
OLEFINATION v i a  yff-HYDROXYDIPHENYLPHOSPHINE OXIDES
APPROACH

2.1 Introduction and literature reviews
• System Containing Phosphorus Reagents [63-64]

C om pared w ith  m ost o f  synthetic m ethods, reagents con tained  phosphorus, 
sulfur, or boron had b een  introduced recently, w ith in  the last 25 years. There is  still 
very active  research tow ard further developm ent.

P hosphorus-conta in ing reagents ow ed  their u sefu ln ess to three characteristics  
o f  phosphorus chem istry. The characteristics o f  phosphorus chem istry com pared w ith  
that o f  n itrogen  w ere that three-valent phosphorus in  readily ox id ized  to the five  
valent state and that P - 0  bonds w ere m ore stable than N - 0  bonds. S in ce  the relatively  
strong b onds form ed by phosphorus to ox yg en  and to sulfur; the availab ility  o f  2d  
orbitals for bonding, in  each  o f  these respected phosphorus d iffered  from  nitrogen. 
Thus, ox id ation  at phosphorus occurred under m ild  con d ition s, such  as

R3P — R3p = 0
„  H20 2 ^ J )
R2Pn *• R2P\

H OH

For instance, in  the A rb u zov reaction o f  triethyl phosphite w ith  an alkyl brom ide w as  
strong a ffin ity  o f  phosphorus to oxygen .

(EtO)3P
R

(EtO)2P -C H 2R

BrO c H 2CH3

-H~ (EtO)3P -C H 2R + Br'

o
(E tO )2 P - C H 2 R  +  C H 3C H 2 Br
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In the analytica l, or retrosynthetic phase o f  the p lanning, it w as u sefu l to adopt 
the habit o f  m en ta lly  d iscon n ectin g  the target m o lecu le  and seek in g  synthons w hich  
cou ld  be related to  precursor m olecu les. To take a s im p le  exam p le, supposed  in  a 
target m o lecu le  the fragm ent c= c , w h ich  contained  b io lo g ica lly  active  natural 
products b ein g  h ig h ly  va lued  synthetic m ethods, w as present. O ne o f  the major 
synthons in  the o le fin  production w as d isconn ected , it w as apparent that a carbonyl 
group had to  be transform ed into a carbon-carbon double bond. T he m ost com m on  
reaction o f  th is carbonyl com pounds in vo lved  the W ittig  and related reactions w hich  
w ill b e m en tion ed  in  the next topic.

> - °  -  > - < ;

The Wittig and Horner-Wittig reaction [33,46]

Wittig Reaction
R'-

y = 0  + (R")3 P = <

aldehyde 
or ketone

Y
phosphorus

ylide

R'
R Y + (R")3P =o

alkene phosphine 
oxide

Horner-Wittig Reaction

o
Ph2Fk.

( 1 )

1) BuLi, 0°c, THF
2) RCHO, -78°c

3) NH4CI
4) separate

1) BuLi, 0°c, THF
2) R2C 0 2Et

Ph2P v ^ R 1 NaH, DMF

H O ^ 'R 2 orKOH, DMSO H
erythro-{2 )

Ph2K R i 1) NaBH4, EtOH
M HPh2P ^ R 1

C r ^ R 2 2) separate ÙL
-T

1
๐Xi

( 3 )

(4 ) threo\ 5 ) ( 6 )
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The W ittig  reaction in v o lv ed  the reaction o f  a p h osp h on iu m  y lid e  w ith  an 
aldehyde or ketone. T he h ig h ly  reactive y lid e cou ld  then  participate as nu cleop h ile  
and attack at an electrop h ilic  carbonyl centre o f  either an ald eh yd e or ketone to 
generate a betaine. It cou ld  cy c liz e  to afford an oxaphosphetane w h ich  w as very  
unstable and undergo rapid ^ « -e lim in a tio n  to afford the corresponding alkene and 
phosphine o x id e  (P (0 )PPh 3 ) as by-product. A lth ough  the W ittig  o le fin  syn thesis w as  
stereose lectiv e  in  go od  y ie ld  o f  predom inantly on e isom er, E- or Z -alkene, it lacked  
fu ll stereoch em ica l control. M oreover, m ixtures o f  a lk enes w ere produced  and w ere  
d ifficu lt to separate from  each  other and from  triphenylphosphine ox id e .

Ph3? ^ R 1

0

R2CHO Ph3? ^ / R i Ph3P - Y Rl
Q C 0 R 2 R r  ,

* K-jllU— UrlK;

(1 2 ) (13) (14) (15)

The stereose lectiv ity  o f  the W ittig reaction w as determ ined  at the form ation o f  
betain  (1 3 ) s in ce  the form ation  and d ecom p osition  o f  the oxaphosphetane (1 4 ) w ere  
stereosp ecific . In fact, the form ation o f  betain w as o ften  reversib le, although, in  rule, 
the reaction sh ou ld  be stopped at this stage g iv in g  a s in g le  d iastereom er o f  betain to 
obtain a s in g le  geom etrical isom er: (Z )-(15) from  erythro-{ 13) and (jE )-(15) from  
threo-( 13). That w a s w h y , the H om er-W ittig  reaction hav in g  the d ip h en ylp h osp h in oyl 
(PI1 2PO ) group as a stab ilized -an ion  group in  the phosphine o x id es  (1 ) w as developed .

W hen the y lid e in W ittig  reaction w as rep laced  w ith  a phosphine ox id e  
carbanion, the reaction  w as referred to as the H om er-W ittig  reaction. The lith io  
derivatives o f  alkyld ip h en ylp hosph ine o x id es reacted w ith  aldehyde or ketone led  to  
predom inantly erythro  hydroxyphosphine o x id es w h ich  w ere purified  b y  colum n  
chrom atography and then elim inated  to afford pure Z -alkene in  h igh  y ie ld .

The advantages o f  the H om er-W ittig  reaction u sin g  the d iphenylphosphinoyl 
(Ph 2 P O ) group in  phosphine o x id es  (1) w ere as: (a) 80-90%  stereose lectiv e  syn theses  
in  go od  y ie ld  o f  either erythro  and threo  interm ediates from  essen tia lly  the sam e  
starting m aterials; (b) sim p le  purification o f  either stable crystalline interm ediate; (c)  
nearly 100%  stereosp ecific  e lim in ation  o f  Ph 2 P 0 2 _; (d) crossin g  from  Z -se le c t iv e  to 
^ -s e le c t iv e  pathw ays by a redox sequence.
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R 0  ®Br Ph3P ^ R HC>-
H20

1 )  BuLi Ph2P \ ^ R  NaH
2) RCHO H0 / S R THF
3) separate H 1

( 2 )
•  Literature Reviews

In 1953 Wittig and Geissler found that the reaction o f methyltriphenyl- 
phosphonium iodide with phenyllithium to generate an alkylidene-triphenylphosphine 
or an ylide that treated with benzophenone gave 1,1-diphenylethylene [42],

CH,I
Ph,P Ph3PCH3l

PhLi
Ph3P=CH2

Ph3P-CH2

Ph2c = 0
Ph2C=CH2 + Ph3P=0

In 1959, Homer applied the use o f phosphonates instead of 
triphenylphosphoranes or Wittig reagents and reacted with aldehyde or ketone. It was 
found that the yield o f adducts was higher than the previous report and the separation 
problem could be solved. For instance, the reaction o f phosphonate with a ,(3- 
unsaturated aldehyde generated diene product [65-66],

(EtO)3P + CICH2Ph (EtO)2PCH2Ph --------------
NaOCH3

P h ^ \ ^ p h

In 1961, Wadsworth and Emmons synthesized alkene using an electron- 
withdrawing stabilized-phosphonate carbanion reacted with aldehyde or ketone. This 
reagent was generally cheaper and more reactive than triarylphosphorane or Wittig 
reagent, as so-called Homer-Wadsworth-Emmons Reaction [49].

(EtO)2PCH2COPh + PhCHO —  ■» PhCH=CHCOPh + (EtO)2POH

In 1983, Warren and Buss synthesized m -olefin  from the Homer-Wittig 
reaction using diphenylphosphinoyl group (PI12PO) as anion-stabilized group and 
butyl lithium as base in high yield o f ery th ro  intermediates. Stereospecific elimination 
with NaH was subsequently performed to yield pure Z-alkene. The optimization of
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stereochemistry for preparation o f ery th ro  Homer-Wittig intermediates was also
studied [45].

๏Ph3P. H๐ ' 1 Ph2P \ ^ R  1)BuLi , 
H20  2) RCHO

3) separate

0

Ph2Pv. H
f

»R NaH R
if

HO' THF
R T*1 R 1

In 1985, Warren and Buss also prepared some Z- or £-alkenes using lithium 
derivative o f phosphineoxides Ph2P(0)CH2R treated with aldehyde to produce high 
yields o f ery th ro  intermediates with good stereoselectivity. Moreover, the reduction of 
a-diphenylphosphinoyl ketones gave th reo  intermediates with good selectivity. 
Purification by flash column chromatography and/or crystallization followed by 
elimination o f Ph2PO2 gave pure Z- or £-alkenes. An example for the preparation of 
£-triene was illustrated by the oxidative approach to ketone (19). Allylphosphine 
oxide (16) was reacted with butyl lithium and then added to the Diels-Alder adduct 
(12) to give a mixture o f diastereomers o f three chiral adduct (18). The oxidation with 
PDC gave the ketone which was reduced to another mixture o f diastereoisomers in 
th reo -alcohol (20). After purification by chromatography gave pure A-triene (21) in 
75% yield [46],

In 1994, Mikolajczyk and Mikina applied the intramolecular Homer-Wittig 
reaction o f 6A-/kketophosphonate to prepare cyclized adduct as 3-phosphorylmethyl
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cycloalkenones. The reaction o f dicarboxylic acid diesters with lithiomethyl- 
phosphonates gave b is -/Tketophosphonate [(R0 )2P(0 )CH2C(0 )]2(CH2)n (ท = 2, 3, 4 ) 
[48].

o
o

+ 4(RO)2PCH2Li

1. THF/ -78°c
2. H30 +

NaH
benzene

In 1997, Martin prepared /r<ms'-(+)-deacetylkumausyne, a marine natural 
product in a series o f nonterpenoid Cl 5-metabolites named lauroxanes. One o f key 
steps for synthesizing this compound was that an aldehyde reacted with the 
corresponding Wittig reaction yielding the diene with excellent stereocontrol [43].

frans-Deacetylkumausyne

In 1998, Denmark and Middleton prepared azapropellanes v ia  many step 
procedures. One step in this synthetic route involved the conversion o f 6-heptanal to 
nonadienoates which achieved by the Homer-Emmons olefination with trimethyl 
phosphonoacetate in 80% yield [67],

(MeO)2PCH2CO2Me 

NaH, THF, 0°c
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An example of Wittig reaction to prepare nanotube/poly {{m - 
phenylenevinylene)-co-[(2,5-dioctoxy-p-phenylene)]} (PmPV)-based composées 
polymer using as carbon single-walled nanotubes (SWNTs), applied in numerous 
technologies as ultrahigh strength materials, and in molecular computer, in 2002. The 
multistep Wittig condensation of bis(triphenylphosphonium) salt and isophaldehyde 
was used as shown in equation [68],

In 2003, Pihko and Salo investigated and improved conditions for z  selective 
Homer-Wads worth-Emmons olefination with Ando’ร bis(o-methylphenyl)
phosphonates affording in high z  selectivity. It was found that the addition of NaH 
and Nal furnished z  olefins in up to >99:1 selectivity and good yield [50],

R

O C o ,
I .P^COoMe

6 ° 8
NaH, Nal, THF, -78°c

R CC>2 Me 
95

R ^ ^ C 0 2Me

5

• Radical Chemistry 
- Radical reactions
Radical reactions have become extremely usefulness for selective organic 

transformation and the number of applications of these reactions in organic synthesis 
has increased enormously. A free-radical reaction was a chemical process in which 
molecules having unpaired electrons were involved as radical intermediates in organic 
chemistry. The radical reaction, homolytic bond cleavaged into two parts yielded free 
radical species which had unpaired electrons. Generally, in radical chemistry, the 
functional group z  in starting material was removed by reducing agent MH via  
intermediate to generate alkyl radical such as in radical deoxygenation.
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R-Z + M •
♦

[R-Z-M]

R-H + M* R* + MZ

R adical reactions have several advantages over con ven tion al io n ic  reactions. 
T hey cou ld  be h ig h ly  ch em ose lectiv e  and able to proceed under neutral conditions. 
T hey had a lso  few er tend en cies to g ive  rearranged products than io n ic  reactions. 
M oreover, th ey  w ere com patib le w ith  sen sitive  p olyfun ction a l com pounds. For 
instance, in  natural products, c=0, OH and NH groups in  their m o lecu les  did not 
need  to be protected in  free-radical reactions due to their neutral con d ition  and free o f  
salvation . T herefore, radical reactions w ere le ss  affected  b y  steric hindrance than  
ion ic  reactions, w h ich  cations or anions w ere bulky by so lva tion  and in flu en ced  b y  the  
polarity o f  the surrounding functional groups. R adical reaction  a lso  had a lo w  
tendency to unw anted  e lim in ations and neighboring group participations.

