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!he development of new methods to form carbon-carbon bonds remains an important 

area of investigation to provide efficient access to molecules with valuable attributes.  Strategies 

that employ new or unusual modes of reactivity can facilitate the synthesis of useful compounds.  

!he reversal of standard reactivity patterns, or !"#$%&'(, is one method that enables 

unconventional access of important target compounds.1  A valuable !"#$%&'( tactic is the 

generation of acyl anion e>uivalents by the polarity reversal of carbonyl functionalities (Figure 

1-1).  Acyl, or carbonyl, anion e>uivalents are potentially useful reactive intermediates able to 

participate in nucleophilic acylation reactions with numerous electrophiles and for this reason are 

important intermediates in the synthesis of interesting molecules.2   
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Fi#ure 1-1*  $%yl a)io) ,e)eratio) 0y the 2olarity re3er4al o5 %ar0o)yl %o62ou)d4 

 

 Acyl anion addition reactions are essential in many biological processes.  Nature employs 

thiamine pyrophosphate, a coenzyme of vitamin B1, to tra)45or6 !-:eto a%id4 i)to their 

%orre42o)di), %ar0o)yl a)io)4 i) i62orta)t 0io4y)theti% 2ath;ay4 i)%ludi), 2yru3ate 

de%ar0o<ylatio) a)d the %itri% a%id %y%le =Fi,ure "-2@A  Thia6i)e 2yro2ho42hate %o)tai)4 a 

thiaColiu6 hetero%y%le ;hi%h e<i4t4 a4 the aColiu6 C;itterio)A  Thi4 5u)%tio)4 a4 )atureD4 

%ataly4t 5or the ,e)eratio) o5 the %ar0o)yl a)io)4A  E)42ired 0y )atural %he6i%al tra)45or6atio)4, 
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carbon is now nuc,eo.hi,ic.  The acti3ated a,dehyde !"!!! then under6oes an addition to a 

second e7ui3a,ent of a,dehyde.  9ina,,y, formation of the carbony, re6enerates the carbene 

cata,yst and the ben<oin .roduct is formed.  = more detai,ed mechanistic study re.orted by 

>ee.er and coworkers in @AAB su..orts this cata,ytic cyc,e.CD  

Scheme '-)*  $%&'&()*!+,-,./-0+!+/+.)!&1!-2)!3456+,-,./7)*!8)97&09!+&9*)9(,-0&9 

!" #

!

"

#

#$

%

!

"

#

#$

%&

%&

#'

#$

%

!

"

#

%

#' &

%&

#'

#$

%

%

&#$

&

()*+

!" #

,

I-II

I-III

I-I#

I-I

!

!

The !EhydroFy ketone .roduct .roduced from the ben<oin condensation contains a new,y 

formed stereo6enic center.  Gith the a..ro.riate cata,yst and .ro.er reaction conditions it shou,d 

be .ossib,e to contro, the stereochemica, outcome of the bondEformin6 e3ent.  This hy.othesis 

has not 6one unnoticed and si6nificant research has been dedicated towards renderin6 the 

intermo,ecu,ar HIJEcata,y<ed ben<oin condensation asymmetric.   

K3er the .ast siFty years, a number of in3esti6ators ha3e desi6ned, synthesi<ed and tested 

numerous no3e, chira, HIJ cata,ysts L9i6ure BEDM.  Be6innin6 in BOPP, Qheehan and coworkers 

were the first to attem.t an enantiose,ecti3e ben<oin condensation uti,i<in6 an HIJ deri3ed from 

thia<o,ium sa,t !"#.CC  Rnfortunate,y the success for this ear,y 6round breakin6 work was ,imited 



! ""
to a low yield +9-. and low enantiomeric excess +22- ee..  Sheehan achieved moderate 

enantioselectivities +up to 52- ee. employing thiazolium salt !"#? derived from +R.-!-methyl 

napthyl amineC however? the yield remained low +6-..45  A slight increase in yield was observed 

when +H.-menthol derived catalyst !"$ was employed by TagaJi and coworJers? although the 

enantioselectivity remained low at 35- ee.46  Bisthiazolium salt !"% was examined by Hopez-

Calahorra with an observed enantioselectivity of 26- ee.47  Several chiral thiazolium salts were 

investigated in the Heeper laboratory? including catalysts !"& through !"(.48?49  Phile yields of up 

to 50- were observed in some cases? the highest enantiomeric excess reported was only 21- ee.  

Rawal and coworJers designed the chiral thiazolium salt !")? although the enantioselectivity 

observed was only 30- ee.50  Most recently in 2004? the planar chiral thiazolium salt developed 

by Bach and coworJers !"*% showed an improvement in yield however the enantioselectivity 

remained moderate at 40- ee.51 
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!"#$%&' 1-*+' ' Examples of chiral azolium salts utilized as NHC precursors in asymmetric 
intermolecular benzoin condensation reactions 
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In 1976, Stetter reported the 1,4-addition of an aldehyde to an !,"-unsaturated system to 

generate 1,4-dicarbonyl compounds >Scheme 1-4?.39  This transformation has proven to be a 

useful carbon-carbon bond forming reaction that has attracted the attention of investigators 

interested in method development and natural product synthesis.55,56  The reactive nucleophile is 

proposed to be the same as Eithin the benzoin condensation >i.e. the BresloE intermediate? Eith 

addition at the "-position of the electrophile, rather than addition to the carbonyl carbon.  The 
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resulting 1,4-dicarbonyl products are valuable building blocks in organic synthesis that can be 

easily manipulated to afford useful compounds such as substituted furans and pyrroles.57,58 

 

Scheme '()*  Stetter reaction 

 

 

 

 
In a manner similar to the !-hydro3y 4etones 5roduced in the 8enzoin condensation: the 

;:#-di4etone 5roducts contain a new stereogenic center>  An a55ro5riate catalyst and suita8le 

reaction conditions should 8e a8le to render this transformation asymmetric>  Indeed: su8stantial 

efforts haAe 8een 5ut forth 8y seAeral research grou5s to accom5lish this tas4>  In a seminal 

5a5er: Enders and cowor4ers demonstrated aldehydes CI-1$D can 8e added to !!"-unsaturated 

systems in an intramolecular fashion with high yields and good leAels of enantioselectiAity using 

chiral NHC catalysts deriAed from triazolium salt I-11 CScheme ;-ID>IJ  The RoAis la8oratory has 

more recently disclosed that triazolinyilidene car8ene I-1% affords enhanced yields and 

enantioselectiAities in transforming I-1$ to I-1&>M0  While a num8er of successes haAe 8een 

re5orted in the deAelo5ment of highly enantioselectiAe intramolecular Stetter reactions using 

chiral imidazolium and triazolium deriAed car8enes as catalysts: the deAelo5ment of an 

asymmetric intermolecular Stetter has 5roAen to 8e a far more difficult tas4>IJ-M2   
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S"#e%e&'()*&&Asymmetric intramolecular Stetter reaction 
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In the both benzoin condensation and Stetter reaction, an aldehyde has been successfully 

utilized as an acyl anion precursor.  A major limitation associated with these reactions is the 

undesired side reactions that can occur, reducing the overall utility of the transformations.  

Specifically, due to the highly reactive nature of an aldehyde, uncontrollable additions of the acyl 

anion to the acyl anion precusor (the aldehyde) leads to undesired side products.  Bor this reason, 

alternate acyl anion precursors have been eCplored to address this problem.   

!.# $%&'(i'*+e( *( $%&' $+i.+ /re%ur(.r( 

 
!"#$%&$'()% '+) &(,)+)%,&(- "./0.1(2% ,3', 3'4) 5))( )/0$.#)2 '% 1%)61$ '"#$ '(&.( 
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anion equivalent to the acylsilane, the acyl anion precursor, is observed.  The reason this side 

reaction is avoided may be because acylsilanes are more sterically congested due to substitution 

on the silicon.   

Scheme 1-6*  9eneration of an acyl anion equivalent from an acylsilane!
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Many investigators have applied the !"#$%&'( reactivity of acylsilanes towards the 

development of new chemical transformations.  In the early 1?8As, two groups, Ricci and 

coworkersD7 along with Schinzer and Heathcock,D8 independently described the fluoride-

catalyzed addition of aryl acylsilanes to alkyl halides to afford the corresponding ketones in 

moderate yields (Scheme 1-7).  Ricci and coworkers found ketones can be prepared from the 

reaction of benzoyltrimethylsilane with organic halides in the presence of LM and 18-crown-D.  

