.
Transport/Additional information:

Dot
Marine Pollutant (DOT): No
UN "Model Regulation": -

15 Regulatory information

Safety, health and envirc tal regulati legislation specific for the substance or mixture

GHS label elements Not applicahle

Hazard pictograms Not arplicab!e

Signal word Not at;siplicab e

Hazard statements Not applicable

National regulations

This product is not listed in the U.S. Environmental Protection Agency Toxic Substances Control Act Ch | nce

to research and develog:’nrnt only. This product must be used b{ or directly under the supervision of a technically qualified indivi
orii

y. Use of this product is restricted
dual as defined by TSCA. This

g_rqn'ucl must not be used for ial purp s or in lations for commercial purposes. . i
his product is not listed on the Canadian Domestic Subst: List (DSL) or the C N tic Subst; List (NDSL).
SARA Section 313 (specific toxic ch I listings) Subst is not listed.

California Proposition 65
Prop 65 - Chemicals known to cause cancer Substance is not listed.

Prop 65 - Develoy tal toxicity Subst. is not listed.

Prop 65 - Devel tal toxicity, femal is not listed.

Prop 65 - Developmental toxicity, male Substance is not listed.

Information about limitation of use: For use only by technically qualified individuals.

Other regulations, limitations and prohibitive regulations
Substance of Ver}y "l'l'?h Concern (SVHC) according to the REACH Regulations (EC) No. 1907/2006. Substance is not listed.

The conditions of restrictions according to Article 67 and Annex XV of the Regulation (EC) No 1907/2006 (REACH) for the manufacturing, placing on the
market and use must be observed.
Substance is not listed.

Annex XIV of the REACH Regulations (requiring Authorisation for use)
C ical safety A Chemical Safety

is not listed.
has not been carried out.

16 Other information
Employers should use this information only as a supplement to other information gathered by them, and should make independent judgement of suitability of this
information to ensure proper use and protect the health and safety of employees.” This information is furnished without warranf'\:, and any use of the product not in
conformance with this Material Safety Data Sheet, or in combination with any other product or process, is the responsibility of the user.

Contd., 4
(Cont onpﬁgi _)
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Printing date 11/24/2015
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lProduct name: Polymethylhydrosiloxane

Date of preparation / last revision 11/24.
Abbl;ewatlons and acronyms:

Department issuing SDS: Global Marketin, %Depanmenl

(Contd. of page 3)

rd européen sur le transport des
nm’é'nf of Trans onap

HMIS: Hazardous Materials Identification System (U:

WHMIS: We

LC50: Lethal concentrati

LD50: Lethal dose, 50 perce

vPvB vn;y Persistent and vuy Bioaccumulative

Indi
OSHA. Occupational Safet; and Meaﬂh Admlms(mhon (US‘}'
NTP: National Toxicology Program (USA,
IARC: International Ag'auncy for Research on Cancer

:PA: Environmental Protection Agency (USA)

e par Route (;
CAS C)lomlul Abstracts Service ’ggivislon of the Amoﬂun Chemical Society)
lorkplace Hanrdo;os Malenfls lnlomuﬂon S,yslcm (Canada)
ent

(usa)

the i Carriage of Goods by Road)

USA—
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SIGMA-ALDRICH

sigma-aldrich.com

Product Specification

Product Name:
Polvimethylhydrosiloxane) averaqe ha 1,700-3,200

3050 Spruce Street,Saint Louis,MO 63103,USA
Website: www.sigmaaldrich.com

Email USA: techserv@sial.com

Outside USA: eurtechserv@sial.com

o e e (91 g
MDL: MFCD00084478 H3C'S."O+S|"O+s."(7“3
CHs H N CHjs
TEST Specification
Appearance (Color) Colorless
Appearance (Form) Liquid

Infrared spectrum

Viscosity
at 25 degrees Celsius

Bemarks:
Specification Date : 12/28/2010

Sigma-Aldrich warrants, that at the time of the quality release or subsequent retest date this product conformed to the information contained in
this publication. The current Specification sheet may be available at Sigma-Aldrich.com.
Purchaser must determine the suitability of the product for its particular use.

and conditions of sale.