T he radical reaction in v o lv ed  three steps in  radical chain  p rocesses as 
in itiation, propagation and term ination steps. First, in itiation  step w as the step in  
w h ich  the reactive interm ediates w ere generated from  initiators, as sources o f  free 
radicals. T h ey  shou ld  b e stable at room  temperature but d ecom p osed  to produce 
radicals under m ild  condition . S econ d ly , the propagation step w as characterized and  
repeated and the chain  reaction w as lastly term inated by radical com bination  or 
disproportionation.

T he m ethod s o f  radical generation w ere c la ssified  based  on  energy supplied  
into 4 typ es as fo llow s:

1 ) by therm olysis: c lea va ge a covalent bond by h igh  tem perature.

N=N
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2 ) b y  p h oto lysis: h om olytic  c lea va ge by photo light energy .

3) b y  radiation: u sin g  h igh-energy radiation e.g. X -ray. 

high energy
BrCCI3 --------- — -------- [ BrCCI3 ] --------  CCI3 •radiation

4 ) b y  redox system : generate radical by ox id ation  or reduction  reaction  and 
interm olecular e lectron  transfer.

R-X ------- -------- [ R-X ]•+■ -------------- R* + x +

R-X ---------------  ( R-X ]•■ ■ -------------- R* + X -

Radical initiators in organic synthesis
T he source o f  initiators depended very m uch on  the reaction  tem perature and 

the character o f  in itiating radicals. Several reactions w ere used  as radical sources such  
as:

A z o  com p oun d s w ere a w id e ly  used  as radical initiators in  organic synthesis. 
A IB N  (2 ,2 '-azob isisob u tyron itr ile) w as on e o f  the m ost com m o n ly  used  initiators due 
to its h igh  d ecom p osition  ab ility  and stability and had a h a lf-life  o f  1 0  h in  to lu en e at 
65°c, 2 h at 80°c, and 0.1 h at 100°c. A zo  com pounds w ere d ecom p osed  by heat or 
ligh t to the corresponding a lkyl radical and nitrogen. There w ere  a variety o f  azo  
com p oun d s su ch  as V-70 and V-501.

heat or hv
2NC^>* + N2

AIBN
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H ,c
MeOÇHoC-

H3C

CH,
-N=N-

CN

CH3 c h 3 
— CH2COMe 
CN CH3

2,2'-Azobis(4-methoxy-2,4-dimethylvaleronitrile)
(V-70)

H 02C(H2C)2-^ —  N=N— ^ (CH2)2C 0 2H

4,4'-Azobis(4-cyanopentanoic acid) 
(V-501 )

P erox id es w ere com m on  radical initiators. T hey produced a lk oxy  radicals and 
a cy lo x y  radicals, produced generally  e lectrophilic , b y  c lea v a g e  o f  the w eak  peroxide  
or o x y g e n -o x y g e n  bond. T he d ecom p osition  o f  p eroxides cou ld  be accom p lish ed  by 
heat at lo w  tem perature or p h oto lysis. There w ere w id e ly  u se  o f  therm olysis peroxides
e.g. b en zoy l p erox id e, acetal peroxide, /-butyl p eroxyb en zoate and d i-/e/7 -butyl 
peroxide. T he h a lf-liv es  o f  the p eroxid es are g iv en  in T able 2 .1 .

o  o
RC-O-O-CR ----- —

A

o
2 RC-O* 2 R» + 2 C 0 2

T a b le  2 .1  C o m m on ly  u sed  p erox id es radical initiators [69]
Initiators R adicals produced H alf-life  (h) Tem perature (°C)
B en zo y l perox id e PhCOO* and Ph* 7 70
(PhC O O ) 2 2 90

0.5 1 0 0

A ceta l perox id e M eCOO* and Me* 8 70
1 85

/-B u ty l p eroxyb en zoate /-BuO*, Me*, PhCOO* 2 0 1 0 0

[P h C (0 )0 0 /- B u ] and Ph* 1 125
D i- /-B u ty l p erox id e /-BuO* and Me* 218 1 0 0

( /-B u O )2 6.4 300

T rialkylborane cou ld  a lso  generate alkyl radicals in  the presence o f  oxygen . In 
the case  o f  triethylborane (Et3 B ) as a radical initiator w as generated free ethyl radical 
upon treatm ent w ith  o x y g en  at lo w  tem peratures. T he u se  o f  triethylborane w as  
superior to  A IB N  and B P O  due to reactions at lo w  tem perature a llo w in g  to control the 
stereose lectiv ity . T he first application  reaction o f  Et3B w ith  ox yg en  w as published  by  
U tim oto  and O shim a. The Et3B w as an effic ien t initiator for the generation o f  tin  
radicals from  tin  hydrides. A  w id e  range o f  alkyl iod id es and brom ides w ere readily
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reduced by the treatm ent w ith  tributyltin hydride in  the presence o f  a cata lytic  am ount 
o f E t 3B ( 1 0 m o l% ) a t - 7 8 ° C .

R3B + 0 2 -------------- R2BOO« + R *

BU3SnH, Et3B /0 2 

Toluene, -78°c
(87%)

R adical in itiation  w ith  Et3 B / 0 2  at room  tem perature w as a lso  applied to the 
d eoxygen ation  o f  secondary and tertiary a lcoh ols via  the corresponding  
thiocarbonates, w h ich  alternated to the cla ssica l therm al in itia tion  o f  the Barton- 
M cC om b ie deoxygenation .

- T r ib u ty ltin  h y d r id e  an d  d ip h en y ls ila n e
In 1971 , Barton et al. invented a n ew  m ethod for radical d eoxygenation  

(B arton-M cC om bie R eaction ) and reported that th iobenzoate O -esters w h ich  had 
potential conjugation  w ith  the resulting o lefin s w ere p h oto lyzed  to g ive  the 
conjugated  o le fin s. A  tributyltin radical, generated by A IB N , attacked the 
th iocarbonyl group o f  th ion o ester derivative o f  a lcoh ols  to g ive  a radical interm ediate  
that gave an alkyl radical and tin-contain ing byproduct (then ga ve  fragm ent nB uSnX  
and C O S). The alkyl radical reduced tributyltin hydride to generate d eox y  product 
(R H ). The form ation o f  a strong รท-ร bond, the step o f  transition state from  
th iocarbonyl to carbonyl, w as a driving force for this radical d eoxygen ation  o f  alcohol 
[70-71 ],
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"Bu3SnH
AIBN

R-0-c!x + nBu3Sn. -
4

nBu3รทHR-H + "Bu3Sn • ----- -----

รรทnBน3 R-O-C*X

O
R« + nBu3รทร-C-X nBu3รทX + COS

B y  the w a y , a num ber o f  m ethods for o lefin  syn th esis have b een  reported such  
as syn th esized  from  v ic in a l d io ls. In fact, /2-substituents to a carbon centered radical 
resu lted  in  undesired  //-e lim in atio n  reactions, how ever, th is e lim in ation  reaction could  
be u tilized  to m ake o le fin s. The //-substituent to a carbon centered radical for the 
radical fragm entation  cou ld  be a halogen , su lfide, se len id e , nitro group, su lfone, 
xanthate, but not an acetate or m esylate. Therefore, Züs-xanthates w ere prepared by  
the reaction  o f  d io ls  w ith  N a H -C S 2 -M eI and then w ere treated w ith  tributyltin  hydride  
in  the p resen ce o f  A IB N  to generate the desired o le fin s in  reflu xin g  toluene. The  
tributyltin hydride attacked the thiocarbonyl sulfur to generate carbon centered  
radicals w h ich  then  fragm ented to  g ive  o le fin s  and m ethylth io  radical and c o s .

MeSCÔ
ร

=*1 FK
nBu3รท

OCSMe
ร

Ri R
T a OCSMe

nBu3SnS-(p ร 
SMe

Mes* + COS +

T in  hydride w as em p lo yed  in  radical condition  s in ce  tributyltin hydride played  
an a lm ost ex c lu s iv e  role as a hydrogen  atom  source or reducing agent and chain  
carriers in  the early years o f  radical chem istry [72]. For the tin -hydrogen  bond w as  
su ffic ien tly  w ea k  and the tributyltin radical w as a u sefu l carrier o f  the radical chain. 
H ow ever , it w as ex p en siv e  and not easy  to rem ove traces o f  to x ic  tin  com pounds from  
the reaction  m ixtures and th is problem  com plicated  the w ork-up. Therefore, the
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search for alternative hydrogen  atom  transfer agents that w o u ld  a lso  produce effic ien t  
chain-carrying radicals had started relatively  early. It w as found that d iphenylsilane  
cou ld  rep lace e ffic ien tly  tributyl tin hydride, such as in the d eox yg en a tion  o f  primary 
and secondary a lcoh ols  [73 -75 ]. It w as a lso  used  in  a h ig h -y ie ld in g  transform ation o f  
dixanthates, form ed from  v/c-d io l, into their corresponding o le fin s  [76 -77 ],

Later in  1993 , Barton et al. [78] used d iphenylsilane as hydrogen  source, in  
d eox yg en a tion  and dehalogenation , and as good  alternatives to organotin  hydrides in  
radical chem istry . B eca u se  o f  the silicon -h yd rogen  bond w as rela tively  w eak  in som e  
silan es and the silicon -h eteroatom  bonds that w ere form ed in the radical chain  process  
w ere rela tively  strong. M oreover, organosilanes w ere m uch le ss  to x ic  and exp en sive , 
and the w ork-up w as m uch easier than that o f  the tin  hydride. In addition, 
d ip h en ylsilan e w as found  to be a good  hydrogen atom  source and the d ip h en ylsily l 
radical generated w as a chain  carrier in radical d eox yg en a tion  o f  a lcoh ols  and 
deh alogen ation  o f  various organic halides. In m ost cases the use o f  d iphenylsilane  
a llow ed  h igh  y ie ld in g  transform ation o f  xanthates, th ionocarbonates, io d id es and 
brom ides to the corresponding hydrocarbons. Primary am ines cou ld  be deam inated in 
radical reaction  w ith  d ip h en ylsilan e via  the corresponding isonitriles. T he relatively  
short radical chains, h ow ever, required initiation o f  the radical reaction.

Ph2SiH2 ROH

Ph2HSi
R O -C -Q R ' SSiHPh2
-------------------- -  R O -C -Q R '

Ph2SiH2
R-H

o
R* + Ph2H S iS -C -Q R '

•  T h e  o b jec tiv e s  o f  th is  resea rch
A s  m entioned  ab ove, the phosphine ox id es w ere attractive reagents, and high  

stereose lectiv ity  cou ld  be ach ieved; h ow ever, the interm ediate / 2-h y d roxy  phosphine  
o x id es  had to  be iso lated  and purified prior to their stereosp ecific  d ecom p osition  to  
alkenes. O n e-step  or on e-p ot H om er-W ittig  procedures that cou ld  essen tia lly  g ive  
pure (Z)- and (£ )-a lk en es  w ou ld  be a usefu l im provem ent. In addition, radical
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reactions d isp layed  m any advantages in organic syn th esis such  as the reaction being  
perform ed under neutral condition . For this reason, the aim  o f  th is research w as to  
d evelop  the n ew  m eth o d o lo gy  o f  H orner-W ittig reaction u sin g  a radical reaction for 
preparing stereosp ec ific  a lkenes, w ithout purification  step o f  the m ixture o f  erythro  
and threo  d iastereom ers.