Heathcock and coworkers found acylsilanes add to methyl iodide and '-butyl iodide to afford the 

corresponding ketones in moderate yields.  Several years later, in 1?87, DeglOInnocenti, a 

coauthor on the Ricci publication described above, reported 1,P-additions acylsilanes to !,"-

unsaturated electrophiles, such as cyclohexenone, using cyanide as a catalyst (Scheme 1-8).D? 
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Scheme 1-7.  Fluoride-catalyzed addition of aryl acylsilanes to alkyl halides 
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Scheme 1-8.  Cyanide-catalyzed additions of acylsilanes to cyclohexenone 
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Concurrent with the studies from the 9cheidt group, the Johnson group has reported more 

recent advances in the area of catalytic acylsilane addition reactions (9cheme 1-A).  Both alkyl 

and aryl acylsilanes have been employed in cross-benzoin reactions with cyanide as the 

catalyst.7G  The resulting unsymmetrical !-hydroxy ketones are isolated in moderate to high 

yields (51-A5%) with excellent regiocontrol.  Johnson has also reported an asymmetric variant of 

the cross-benzoin catalyzed by a chiral metallophosphite that affords the desired products in 

good yields (65-86%) and moderate to high enantioselectivities (41-A1%).71   
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Scheme '-).  Acylsilane additions to aldehydes using cyanide or metallophosphites as 
catalysts 
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 6ohnson and coworkers have also employed metallophosphites to catalyze the addition of 

aryl acylsilanes to !!"-unsaturated amides =Scheme 1-10A.72  The resulting !-silyl-#-ketoamides 

were isolated in good yields =E2-91%A with diastereoselectivities ranging from 1.3I1 to 11I1 

=anti/synA.  The authors were able to demonstrate the reaction can be rendered asymmetric with 

good enantioselectivities reported =E0% and 74% eeA.   

 

Scheme '-'+. Acylsilane additions to !!"-unsaturated amides catalyzed by metallophosphites 
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As is evident from previous publications in the area =vide supraA, standard methods to 

convert acylsilanes to acyl anion equivalents typically employ strongly anionic catalysts, like 

fluoride and cyanide.  At the onset of our investigation into acylsilane addition reactions, we 

sought to develop strategies to access acyl anion equivalents under more mild reaction 
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c%&'()(%&*.  I) (* -e// 0&%-& )h2) 3%)h 2/'eh4'e* 2&' 2c4/*(/2&e* c2& 3e c%&5e6)e' (&)% 2c4/ 

2&(%& e78(52/e&)* 8*(&9 c42&('e :Scheme 1-11?.  @''()(%&2//4A () (* -e// e*)23/(*he' )h2) BCD-

c2)2/4*(* c2& 3e 8*e' )% 9e&e62)e 2c4/ 2&(%& e78(52/e&)* E6%m 2/'eh4'e*.  Fe 6e2*%&e' )h2) () 
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Sc$eme 1-12.  L6%G%*e' BCD-c2)2/4He' 9e&e62)(%& %E 2c4/ 2&(%& e78(52/e&)* E6%m 2c4/*(/2&e* 
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1"#! $hia(olium-.atal0(ed Additions of Ac0lsilanes to ! !"-9nsaturated S0stems 

1"#"1! <reparation of Ac0lsilanes 

 
To begin our investigations we first required efficient methods to access both aryl and 

alkyl acylsilanes.  Aryl acylsilanes were prepared according to previously published procedures 

reported by Yamamoto and coworkers (Scheme 1-13).73  In this approach, an acid chloride is 

subjected to allyl palladium chloride dimer and triethyl phosphite in hexamethyldisilane to afford 

the corresponding aryl acylsilane.  This reaction requires careful monitoring by gas 

chromatography to ensure all starting acid chloride is consumed prior to work up.  If any acid 

chloride remains, it is extremely difficult to separate from the desired acylsilane product.  Once 

the reaction is complete, the desired acylsilane can be easily purified by distillation on multigram 

scale.   

 

!"#e%e&'(')*&&Preparation of aryl acylsilanes 
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 The synthesis of alkyl acylsilanes was accomplished according to a method developed in 

the Scheidt laboratory.74  The addition of dimethylphenylsilyl lithium to an alkyl morpholine 

amide in THF at –78 °C provides good to excellent yields of the corresponding acylsilane after 

purification (Scheme 1-14).  This method cannot be applied to the synthesis of aryl acylsilanes 



 "#
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!"#$%$&'(')*&&<re1aration o6 al9yl acyl*ilane* 
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1.4.2 Development N01-1atalyzed 7dditions of 7cylsilane to 1halcone 

 

 O%r in>e*ti7ation o6 NHCBcatalyCed acyl anion addition* 3e7an :ith a *%r>ey o6 reaction 

condition* to carry o%t #0DBaddition* o6 acyl*ilane* to #0"Bdi1henylB#B1ro1enB"Bone EchalconeF;  

O%r choice o6 1%r*%in7 the *ynthe*i* o6 #0DBdicar3onyl com1o%nd* >ia a car3onyl anion addition 

:a* dri>en 3y the %tility o6 the*e molec%le* in or7anic *ynthe*i*;  G6ter *i7ni6icant 

eH1erimentation :ith the *tr%ct%re o6 the electro1hile0 :e di*co>ered that a *toichiometric 

amo%nt o6 thiaColi%m *alt I(,-.& and IBJ E#0KBdiaCo3icycloLM;D;NO%ndecBPBeneF *%cce**6%lly 

1romote* the addition o6 3enCoyltrimethyl*ilane I('/. to chalcone to 1rod%ce #0DBdicar3onyl I(

,' in a 7ood yield a6ter #Q h 3y heatin7 to re6l%H in THS EP#T0 entry #0 Ta3le #B#F;  Uith the 

de*ired 3ondB6ormin7 1roce** realiCed0 a 3rie6 *%r>ey o6 3a*e* and *ol>ent* indicated that IBJ 

and THS :ere o1timal;  Methylene chloride 1ro>ided only a "WT yield 1rod%ct0 mo*t li9ely d%e 

to the lo: reaction tem1erat%re Eentry DF;  The %*e o6 tol%ene a* a *ol>ent re*%lted in a 

hetero7eneo%* miHt%re that a66orded no 1rod%ct Eentry MF; 

 

 



! "#
!"#$%&1-1)&&$%&'(')*&'+,!+-!*./01'0*,2!*33'&'+,!&+!.4*0.+,2!5'&4!1&+'.4'+(2&6'.!&4'*)+0'7(!

!
!

"#$%&'(

!

'('(

!

'('(

'( !

)

!"1$%

*+,!"20%!,-./%0,
,,,,,/o23%450,6%7289

:+,;:!!"1(% !"21

%456< -./% <#%2=,>?@

"

#

$

%

&

'()

*+,$
-.!/(0

'()

'()

1"

%2

2

$3

2

/o23%45

456

456

456

75#78#
9:75$ !

!

! 8-&26! 17..211-70! -+6(*&'+,! +-! I-+1! ',! &42! 1&+'.4'+(2&6'.! %6+.2119! 52! -+.7123! +,!

32:20+%',;! *! .*&*0/&'.! *./01'0*,2! *33'&'+,! 62*.&'+,<! ! =*123! +,! +76! >,+5023;2! +-! &42! ?&2&&26!

62*.&'+,9! 52! 171%2.&23! &4*&! &42! %6+.211! 14+703! %+&2,&'*00/! @2! .*&*0/&'.! ',! &4'*)+0'7(! 1*0&<!!

A+52:269!542,!&42!*(+7,&!+-!I-+0"&5*1!6237.23!-6+(!B!2C7':!&+!"D!(+0!E9!+,0/!*!FBE!/'203!+-!

&42!%6+37.&!5*1!'1+0*&23!G?.42(2!BHBIJ<!!8!(+62!176%6'1',;!62170&!5*1!+@&*',23!542,!,+!%6+37.&!

5*1!+@126:23!5'&4!*!1&+'.4'+(2&6'.!*(+7,&!.*&*0/1&!I-+0#<!!

!

-c/%0%&1-11)&&8./01'0*,2!*33'&'+,!&+!.4*0.+,2!5'&4!.*&*0/&'.!&4'*)+0'7(!

!

O

SiMe3Ph

O

PhPh

O

PhPh

Ph O

+
2. H2O

1.  !-#0, DBU
 THF, 70 °C N SEt

Me

OH

Br

N SBn

Me Me

Br

100 mol%: 71% yield
30 mol%:  41% yield

100 mol%: 
 !" $%"&'c) "b+e%-e&

!-#0a !-#0b

!-18a !-1)a !-#1

!

!

8!.+(%*6'1+,!+-!.*&*0/1&1!I-+0"!*,3!I-+0#!62:2*01!&4*&!&42!-622!*0.+4+0!G*,!*6&'-*.&!+-!&42!

.+,:261'+,! +-! &4'*(',2! ',&+! 1&67.&7621! 17.4! *1! I-+0"J! (*/! @2! &42! .*712! -+6! &42! 1';,'-'.*,&!

3'--262,.2! ',! 62*.&':'&/<! ! K+! 2L%0+62!542&426! *! -622! *0.+4+0!5*1! ,2.211*6/! -+6! &42! 62*.&'+,9! F!