Conforms to Structure
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ChemNMR 'H Estimation

5.17
OH
4.98
732 1.49
7.25
7.32
7.25

Estimation quality is indicated by color: good, medium, rough

PPM

Protocol of the H-1 NMR Prediction (Lib=SU Solvent=DMSO 300 MHz):

Node shift Base + Inc. Comment (ppm rel. to TMS)
OH 5.17 4.20 alcohol

1.10 1 -C-C*R

-0.13 general corrections
CH 7.32 7.26 l-benzene

0.00 1 -c-0

0.06 general corrections
CH 7.32 7.26 l-benzene

0.00 1 -Cc-0

0.06 general corrections
CH 7.25 7.26 l-benzene

0.03 1 -Cc-0

-0.04 general corrections
CH 7.25 7.26 l-benzene

0.03 1 -C-0

-0.04 general corrections
CH 7.25 7.26 l-benzene

-0.03 1 -Cc-0

0.02 general corrections
CH 4.98 1.50 methine

1.28 1 alpha -1:C*C*C*C*C*C*1

2.10 1 alpha -0

0.10 1 alpha -C
CH3 1.49 0.86 methyl

0.38 1 beta -1:C*C*C*C*C*C*1

0.25 1 beta -0

1H NMR Coupling Constant Prediction

shift atom index coupling partner, constant and vector

5.17 9
7.32 6

1 7.5 H-C*C-H

4 1.5 H-C*C*C-H

2 1.5 H-C*CH*C-H
7.32 4

3 7.5 H-C*C-H

6 1.5 H-C*C*C-H

2 1.5 H-C*CH*C-H
7.25 3

4 7.5 H-C*C-H

2 7.5 H-C*C-H

1 1.5 H-C*CH*C-H
7.25 1

6 7.5 H-C*C-H

2 7.5 H-C*C-H

3 1.5 H-C*CH*C-H
7.25 2

3 7.5 H-C*C-H

1 7.5 H-C*C-H

4 1.5 H-C*CH*C-H

6 1.5 H-C*CH*C-H
4.98 7

8 6.8 H-C-CH2-H
1.49 8

7 6.8 H-CH2-C-H
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(ChemDraw gty Jleamb

ChemNMR '3C Estimation

128.9

127.6

128.9

Estimation quality is indicated by color: good, medium, rough

PPM

Protocol of the C-13 NMR Prediction: (Lib=S)

Node Shift Base + Inc. Comment (ppm rel. to TMS)
c 146.1 128.5 l-benzene
12.4 1 -C-0
5.2 general corrections
CH 127.1 128.5 l-benzene
-1.2 1 -C-0
-0.2 general corrections
CH 127.1 128.5 l-benzene
-1.2 1 -C-0
-0.2 general corrections
CH 128.9 128.5 l-benzene
0.2 1 -C-0
0.2 general corrections
CH 128.9 128.5 l-benzene
0.2 1 -C-0
0.2 general corrections
CH 127.6 128.5 l-benzene
-1.1 1 -C-0
0.2 general corrections
CH 69.9 -2.3 aliphatic
24.3 1 alpha -1:C*C*C*C*C*C*1
9.1 1 alpha -C
49.0 1 alpha -0
-10.2 general corrections
CH3 22.8 -2.3 aliphatic
9.1 1 alpha -C
9.3 1 beta -1:C*C*C*C*C*C*1
10.1 1 beta -0
-3.4 general corrections
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1-INTRODUCTION
In 1980's Corriu and Co-workers have shown thatestres may be reduced with

polymethylhydrosiloxane (PMHS) by fluoride or alkoxide induced hydrosilylation.!! They
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have also published several papers describing the related potassium and cesium fluoride
catalysedtriethoxysilane reduction of esters.”® These processes, which are usually carried
out in polar solvents such as DMSO or DMF, are described as heterogeneous reactions and
generally require an excess of fluoride. In related papers the use of alkoxides in combination
with triethoxysilane has been studied by the groups of Hosomi®®” and 1zumi.®¥ In 1994,
Breeden and Lawrence described the efficient reduction of esters to alcohols with
polymethylhydrosiloxane (PMHS){Me3;SiO[(Me3)HSiO],SiMes} in the presence of titanium
(1V) isopropoxide or zirconium alkoxide.™® In 1997, Lawrence and co-workers reported that
the same transformation can be achieved using PMHS and catalytic fluoride.!*!