2 .2  R esu lts  a n d  d iscu ss io n
A ccord in g  to the H orner-W ittig reaction procedure, b efore the last step o f  

alkene syn th esis, the m ixture o f  erythro  and threo  /^ -hydroxyphosphine ox id es  
needed  the separation and purification by colum n chrom atography to g iv e  pure 
isom er, fo llo w e d  b y  elim in ation  o f  Ph2 P (0 ) 0 H to generate o le fin  products. T o m ake a 
sin g le  geom etrical isom er o f  /T -hydroxyphosphine o x id es, som etim es it w as d ifficult 
in the separation o f  their d iastereom ers. M oreover, the elim in ation  step w as  
stereosp ecific; erythro  hydroxyphosphine ox id e  g iv in g  Z -alkene w h ile  threo 
hydroxyphosphine ox id e  y ie ld in g  jf-alkene, preferred syn  e lim in ation  via  a  four- 
m em bered c y c lic  transition state. In addition, the reaction required the u se  o f  a strong  
base such  as N aH . T herefore, for setting out to find n ew  con d ition  that cou ld  prepare 
the erythro  and threo  /^ -hydroxyphosphine o x id es w ith out separation o f  their 
diastereom ers, and then transform ed to a lkene adduct via  O '-phenyl thiocarbonate or 
xanthate d erivatives u sin g  radical reaction under neutral con d ition s. The plan o f  this 
essen tia l part o f  research in  th is chapter w as proposed in  S ch em e 2 .1 .

Ph3P + RCH2Br _ p) ๏  HC>-Br P h Â ^ R  — —  
H20

o
Ph2P ^ . R

(1 )
BuLi
R’CHO

9 h
Free radical rxn. p h2P\ L j R ร

PhOCCI or
. 9 h

Ph2P\k r '

X O ^ R' c s 2, MelH H
(2-1 ) (2)

รII รIIX = COPh, CSMe

S ch em e  2.1 T he plan for syn th esis o f  alkene via  O '-phenyl thiocarbonates or xanthate
derivatives
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2.2.1 Synthesis of alkyldiphenylphosphine oxides
The subject matter to  overcom e this introduction for a lkene syn thesis required  

the syn th esis o f  alkyld iphenylphosphine ox id es. T hey cou ld  be prepared by the 
reaction  o f  PPli3 w ith  alkyl halides to afford phosphonium  salts and then h ydrolysis o f  
alk yld ip h en ylp hosph ine o x id es  w ith  aq base, 30%  พ /พ  aq N aO H . T he results o f  the 
preparation o f  se lec ted  d iphenylphosphine ox id es are sh ow n  in  T able 2 .2 .

Table 2.2 S yn thesis o f  se lected  a lk yld iphenylphosphine o x id es

PPh3 + RCH2Br ----------- -  B r® P h39 ^ R  — ^ — -  P h jP v ^ R
toluene HoO

( 1 )

Entry RBr 0
Ph2P\ ^ R (1)

% Isolated 
yield

1 CH3(CH2)2CH2Br
0

CH3(CH2)2CH2PPh2 (1a) 69

2 CH3(CH2)4CH2Br
0

CH3(CH2)4CH2PPh2 (1b) 80

3 CH3(CH2)10CH2Br
๐

CH3(CH2)10CH2PPh2 (1c) 82

4 PhCH2Br
0

PhCH2PPh2 (1d) trace

A s  the results presented in  Table 2 .2 , four alkyl h a lid es w ere varied to react 
w ith  P Ph 3 to  obtain  the desired  alkyld iphenylphosphine o x id es  in  h igh  yield:  
b u ty ld iphenylphosphine o x id e  ( l a ,  69% ); h exy ld ip h en ylp h osp h in e ox id e  ( lb ,  80% ) 
and d od ecy ld ip h en y lp h osp h in e ox id e  ( l c ,  82% ). B en zy ld ip h en ylp h osp h in e ox id e  ( Id )  
cou ld  h ow ever  not be prepared under the reaction con d ition s (entry 4).

T herefore, the reaction  con d ition  w as altered to  u se  b en zy l a lcoh ol instead o f  
b en zy l brom ide as a substrate. T he treatm ent o f  ben zyl a lcoh o l w ith  Ph 2 PC l in  the 
p resen ce o f  pyridine and then  added a drop o f  b en zyl brom ide or a sm all crystal o f  
iod in e affording b en zyld iph en ylp hosp hin e ox id e  ( I d )  in  52%  y ie ld  [46].

1) Ph2PCI, pyridine, ether
2) benzyl bromide, toluene

(52%)
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F ig u r e  2 .1  T he 'H -N M R  spectrum  o f  b uty ld iphenylphosphine ox id e  ( la )

Figure 2.2 The 'H-NMR spectrum o f benzyldiphenylphosphine oxide (Id)
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A ll o f  syn th esized  alkyld iphenylphosphine o x id es  w ere so lu ted  in  CDCI3 and 
w ell-ch aracterized  their structures b y  'H -N M R  and IR sp ectroscop y. T he ‘H -N M R  
spectra o f  tw o  alk yld ip h en ylp hosph ine ox id es (la and Id) as exa m p les are presented  
in  F igures 2.1 and 2 .2 .

T he 'H -N M R  spectrum  o f  la (Figure 2 .1 ) revealed  tw o  groups o f  signals  
com m o n ly  assign ed  as alkyl and arom atic protons. Interestingly, tw o  protons 
integration o f  m eth y len e (C H 2 PO ) as a doublet o f  triplet at 0 H 2 .3 2  sh ow ed  a coupling  
constant w ith  phosphorus, J  =  11.41 H z. Sim ilarly, tw o protons at b en zy lic  protons in 
phosphine o x id e  Id (Figure 2 .2 ) w as also coupled  w ith  phosphorus atom  and show ed  
cou p lin g  constant as 13.71 H z. The arom atic protons on  b en zen e ring o f  PhCH? 
d isp layed  lo w  fie ld  s ign a ls around 8 h 7 .1 0 -7 .2 0 . The rem ain ing arom atic protons 
(Ph?PO) h av in g  around ÔH 7 .4 0 -7 .8 0  exh ib ited  higher com p licated  signa ls than PhCH? 
protons.

2.2.2 Synthesis of yÆ-hydroxydiphenylphosphine oxides
T he resu lting o x id es  in T able 2 .2  w ere next reacted w ith  «-B u L i to generate  

the lith io d erivatives o f  their alkyld iphenylphosphine o x id es. The lith io derivatives  
w as then a llo w ed  to react w ith  aldehyde to g ive  the m ixture o f  the corresponding p~  
hydroxyp h osp h in e o x id es  (2 ).

Table 2.3 T he syn thesis o f  /F hydroxydiphenylphosphine o x id es

Ph2P ^ R 1) n-BuLi/ THF, 0°c, 2h

M  N 2) o  1 -7 8 °c  to rt, 2h 
P n ^ H

( 2 )

Entry
Phj> R (1 )

% Isolated yield 
(2 )

o
1 CH3(CH2)2CH2PPh2 (1a)

๐
2 CH3(CH2)4CH2PPh2 (1b)

๐
3 CH3(CH2)10CH2PPh2 (1c)

o
4 PhCH2PPh2 (1d)

93 (2c)

78 (2a)

92 (2b)

18 (2d)
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T he m ixture o f  ery th ro  and th reo  hydroxyphosphine o x id es  w as obtained in  
high  y ie ld  such  as 2 -d ip h en y lp h o sp h in o y l-l-p h en y lp en ta n -l-o l (2a) attaining in  
quantitative y ie ld  from  its butyld iphenylphosphine o x id e  (entry 1). O xid e (2a) w as  
separated b y  co lu m n  chrom atography to easily  screen  and find  out the optim al 
condition . A fter separation, it gave 61%  y ie ld  o f  ery th ro -(2a) and 17% y ie ld  o f  th reo- 
(2a). B oth  h ex y l and d od ecy l d iphenylphosphine o x id es  w ere ex c lu s iv e ly  transform ed  
into predom inant ery th ro  hydroxyphosphine o x id es  (2), a m ixture o f  2 - 
d ip h en y lp h o sp h in o y l-l-p h en y lh ep ta n -l-o l (2b, 92% ) and 2 -d ip h en yl- p h osp h in oy l-1 - 
p h en y ltr id eca n -l-o l (2c, 93% ) w ithout separation n eed ed  (entries 2 -3 ). H ow ever, 
b en zyld iph en ylp hosp hin e ox id e  w as obtained on ly  in  18% y ie ld  o f  2 - 
d ip h en y lp h o sp h in o y l-l,2 -d ip h en y le th a n -l-o l (2d, entry 4). T he m ixture o f  adducts, in  
entry 4 , w as attained in  lo w  yie ld  because o f  lo w  so lu b ility  o f  b en zyld ip h en yl­
phosphine o x id e  in  THF.

The m ixture o f  ery th ro  and th reo  hydroxyphosphine o x id es  (2) w ere derived  
in  h igh  y ie ld . 2 -D ip h en y lp h o sp h in o y l-l-p h en y lp en ta n -l-o l occurred in  78%  y ie ld  and  
revealed  the ratio o f  ery th ro  and th reo  hydroxyphosphine o x id es  2a in  78 :22  w hich  
cou ld  be characterized by 1H -N M R  as sh ow n  in F igures 2.3 and 2 .4 .

o  o
ท-BuLi / THF Ph2p\ / \ / /

0°c, 2h -78°c to rt, 2h H O ^Ph
(1 equiv) (1 equiv) 2a (78%)

(erythro.threo = 78:22)

The ery th ro  and th reo  hydroxyphosphine o x id es  (2 a ) w ere the target 
m o lecu les  from  starting m aterial buty ld iphenylphosphine o x id es  con d en sed  w ith  
aldehyde. T he desired  products w ere determ ined and id en tified  by lH -N M R  data. The  
'H -N M R  spectrum  o f  ery th ro -2 a  (Figure 2 .3 ) d isp layed  four sign a ls o f  tw o  groups o f  
m eth y len e protons near each  other in  the period o f  8 h 0 .5 0 -1 .9 0 . T he m ethine proton  
con n ectin g  w ith  phosphorus atom  exh ib ited  a signal at 8h 2 .4 7  and another m ethine  
proton c lo sed  to a hydroxyl group as doublet at 5 h 5 .29 .

ph2p\ ^  

1a
(1 equiv)
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ppm (fl)
F ig u re  2 .3  T he 'H -N M R  spectrum  o f  eryr/zro-2-d iphenylphosphinoyl- 1  -phenyl-

า— I— I— I— I— I— I— า— I I I I—1 I I— I— I I 1 I— I— I I— I— I.......!" ! r  โ— I— I— I— I— I— I I— !— I I I I I I I I I I I r

9.0  8 .0  7 .0  6 .0  5 .0  4 .0  3 .0  2 .0  1.0ppm (f1)
F ig u re  2 .4  T he 'H -N M R  spectrum  o f  r/îreo-2-d ip h enylp h osp h in oy l-l-p h en ylpen tan -

l- o l  {threo-2 a)
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T he spectrum  o f  threo-2 a  (Figure 2 .4 ) a lso  exh ib ited  sim ilar pattern to that o f  
erythro  spectrum . H ow ever , the chem ical shift at 2 .75  w h ich  w as ascribed for m ethine  
proton n ext to phosphorus w as observed  at higher ch em ica l sh ift than erythro  proton. 
W h ile the m eth ine proton c lo sed  to a hydroxyl group o f  erythro-2 a  sh ow ed  doublet at 
5 .2 9  ppm  (Jhp =  9 .5 6  H z), threo  m ethine proton revealed  as doublet o f  doublet at 5.08  
(Jhp =  17 .00  H z and J hh =  6 .8 0  H z).