2C7':*02,&1!+-!'1+%6+%*,+0!5262!*3323!&+!*,!*./01'0*,2!*33'&'+,!62*.&'+,!.+,&*',',;!"D!(+0!E!+-!



 ""
I-20a #$%&'m' )*)+,-  .' /'0' pl'34'5 6o 89n5 6&' 46039g&68o0/305 355969on o8 3l%o&ol 

9mp0o<'5 6&' =9'l5 o8 I-21 6o >>? /96& onl= "@ mol ? o8 I-20a-  Au06&'0 %on890m369on o8 6&' 

9mpo063n%' o8 3n 3l%o&ol 355969<' /34 oC4'0<'5 /&'n 6&93Dol9um I-20c /34 'mplo='5 /96& E 

'Fu9<3l'n64 o8 94op0op3nolG 6&'4' 0'3%69on %on5969on4 p0o<95'5 6&' 43m' =9'l5 34 /96& I-20a.  
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1.4.3 %xamination of /0C Catalyst Structure 
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re&ultin, fro/ the re12tion 21t1ly4ed 6y I"#$%7 no 6en4oin 8rodu2t& 9ere o6&erved 6y ,1& 

2hro/1to,r18hy. The 6en4i/id14oliu/ derived 21t1ly&t (I"#$&'( 1fford& ne1rly 2o/8lete 

2onver&ion of the 12yl&il1ne 6ut only 5% yield of 174AdiBetone I"#) i& o6&erved.  Tri14oliu/ 

derived 21t1ly&t& I"#$*( 1nd( I"#$+ h1d &i/il1r re&ult&7 9ith little 8rodu2t for/1tion 1nd little 

re2overed 12yl&il1ne.  The&e o6&erv1tion& t1Ben en /1&&e e/8h1&i4e ho9 &li,ht 8ertur61tion& in 

the hetero14oliu/ 2ore 1nd nitro,en &u6&titution 21n 21u&e dr1&ti2 differen2e& in re12tivity for 

the &il1AStetter.  

,-./%()"#0((EE1/in1tion of 21t1ly&t &tru2ture(
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Our investigations of the !!"-unsaturated ketone scope began with an examination of 

various substituted derivatives (Table 1-3).  The addition reaction can tolerate both electron-

donating and electron-withdrawing substituents on either aryl group, delivering good to high 

yields of product in all cases (66-82%, entries 1-9).  A free hydroxyl group at the para position 

provides the desired 1,4-diketone !-36, albeit in a slightly reduced yield because of reduced 

levels of conversion (50%, entry 10).  Importantly, since isopropanol is a key constituent in the 

reactions, there are no stringent precautions to exclude moisture in any of these reactions. 

 

Table 1-3.  !"#"$%#&'()&$"-+#,##,-(-,"'#&./(0&#1("'%$)&$"/,(!-1"a("/2("-"-%$(3/)"#3-"#,2(41,/%$(

5,#./,)(

 
 

 

 

The influence of acylsilane structure on the reaction was also examined (Table 1-4).  

Since the addition of a thiazolium-derived carbene/zwitterions to an acylsilane is an important 

step in a successful reaction, the substitution of the silyl group should influence the reactivity of 

the acylsilane.  Accordingly, both alkyl and substituted aryl acylsilanes were investigated as acyl 
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anion precursors.  Acylsilane !"#$% containing an electron withdrawing substituent in the para 

position provided the best results, generating !"&' in an 82% yield (entry 2).  Acylsilanes with 

alkyl group at R1 (!"#$( and !"#$)) are successful substrates and generate 1,4-diketone products 

!"&* and !"+, in good yields (entries 5 and 6).  These entries indicate that the reaction can 

accommodate acylsilanes with enolizable protons without observing aldol or Michael chemistry.  

Additionally, dimethylphenyl acylsilane !"#$- proved to be a suitable acyl anion precursor 

yielding 61% of !".# (entry 4).   

/0%1( #"+3 Catalytic )ila-Stetter reaction 0ith acyl)ilane I-18 and !-aryl 3n)at3rated phenyl 

5etone) 
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The scope of the sila-Setter was further examined by employing various classes of "!!-

unsaturated carbonyl electrophiles (eq 7, Table 1-5).  Even with multiple nucleophilic species in 

solution (e.g. DBU, isopropanol, thiazolium carbene/zwitterion) a surprising number of highly 

reactive conjugate acceptors that are typically prone to polymerization provide moderate yields 

of 1,4-dicarbonyl products.  For example, diethyl fumarate and dimethyl maleate are competent 

substrates generating the corresponding products !"+# and !"+. in good yield (entries 1 and 2).  

Highly reactive substrates lacking substitution in the !-position such as ethyl acrylate (!"#*4) and 

methyl vinyl ketone (!"#*-) undergo these nucleophilic acylation reactions to generate !"+& and 
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1.4.5 Asymmetric Acylsilane Additions  
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note that the phosphinoyl protectin1 1roup is crucial 3or success in these reactions.  5ther 

imines sur7eyed 9!:benzyl = !:sul3inyl= !:sul3onyl> ?ere unsuccess3ul in this process.  @or these 

nucleophile:catalyzed reactions= a care3ul balancin1 o3 reacti7ity must be presentA  the ultimate 

electrophile 9conBu1ate acceptor or imine> must interact re7ersibly ?ith the nucleophilic 

catalysts.  The characteristics o3 !:phosphinoylimines in these acylsilane additions 7s. other 

imines underscores this Dey desi1n point 3or nucleophilic catalysis.   

!"#l% '().  Effect of acylsilane structure on addition to imines 
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We examined the scope of this 1,2 addition reaction with regard to acylsilane structure 

and imine substitution.  The impact of acylsilane structure on the reaction was examined.   

Similar to the previous conjugate additions, this second reaction type accommodates both alkyl 

and aryl acylsilanes, producing high yields of product in all cases (Table 1-7).  An acylsilane 

with a protected alcohol is a competent acyl anion precursor in the reactions  (entry 5).  

$ari()* ar(+ati- *).*tit)ted !12h(*2hi4(5li+i4e* 7ere al*( e8a+i4ed a* ele-tr(2hile* 

i4 the a-5l*ila4e additi(4* rea-ti(4* 9:a.le ;1<=>  ?+i4e* -(4tai4i4@ ele-tr(417ithdra7i4@ 

*).*tit)e4t* (4 the ar5l ri4@A *)-h a* "1Cl a4d C1Cl are *)ita.le *).*trate* @e4erati4@ hi@h 5ield* 

(D the -(rre*2(4di4@ !1a+i4(Eet(4e 2r(d)-t* 9e4trie* C a4d F=>  :he i+i4e derived Dr(+ "1

a4i*aldeh5de 2r(d)-ed a4 e8-elle4t 5ield (D !-#$ 9<HIA e4tr5 H=>  :he rea-ti(4 -a4 al*( 

*)--e**D)ll5 i4-(r2(rate heter(-5-le*A *)-h a* thi(2he4eA i4t( the Di4al 2r(d)-t i4 hi@h 5ield 

9<JIA e4tr5 ;J=>  :he )*e (D !12h(*2hi4(5l i+i4e* derived Dr(+ *at)rated aldeh5de* -()ld 4(t 

.e i4ve*ti@ated *i4-e the 2re*e4-e (D a4 e4(liKa.le 2r(t(4 all(7* D(r a Da-ile -(4ver*i(4 t( the 

+(re *ta.le e4a+ide ta)t(+er a4d th)* the i+i4e* -()ld 4(t .e i*(lated>  ?4 a4 atte+2t t( av(id 

thi* 2r(.le+ .5 @e4erati4@ (4l5 *+all -(4-e4trati(4* (D rea-tive i+i4e d)ri4@ the rea-ti(4A 

CharetteL* +eth(d )*i4@ *)lDi4i- a-id add)-t* (D i+i4e* 7a* e+2l(5ed 9S-he+e ;1;F=><3  

N4D(rt)4atel5A 4( de*ired 2r(d)-t* 7ere (.*erved )*i4@ the i+i4e 2re-)r*(r*> 
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!"#$% 1(8.  Examination of acylsilane additions to !-phosphinoyl imines 
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Sch%-% 1(19/  Attempt to add ac,lsilane to al1,l imines generated in situ 
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An attracti5e 6eature o6 t7is catal,tic ac,l anion process is t7e resulting protected amines 

can 8e easil, manipulated 9Sc7eme ;-2>?@  For eBample, t7e eBposure o6 0(11 to acid 6olloDed 8, 

9Boc?2O smoot7l, modulates t7e nitrogen protecting group@  Additionall,, treatment Dit7 a 

reducing agent 9BH3IDMS? produces t7e !"#$%-;,2Lamido alco7ol 0(28 Dit7 7ig7 

diastereoselecti5it, 9;MN; dr? and ,ield 9O>P?@  T7e selecti5it, in t7is reaction ma, result 6rom 

t7e 7,dride adding to a speci6ic 6ace o6 t7e car8on,l according to t7e potential transition state 

depicted in Sc7eme ;-2>@    
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!"#$%$&'()'!  #roposed reaction path0ay 

 

!