Buchwald's group have used PMHS in combination with Cp,TiCl, n-BuLi for the reduction
of esters.'! This was followed by the description of the use PMHS and titanium
isopropoxide, again for the reduction of esters.™™® Several papers include ones from Lipowitz
and Bowmant*¥ who used PMHS to reduce ketones and aldehydes to the corresponding
alcohols in the presence of catalytic dibutyltin oxide as the hydride transfer reagent; esters,

under these conditions, are not reduced.

We recently described the efficient reduction of a range of aminoacids to the corresponding
alcohols with  polymethylhydrosiloxane (PMHS) in the presence of catalytic
tetrabutylammonium fluoride, TBAF.™™ More recentlywe used PMHS in combination with
biocatalysts, bakers's yeast for the asymmetric reduction of prochiral ketones.™ Following
with our studies in symmetric reduction of ketones, we wish to report the study of the effect
of various kinetic parameters on reaction conversion in order to obtain the optimal conditions
and explore the reduction of different kinds ketones catalyzed by using PMHS and catalytic
fluoride.Acetophenonela was chosen as a preferred model substrate of simple ketones; 4-
chloroacetophenone 2a was chosen as the model substrate of halogen-containing aromatic
ketones such as 4'-bromoacetophenone 3a and 4'-fluoroacetophenone 4a and 4'-

nitroacetophenone 5a.

2. EXPERIMENTAL
2.1. General methods
Acetophenonela, 4'-chloroacetophenone2a, 4'-bromooroacetophenone3a, 4'-
fluoroacetophenoned4a and 4'-nitroacetophenoneba, were purchased from Aldrich. These

chemicals were used without further purification. Thin-chromatography (TLC) was
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performed using precoated plates (Aluminium foil, silica gel 60 F2s4 Merck, 0.25mm). Merck

60 silica gel (230-400 mesh) was used for flash chromatography.

All 300 MHz and 75 MHz *C NMR spectra were run on a Bruker AC 300 NMR
spectrometer. Both *H NMR and **C NMR spectra were recorded using CHCI; as internal
standard; Infrared spectra were recorded using a Perkin-Elmer 783 spectrometer equipped
with a PE 600 data station.

2.2. Reduction of acetophenonesla-5a

Acetophenonesla-5awere  reducedto  the  corresponding  alcohols  1b-5busing
polymethylhydrosiloxane (PMHS) in the presence of catalytic tetrabutylammonium fluoride,
TBAF.

2.3. General procedures for transformations

Typical reaction mixture (1.5 mmol) of PMHS, was added to (1.0 mmol) appropriate ketones
la-5a (Scheme-2.1) and (0.02 mmol) of TBAF in 20 mL of appropriate solvents. The
reaction mixture was agitated at appropriate temperatures and times. The progress of the
reaction was monitored by TLC. The solution (5 mL, 0.5N) of sodium hydroxide was added
and the reaction mixture was agitated for 10 minutes and the resultin solution was extracted
with diethyl ether(3x15ml). The ether fraction was dried over anhydrous (MgSO,) and the
solvent was evaporated to get the final product and then chemical yields were determined.
Each experiment was parallelly repeated at least three times and then the average value and
standard deviations were given.The conversion obtained after 4 days to 8 hours and the
products were identified by comparing their data with those of authentic samples on TLC, by
IR, and *HNMR spectra.l***”! The presence of alcoholic group in the final product was

chemically confirmed by acetyl chloride test.

2.4. Identification of chiral alcohols 1b-5b by spectroscopic data:

Phenylethanol (1b)

(1b) was obtained in 68.6% yield.The IR and *H and *3C NMR spectra of (1b) were identical
to those of authentic samples.'***1H (CDCls, 300 MHz): & (ppm): 1.5 (3H, d, CHsCHOH-),
4.7 (1H, brss, OH), 5.2 (1H, g, -CHOH), 7.3-7.4 (4H, m, Ar-H); *°C (CDCls, 75 MHz): &
(ppm): 22.8 (CH3sCHOH), 69.9 (-CHOH), ), 127.1 (-CH, Ar), 127.6 (-CH, Ar), 128.9 (-CH,
Ar), 146.1 (C, Ar); vmax(KBr Disk, Cm™): 3340-3060 (OH).
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4'-Chlorophenylethanol (2b)