In addition, butyld iphenylphosphine ox id e  ( la )  cou ld  sim ilarly transform  to 
the corresponding /2 -hydroxyphosphine ox id es by reacting w ith  base such  as n-B uL i 
to generate the lith io  derivatives o f  its butyld iphenylphosphine ox id es. The lithio  
derivatives then  reacted w ith  4-m eth oxyben za ld eh yd e to afford the m ixture o f  the 
corresponding /^ h yd rox yp h osp h in e  ox id es, nam ed as 2 -d ip h en y lp h osp h in oy l-l-(4 - 
m eth o x y p h en y l)-p en ta n -l-o l (2e) in  90%  yield  (erythro : threo  =  73:27).

T he 'H -N M R  spectrum  o f  iso lated  /^ -hydroxyphosphine ox id e  (2 e , F igure 2 .5 )  
revealed  the sam e proton pattern as that o f  erythro  hydroxyphosphine ox id e  (2a). To  
illustrate th is, a m eth ine doublet o f  C H O H  at 8h 5 .2 0  (Jhp =  9 .2 0  H z) and m ethine  
quartet o f  C H P at 8 h 2 .35  ( J =  5 .74  H z). U n lik e the arom atic protons o f  erythro-2a, p -  
m eth oxy b en zen e ring o f  2 e  clearly d isp layed  tw o doublet signa ls at 8 h 6 .8 2  and 7.21  
w h ich  low er than arom atic protons o f  PI1 2 PO group.

The reaction  o f  lith io  derivatives o f  a lk yld ip h en ylp hosph ine o x id es  w ith  
aldehyde led  to the predom inantly erythro  hydroxyphosphine o x id es  w ithout further 
purification  by co lu m n  chrom atography, as the results vide supra. T he 10-hydroxy- 
d iphenylphosphine o x id es , esp ec ia lly  both 2 a and 2 e, cou ld  b e con tin u ally  prepared 
as the xanthate d erivatives and then elim inated  to afford pure Z- or £ -a lk en e .

P h i

1a
( 1  equiv) 2e (90%)

(erythro.threo = 73:27)
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ppm (f1 )

Figure 2.5 T he ’H -N M R  spectrum  o f  2 -d ip h en y lp h osp h in oy l-l-(4 -m eth o xy p h en y l)-  
p en ta n -l-o l (2e)

2.2.3 Synthesis of xanthate derivatives
X anthate d erivatives or d ithiocarbonates w ere introduced into synthetic radical 

chem istry in  the early 1970s and w ere w ell-k n o w n  by B arton-M cC om b ie reaction  
w h ich  in v o lv ed  the radical d eoxygenation  o f  various a lcoh ols . T h ese reactions 
u tilized  the rad icophilic  nature o f  thiocarbonates and xanthates. It w a s found  that the 
form ation o f  a lkyl radicals w as occurred via  xanthates as m entioned  in  the 
introduction part.

T he popular derivatives o f  a lcoh ols for the radical d eox yg en a tion  w ere  
dithiocarbonates and aryl thiocarbonates due to the ea se  o f  the preparation, m ild  
con d ition s, and h igh  y ie ld s in d eoxygenation . D ith iocarbonates cou ld  b e m ade by  
treatm ent o f  the a lcoh ol w ith  base (N aH  or tt-BuLi) fo llo w e d  b y  the addition o f  
carbon d isu lfid e and m ethyl iodide. A ryl th ionocarbonates cou ld  b e prepared b y  the 
reaction o f  a lcoh o ls  and aryl chlorothionoform ates in  the p resen ce o f  pyridine or 4-  
dim ethylam inopyrid ine (D M A P ) at room  temperature.
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ROH

NaH/CS2/Mel

ร
ArOCCI
pyridine

ร
R C U ^SM e

ร
R O ^ O A r

T he B arton-M cC om b ie process p ossessed  good  ch em oselectiv ity . H ow ever, 
a lcoh ol w h ich  had neighboring substituents such  as su lfid es, su lfon es, thiocarbonates, 
and d ithiocarbonates at the /^-position produced o lefin s by the radical /^-elim ination. 
Therefore, the preparation o f  alkenes in this research w as conducted  via  O '-phenyl 
thiocarbonate or xanthate derivatives and then proceeded  u sin g  radical reaction under 
neutral con d ition s.

Prior to the preparation o f  xanthate derivatives o f  /U h yd roxyp h osp h in e ox id es, 
the reaction o f  /7 -h ydroxyph osph ine ox id es (2 ) w ith  phenyl ch lorothionoform ate in 
the p resen ce o f  triethylam ine w as first tried to syn th esize  O -alkyl O -  
phenylth iocarbonate (2-2a). U nfortunately, the reaction w as not su ccessfu l; all 
starting m aterial (2) rem ained. T his w as probably because the b asic ity  o f  b ase w as not 
enough. H ow ever , cyclod od eca n ol cou ld  be converted  to O -cy c lo d o d ecy l O '-phenyl 
thiocarbonate (2-2b) in  67%  y ie ld  w ithout any problem  as p reviou sly  reported [78].

ร
PhOCCI

Et3N

phX L '

P h O C O '''£a Ph 
H

( 2-2a, 0% ;

/ 0H PhOCCI 1 Et3N 

rt, 2h, N2

ร
OCOPh

( 2 - 2 b ,  6 7 % )

A ccord in g ly , xanthate derivatives or dithiocarbonates p layed  a crucial role in  
th is applied  synthetic m ethod. M oreover, the ร'-ท!ethyl d ithiocarbonate or xanthates o f  
2a cou ld  be ea s ily  generated by u sin g  alcohol derivatives treating w ith  N a H , บ ร 2 , and 
lastly  M el. That w as the reason w h y , the con version  o f ,0-h yd roxy lp h osp h in e  ox id e
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(2a) to xanthate derivative (2-la) w as n ew ly  generated and used  as starting material 
in  the radical o lefination . H ow ever, it w as found that the application  o f  xanthates w ith  
/0 -h yd roxy lp h osp h in e ox id es  has not been reported in any rev iew s. T he study on  the 
optim al con d ition s in  order to fu lfill an aspiration o f  form ing alkyl radicals via  
xanthates and then elim in ation  to generate the corresponding o le fin s  is appeared in  
T able 2 .4 .

Table 2.4 T he op tim ized  condition  for the syn thesis o f  xanthate derivatives o f  
/f-h y d ro xy lp h osp h in e  ox id es

QII
NaH/ THF 
rt, 2 เา

CS, Mel
rt, 12h rt, 3h

Entry R atio o f  reagents (equiv) T im e (h) Y ield
N aH c s 2 M el (in  the last step ) (%)

1 1.5 3 3 3 5
2 1.5 5 5 3 18
3 3 5 5 3 62
4 3 5 5 4 73

The best result w as ach ieved  in entry 4. The reaction o f  an equ ivalent o f  p~  
hyd roxylph osph ine o x id es  (2a) w ith N aH  (3 eq u iv), C S 2 (5 eq u iv), and M el (5 equ iv) 
afforded O- [2-d ipheny lp h osp h in oy l-1 -(4-m eth oxyp h en yl)-p en tan -1 -y l] -S-m ethyl
dithiocarbonate (2-la) in  62%  and 73%  yield , at 3 and 4 h, resp ective ly . U nder these  
optim al con d ition s for 4 h, /T -hydroxylphosphine o x id es  (2e), prepared from  p -  
m eth oxyb en za ld eh yd e cou ld  be converted  into xanthate derivative o f  p~  
hyd roxylph osph ine o x id e  (2-le) in  h igh ly  satisfactory y ie ld  (87% ).

o
Ph2P v / \ _ /  NaH/ THF c s 2

H C f T : 6H4-40M e rt' 2h rt’ 12h 
2e

(1 equiv)

o
P h ,P \  /Mel 2 Y  v

rt’ 4h M e S C 0 " X 6H4-40M e
ร
(2-1 e, 87%)(3 equiv) (5 equiv) (5 equiv)
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X anthate derivatives o f  /7-hydroxylphosphine o x id es  (2-la and 2-le) w ere  
also  confirm ed  their identity by 'H -N M R  sp ectroscop ic technique. Their spectra are 
presented in  F igures 2 .6  and 2 .7 . The sign ificant assign m en t for xanthate 2-la w as  
sligh tly  d ifferent from  its /M iydroxy lp h osp h in e ox id e  2a (F igure 2 .6 ). The distinctly  
different peak  w a s m ethine proton con n ectin g  to ox yg en  o f  h yd roxyl group as doublet 
at ÔH 5 .2 0 , w h ile  the m ethine proton jo in ted  w ith  S-m ethyld ith iocabonate revealed a 
doublet o f  d ou b let at 8 h 6 .75 . U n lik e the spectrum  o f  2a, the secon d  one d isp layed  a 
increased sin g le t peak  o f  m ethyl group (SC H 3 ) at 8h 2 .4 8 . In the case  o f  xanthate 2-le 
(F igure 2 .7 ), the ' แ -N M R  look ed  like its starting m aterial 2e w hereas the unique 
m ethyl peak  (S C H 3 ) as a s in g let peak  at ÔH 2 .3 0  increased and the m ethine proton  
(C H P) sh ifted  up to  8 h 2 .8 5 . The m ethine proton con n ectin g  w ith  phosphorus atom  
exh ib ited  a m u ltip let signal at ÔH 2 .85  ppm  (Jhp =  10 .74 H z and J hh =  5.21 H z), w h ile  
another m eth ine proton c lo sed  to xanthate group sh ow ed  nearly the sam e p osition  at 
§H 5 .12 .

Figure 2.6 'H -N M R  o f  xanthate derivative o f  2 -d ip h en y lp h o sp h in o y l-l-  
p h en y lp en ta n -l-o l (2-la)
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Figure 2.7 'H -N M R  o f  xanthate derivative o f  2 -d ip h en y lp h osp h in oy l-l-(4 -m eth o xy -  
p h en y l)-p en ta n -1-o l (2-le)

Synthesis of xanthate derivatives of /Miydroxylnitriles
From  the p revious reports, it w as found that a v ic in al isocyanodith iocarbonate  

cou ld  undergo /^-elim ination and deam ination to g iv e  o le fin s. T h is w as analogous to 
the form ation o f  o le fin s  from  /)พ ่-d ithiocarbonates. The lack o f  /^ elim in ation  in the 
reaction o f  1 ,2 -d iisocy an id es im plied  that the in itial attack o f  the tributyltin radical 
w as on  the ison itr iles group in  the reaction o f  vz'c-isocyanodithiocarbonates.

MeSCÔ R2
ร

«1 ?  x==\  + nBu3SnS-C-X + CN» 
R2

A ccord in g  to the literature rev iew s, it w as found that there w as no report 
concern ing the radical e lim in ation  o f  v/c-cyanodith iocarbonates. For this reason, the 
idea for n ew ly  preparation o f  o le fin s from  /^-elim ination o f  vz'c-cyanodithiocarbonates 
w as attem pted in  th is research. Thus, /T hydroxynitriles w ere first prepared by the
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con d en sation  o f  carbonyl com pounds w ith  alkali aceton itriles, prepared by  
a-d ep roton atio n  o f  suitable n itriles w ith  L D A  or rc-BuLi. Starting w ith  benzyl 
cyan id e reacted w ith  freshly prepared L D A  at -78  °c, and then added benzaldehyde to  
generate ^ -h yd rox y ln itr iles  (M) in  36%  yield  (erythro: threo  =  39:61).

P h ^ c N  _____piA h
-7 8 °c  to 0°c, 30 min -78°c  to rt, 2h 

(1 equiv) (2 equiv) (1 equiv)

PtK X N

HO Ph
M (36%)

erythro.threo = 39:61

The first reaction  using L D A  as base did not g iv e  a satisfactory yie ld  o f  
product (M) sin ce  the reactions w ere reversible and the structures o f  both the carbonyl 
com p oun d s and the a -a lk a li nitriles having sign ificant in flu en ces over the p osition  o f  
the equilibrium . G enerally , in the cases o f  hindered carbonyl com pounds or hindered  
a -a lk a li n itriles, the y ie ld  w ere low .