"H

R%
&

S

R

!

H

!-#!

!-!!!

!-#!!

&S R

&S R

H

()*

&

S

R

R%

"Si,-

"

R% Si,-

&

S

R

R%

"H
R"H

R"Si,-

addition3 )rook

addition

e8ect
catalyst

desilylation

!

"

R%

&

S

R

R%

"Si,-

H

!-#

!"

!-!

 
 

1.6 Investigation of Proposed Reaction Pathway 
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Scheme 1-22.  Attempted synthesis of proposed intermediate I-V 
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To probe this possibility, thiazolium carbinol I-VI was employed in two separate 

reactions, with chalcone (I-19a) and N-phosphinoylimine I-50a using previously established 

reaction conditions (Scheme 1-23).  In both cases, the desired product was observed in good 

yield at 23 °C lending support to the hypothesis that I-VI is an intermediate in these addition 

reactions.  Interestingly, the reactions readily occurred at 23 °C, as opposed to the standard 70 

°C.  In a second set of experiments, the thiazolium carbinol was added to the reaction in place of 

the NHC precursor (Scheme 1-24).  Gratifyingly, both reactions generated the desired products 

in good yield providing additional evidence for intermediate I-VI participating in the reaction.   

Scheme 1-23.  Examination of I-VI in addition reactions 
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Scheme 1-24. !#$a&ina)ion o+ I-VI in a,,i)ion -.ac)ion0 
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A new strategy has been developed to generate carbonyl anion equivalents from 

acylsilanes.  We have demonstrated that in the presence of an alcohol additive, neutral NHCs 

generated in situ from commercially available thiazolium salts successfully catalyze the addition 

of acylsilanes to !!"-unsaturated systems and N-phosphinoylimines. In these processes, the 

corresponding 1,4-diketones and !-aminoketones are prepared in good to excellent yields.  

Benzoin side product formation is not observed in these processes, strongly indicating that the 

acyl anion equivalent does not add to the acylsilane, the acyl anion precursor. To probe the 

mechanism of these new bond-forming reactions, a protected thiazolium carbinol, a proposed 

reaction intermediate was independently synthesized and examined under a variety of conditions.  

The expected products are observed in all cases when this potential intermediate is subjected to a 

variety of reaction conditions providing substantial evidence for the proposed reaction pathway.  

Finally, an investigation of the alcohol additive revealed that it is necessary for successful 

generation of carbonyl anions with acylsilanes and thiazolium salts and also plays the role of the 

final silyl group acceptor.  This new NHC-catalyzed method is a powerful addition to "#$%lun) 

strategies involving acyl anions since it utilizes neutral carbenes as catalysts, minimizes side 
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product formation, and enables the use of new electrophiles to produce valuable organic 

compounds.   
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1.8 Experimental Section 

 
General Information.  All reactions were carried out under a nitrogen atmosphere in flame-

dried glassware with magnetic stirring.  THF, Et2O, CH2Cl2, DMF and toluene were purified by 

passage through a bed of activated alumina.  Reagents were purified prior to use unless otherwise 

stated following the guidelines of Perrin and Armarego.93  Purification of reaction products was 

carried out by flash chromatography using EM Reagent silica gel 60 (230-400 mesh).  Analytical 

thin layer chromatography was performed on EM Reagent 0.25 mm silica gel 60-F plates.  

Visualization was accomplished with UV light and anisaldehyde, ceric ammonium nitrate stain, 

potassium permangenate, or phosphomolybic acid followed by heating.  Infrared spectra were 

recorded on a Perkin Elmer 1600 series FT-IR spectrometer.  1H-NMR spectra were recorded on 

a Varian Inova 500 (500 MHz) or Mercury 400 (400 MHz) spectrometer and are reported in ppm 

using solvent as an internal standard (CDCl3 at 7.26 ppm).  Data are reported as (ap = apparent, s 

= singlet, d = doublet, t = triplet, q = quartet, m = multiplet, b = broad; coupling constant(s) in 

Hz; integration.  Proton-decoupled 13C-NMR spectra were recorded on a Varian Inova 500 (125 

MHz) or Mercury 400 (100 MHz) spectrometer and are reported in ppm using solvent as an 

internal standard (CDCl3 at 77.0 ppm).  Mass spectra data were obtained on a Varian 1200 

Quadrupole Mass Spectrometer.  !,"-Unsaturated ketones were prepared according to the 

general procedure of Murphy and Wattansin.94 

1.8.1 Preparation of Acylsilanes 

 
Benzoyltrimethylsilane (I-18a), p-chlorobenzoyltrimethylsilane (I-18b), and p-

toluoyltrimethylsilane (I-18c) were prepared according to the procedure of Yamamoto and 
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added by syringe to the test tube followed by the addition of DBU (17 µL, 0.119 mmol).   The 

reaction mixture was heated to 70 °C after which the chalcone (0.384 mmol) in THF (0.25 mL) 

was added by syringe followed by the addition of isopropanol (120 µL, 1.56 mmol).  The 

reaction was allowed to stir at 70  °C for 24 hours.  Upon completion by thin layer 

chromatrography (40% ether/hexanes), the reaction was cooled to room temperature, diluted 

with ethyl acetate (20 mL) and washed with water (20 mL).  The aqueous layer was washed with 

ethyl acetate (3x30 mL) and the combined organic extracts were dried over sodium sulfate, 

filtered, and concentrated in vacuo.  The resulting residue was purified by flash column 

chromatography on silica gel.   

1.8.2.2 1,4-Diketone Characterization 

 

1,2,4-Triphenylbutane-1,4-dione (I-21):  Purified with 10% ether/hexanes, 

yielding 93 mg (77%) of I-21 as a colorless oil.  Rf = 0.50 (40/60 

ether/hexanes); IR (film) 3054, 2986, 1681, 1598 cm-1; 1H NMR (500 MHz, 

CDCl3) ! 8.06-7.98  (m, 4H); 7.58-7.54 (m, 1H); 7.49-7.39 (m, 6H); 7.37-7.32 (m, 2H); 7.26-

7.22 (m, 1H); 5.34 (dd, J = 10.1, 3.5 Hz, 1H); 4.23 (dd, J = 17.9, 10.1 Hz, 1H); 3.32 (dd, J = 

17.9, 3.5 Hz, 1H); 13C NMR (125 MHz, CDCl3) ! 199.0, 198.2, 138.8, 136.6, 133.5, 133.1, 

129.4, 129.1, 128.8, 128.7, 128.4, 128.4, 127.6, 48.9, 44.2; LRMS (electrospray): Mass 

calculated for C22H18O2Na [M+Na]+, 337.1. Found 337.0.   All spectral data are similar to 

Henrick and coworkers.96 

 

O
O
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!"#!"c%&o(o)%*n,&-"."/"0i)%*n,&2u4an*"."!"0ion* #7"/8-9 $urified with 

10% ether/hexanes yielding 77 mg (82%) of 7"/8 as a clear oil. R! = 0.44 

(40/60 ether/hexanes); IR (film): 3060, 2932, 1679, 1590, 1492 cm-1; 1H 

NMR (500 MHz, CDCl3) ! 8.15-8.13 (m, 4H), 7.74-7.41 (m, 10H), 5.42 (dd, R=9.8, 3.3 Hz, 1H), 

4.20 (dd, " $ 18.1, 4.0 Hz, 1H), 3.47 (dd, " $ 18.0, 3.5 Hz, 1H); 13C NMR (125 MHz, CDCl3) ! 

199.0, 197.2, 139.9, 138.7, 136.6, 135.1, 133.2, 129.8, 129.5, 129.2, 128.8, 128.5, 127.7, 49.0, 

44.1; Mass calculated for C22H17ClO2Na [M+Na]+, 371.1. Found 371.0. 

 

!"#!":*4%o;,)%*n,&-".</"0i)%*n,&2u4an*"."!"0ion* #7"/=-9 $urified 

with 15 ether/hexanes yielding 75 mg (79%) of 7"/= as yellow crystals. R! 