(2d) was obtained in 51.5% yield.The IR and *H and *3C NMR spectra of (2d) were identical
to those of authentic samples.*#*¥ (*H (CDCls, 300 MHz): & (ppm): 1.3 (3H, d, CHsCHOH-),
3.5 (1H, br.s, OH), 4.7 (1H, g, -CHOH), 7.0-7.3 (4H, m, Ar-H)*C (CDCls, 75 MHz): &
(ppm): 28.08 (CHsCHOH), 69.54 (-CHOH), ), 126.93 (-CH, Ar), 128.25 (-CH, Ar), 132.94
(C, A¥), 144.44 (C, Ar):IR vinax(KBr Disk, Cm™): 3340-3060 (OH).

4'-Bromophenylethanol (2c)

(2C) was obtained in 59.0% vyield; The IR and 'H and *C NMR spectra of (2c) were
identical to those of authentic samples.'**"! 'H (CDCl5;, 300 MHz): & (ppm): 1.5 (3H, d,
CH3CHOH-), 4.7 (1H, g, -CHOH), 5.2 (1H, br.s, OH), 7.3-7.9 (4H, m, Ar-H); **C (CDCls, 75
MHz): 5 (ppm): 28.03 (CHsCHOH), 69.54 (-CHOH), ), 126.93 (-CH, Ar), 128.25 (-CH, Ar),
132.94 (C, Ar), 144.44 (C, Ar); IR .vmax(KBr Disk, Cm™)): 3340-3060 (OH).

4'-Fluorophenylethanol (2d)

(2e) was obtained in 55.5% yield; The IR and *H and **C NMR spectra of (2e) were identical
to those of authentic samples.'***1*H (CDCls, 300 MHz): § (ppm): 1.4 (3H, d, CHsCHOH-),
3.2 (1H, br.s, OH), 4.8 (1H, g, -CHOH), 6.8-7.0 (2H, m, Ar-H), 7.1-7.3 (2H, m, Ar-H); *C
(CDCl3, 75 MHz): & (ppm): 22.8 (CH3CHOH), 69.9 (-CHOH),), 115.7 (-CH, Ar), 126.9 (-
CH, Ar), 141.7 (C, Ar), 161.8 (C, Ar); IR .vmax(KBr Disk, Cm™): 3340-3060 (OH).

4'-Nitrophenylethanol (2e)

(2b) was obtained in 52% vyield. The IR and *H and *C NMR spectra of (2b) were identical
to those of authentic samples[18,19].H (CDCl;, 300 MHz): & (ppm): 1.4 (3H, d,
CH3CHOH), 2.6 (1H, br.s, OH), 4.9 (1H, g, -CHOH), 7.4 (2H, d, Ar-H), 8.1 (2H, d, Ar-H);
3¢ (CDCls, 75 MHz): & (ppm): 25.27 (CHs), 69.27 (-CHOH), ), 123.56 (-CH, Ar), 126.04 (-
CH, Ar), 146.89 (C, Ar), 153.23 (C, Ar); IR.vmax(KBr Disk, Cm™): 3340-3060 (OH).

3. RESULTS AND DISCUSSION

The strategy we have adopted for this symmetric reduction consists of the following steps:

(i) It was therefore decided in the first step to carry out the experimenton acetophenonelaby
using polymethylhydrosiloxane (PMHS) in the presence of catalytic tetrabutylammonium
fluoride, TBAF according to Scheme-3.1. So the reaction was carried out with changing
various Kinetic parameters on reaction conversion such asdurationeffect of reaction, effect

of solvent, andeffect of temperature.
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0 OH
cH, LPMHS TBAF (cat) CH,
2. NaOH, H,0

Scheme 3.1.Reduction of acetophenone catalyzed by TBAF

(i) In the second step, different substituted acetophenones were used as substrate to evaluate
the effect of different functional group bearing ketones on asymmetric reduction
usingpolymethylhydrosiloxane (PMHS) in the presence of catalytic tetrabutylammonium

fluoride, TBAFunder the optimized conditions.