R1CHO + LiCHCN 
R2

0'Li+
RXHÇHCN

k

acid

OH
RXHCHCN

R2

T herefore, the treatm ent o f  benzyl cyan ide w ith  ท- B uL i in  stead o f  L D A , as 
m ethod B  w as con d u cted  [79 -80 ]. A fter addition o f  ben zald eh yde, then TM SC1 and 
M eO H  w ere added into the reaction generated the m ixture o f  /T -hydroxylnitriles (M) 
in 43%  y ie ld  (eryth roะ threo  =  35 :65). It w as w e ll know n that ch lorotrim ethylsilane  
acted as a scaven ger o f  a lk oxid e ion s to form  trim eth y lsily l (T M S ) ethers. The  
addition o f  ch lorotrim ethylsilane to the reaction m ixture o f  lith ioaceton itriles and 
ald ehyd es w o u ld  trap the a lk oxid e interm ediate and prevent reversal o f  the addition  
reaction, fo llo w e d  b y  m ild  hydrolysis o f  the TM S ether w ith  M eO H , obtained higher  
y ield  o f  the desired  products.
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Ph^/CN
n-BuLi/ THF

0
P h ^ H

1) TMSCI
-7 8 °c, 1 0  min Ph^ X N

0 °c, 30 min -7 8 °c to rt, 2 เา 2) MeOH H C f T h
(1 equiv) (1 equiv) (1 equiv) M (43%)

erythro.threo = 35:65

5-M eth yl dithiocarbonate or xanthate derivatives o f  /T -hydroxylnitriles (M) 

w as prepared by u sin g  the sam e optim al conditions for /T -hydroxylphosphine ox id es  
(2), treated w ith  N aH  (3 eq u iv), C S 2 (5 equ iv), and M el (5 equ iv). This was  
n everth eless not su itable conditions for affording xanthate derivatives XM (0%  yield ).

P h ^ X N

H C T ' P h
NaH/ THF c s 2 Mel P h ^ /C N

ร T
M e S C O ^ P hrt, 2h rt, 12h rt, 4h

(1 equiv) (3 equiv) (5 equiv) (5 equiv) XM (0%)

For this first u n su ccess, the preparation o f  xanthate derivatives XM w as  
subsequently repeated u sin g  the above tw o-step  con d ition s in on e-p ot process. 
T herefore, b en zy l cyan id e w as first reacted w ith  rc-BuLi and b en zald eh yde to generate  
/T -hydroxylnitriles. A fter 2 h, C S 2  w as then added into further stirred-ovem ight 
reaction and M el w as added and stirred for 4  h to obtain xanthate derivatives (XM) in 
2 2 % yield .

Ph- CN

(1 equiv) (1.2 equiv) (1 equiv)

P h . X Nc s 2 Mel 8
rt, 12h rt, 4h M e S C O ^ P h

(2 equiv) (2 equiv) XM (22%)

T he preparation o f  o le fin s via  xanthate derivatives w o u ld  b e presented and 
d iscu ssed  in  radical o lefin a tion  top ic. H ow ever, radical o lefm ation s via 0 -[2 -cyan o-  
l,2 -d iph enylethan -l-y l]-S -m eth yl dithiocarbonates (XM) treated w ith  Pti2 S iH 2  using  
Et3 B or b en zo y l p erox id e as initiators in non-polar so lven ts, b en zen e (at 80°C ) or 
ch lorob en zen e (at 132°C ), did not form  the corresponding o le fin s. T he proposed  
o lefin  product, as P vw s-stilb en e having m/e 223 (M +) in  M S spectrum , cou ld  not 
occur under th ese  con d ition s. From  the spectroscop ic data, the m ajor product m ight be
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d eox yg en a tion  product as 2,3-d iphenyl-prop ion itrile in 53%  y ie ld , m/e 20 7  (M +). That 
w as a reason  w h y , in  the last step for o lefination  from  xanthate XM w as not including  
in  the last top ic  and did not further study to im prove the y ie ld  o f  its o lefin . M oreover, 
another sig n ifican t reason  that w e did not try to find out the optim al con d ition s since  
the preparation o f  xanthate XM w as quite d ifficu lt and its y ie ld  w as not satisfactory to 
d evelop e its condition .

2.2.4 Radical olefination
Synthesis of alkenes from xanthate derivatives (2-la and 2-le)
T o find  out the optim ized  con d ition s to syn th esize  o le fin  in  good  y ie ld  w ith  

h igh  stereose lectiv ity , the variation o f  reagent: initiators (A IB N , b en zoy l peroxide, 
etc.) and chain  carriers such  as d iphenylsilane (P h 2 S iH 2 ) w as carried out. A ll 
dithiocarbonates used  as starting m aterials w ere soluted  in  various so lven ts in  this 
study (T ab les 2 .5  and 2 .6).

2,3-Diphenyl-
propionitrile

(53%)
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T a b le  2 .5  R adical o lefin a tion  o f  xanthate derivatives (2 - la )

o

2-1 a (0.2 mmol)

Entry Ph2SiH2
(equiv)

Initiator
(equiv)

Conditions Olefin
(%)a

Remarks1*
Solvent Temp.

(°C)
Time
(h)l 3.3 AIBN (3) toluene reflux 17 - 2-la (28%), 

A(30%)
2 2.2 Benzoyl

peroxide
(1)

mesitylene reflux 4 2-la (50%), 
A(20%)

3 5 Lauroyl
peroxide

(1)
chloro­
benzene

reflux 8 2 2-la (34%), 
A(10%), 

by-pdts. from 
lauroyl peroxide

4 0 Lauroyl
peroxide

(1)
chloro­
benzene

reflux 24 2-la (34%), 
by-pdts. from 

lauroyl peroxide
5 1 Lauroyl

peroxide
(1.5)

chloro­
benzene

reflux 24 trace 2-la (40%), A, 
by-pdts. from 

lauroyl peroxide
6 Ie Lauroyl

peroxide
(1)

chloro­
benzene

reflux 24 trace 2-la (remaining but 
uncollecting)

7 2 f-butyl
peroxide

(1)
benzene reflux 72 trace 2-la,A , B

(GC-MS data)
8 2 Et3B ( 10), 

0 2 benzene 80 25 trace 2-la (remaining but 
uncollecting), 

Ph2SiHP(0)Ph2, 
MeSC(0)SEt

9 l d Et3B (5), 
๐ 2

benzene 80 16 3.5 2-la (remaining but 
uncollecting), 

Ph2SiHP(0)Ph2, 
MeSC(0)SEt

10 1 Et3B (5), 
0 2

benzene 80 22 8 2-la + A (86%), 
MeSC(0)SEt

11 0 Et3B (5), 
๐2

benzene 80 24 2.9 2-la (remaining but 
uncollecting), 

Ph2P(0)OC(S)SM, 
MeSC(Q)SEt

“determined by 'H-NMR (100MHz) analysis comparing with 4-nitrobenzaldehyde 
“slow addition of Ph2SiH2/peroxide/chlorobenzene through syringe pump
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When AIBN, benzoyl peroxide, or Et3B was used as radical initiators in 
refluxing non-polar solvents. It was found that its low boiling point made it easy to 
work-up the reaction mixture. Using Ph2SiH2 after the completion of the radical 
reaction, it was much easier to isolate the product. In addition less toxic substrate of 
Ph2SiH2 than tributyltin hydride was realized. The strength of silicon-hydrogen bond 
of Pli2SiH2 was weak enough to break homolytically which had bond dissociation 
energy (BDE) about 85 kcal mol' 1 compared with BDE of tributyltin hydride 74 kcal 
m ol1 [73]. Although the bond dissociation energy of the silicon-hydrogen bond (Si- 
H) in Ph2SiH2 was relatively stronger than the bond dissociation energy of the tin- 
hydrogen bond (Sn-H) in tributyltin hydride and the reaction of Ph2SiH2 with tert- 
butoxy radical (rate constant, k = 1.3 X 107 M' 1 ร'1) was slower than that of tributyltin 
hydride (k = 2.2 X 108 M'V1), Ph2SiH2 was also worked as well as tributyltin hydride 
in radical reaction.

For the plan to generate the radical elimination adducts using the similar 
conditions of deoxygenation with AIBN and Ph2SiH2. Various reaction conditions of
S-methyl dithiocarbonate (2-la) with Ph2SiH2 in the presence of many kinds of 
initiators in non-polar solvents were studied. First, the reaction of the dithiocarbonate
2-la with Ph2SiH2 in refluxing toluene, at 110°c, in the presence of AIBN as initiator 
gave none of the alkene product (Table 2.5, entry 1). The major product which was 
found in these conditions was 2 -diphenylphosphinoyl-l-phenylpentane as the product 
from radical deoxygeration.

Second, the reaction of the S-methyl dithiocarbonate (2-la) with Ph2SiH2 was 
changed to use benzoyl peroxide in stead of AIBN as initiator and increased 
temperature to 162°c by soluted in mesitylene. The result was still the same as the 
first one which gave none of the alkene product. The major product was also radical 
deoxygenation product (entry 2). Although the reaction temperature was much 
increased, it was not much for cleavage of carbon-phosphorus bond. In parallel with

IIร
(1 equiv) (3.3 equiv) (3 equiv) (none) (major pdt.)

"radical deoxygenation'
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benzoyl peroxide, using terf-butyl peroxide in benzene at 80°c could generate only 
trace amount of alkene and (l-benzyl-butyl)-diphenylsilane (B) was also detected 
from GC-MS data (entry 7).

oนPhoP-
+ Ph2SiH2

(PhC02 ) 2

MeSCO Ph
ร

( 1  equiv)

1 reflux, 4h

(2 . 2  equiv) ( 1  equiv)

o

(none) (major pdt.)
"radical deoxygenation"

Third, lauroyl peroxide was applied to use as a new initiator for the reaction of 
dithiocarbonate 2-la with Ph2SiH2 (entries 3-6). Like the results of the above 
conditions, the best result using lauroyl peroxide gave olefin only 2 % yield in spite of 
variation of various ratios of lauroyl peroxide.

lauroyl peroxide [CH3(CH2)1 0CO2 ] 2
+ Ph2รiH2 --------------------*- ะ / +toluene, reflux

(1 equiv) (5 equiv) ( 1 equiv) (2%)
+ others by-products +

The last one for optimal condition of this radical olefination was used Et3B as 
one of trial initiators (entries 8-11). It was found that the best result of Table 2.5 was 
entry 10, which used 1 equiv of Ph2SiH2, 5 equiv of Et3B and oxygen in benzene at 
80°c, gave the olefin 8% yield.

0MPh2P\1/ / Et3 B, 0 2
T + PhpSiHp

MeSCCT^Ph benzene, 80°c, 2 2  เา
ร

( 1  equiv) ( 1  equiv) (5 equiv)
"radical deoxygenation"

As the results, the elimination products (olefins) were not occurred while the
major products from this radical reaction condition were deoxygenation products. The
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strength of C-P bond (DBE = 513.4 kj mol'1) was much higher than C-0 bond (DBE 
= 355-380 kJ mol'1) [81]. It was implied that the strength of C-P bond was too much 
and then resulted in the difficulty of homolytic cleavage of C-P bond in its molecule. 
Therefore, these radical conditions could be efficiency to develop for preparation new 
deoxygenation products, such as 2 -diphenylphosphinoyl-l-phenylpentane, having 
embodied phosphorus molecules.

"radical deoxygenation product"

As the results in Table 2.5, it was found that Et3B was more efficient radical 
initiator in this reaction than AIBN and other peroxides. Therefore, the next reaction 
of S-methyl dithiocarbonate 2 -le with Ph2SiH2 in the presence of Et3B was 
performed.

Table 2.6 Radical olefmation of xanthate derivatives (2-le)

Entry Ph2SiH2
(equiv)

Initiator
(equiv)

Conditions Olefin
(%)a

Remarks0
Solvent Temp.

(°C)
Time

(h)
1 1 Et3B (5), 

0 2
benzene 80 24 16 2-le (56%), 

A (7%)
2 1 Et3B (2)c, 

0 2
toluene 100 72 11 2-le (34%), 

A (12%)
“determined by 'H-NMR (100MHz) analysis comparing with 4-nitrobenzaldehyde

“adding 2 eq./ 3 h. (total 12 times)
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Under these reaction conditions using an equivalent of Ph2SiH2 in the presence 
of Et3B (2 or 5 equiv) in benzene or toluene could generate olefin product only 11 and 
16% yields from S-methyl dithiocarbonate 2-le (Table 2.6, entries 1-2). Most of 
starting material was also remained in the reaction mixture and a small amount of 
deoxygenation product (A) was occurred. From all results, the best condition for this 
radical olefination could be prepared the maximum of olefin only 15% yield. It was 
implied that these reaction conditions were not sufficient for the homolytic cleavage 
of C-P bond and then resulted in the absence of olefin products. Furthermore, these 
developed conditions were more suitable for radical deoxygenation than radical 
olefination.