= 0.35 (40/60 ether/hexanes); IR (film): 3061, 2917, 1680, 1588, 1570 cm-

1; 1H NMR (500 MHz, CDCl3) ! 8.18-8.12 (m, 4H), 7.70-7.41 (m, 8H), 6.99 (d, " $ 8.7, 2H), 

5.44 (dd, " $ 9.9, 3.67, 1H), 4.33 (dd, " $ 18.1, 9.9, 1H), 3.90 (s, 3H), 3.39 (dd, " $ 17.9, 3.7, 

1H); 13C NMR (125 MHz, CDCl3) ! 199.4, 198.5, 159.1, 136.8, 133.5, 133.1, 130.8, 129.6, 

129.2, 128.8, 128.7, 128.4, 117.1, 55.5, 48.1, 44.2. All spectral data match those reported by 

Horspool and Khalaf.97 

 

 

/"#>a)%4%a&*n*"!",&-".<!"0i)%*n,&2u4an*".<!"0ion* #7"/?-9 $urified with 

10% ether/hexanes yielding 101 mg (72%) of 7"/? as a white solid.  R! = 0.40 

(40/60 ether/hexanes); IR (film): 3059, 1681, 1598 cm-1; 1H NMR (500 MHz, CDCl3) 8.34-8.33 

(m, 1H); 8.00-7.92 (m, 5H); 7.78-7.76 (m, 1H); 7.67-7.64 (m, 1H); 7.59-7.54 (m, 2H); 7.46-7.41 

(m, 3H); 7.37-7.28 (m, 4H); 6.12 (dd, R = 10.4, 2.0 Hz, 1H); 4.30 (dd, R = 18.1, 10.6 Hz, 1H); 
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3.28 (dd, J = 18.1, 2.3 Hz, 1H); 13C NMR (125 MHz CDCl3) ! 199.4, 198.4, 136.7, 136.5, 

135.3, 134.7, 133.5, 133.1, 130.8, 129.6, 129.0, 128.8, 128.7, 128.5, 128.3, 127.3, 126.3, 126.0, 

122.7, 44.5, 43.0; LRMS (electrospray): Mass calculated for C26H20O2Na [M+Na]+, 387.2.  

Found 387.0. 

 

2-(4-Bromophenyl)-1,4-diphenylbutane-1,4-dione (I-30):  Purified with 

10% ether/hexanes, yielding 100 mg (66%) of I-30 as a colorless oil.  Rf = 

0.50 (40/60 ether/hexanes); IR (film) 3060, 2922, 1681, 1596 cm-1; 1H 

NMR (500 MHz, CDCl3) ! 8.02-7.97 (m, 4H); 7.58-7.50 (m, 2H); 7.47-7.40 (m, 4H); 7.32-7.27 

(m, 4H); 5.32 (dd, J = 9.7, 4.0 Hz, 1H); 4.17 (dd, J = 18.1, 9.7 Hz, 1H); 3.31 (dd, J = 18,1, 4.0 

Hz, 1H); 13C NMR (125 MHz, CDCl3) !198.9, 198.0, 137.3, 136.5, 136.4, 133.6, 133.6, 133.4, 

129.8, 129.6, 129.1, 128.9, 128.8, 128.4, 48.2, 43.9. LRMS (electrospray): Mass calculated for 

C22H17BrO2Na [M+Na]+, 415.0.  Found 416.8. 

 

2-(4-Chlorophenyl)-1,4-diphenylbutane-1,4-dione (I-31):  Purified with 

10% ether/hexanes yielding 99 mg (74%) of I-31 as a white solid.  Rf = 0.50 

(40/60 ether/hexanes); IR (film): 3054, 2986, 1682, 1597 cm-1; 1H NMR 

(500 MHz, CDCl3) ! 8.04-7.97 (m, 4H), 7.58-7.55 (m, 1H), 7.53-7.50 (m, 1H), 7.47-7.40 (m, 

4H), 7.32-7.27 (m, 4H), 5.32 (dd, J = 9.9, 3.8 Hz, 1H), 4.17 (dd, J = 17.9, 9.9 Hz, 1H), 3.31 (dd, 

J = 17.9, 3.8 Hz, 1H); 13C NMR (100 MHz, CDCl3) ! 198.8, 197.9, 137.3, 136.5, 136.4, 133.6, 

133.5, 133.3, 129.8, 129.6, 129.1, 128.8, 128.4, 48.2, 44.0; LRMS (electrospray): Mass 

calculated for C22H17ClO2Na [M+Na]+, 371.1. Found 371.0. 
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13C NMR (125 MHz, CDCl3) ! 198.9, 198.3, 160.3, 140.4, 136.7, 133.5, 130.5, 129.2, 128.8, 

128.7, 126.4, 114.1, 112.9, 55.5, 48.9, 44.1; LRMS (electrospray): Mass calculated for 

C23H20O3Na [M+Na]+ 367.1. Found 367.0. 

 

2-(4-Methoxyphenyl)-1,4-diphenylbutane-1,4-dione (I-35): Purified 

with 15% ether hexanes yielding 102 mg (77%) of I-35 as a yellow solid. 

Rf = 0.35 (40/60 ether/hexanes); IR (film) 1678, 1596 cm-1; 1H NMR 

(500 MHz, CDCl3) ! 8.01-7.99 (m, 4H), 7.53-7.35 (m, 8H), 7.24 (m, 2H), 5.27 (dd, J = 10.0, 4.0 

Hz, 1H), 4.17 (dd, J = 18.0, 9.7 Hz, 1H), 3.72 (s, 3H), 3.25 (dd, J = 18.3, 3.6, 1H); 13C NMR 

(125 MHz, CDCl3) ! 199.4, 198.5, 159.1, 136.8, 133.5, 133.1, 130.8, 129.6, 129.2, 128.8, 128.4, 

127.8, 114.9, 55.5, 48.1, 44.1; LRMS (electrospray): Mass calculated for C23H20O3Na [M+Na]+ 

367.1. Found 367.0. All other spectral data match those reported by Nagarajan and Shechter.98 

 

1-(4-chlorophenyl)-2-4-diphenylbutane-1,4-dione (I-37):  Purified with 

10% ether/hexanes yielding 67 mg (82%) of I-37 as a clear oil. Rf = 0.48 

(40/60 ether/hexanes); IR (film): 3061, 2930, 1680, 1588 cm-1; 1H NMR 

(400 MHz, CDCl3) ! 7.97-7.93 (m, 4H), 7.55 (m, 2H), 7.47-7.25 (m, 8H), 5.25( dd, J =  10.4, 3.7 

Hz, 1H), 4.23 (dd, J = 18.3, 10.4 Hz, 1H), 3.30 (dd, J = 17.7, 3.7 Hz, 1H); 13C NMR (125 MHz, 

CDCl3) ! 198.3, 198.0, 139.6, 138.5, 136.5, 135.0, 133.6, 130.6, 129.6, 129.1, 128.9, 128.4, 

127.8, 49.0, 44.1; LRMS (electrospray): Mass calculated for C22H17ClO2Na [M+Na]+, 371.1. 

Found 371.0. All spectral data match those reported by Stetter and Schreckenberg.99 
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1.09 (m, 9H); 13C NMR (125 MHz, CDCl3) ! 212.5, 198.5, 138.5, 133.4, 130.8, 129.3, 129.2, 

128.9, 128.4, 127.6, 52.0, 50.8, 43.0, 29.7, 28.6, 26.2, 26.1;  All spectral data match those 

reported by Yus and coworkers.102 

 

Diethyl 2-benzoylsuccinate (I-41): Purified with 10% ether/hexanes yielding 50 

mg (65%) of I-41 as a pale yellow oil.  Rf = 0.35 (40/60 ether/hexanes); IR (film) 

3057, 2985, 1735, 1688, 1598 cm-1; 1H NMR (500 MHz, CDCl3) ! 8.07-8.06 (m, 2H), 7.64-7.61 

(m, 1H), 7.53-7.50 (m, 2H); 4.89 (dd, J = 7.3, 7.3 Hz, 1H), 4.16 (m, J = 7.0 Hz, 4H), 3.12 (dd, J 

= 17.4, 7.7 Hz, 1H), 3.04 (dd, J = 17.4, 6.6 Hz, 1H), 1.25 (t, J = 7.1 Hz, 3H), 1.18 (t, J = 7.1 Hz, 

3H); 13C NMR (125 MHz, CDCl3) ! 194.5, 171.5, 169.0, 136.2, 133.9, 129.1, 129.0, 62.1, 61.3, 

49.9, 33.5, 14.3, 14.2; LRMS (electrospray): Mass calculated for C15H18O5Na [M+Na]+ 301.1.  