3.1 Effect of THF using (temperaturevs time)

Since solvent is one of the parameters with remarkable influence on the conversion and
reaction rate of any catalytic reactions, the effect of THF on reduction was studied using
acetophenoneat (25° to 50°C) for (2-4 hours) according to the procedure described earlier.

The results are summarized in table 3.1.

Table 3.1: The effect of THFon thereduction of acetophenoneusing(PMHS) in the

presence of TBAF
Time (h) | Tomperature (°C) | Yield (%)

0 30

4 25 (r.t) 70
40 69
50 60
0 30

3 25 (r.t) 88.5
40 70
50 70

The vyields in the duration of 4 and 8 hoursat (0-50)°C were (30-60%) and (30-88.5%)
respectivelyand the results can be represented in the Fig. 3.1.There wasconsiderable change

in conversion observedabove25°C.
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—m—vyieldin4 h
75 - —e—yieldin8h

70
65—-
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55—-

50

Yield (%)
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40 |
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° b 20Tc>mpe::2ture °C40 » >
Fig. 3.1: The effect of THFon the yield of reductionusing (PMHS) in the presence of
TBAF

3.2Effect of DMSO using (temperature vs time)

The reaction was carried out at appropriate amount of substrate (acetophenone) to study the
intrinsic Kinetics of reaction. Thus, experiment was performedusing amixture of (1.0 mmol)
acetophenone, (1.5 mmol) of PMHS, and (0.02 mmol) of TBAF in 20 mL of DMSO. The
reaction mixture was agitated at appropriate temperatures and times. The progress of the
reaction was monitored by TLC. The solution (5 mL, 0.5N) of sodium hydroxide was added
and the reaction mixture was agitated for 10 minutes and the resulting solution was extracted
with diethyl ether(3x15ml). The ether fraction was dried over anhydrous (MgSO,) and the
solvent was evaporated to get the final product and then chemical yields were determined.
Each experiment was parallelly repeated at least three times and then the average value and
standard deviations were given. The conversion obtained after 4 days to 8 hours are shown in
table 3.2.

Table 3.2: The effect of DMSOon the reduction of acetophenoneusing(PMHS) in the

presence of TBAF
Time (h) | Tomperature (°C) | Yield (%)
0 20
4 25 (r.t) 60
40 55
50 60
0 25
3 25 (r.t) 73
40 60
50 50
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The conversion increased gradually with reaction temperature and attained maximum level at
2 5°C. There was no significant change in yield observed after certain temperatureand the

results can be represented in the Fig. 3.2.
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Fig. 3.2: The effect of solvent on the yield using(PMHS) in the presence of TBAF.

3.3 Effect of DMF using (temperaturevs time)

The effect of solvent in the reduction was studied using a mixture of (1.0 mmol)
acetophenone, (1.5 mmol) of PMHS and (0.02 mmol) of TBAF in 20 mL of DMF. The
reaction mixture was agitated at appropriate temperatures and times. The progress of the
reaction was monitored by TLC. The solution (5 mL, 0.5N) of sodium hydroxide was added
and the reaction mixture was agitated for 10 minutes and the resulting solution was extracted
with diethyl ether (3x15ml). The ether fraction was dried over anhydrous (MgSQO,) and the
solvent was evaporated to get the final product and then chemical yields were determined.
Each experiment was parallelly repeated at least three times and then the average value and

standard deviations were given.The results are summarized in table 3.3.

Table 3.3: The effect of DMFon the reduction of acetophenoneusing (PMHS) in the

presence of TBAF
Time (h) | Tomperature (°C) | Yield (%)
0 20
4 25 (r.t) 60
40 55
50 60
0 25
3 25 (r.t) 73
40 60
50 50
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The conversion increased gradually with reaction temperature and attained maximum level at
25 (r.t.). There was no significant change in yield observed after certain temperature. The

resultscanberepresented in the Fig. 3.3.
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Fig. 3.3: The effect of DMF on the yield using (PMHS) in the presence of TBAF.