The pathway for the radical elimination of xanthates of /F-hydroxylphosphine 
oxides and v/'c-phosphinoyldithiocarbonates to olefin was presented in Scheme 2.2. 
The silicon radical attacked the thiocarbonyl sulfur instead of sulfide sulfur in the S- 
methyl xanthates. The reaction pathway could be occurred via  pathways A, B or c. 
Pathway A was radical deoxygenation process. Pathway B was radical elimination 
process through /5-scission. And pathway c  was radical addition process. 
Interestingly, from the results, pathway c  was minor reaction pathway because the 
reactivity of olefin product was low. Consequently, major reaction pathway should be 
pathway A while /5-scission of Pathway B was not easy to occur since the C-P bond 
strength was too strong and resulted in unsuccessful homolytic cleavage.
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Et3B + <ว2 ----------- Et • + Et3BOO •

Et • + Ph2SiH2 ---------- - Ph2SiH • + EtH

Scheme 2.2 Mechanistic pathway for the occurrence of olefin and deoxygenation 
product

2.3 Conclusion
The modified one-pot Homer-Wittig reaction via  the S-methyl dithiocarbonate 

or xanthates of /T-hydroxylphosphine oxides was first investigated. The xanthates of 
/T-hydroxyphosphine oxides could be easily generated by using alcohol derivatives 
treating with NaH, c s 2, and lastly Mel, and then eliminated to generate olefin. As the 
results, diphenylsilane turned out to be useful hydrogen sources in radical chemistry, 
however, this silane could not be efficiently used for the transformation of xanthates 
of /f-hydroxyphosphine oxides and v/c-cyanodithiocarbonates to olefin due to the 
strength of C-P bond. Although from the results in this research to prepare alkene via  
this introducing reaction process was not successfully, these xanthates that embodied 
phosphorus reagents with inherent asymmetry should offer a fertile area for future 
research both of deoxygenation and other related fields.
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2.4 Experiment
2.4.1 Instruments and equipments
Melting points (m.p.) was measured on a Fisher-Johns melting point apparatus 

or Electrothermal digital melting point apparatus model IA9100 and are uncorrected. 
The optical rotations were measured at the ambient temperature with a Jasco P-1010 
Polarimeter.

Chromatography: Thin layer chromatography (TLC) was carried out on 
aluminium sheets precoated with silica gel (Merck, Kieselgel 60 PF254). Column 
chromatography was performed on silica gel (Merck, Kieselgel 60G Art 7734, 70-230 
mesh). Gas chromatography analysis was carried out on Shimadzu gas chromatograph 
GC-14A instrument equipped with flame ionization detector (FID) using nitrogen as a 
carrier gas, the column used for chromatography was a capillary column type HP-5 
(30m X 250mm) from Hewlett Packard company.

Spectrometers: Fouirer transform-infrared spectra (FT-IR) were performed on 
Nicolet Impact 410 FT-IR spectrometer. Solid samples were incorporated to 
potassium bromide (KBr) to form pellet. As a liquid sample, a drop of the liquid was 
squeezed between flat plates of sodium chloride cells. The 'h  and 13C-NMR spectra 
were obtained in deuterated chloroform (CDCI3) or dimethylsulfoxide (DMSO-dé), 
with Fourier transform nuclear magnetic resonance spectrometer of Varian model 
Mercury+400 spectrometer which was operated at 400 MHz for 'h and 100 MHz for 
13c  nuclei.

2.4.2 Chemicals
All solvents used in this research were purified, excepted for those which were 

reagent grades, and dried prior to use by standard methodology. The substrates and 
reagents employed for synthesizing the precursors and products used in this work 
were purchased from Fluka, Aldrich Chemical Company or otherwise and were used 
without further purification. All reactions in non-aqueous solutions were carried out 
under a nitrogen or argon atmosphere.
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2.4.3 General procedure
Synthesis o f alkene via  O'-phenyl thiocarbonate or xanthate derivatives

Ph3P + RCH2Br ------- - Br®Ph3 P ^ R  - H๐ ► Ph2 p ^ R
แ2°  (1 )

BuLi
R’CHO

1r \ Ph2 SiH2 Ph2 PX,R ร
PhOCCI or

f f HPh2 P |.,
initiator XO^R ' c s 2, Mel V’X๐I

(3) (2-1) (2)ร ร
X = COPh, CSMe

Preparation o f alkyldiphenylphosphine oxide via phosphonium salts

PPh3 + RCH2Br ----------  Br®Ph3p9/ R
toluene

PPh3 (2.6 g, 0.01 mol) was heated under reflux with an excess of alkyl halide 
(0.04 mol). The precipitated phosphonium salt was filtered off, washed well with 
ether, and then heated with 30% พ/พ aq NaOH (cr. 4 mL/g) until all the benzene had 
distilled out. The mixture was cooled and extracted with CH2CI2, and the extract were 
dried (MgS04) and evaporated to dryness. In this way the following 
alkyldiphenylphosphine oxides (1) were prepared.

Butyldiphenylphosphine oxide (la; R = (CH2)2CH3). 1-Bromobutane (5.48 g, 
40 mmol) and PPh3 (2.62 g, 10 mmol) gave the phosphonium salt as white needles 
5.35 g (69%), m.p. 91-93°c (lit. [46], m.p. 93-94°C) (hexane/EtOAc), R f  0.35 
(EtOAc); IR (KBr): 3054, 2957, 2930, 2867, 1443, 1342, 1174, 1116, 972, 750 and 
691 cm'1; ‘H-NMR (CDCI3) 8  (ppm): 0.92 (3H, t, J =  7.32 Hz, CH3), 1.45 (2H, ร, J  =  
7.39 Hz, CH2CH3), 1.64 (2H, p, J =  8.44 Hz, CH2CH2CH3), 2.32 (2H, dt, J =  11.41, 
5.12 Hz, CH2PO), 7.47-7.58 (6H, m, PhPO) and 7.74-7.80 (4H, m, PI12PO).

HO' Ph
oII>F%H,0

( 1 )
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H exyldiphenylphosphine oxide (lb; R = (CH2)4CH3). 1-Bromohexane (6.60 g, 
40 mmol) and PPh3 (2.62 g, 10 mmol) gave the phosphonium salt as white needles 
2.29 g (80%), m.p. 48-50°C (hexane/EtOAc), Rf 0.38 (EtOAc); IR (KBr): 3054, 2926, 
2860, 1634, 1583, 1443, 1400, 1307, 1190, 1116, 999, 789 and 743 cm’1; 'H-NMR 
(CDC13) Ô (ppm): 0.86 (3H, t, J  = 6.82 Hz, CH3), 1.26-1.28 (4H, m, C H ^C H :,), 
1.38-1.45 (2H, m, CEhCH2CH2CH3), 1.59-1.69 (2H, ร, J  =  8.10 Hz, CEbCH^O),
2.37- 2.35 (2H, td, J =  11.30, 5.24 Hz, CHîPO), 7.48-7.57 (6 H, m, PhîPO) and 7.73- 
7.78 (4H, m, Pl^PO).

D odecyldiphenylphosphine oxide (le; R = (CH2)ioCH3). 1-Bromododecane 
(6.10 g, 25 mmol) and PPh3 (2.62 g, 10 mmol) gave the phosphonium salt as white 
solid 6.07 g (82%), m.p. 59-6 l°c  (hexane/EtOAc), Rf 0.47 (EtOAc); IR (KBr): 3054, 
2922, 2844, 1595, 1470, 1435, 1183, 1120, 1073, 789, 719 and 656 cm'1; 'H-NMR 
(CDC13) Ô (ppm): 0.90 (3H, t, J =  6.83 Hz, CH3), 1.24-1.36 (16H, m, (CH^gCTb),
1.38- 1.45 (2H, m, CH2CH2CH2PO), 1.59-1.69 (2H, m, Cl^CHzPO), 2.31 (2H, td, J  = 
11.28, 5.25 Hz, QLPO), 7.49-7.55 (6H, m, Pl^PO) and 7.74-7.79 (4H, m, Pl^PO).

Benzyldiphenylphosphine oxide (Id). Chlorodiphenylphosphine (5.49 g, 24.9 
mmol) in dry ether (30 mL) was added dropwise to benzyl alcohol (2.70 g, 24.9 
mmol), dry pyridine (2.0 mL) and dry ether (45 mL) at -78°c. The mixture was stirred 
at -78°c for 1.5 h and then for 45 min at 25°c before the pyridinium hydrochloride 
was filtered off and the filtrate was evaporated to dryness. The residual colourless oil 
was dissolved in dry toluene (75 mL) containing a small crystal of iodine or a drop of 
benzyl bromide and heated under reflux for 24 h. The mixture was, cooled, filtered, 
and the product washed with a little dry toluene followed by plenty of dry ether after 
recrystallized to give the phosphine oxide as white needles 3.79 g (52%), m.p. 190- 
192°c (lit. [46], m.p. 192-193 °C) (EtOAc/EtOH), Rf 0.50 (EtOAc); IR (KBr): 3054, 
2934, 2848, 1645, 1595, 1498, 1431, 1241, 1178, 1116, 1066, 855, 770 and 692 cm'1; 
*H-NMR (CDC13) ô (ppm): 3.70 (2H, d, J =  13.71 Hz, CTbPO), 7.05-7.08 (3H, m,

2 ) benzyl bromide, toluene
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CH2Ph), 7.09-7.22 (2H, m, CH2Ph), 7.42-7.50 (4H, m, PhaPO), 7.53-7.58 (2H, m,

tt-BuLi (2.3 mL, 1.6 M in hexane) was added from a syringe to a stirred 
solution o f the phosphine oxide (1, 3.42 mmol) in dry THF (30 mL) at 0°c. After 30 
min the red reaction solution was cooled to -78°c (acetone-solid C 0 2) and neat 
aldehyde (3.42 mmol) was added dropwise at such a rate that the solution temperature 
was maintained at -78°c. The pale yellow solution was allowed to warm to room 
temperature over 2 h and then water was added. The THF was removed under reduced 
pressure and brine added to the aqueous residue before extraction with 
dichloromethane (3x). The combined organic extracts were dried (MgSCL) and 
evaporated to dryness to give following /Lhydroxydiphenylphosphine oxides were 
prepared.

2 -D ip h en y lp h o sp h in o y l- 1 -p h en y lp en ta n -l-o l (2a; R = (CH2)2CH3 and R' = 
Ph). Butyldiphenylphosphine oxide (la; R = (CH2)2CH3) (2.58 g, 10 mmol), «-butyl 
lithium (6.25 mL, 1.6 M in hexane), and benzaldehyde (1.06 g, 10 mmol) in THF (60 
mL) gave an oil which contained two diastereoisomers that were separated by flash 
column chromatography (elution with 20-50%  EtOAc in hexane). The first 
diastereomer to be eluted from the column was the {1RS, 2S7?)-adduct, e ry th ro -(2 a) as 
white needles 2.22 g (61%), m.p. 140-142°c (lit. [46], m.p. 140-141°C) 
(hexane/EtOAc), R f 0.33 (hexane:EtOAc, 1:1); [cc]D26 =  +0.25°; IR (KBr): 3260, 3054, 
2953, 2864, 1972, 1595, 1459, 1439, 1334, 1163, 1116, 1034, 898 and 704 cm'1; ‘H- 
NMR (CDCb) 8 (ppm): 0.44 (3H, t, J =  7.18 Hz, CH3), 0.51-0.65 (1H, m, CHaMe), 
0.66-0.78 (1H, m, CHaMe), 1.48-1.36 (1H, m, CHaCHaMe), 1.74-1.91 (1H, m, 
CH^CH2]Vie), 2.44-2 .50 (1H, m, CHP), 2.61 (1H, br. ร, OH), 5.29 (1H, d, JHp = 9.56  
Hz, CHOH), 7.22-7.38 (5H, m, PhC) and 7.45-8.06 (10H, m, PhaPO); 13C-NMR 
(CDCI3) 8 (ppm): 13.9 (1C, CH3), 23.1 (1C, CH2Me), 44.2 (1C, CH2CH), 44.8 (1C,

PhPO ) and 7.68-7.75 (4H, m, PhaPO).