Found 301.0.  All spectral data match those reported by Saigo and coworkers.103 

 

Dimethyl 2-benzoylsuccinate (I-42): Purified with 15% ethyl acetate/ hexanes 

yielding 50 mg (72%) of I-42 as a clear oil. Rf = 0.35 (50/50 ethyl 

acetate/hexanes); IR (film): 3002, 2945, 1738, 1684, 1596, 1581 cm-1; 1H NMR 

(500 MHz, CDCl3) ! 8.04 (d, J = 7.7 Hz, 2H), 7.62-7.52 (m, 3H), 4.91(dd, J = 7.3, 7.3 Hz, 1H), 

3.69 (s, 6H), 3.12 (dd, J = 8.8, 7.7 Hz, 1H), 3.10 (dd, J = 8.8, 7.9 Hz, 1H); 13C NMR (125 MHz, 

CDCl3) ! 194.3, 171.9, 169.4, 136.1, 134.0, 129.2, 129.0, 53.1, 52.4, 49.5, 33.3; LRMS 

(electrospray): Mass calculated for C13H14O5Na [M+Na]+, 273.1. Found 272.9. All spectral data 

match those reported by Kawenoki and co-workers.104 
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Ethyl 4-oxo-4-phenylbutanoate (I-43): Purified with 10% ethyl 

acetate/hexanes yielding 40 mg (72%) of I-43 as a clear oil. Rf =0.32; IR: 

2951, 1732, 1595, 1447 cm-1; 1H NMR (500 MHz, CDCl3) ! 8.00-7.98 (m, 

2H), 7.58-7.45 (m, 3H), 4.14 (q, J = 6.7, 2H), 3.33 (t, J = 6.7, 2H),  2.75 (t, J = 6.1, 2H),  1.27 (t, 

J = 6.7, 3H); 13C (125 MHz, CDCl3) ! 198.4, 172.5, 135.3, 133.0, 128.9, 128.0, 61.5, 33.3, 28.1, 

13.8.  All spectral data match those reported by Rieke and coworkers.105  

 

1-Phenylpentane-1,4-dione (I-44): Purified with 15% ethyl acetate/hexanes 

yielding 36 mg (75%) of I-44 as a yellow oil. Rf = 0.35 (50/50 ethyl 

acetate/hexanes); IR (film) 2975, 2931, 1716, 1685; 1H (500 MHz, CDCl3) ! 8.00 (d, J = 7.3, 

2H), 7.50-7.47 (m, 3H), 3.31 (t, J = 6.6, 2H), 2.92 (t, J = 6.4, 2H), 2.29 (s, 3H); 13C NMR (125 

MHz, CDCl3) ! 207.6, 198.8, 136.9, 133.4, 128.8, 128.3, 37.3, 32.7, 30.4; All spectral data 

match those reported by Shibata and coworkers.106 

 

1-(4-chlorophenyl)-2-phenylpentane-1,4-dione (I-45): Purified using a 

gradient starting with 5% ether/hexanes yielding 55 mg (40%) of I-45 as a 

yellow oil.  Rf = 0.27 (40% ether/hexanes); IR (film) 3062, 2920, 1715, 1588 

cm-1; 1H NMR (500 MHz, CDCl3) ! 7.93-7.92 (m, 2H), 7.38-7.25 (m, 7H), 5.07 (dd, J = 9.8, 3.7 

Hz, 1H), 3.60 (dd, J = 18.3, 9.8 Hz, 1H), 2.75 (dd, J = 18.3, 3.7 Hz, 1H), 2.20 (s, 3H); 13C NMR 

(125 MHz, CDCl3) ! 207.0, 198.3, 139.6, 138.4, 134.8, 130.6, 129.6, 129.1, 128.5, 128.3, 128.0, 

127.7, 49.05, 48.3, 30.2. All spectral data match that of Stetter and Schreckenberg.99 
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1.8.2.3 Investigation of Alcohol Additive   

 
An authentic sample of 3-trimethylsilyloxy-octane was prepared by combining 3-octanol (1 mL, 

6.29 mmol), trimethylsilyl chloride (2.4 mL, 18.9 mmol), and triethylamine (2.6 mL, 18.9 mmol) 

in CH2Cl2 (16 mL) and stirring at room temperature for 24 hours.  Upon completion, the reaction 

mixture was diluted with pentane, washed with water (30 mL) and saturated CuSO4 (3 x 30 mL).  

The organic layer was dried over Na2SO4, filtered, and concentrated in vacuo.  A retention time 

(3.95 min) was collected on an Agilent Technologies 6890N gas chromatograph (equipped with 

Agilent 19091J-413 HP-5 5% phenylmethylsiloxane capillary column- 30.0 m x 320 µm x 0.25 

µm nominal) using the following conditions: 70 °C for 1 min then a ramp of 25 °C/min to 285 

°C with 3 minute hold. 

 

A screw-capped test tube was charged with 3-benzyl-4,5-dimethylthiazolium bromide (51 mg, 

0.183 mmol) in a nitrogen filled glove box.  The test tube was removed from box and put under a 

positive pressure of nitrogen.  Benzoyltrimethylsilane (50 mg, 0.274 mmol) in THF (0.25 mL) 

was added by syringe to the test tube followed by the addition of DBU (27 µL, 0.183 mmol).   

The reaction mixture was heated to 70 °C after which the chalcone (0.183 mmol) in THF (0.25 

mL) was added by syringe followed by the addition of 3-octanol (50 µL, 0.314 mmol).  The 

reaction was allowed to stir at 70 °C for 4 hours.  At this time an aliquot was filtered through 

glass wool and analyzed by GC (see above for details).  The following retention times were 

observed: 3.25 min (3-octanol), 3.95 min (3-trimethylsilyloxy-octane), 4.99 min 

(benzoyltrimethylsilane), 8.37 min (chalcone), 10.89 min (1,2,4-triphenylbutane-1,4-dione). 

 



 64
1.8.3 NHC-Catalyzed Acysilane Additions to N-Phosphinoyl Imines 

 
N-Phosphinoyl imines were prepared according to the previously published procedure of 

Jennings and Lovely.82
  A screw-capped tube was charged with the thiazolium salt (20 mg, 0.08 

mmol) in a nitrogen-filled dry box.  The tube was removed from the box and placed under a 

positive pressure of nitrogen.  Benzoyltrimethylsilane (84 mg, 0.47 mmol) in CHCl3 (0.25 mL) 

was added by syringe followed by the addition of DBU (12 µL, 0.08 mmol).   The reaction 

mixture was heated to 60 °C after which the phosphinoyl imine (0.26 mmol) in CHCl3 (0.25 mL) 

was added by syringe followed by the addition of isopropanol (80 µL, 1.05 mmol).  The reaction 

was allowed to stir at 60 °C for 24 hours.  Upon completion by HPLC the reaction was cooled to 

room temperature, diluted with methylene chloride (20 mL) and washed with water (20 mL).  

The aqueous layer was washed with methylene chloride (3x30 mL) and the combined organic 

extracts were dried over sodium sulfate, filtered, and concentrated in vacuo.  The resulting 

residue was purified by flash column chromatography on silica gel. 

1.8.3.1 Characterization of !-Amino Ketones 

 

2-(Diphenylphosphinamide)-1,2-diphenylethanone (I-51): Purified with 1% 

methanol/ethyl acetate, yielding 100 mg (93%) of I-51 as a white foam.  Rf = 0.69 

(100% ethyl acetate); Mp: 135.5-136 °C; IR (film) 3184, 3057, 1682, 1200 cm-1 ; 

1H NMR (500 MHz, CDCl3) ! 7.86-7.81 (m, 4H); 7.69-7.65 (m, 2H); 7.47-7.39 (m, 4H); 7.33-

7.30 (M, 4H); 7.15 (bs, 5H); 5.96 (dd, J = 8.9, 8.9 Hz, 1H); 4.96 (dd, J = 7.9, 7.9 Hz, 1H);  13C 

 NMR (125 MHz, CDCl3)  ! 196.7, 138.9, 134.4, 133.8, 133.5, 132.7, 132.7, 132.5, 132.2, 131.9, 

131.8, 131.7, 129.4, 129.2, 128.9, 128.8, 128.8, 128.4, 128.3, 128.2, 128.2, 59.4; LRMS 

(MALDI-TOF): Mass calculated for C26H23NO2P [M+H]+, 412.1.  Found 412.2. 
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1-(4-Chlorophenyl)-2-(diphenylphosphinamide)-2-phenylethanone (I-52): 

Purified with 1% methanol/ethyl acetate, yielding 105 mg (90%) of I-52 as a 

white foam.  Rf = 0.74 (100% ethyl acetate); Mp: 150-151 °C; IR (film) 3170, 

3057, 1685, 1200 cm-1; 1H NMR (500 MHz, CDCl3) ! 7.84-7.82 (m, 3H); 7.80-7.65 (m, 2H); 

7.48-7.40 (m, 3H); 7.39-7.29 (m, 3H); 7.16-7.14 (m, 4H); 5.91 (dd, J = 8.6, 8.6 Hz, 1H); 4.91 

(dd, J = 8.1, 8.1 Hz, 1H);  13C NMR (125 MHz, CDCl3)  ! 195.6, 140.3, 138.7, 138.5, 132.8, 

132.7, 132.7, 132.5, 132.3, 131.9, 131.8, 131.6, 130.7, 129.3, 129.2, 128.9, 128.8, 128.5, 128.4, 

128.3, 128.2, 59.4; LRMS (MALDI-TOF): Mass calculated for C26H22ClNO2P [M+H]+, 446.1.  

Found 447.4. 