3.4 Effect of toluene using (temperaturevs time)

The effect of solvent on the reduction of acetophenone was studied by changing temperature.
Thus, the experiment was performedusing amixture of (1.0 mmol) acetophenone, (1.5 mmol)
of PMHS and (0.02 mmol) of TBAF in 20 mL of toluene. The reaction mixture was agitated
at appropriate temperatures and times. The progress of the reaction was monitored by TLC.
The solution (5 mL, 0.5N) of sodium hydroxide was added and the reaction mixture was
agitated for 10 minutes and the resulting solution was extracted with diethyl ether (3x15ml).
The ether fraction was dried over anhydrous (MgSO,) and the solvent was evaporated to get
the final product and then chemical yields were determined. Each experiment was
parallellyrepeated at least three times and then the average value and standard deviations

were given. The conversion obtained after 4 days to 8 hours are shown intable 3.4.

Table 3.4: The effect of toluene on the reduction of acetophenoneusing (PMHS) in the

presence of TBAF
Time (h) | Tomperature (°C) | Yield (%)
0 25
4 25 (r.t) 73
40 70
50 71
0 30
3 25 (r.t) 79
40 66
50 60
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The conversion increased gradually with reaction temperature and attained maximum level at
25 (r.t.). There was no significant change in yield observed after certain temperature. The

resultscanberepresented in the Fig. 3.4
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Fig. 3.4: The effect of DMF on the yield usingtoluene in the presence of TBAF

The optimal conditions, which are 25°C, THF as solvent and the duration of 8 hours, were

applied on the reduction of different substituted acetophenones.

3.5 Reduction of acetophenone derivatives

Different substituted acetophenones were used as substrate to evaluate the effect of different
functional group bearing ketones on symmetric reduction usingpolymethylhydrosiloxane
(PMHS) in the presence of catalytic tetrabutylammonium fluoride, TBAF. underthe previous
optimized conditions(Scheme-3.5) and the results can be represented in the Fig. 3.5.

0 H
CH, PMHS/TBAF - CH,
X THF X

la: X=H 1b : X=H
2a: X=Cl 2b : X=Cl
3a: X=Br 3b : X=Br
da: X=F 4h : X=F

| 5a:X=NO, 5b : X=NO,

Scheme: 3.5. Reduction of acetophenone derivatives

WWW.W]pPPS.com Vol 6, Issue 05, 2017. 59




Sekhri et al. World Journal of Pharmacy and Pharmaceutical Sciences

Table: 3.5. Reduction of acetophenone derivatives byPMHS and TBAF

Time | Tomperatur | Yield
Ketone Structure Solvent h) e (°C) (%)
o)
Acetophenone d THF 8 25 (r.t.) 88
o
4'-chloroacetophenone /@* THF 8 25 (r.t.) 75
cl
o
4'-bromoacetophenone /@* THF 8 25 (r.t.) 66
Br
o)
4'-fluoroacetophenone /@* THF 8 25 (r.t.) 70
F
o)
4'-nitroacetophenone /Q)‘\ THF 8 25 (r.t.) 60
O,N

4-CONCLUSION

This study underscored theinvestigation and findingthe optimal conditions by changing
various kinetic parameters on reaction conversion such as the effect ofreaction duration,
effect of temperature and solvent. Among various solvents, THF found to be the best for
regeneration of co-factors. These optimal conditions were applied on reduction of various
acetophenone derivativeswith PMHS and TBAF.Acetophenone, 4'-haloacetophenones (X=F,
Cl, and Br) and 4'-ntroacetophenonecan be effectively reduced to the corresponding
alcoholswith the yield (60-80%)and the reaction reached the equilibrium within 4-8
hours.The comparative study of the PMHS/TBAF reduction reaction with the results reported
by N.J. Lawrence revealed that PMHS in combinationwith catalytic TBAF is an excellent

reducing agent for carbonyl compounds.™®
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Abstract:

The present work is aimed mainly to investigate and find optimal conditions by
changing various kinetic parameters on reaction conversion such as duration of
reaction, effect of temperature, and solvent. THF was found to be the best solvent for
this mild reduction of carbonyl compounds. These optimal conditions were applied on
fundamental and practical PMHS/TBAF reduction reaction of carbonyl compounds.
This study underscored the reduction of various acetophenone derivatives, 4'-
haloacetophenones (X=F, CI, and Br) and 4'-nitroacetophenone and the chemical yield
could reach about 80% .

Key words: PMHS, TBAF, reduction, alcohols, acetophenones, organic synthesis.