Synthesis of /9-Hydroxydiphenylphosphine Oxide

Ph2P ^ R  1) ท-ธนม/ THF, 0°c, 2h

( 2 )
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ÇHPO), 70.8 (1C, CHOH), 125.4 (2C, PhC), 127.1 (1C, PhC), 128.2 (2C, PhC), 128.7 
(1C, PhaPO), 128.8 (1C, PhaPO), 129.1 (1C, PhaPO), 129.2 (1C, PhaPO), 130.7 (1C, 
PfcPO), 130.8 (1C, PhaPO), 130.9 (1C, PhaPO), 131.0 (1C, PhaPO), 132.1 (1C, 
Ph2PO), 132.2 (1C, PhaPO), 132.3 (1C, PhC), 142.2 (1C, PhaPO) and 142.3 (1C, 
PI12PO). The second diastereomer to be eluted from the column was the ( 1 R S ,  2 R S ) -  

adduct, threo-(2a) as white needles 0.62 g (17%), m.p. 124-126°c (lit. [46], m.p. 126- 
128°C) (hexane/EtOAc), R f  0.25 (hexane:EtOAc, 1:1); IR (KBr): 3180, 3055, 2954, 
2860, 1595, 1459, 1440, 1334, 1150, 1116, 1036, 890 and 720 cm'1; ‘H-NMR 
(CDCI3) Ô (ppm): 0.63 (3H, t, J =  7.29 Hz, CH3), 0.96-1.08 (2H, m, CHaMe), 1.33- 
1.58 (2H, m, CHaCHaMe), 2.70-2.80 (1H, m, CHP), 5.08 (1H, dd, JHp = 17.00 Hz, 
Jhh = 6.80 Hz, CHOH), 7.10-7.23 (3H, m, PhC) and 7.25-7.84 (12H, m, PhC and 
PhaPO); 13C-NMR (DMSO-^6) Ô (ppm): 13.9 (1C, CH3), 28.8 (1C, CHaMe), 44.0 (1C, 
CHaCH), 44.7 (1C, CHPO), 74.6 (1C, CHOH), 126.6 (2C, PhC), 127.6 (1C, PhC),
128.1 (2C, PhC), 128.4 (1C, PhaPO), 128.5 (1C, PhaPO), 128.6 (1C, PhaPO), 128.7 
(1C, PhaPO), 130.5 (1C, PhaPO), 130.6 (1C, PhaPO), 131.4 (1C, PhaPO), 131.5 (1C, 
PhaPO), 131.9 (1C, PhaPO), 132.0 (1C, PhaPO), 133.2 (1C, PhC), 142.3 (1C, PhaPO) 
and 142.4 (1C, PhaPO).

2-D iphenylphosph inoyl-l-phenylheptan-l-o l (2b; R = (CH2)4CH3 and R' = 
Ph). Hexyldiphenylphosphine oxide (lb; R = (CH2)4CH3) (2.00 g, 6.99 mmol), n- 
butyl lithium (4.70 mL, 1.6 M in hexane), and benzaldehyde (0.74 g, 6.99 mmol) in 
THF (60 mL) gave an oil which contained two diastereoisomers that were not 
separated from each other, as pale yellow oil 2.54 g (92%), R f  0.60 and 0.50 (EtOAc); 
‘H-NMR (CDC13) ô (ppm): 0.59 (3H, t, J  = 6.90 Hz, CH3), 0.71-1.00 (6 H, m, 
(CHa)3Me), 1.56-1.60 (1H, m, CHaCH), 1.80-1.91 (1H, m, CHaCH), 2.01 (1H, br. ร, 
OH), 2.42-2.46 (1H, m, CHP), 5.28 (1H, d, JHp = 9.48 Hz, CHOH), 7.15-7.40 (5H, m, 
PhC) and 7.47-8.03 (10H, m, PhaPO).

2-diphenylphosphinoyl-l-phenyltridecan-l-o l (2c; R = (CH2) ioCH3 and R' = 
Ph). Dodecyldiphenylphosphine oxide (le; R = (CHa)ioCH3) (2.86 g, 7.74 mmol), n- 
butyl lithium (5.2 mL, 1.6 M in hexane), and benzaldehyde (0.82 g, 7.74 mmol) in 
THF (60 mL) gave an oil which contained two diastereoisomers that were not 
separated from each other, as pale yellow oil 3.46 g (93%), R f  0.57 and 0.50 
(hexane:EtOAc, 7:3); ‘H-NMR (CDCI3) ร (ppm): 0.81 (3H, t, J  = 6.80 Hz, CH3),
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0.88-1.17 (16H, m, (CH^gMe), 1.37-1.44 (2H, m, CH2CH2CH), 1.52-1.64 (1H, m, 
CH2CH), 1.80-1.89 (1H, m, CH2CH), 2.05 (1H, br. ร, OH), 2.38-2.46 (1H, m, CHP), 
5.28 (1H, d, JHP =  9.37 Hz, CHOH), 7.11-7.40 (5H, m, PhC) and 7.51-8.04 (10H, m, 
PhaPO).

2-diphenylphosphinoyl-l,2-diphenylethan-l-o l (2d; R = Ph and R' = Ph). 
Benzyldiphenylphosphine oxide (Id; R = Ph) (1.0 g, 3.87 mmol), «-butyl lithium (2.3 
mL, 1.6 M in hexane), and benzaldehyde (0.41 g, 3.87 mmol) in THF (30 mL) gave 
an oil which contained two diastereoisomers that were not separated from each other, 
as white solid 0.28 g (18%), Rf 0.23 (hexane:EtOAc, 7:3); ‘H-NMR (CDCI3) 8 (ppm):
4.13 (1H, dd, J hp = 14.31 Hz, J hh = 7.19 Hz, CHP), 5.14 (1H, br. ร, OH), 5.51 (1H, d, 
J hp = 7.53 Hz, CHOH), 6.86-7.18 (10H, m, 2PhC) and 7.45-8.04 (10H, m, PhaPO).

2-diphenylphosphinoyl-l-(4-m ethoxyphenyl)-pentan-l-ol (2e; R = (CH2)2CH3 
and R' =/?-OMePh). Butyldiphenylphosphine oxide (la; R = (CH2)2CH3) (1.03 g, 4.0 
mmol), «-butyl lithium (2.51 mL, 4.02 mmol, 1.6 M in hexane), and 4- 
methoxybenzaldehyde (0.49 mL, 4.0 mmol) in THF (15 mL) gave an oil which 
contained two diastereoisomers that were separated by flash column chromatography 
(elution with 30-50% EtOAc in hexane). The first diastereomer to be eluted from the 
column was erythro-{2a) as white solid 1.12 g (65%), m.p. 126-128°c 
(hexane/EtOAc), R f  0.50 (hexane:EtOAc, 3:7); [a]D26 = +0.26°; ‘H-NMR (CDCI3) 8 
(ppm): 0.43 (3H, t, J =  8.67 Hz, CH3), 0.54-0.78 (2H, m, CH^Me), 1.45-1.58 (1H, m, 
CH2CH2Me), 1.75-1.84 (1H, m, C^CHzMe), 2.35 (1H, q, J =  5.74 Hz, CHP), 3.06 
(1H, br. ร, OH), 3.78 (3H, ร, SCHg), 5.20 (1H, d, JHp = 9.20 Hz, CHOH), 6.82 (2H, d, 
J  =  8.71 Hz, p-OMePh), 7.21 (2H, d, J  = 8.09 Hz, p-OMePh), 7.45-7.61 (6H, m, 
Pi^PO), 7.77-7.82 (2H, m, PI12PO) and 7.94-8.00 (2H, m, PhlPO); 13C-NMR (DMSO- 
d 6) 8 (ppm): 13.9, 23.1, 44.2, 44.8, 55.2, 70.4, 113.5 (2C), 126.5 (2C), 128.6, 128.7, 
129.0, 129.1, 130.6, 130.7, 130.8, 130.9, 131.5, 132.0, 132.4, 134.2, 134.3 and 158.6. 
The second diastereomer to be eluted from the column was threo-{2e) whereas its 
contaminated with its erythro-{2a) as as white solid 0.39 g (25%), Rf 0.30 and 0.50 
(hexane:EtOAc, 3:7); 'H-NMR (CDCI3) 8 (ppm): 0.37 (3H, t, J  -  8.70 Hz, erythro- 
CH3), 0.55 (3H, t, J =  7.60 Hz, th reo -C lh ), 0.69-0.92 (2H, m, CH2Me), 1.19-1.74 
(2H, m, CH2CH2Me), 2.29 (1H, q, J  = 6.43 Hz, erythro-CHP), 2.45-2.65 (1H, m, 
threo-CHP), 3.61 (3H, ร, th re o -S Q h ), 3.67 (3H, ร, erythro-SCH3), 4.42 (1H, br. ร,
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OH), 4.89 (1H, dd, JHp = 16.8 Hz, JHH = 6.84 Hz, threo-C U O U ), 5.10 (1H, d, JHp = 
9.30 Hz, erythro-CHOH), 6.64 (2H, d, J =  7.50 Hz, threo-p-O M ePh), 6.84 (2H, d, J  =  
8.00 Hz, erythro-p-OMePh), 7.12 (2H, d, J =  7.79 Hz, erythro-p-OMePh), 7.45-7.61 
(8H, m, /^reo-p-OMePh and Ph?PO) and 7.69-8.06 (4H, m, Ph7PO).

Synthesis of O'-phenyl thiocarbonate derivatives

OH ร
PhOCCI

ร
OCOPh

rt, 2h, N2

(2-2b)

O -cyclododecyl o '-ph en yl thiocarbonate (2-2b). To a solution of 
cyclododecanol (0.46 g, 2.5 mmol) and dry pyridine (0.7 mL) in dry CH2CI2 (15 mL) 
was added phenyl chlorothionoformate (0.5 mL, 2.75 mmol) under nitrogen. Then the 
solution was stirred for 2 h at room temperature. The organic layer was washed with 
IM HC1, saturated NaHCOî and brine and dried over anhydrous MgS04. After 
filtration and concentration in vacuum the residue was crystallized from EtOH to give 
0.53 g (67%) of the thionocarbonate: mp 60-61 °c (lit. [78], m.p. 60-62 °C) (EtOH), 
Rf 0.5 (hexane:EtOAc, 95:5); IR (KBr): 2950,2830,1485,1260 and 1200 cm'1; *H 
NMR (CDCI3) 8 1.25-1.60 (18H, m, CH2), 1.64-2.00 (4H, m, CH2), 5.45-5.58 (1H, m, 
CHO), 7.04-7.18 (2H, m, Ph), 7.20-7.30 (1H, m, Ph) and 7.35-7.50 (2H, m, Ph).

Synthesis of .ร'-เทethyl dithiocarbonate or xanthate derivatives [82]

o
Ph2P \ ^ \ /  NaH/ THF cs2 Mel

H (J ^R ' rt, 2 h rt, 12 h rt, 4 h

(2a or 2e)

PhoP.

MeSCO
ร

R'

(2-1 a or 2-1 e)

To a solution of /Thydroxydiphenylphosphine oxide (2a, 1.5 mmol) in THF 
(10 mL) was added tt-butyllithium (2.51 mL, 4.02 mmol, 1.6 M solution in THF) at 
0°c under nitrogen. The solution was stirred for 30 min at 0°c before the addition of
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carbon disulfide (mL, mmol). The mixture was then stirred at room temperature for 4 
h followed by the addition of methyl iodide (mL, mmol). The final solution was 
stirred at room temperature for 1 h. The organic layer was washed with 1 M HC1, 
saturated NaHC03, and brine successively. After the solution was dried over 
anhydrous MgSC>4 and solvent was evaporated, the residue crude product was purified 
by column chromatography on silica gel eluting with hexane/ethyl acetate (9 :1) to 
give the xanthate products in high yield.