 

2-(Diphenylphosphinamide)-2-phenyl-1-p-tolylethanone (I-53): Purified 

with 1% methanol/ethyl acetate, yielding 90 mg (81%) of I-53 as a white 

foam.  Rf = 0.74 (100% ethyl acetate); Mp: 138-138.5 °C; IR (film) 3177, 

3057, 1680, 1202 cm-1; 1H NMR (500 MHz, CDCl3) ! (7.85-7.81,  2H); 7.77-7.75 (m, 2H); 7.69-

7.65 (m, 2H), 7.48-7.28 (m, 4H); 7.15-7.11 (m, 6H); 5.94 (dd, J = 10.1, 8.2 Hz, 1H); 4.99 (dd, J 

= 8.2, 8.2 Hz, 1H); 2.31 (s, 3H);! 13C !NMR (125 MHz, CDCl3)  ! 196.2, 144.9, 139.3, 132..7, 

132.7, 132.2, 131.9, 131.8, 129.5, 129.1, 128.9, 128.8, 128.4, 128.3, 128.2, 128.1, 59.2, 21.9; 

LRMS (MALDI-TOF): Mass calculated for C27H25NO2P [M+H]+, 426.2.  Found 427.8. 

 

1-(Diphenylphosphinamide)-1-phenylpropan-2-one (I-54): Purified with 1% 

methanol/ethyl acetate, yielding 80 mg (87%) of I-54 as a white foam.  Rf = 0.46 
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(100% ethyl acetate); Mp: 99-100 °C; IR (film) 3168, 3057, 1717, 1196 cm-1; 1H NMR (500 

MHz, CDCl3) ! 7.84-7.80 (m, 2H); 7.61-7.57 (m, 2H); 7.49-7.41 (m, 3H); 7.34-7.32 (m, 1H); 

7.21-7.17 (m, 4H); 7.07-7.06 (m, 2H); 5.05 (dd, J = 11.1, 6.7 Hz, 1H); 4.84 (dd, J = 6.2, 6.2 Hz, 

1H); 2.02 (!"s, 3H); 13C NMR (125 MHz, CDCl3)  ! 204.0, 138.3, 132.7, 132.7, 132.4, 132.3, 

131.8, 131.8, 129.1, 128.9, 128.8, 128.4, 128.3, 128.2, 128.1, 64.0, 27.1; LRMS (MALDI-TOF): 

Mass calculated for C21H21NO2PNa [M+H+Na]+, 372.1.  Found 372.4. 

 

1-(Diphenylphosphinamide)-1-phenylheptane-2-one: Purified with 1% 

methanol/ethyl acetate, yielding 73 mg (71%) as a white foam.  Rf = 0.75 (100% 

ethyl acetate); Mp: 100-101 °C; IR (film) 3178, 3057, 2953, 1717, 1194 cm-1; 1H NMR (400 

MHz, CDCl3) ! 7.84-7.78 (m, 2H); 7.61-7.56 (m, 2H); 7.49-7.31 (m, 5H); 7.21-7.18 (m, 5H); 

7.17-7.04 (m, 2H); 5.02 (dd, J = 11.0, 6.7 Hz, 1H); 4.84 (dd, J = 6.6, 6.6 Hz, 1H); 2.30-2.25 (m, 

2H); 1,46-1.40 (m, 2H); 1.15-1.03 (m, 4H); 0.77 (t, J = 6.7 Hz, 3H); 13C NMR (125 MHz, 

CDCl3)  ! 206.6, 138.4, 132.7, 132.6, 132.5, 132.2, 131.8, 131.7, 129.0, 128.8, 128.7, 128.3, 

128.3, 128.2, 128.1, 63.4, 39.7, 31.3, 23.7, 22.5, 14.1; LRMS (MALDI-TOF): Mass calculated 

for C25H30NO2P [M+H]+, 406.2.  Found 406.7. 

 

5-(Benzyloxy)-1-(diphenylphosphinamide)-1-phenylpentan-2-one (I-

55): Purified with 1% methanol/ethyl acetate, yielding 40 mg (63%) of I-

55 as an orange oil.  Rf = 0.70 (100% ethyl acetate); IR (film) 3175, 3059, 

2928, 1718, 1198 cm-1; 1H NMR (500 MHz, CDCl3) ! 7.83-7.79 (m, 2H); 7.62-7.58 (m, 2H); 

7.50-7.21 (m, 16H); 7.06 (m, 2H); 5.03 (dd, J = 10.4, 7.0 Hz, 1H); 4.84 (m, 1H); 4.33 (q, J = 

12.2 Hz, 2H); 3.30 (m, 2H); 2.43 (m, 2H); 1.78 (m, 2H); 13C NMR (125 MHz, CDCl3)  ! 210.7, 
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138.4, 132.7, 132.6, 132.3, 131.9, 131.8, 129.1, 128.9, 128.8, 128.6, 128.4, 128.3, 128.3, 

128.2, 127.8, 127.8, 69.0, 63.5, 36.4, 24.1; LRMS (MALDI-TOF): Mass calculated for 

C30H31NO3PNa [M+H+Na]+, 507.2.  Found 507.2. 

 

2-(Diphenylphosphinamide)-2-(4-fluorophenyl)-1-phenylethanone (I-56): 

Purified with 1% methanol/ethyl acetate, yielding 101 mg (89%) of I-56 as a 

white foam.  Rf = 0.69 (100% ethyl acetate); Mp: 169-170 °C; IR (film) 3156, 

3057, 1686, 1200 cm-1; 1H NMR (500 MHz, CDCl3) ! 7.83-7.80 (m, 4H); 7.66-7.64 (m, 2H); 

7.46-7.28 (m, 8H); 7.10 (m, 2H); 6.83-6.80 (m, 2H); 5.97 (dd, J = 8.5, 8.5 Hz, 1H); 4.96 (dd, J = 

7.3, 7.3 Hz, 1H); 13C NMR (125 MHz, CDCl3)  ! 196.5, 163.5, 161.5, 134.9, 134.2, 134.0, 132.7, 

132.6, 132.3, 131.9, 131.9, 131.8, 131.7, 130.0, 130.0, 129.3, 128.9, 128.8, 128.5, 128.4, 116.2, 

116.0, 58.58; LRMS (MALDI-TOF): Mass calculated for C26H22FNO2PNa [M+H+Na]+, 453.1.  

Found 453.5. 

 

2-(4-Chlorophenyl)-2-(diphenylphosphinamide)-1-phenylethanone (I-57): 

Purified with 1% methanol/ethyl acetate, yielding 100 mg (85%) of I-57 as a 

white foam.  Rf = 0.69 (100% ethyl acetate); Mp: 152-152.5 °C; IR (film) 3171, 

3057, 1685, 1197 cm-1; 1H NMR (500 MHz, CDCl3) ! 7.82-7.81 (m, 4H); 7.67-7.63 (m, 2H); 

7.48-7.28 (m, 8H); 7.11-7.05 (M, 4H); 5.94 (dd, J = 8.5, 8.5 Hz, 1H); 4.96 (dd, J = 7.9, 7.9 Hz, 

1H); 13C NMR (125 MHz, CDCl3)  ! 196.3, 137.6, 134.2, 134.1, 134.1, 132.7, 132.6, 132.3, 

131.9, 131.9, 131.8, 129.6, 129.3, 128.9, 128.8, 128.5, 128.4, 58.7; LRMS (MALDI-TOF): Mass 

calculated for C26H22ClNO2PNa [M+H+Na]+, 469.1.  Found 469.3.  
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2-(4-Bromophenyl)-2-(diphenylphosphinamide)-1-phenylethanone (I-58): 

Purified with 1% methanol/ethyl acetate, yielding 105 mg (82%) of I-58 as a 

white foam.  Rf = 0.69 (100% ethyl acetate); Mp: 143-144 °C; IR (film) 3165, 

3056, 1685, 1197 cm-1; 1H NMR (500 MHz, CDCl3) ! 7.84-7.81 (m, 4H); 7.68-7.64 (m, 2H); 

7.50-7.42 (m, 4H); 7.36-7.26 (m, 5H); 7.02-7.01 (m, 2H); 5.94 (dd, J = 8.8, 8.8 Hz, 1H); 4.97 

(dd, J = 8.0, 8.0 Hz, 1H); 13C NMR (125 MHz, CDCl3)  ! 196.2, 138.1, 134.1, 132.7, 132.6, 

132.4, 132.3, 132.0, 131.9, 131.8, 129.9, 129.3, 128.9, 128.9, 128.5, 128.4, 122.4, 58.8; LRMS 

(MALDI-TOF): Mass calculated for C26H21BrNO2P [M]+, 513.1.  Found 513.9. 