0-[2-D iphenylphosphinoyl-l-phenylheptan-l-yl]-S-m ethyl dithiocarbonate (2 - 
la, R' = Ph). White solid (73%), m.p. 183-185°c (hexane/EtOAc), Rf 0.52 
(CH2Cl2:MeOH, 95:5); [<z] D26 = -0.53°; ‘H-NMR (CDCIj) 8 (ppm): 0.52 (3H, t, J  =
7.19 Hz, CH3), 0.91-1.00 (2 H, m, Cf^CHa), 1.65-1.85 (2 H, m, CH2CH2CH3), 2.48 
(1H, ร, s e a ) ,  2.85 (1H, dd, J Hp = 10.74 Hz, J hh = 5.21 Hz, CHP), 6.75 (1H, dd, J Hp 
= 8.21 Hz, J hh = 4.04 Hz, CHOC(S)SMe), 7.10-7.15 (5H, m, PhC), 7.32-7.45 (6H, m, 
PhaPO), 7.65-7.70 (2H, m, PhaPO) and 7.76-7.81 (2H, m, PhaPO); 13C-NMR (DMSO- 
d 6) 8 (ppm): 14.1, 18.9, 22.3, 26.9, 45.4, 81.9, 126.3 (2C), 127.9, 128.3 (2C), 128.5,
128.6, 128.6, 128.7, 130.9, 130.9, 131.0, 131.0, 131.1, 131.4, 131.7, 137.9 and 213.2.

O -[2-D iphenylphosphinoyl-1 -(4-m ethoxyphenyl)-pentan-1 -yl]-S-m ethyl dithio­
carbonate (2-le; R' = /7-OMePh). Pale yellow solid (87%), m.p. 169-17 l°c  
(hexane/EtOAc), Rf 0,42 (CH2Cl2:MeOH, 95:5); [a ]D26 =  +0.27°; 'H-NMR (CDC13) 8 
(ppm): 0.62 (3H, t, J =  7.14 Hz, CH3), 1.16-1.29 (2H, m, c a c a ) ,  1.59-1.89 (2H, m, 
c a c a c a ) ,  2.30 (1H, ร, s e a ) ,  2.85 (2 H, m, CHP), 3.70 (1H, ร, o c a ) ,  5.18 (1H, 
dd, J hp = 10.96 Hz, J hh = 7.04 Hz, CHOC(S)SMe), 6.56 (2H, J  = 8.29 Hz, p -  
OMePh), 7.15 (2H, J  = 8.32 Hz, p-OMePh), 7.35-7.47 (6H, m, PhaPO), 7.60-7.65 
(2H, m, PhaPO) and 7.76-7.81 (2H, m, PfcPO); l3C-NMR (DMSO-d6) 8 (ppm): 13.1,
14.1, 21.7, 29.7, 44.7, 49.2, 55.1, 113.4 (2C), 128.1, 128.2, 128.4, 128.5, 129.6 (2C),
130.2, 130.6, 130.7, 130.8, 130.9, 131.0, 131.5, 132.7, 158.6 and 187.8.
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Synthesis o f xanthate derivatives of y9-hydroxylnitri!es

P h ^ C N  _____LDA/THF t
-7 8 °c  to 0 °c , 30 min -78°c  to rt, 2h

(1 equiv) (2 equiv) (1 equiv)

M ethod A: [83] To a stirred solution of diisopropylamine (1.43 mL, 10 mmol) 
in anhydrous THF (4 mL) at 0°c under nitrogen was slowly added dropwise ท- 
butyllithium in hexanes (6.0 mL, 10 mmol, 1.6 M in hexane). After stirred for 40 min, 
at -78°c, a solution of benzyl cyanide (0.58 mL, 5 mmol) in THF (2.5 mL) was 
slowly added via  dropping funnel and further stirred for 30 min at 0°c. After that at - 
78°c, benzaldehyde (0.51 mL, 5 mmol) was added via syringe. After stirred at room 
temperature for 2 h, most of the THF was removed in vacuo , and the residue was 
taken up with CH2CI2, washed with 1 M HC1, saturated NaHCC>3 and NaCl; and dried 
with anhydrous MgSC>4. Concentration to dryness afforded yellow oil which further 
purified by column chromatography (elution with 20% EtOAc in hexane). To obtain 
the first mixtures of erythro  and threo diastereomers (M) was as brown oil 0.33 g 
(30%) and the second diastereomer to be eluted from the column was threo-{M) as a 
yellow solid 0.06 g (6%).

o  1) TMSCI
n-BuLi/THF P h ^ H  -78°c, 10 min P h ^ C N

0 °c , 30 min -78°c  to rt, 2 h 2) MeOH H O ^ T hrt, 1.5 h
(1 equiv) (1 equiv) M (43%)

erythro.threo = 35:65

M ethod B : [79] To a stirred solution of tt-butyllithium in hexanes (3.15 mL, 
5.0 mmol, 1.6 M in hexane) at -78°c under nitrogen was added 7 mL of anhydrous 
THF followed immediately by the addition of benzyl cyanide (0.58 mL, 5 mmol). A 
white suspension formed. After being stirred for 30 min at -78°c, a solution of 
benzaldehyde (0.51 mL, 5 mmol) in THF (5 mL) was added. The resulting yellow- 
brown mixture was stirred at -78 °c for 30 min, and then chlorotrimethylsilane (0.94 
mL, 7.4 mmol) was added via  syringe at -78°c. Ten min later, methanol (1 mL) was

P h ^ /C N  

(1 equiv)

PlK /CN
HO 'Ph
M (36%)

erythro.threo = 39:61
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added. The reaction mixture was warm to room temperature for 1.5 h, most of the 
THF was removed in vacuo, and the residue was taken up with EtOAc, washed with 
water, and dried with MgS04. Concentration to dryness afforded yellow oil which 
further purified by column chromatography (elution with 20% EtOAc in hexane). To 
obtain a mixture of erythro and threo diastereomers (M) was as brown oil 0.48 g 
(43%), R f  0.30 and 0.37 (hexane:EtOAc, 7:3); 'H-NMR (CDC13) 8 (ppm): 2.21 (1H, 
br. ร, OH), 3.99 (1H, d, J =  5.80 Hz, CHCN), 4.09 (1H, d, J =  6.60 Hz, CHCN), 4.90 
(1H, d, J =  5.83 Hz, CHOH), 4.93 (1H, d, J =  6.62 Hz, CHOH) and 7.13-7.30 (10H, 
m, 2 Ph).

3-H ydroxy-2,3-diphenylpropionitrile  (M). threo-(M) as a yellow solid, m.p. 99- 
101°c (lit. [79], m.p. 101-102°C) (hexane/EtOAc), R {  0.30 (hexane:EtOAc, 7:3); 'H- 
NMR (CDCI3) Ô (ppm): 2.07 (1H, br. ร, OH), 4.07 (1H, d, J  =  6.69 Hz, CHCN), 4.92 
(1H, d, J  — 6.65 Hz, CHOH) and 7.09-7.28 (10H, m, 2Ph); MS m/e (relative 
intensity): 223 (M+, 10), 205 (100), 117 (80), 107 (100) and 79 (45).

To a stirred solution of 77-butyllithium in hexanes (4.69 mL, 6.2 mmol, 1.6 M 
in hexane) at -78°c under nitrogen was added 7 mL of anhydrous THF followed 
immediately by the addition of benzyl cyanide (0.58 mL, 5 mmol). A white 
suspension formed. After being stirred for 30 min at -78°c, a solution of 
benzaldehyde (0.51 mL, 5 mmol) in THF (5 mL) was added. The resulting yellow- 
brown mixture was stirred at -78 °c for 30 min, and then chlorotrimethylsilane (0.94 
mL, 7.4 mmol) was added via  syringe at -78°c. Ten min later, methanol (1 mL) was 
added. The reaction mixture was warm to room temperature for 1.5 h. Then, a mixture 
solution of /T-hydroxylnitriles in THF was added carbon disulfide (0.60 mL, 10 
mmol). The mixture was then stirred at room temperature for 12 h followed by the 
addition of methyl iodide (0.62 mL, 10 mmol). The final solution was stirred at room 
temperature for 4 h. The organic layer was washed with 1 M HC1, saturated NaHC03, 
and brine successively. After the solution was dried over anhydrous MgS04 and 
solvent was evaporated, the residue crude product was purified by column

-78°c , 30 min -7 8 °c  to rt, 2h rt, 12h rt, 4h
(1 equiv) (1.2 equiv) (1 equiv) (2 equiv) (2 equiv) XM (22%)
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chromatography on silica gel eluting with hexane/ethyl acetate (9 :1) to give the 
xanthate products, 0-[2 -cyan o-l,2 -d iph en yleth an -l-yl]-S -m eth yl dithiocarbonate  
(XM) as brown syrup 0.34 g (22%), Rf 0.65 (hexane:EtOAc, 9:1); ‘H-NMR (CDC13) Ô 
(ppm): 2.70 (3H, ร, CH3S), 4.80 (1H, d, J  = 4.96 Hz, CHCN), 5.29 (1H, d, 1/  = 4.65 
Hz, CHOC=S) and 7.03-7.20 (10H, m, 2Ph); MS m/e (relative intensity): 205 ([M- 
HSC(0)SMe]+, 100), 190 (43), 176 (19), 151 (6.9), 89 (11), 77 (6.2) and 51 (4.5).

Radical olefination
Synthesis o f alkene from xanthate derivatives

o

2-1 a (0.2 mmol)

Initiator

2-1 e (0.2 mmol)

M ethod A: To a solution of the starting xanthate (0.2 mmol) in dry toluene (3 
mL), diphenylsilane (40 pL, 0.22 mmol) was added under argon. Then the solution 
was brought to the boil and treated with 250 pL portions of a solution of AIBN in 
toluene at 30 minute intervals (32.8 mg AIBN was dissolved in 1.0 mL dry toluene). 
The reaction was monitored by TLC. When the reaction was complete the solvent was 
evaporated in vacuum and work-up by extraction with CH2CI2/H2O. The product was 
isolated by column chromatography on silica gel (eluent: hexane).

M ethod B: To a solution of the starting xanthate (0.2 mmol) in dry mesitylene 
(3 mL), diphenylsilane (40 |iL, 0.22 mmol) was added under argon. Then the solution 
was brought to the boil and treated with 250 pL portions of a solution of benzoyl 
peroxide in mesitylene at 30 minute intervals (48.5 mg benzoyl peroxide was 
dissolved in 1.0 mL dry mesitylene). The reaction was monitored by TLC. When the 
reaction was complete the solvent was evaporated in vacuum and work-up by
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extraction with CH2CI2/H2O. The product was isolated by column chromatography on 
silica gel (eluent: hexane).

M ethod C: To a solution of the starting xanthate (0.2 mmol) in dry 
chlorobenzene (3 mL), diphenylsilane (180 pL, 1.0 mmol) was added under argon. 
Then the solution was brought to the boil and treated with 250 pL portions of a 
solution of lauroyl peroxide in chlorobenzene at 2 hour intervals (79.7 mg lauroyl 
peroxide was dissolved in 1.0 mL dry chlorobenzene). The reaction was monitored by 
TLC. When the reaction was complete the solvent was evaporated in vacuum and 
work-up by extraction with CH2CI2/H2O. The product was isolated by column 
chromatography on silica gel (eluent: hexane).

M ethod D: To a solution of the starting xanthate (0.2 mmol) in dry benzene (3 
mL), diphenylsilane (80 pL, 0.4 mmol) was added under argon. Then the solution was 
brought to the boil and treated with 250 pL portions of a solution of di-tert-butyl 
peroxide in benzene at 6 hour intervals (146.2 mg di-ter/-butyl peroxide was 
dissolved in 2.0 mL dry benzene). The reaction was monitored by TLC. When the 
reaction was complete the solvent was evaporated in vacuum and work-up by 
extraction with CH2CI2/H2O. The product was isolated by column chromatography on 
silica gel (eluent: hexane).

M ethod E : To a solution of the starting xanthate (0.2 mmol) in dry benzene (5 
mL) under argon was added diphenylsilane (40 pL, 0.2 mmol) and triethylborane (1.0 
mL, 1.0 mmol, 1 M solution in hexane). Dry air was entered by a needle on top of 
septum and then the reaction was refluxed. The reaction was monitored by TLC. After 
completed reaction and evaporation of the solvent, the residue was work-up by 
extraction with CH2CI2/H2O and separated by column chromatography on silica gel 
(eluent: hexane).
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