 

2-(Diphenylphosphinamide)-1-phenyl-2-p-tolylethanone (I-59): Purified 

with 1% methanol/ethyl acetate, yielding 104 mg (94%) of I-59 as a white 

foam.  Rf = 0.69 (100% ethyl acetate); Mp: 151-152 °C; IR (film) 3179, 3056, 

2976, 2918, 1684, 1437, 1199 cm-1; 1H NMR (500 MHz, CDCl3) ! 7.86-7.82 (m, 4H); 7.72-7.68 

(m, 2H); 7.48-7.41 (m, 4H); 7.33-7.27 (m, 4H) 7.04-7.03 (m, 2H); 6.98-6.96 (m, 2H); 5.92 (dd, J 

= 9.2, 9.2 Hz, 1H); 4.91 (dd, J = 8.2, 8.2 Hz, 1H); 2.23 (s, 3H);! 13C !NMR (125 MHz, CDCl3)  !  

196.8, 138.0, 136.0, 134.5, 133.8, 133.5, 132.8, 132.7, 132.5, 132.2, 132.0, 131.9, 131.8, 129.9, 

129.3, 128.9, 128.8, 128.4, 128.3, 128.1, 59.2, 21.3; MALDI: Mass (m/e) calculated for 

C27H25NO2PNa [M+H+Na]+, 449.2:  Found 449.4. 

 

2-(Diphenylphosphinamide)-1-phenyl-2-m-tolylethanone (I-60): Purified with 

1% methanol/ethyl acetate, yielding 92 mg (83%) of I-60 as a white foam.  Rf = 

0.69 (100% ethyl acetate); Mp: 111.5-113 °C; IR (film) 3179, 3056, 2976, 1684, 

1199 cm-1; 1H NMR (500 MHz, CDCl3) !  7.87-7.81 (m, 4H), 7.71-7.67 (m, 2H); 7.48-7.41 (m, 
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4H); 7.39-7.28 (m, 4H); 7.07-7.04 (m, 1H); 6.95-6.91 (m, 3H); 5.92 (dd, J = 9.1, 9.1 Hz, 1H); 

4.92 (dd, J = 8.0, 8.0 Hz, 1H); 2.17 (s, 3H);!  13C !NMR (125 MHz, CDCl3)  ! 196.7, 138.9, 138.8, 

134.4, 133.8, 133.6, 132.8, 132.7, 132.6, 132.2, 131.9, 131.8, 129.4, 129.1, 129.0, 128.9, 128.8, 

128.3, 128.2, 125.2, 59.4, 21.5; LRMS (MALDI-TOF): Mass calculated for C27H25NO2P 

[M+H]+, 426.2.  Found 427.9. 

 

2-(Diphenylphosphinamide)-2-(4-methoxyphenyl)-1-phenylethanone (I-

61): Purified with 1% methanol/ethyl acetate, yielding 100 mg (86%) of I-61 

as a white foam.  Rf = 0.58 (100% ethyl acetate); Mp: 157-158 °C; IR (film) 

3179, 3055, 2957, 1684, 1198 cm-1; 1H NMR (500 MHz, CDCl3) ! 7.85-7.81 (m, 4H); 7.71-7.67 

(m, 2H); 7.47-7.41 (m, 4H); 7.33-7.29 (m, 4H); 7.06-7.05 (m, 2H); 6.69-6.67 (m, 2H); 5.92 (dd, 

J = 8.9, 8.9 Hz, 1H); 4.91 (dd, J = 7.8, 7.8 Hz, 1H); 3.69 (s, 3H);  13C  NMR (125 MHz, CDCl3) 

 ! 196.7, 159.5, 134.5, 133.7, 132.8, 132.7, 132.2, 131.9, 131.9, 131.1, 129.5, 129.3, 128.9, 

128.8, 128.4, 128.3, 114.6, 58.8, 55.4; LRMS (MALDI-TOF): Mass calculated for 

C27H25NO3PNa [M+H+Na]+, 465.2.  Found 465.8. 

 

2-(Diphenylphosphinamide)-2-(2-methoxyphenyl)-1-phenylethanone: Purified 

with 1% methanol/ethyl acetate, yielding 81 mg (70%) as a white foam. Rf = 0.50 

(100% ethyl acetate); Mp: 80-80.5 °C; IR (film) 3175, 3057, 1686, 1204 cm-1; 1H 

NMR (500 MHz, CDCl3) ! 7.91-7.82 (m, 4H); 7.68-7.64 (m, 2H); 7.47-7.39 (m, 4H); 7.37-7.22 

(m, 4H); 7.14-7.10 (m, 2H); 6.82-6.79 (m, 1H); 6.60-6.58 (m, 1H); 6.36 (dd, J = 10.2, 8.1 Hz, 

1H); 5.02 (dd, J = 7.6, 7.6 Hz, 1H); 3.47 (s, 3H); 13C  NMR (125 MHz, CDCl3)  ! 196.9, 156.0, 

134.5, 133.9, 133.6, 133.0, 132.9, 132.0, 131.8, 131.7, 131.5, 129.7, 129.1, 128.9, 128.8, 128.7, 
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128.6, 128.1, 128.0, 128.0, 121.3, 111.2, 55.4, 53.0; LRMS (MALDI-TOF): Mass calculated 

for C27H24NO3PNa [M+Na]+, 464.2.  Found 464.9. 

 

2-(Diphenylphosphinamide)-2-(napthalen-2-yl)-1-phenylethanone (I-62): 

Purified with 1% methanol/ethyl acetate, yielding 97 mg (80%) of I-62 as a 

white foam.  Rf = 0.69 (100% ethyl acetate); Mp: 134-135 °C; IR (film) 3173, 

3056, 1685, 1200 cm-1; 1H NMR (500 MHz, CDCl3) !! 7.92-7.84 (m, 4H); 7.73-7.62  (m, 4H); 

7.54-7.41(m, 6H); 7.32-7.25 (m, 4H); 7.15-7.13 (m, 2H); 6.15 (dd, J = 9.2, 9.2 Hz, 1H); 5.06 

(dd, J = 8.0, 8.0 Hz, 1H); 13C  NMR (125 MHz, CDCl3)  ! 196.6, 136.3, 134.4, 133.9, 133.5, 

133.0, 132.7, 132.6, 132.5, 132.5, 131.9, 131.9, 131.8, 131.6, 129.4, 129.3, 128.9, 128.8, 128.3, 

128.2, 127.9, 127.8, 126.6, 126.5, 125.4, 59.6; LRMS (MALDI-TOF): Mass calculated for 

C30H25NO2PNa [M+H+Na]+, 485.2.  Found 485.1. 

 

2-(3,4-Dichlorophenyl)-2-(diphenylphosphinamide)-1-phenylethanone (I-

63): Purified with 1% methanol/ethyl acetate, yielding 85 mg (67%) of I-63 as a 

white foam.  Rf = 0.69 (100% ethyl acetate); Mp: 111-112 °C; IR (film) 3157, 

3057, 1686, 1189 cm-1; 1H NMR (500 MHz, CDCl3) ! 7.84-7.81 (m, 4H); 7.68-7.64 (m, 2H); 

7.50-7.30 (m, 7H); 7.20-7.17 (m, 2H); 7.00-6.98 (m, 1H); 5.95 (dd, J = 8.5, 8.5 Hz, 1H); 5.02 

(dd, J = 8.06, 8.06 Hz, 1H);  13C  NMR (500 MHz, CDCl3)  ! 195.7, 195.7, 139.1, 134.3, 133.9, 

133.1, 132.6, 132.5, 132.5, 132.1, 131.9, 131.8, 131.4, 131.1, 130.2, 29.3, 129.1, 129.0, 128.9. 

128.5, 128.4, 127.6, 58.3; LRMS (MALDI-TOF): Mass calculated for C26H21Cl2NO2PNa 

[M+H+Na]+, 503.1.  Found 503.1. 
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2-(2-Chlorophenyl)-2-(diphenylphosphinamide)-1-phenylethanone (I-64): 

Purified with 1% methanol/ethyl acetate, yielding 90 mg (77%) of I-64 as a white 

foam.  Rf = 0.69 (100% ethyl acetate); Mp: 158-158.5 °C; IR (film) 3149, 3058, 

1685, 1197 cm-1; 1H NMR (500 MHz, CDCl3) ! 7.90-7.83 (m, 4H); 7.70-7.67 (m, 2H); 7.47-7.38 

(m, 7H); 7.37-7.31 (m, 3H); 7.25-7.06 (m, 3H); 6.35 (dd, J = 10.2, 7.5 Hz, 1H); 5.09 (dd, J = 

7.2, 7.2 Hz, 1H);  13C  NMR (125 MHz, CDCl3)  ! 196.3, 136.9, 134.2, 134.0, 133.6, 132.9, 

132.8, 132.5, 132.2, 131.8, 131.7, 131.5, 130.3, 129.8, 129.6, 129.1, 128.9, 128.8, 128.3, 128.2, 

127.7, 56.4; LRMS (MALDI-TOF): Mass calculated for C26H22ClNO2PNa [M+H+Na]+, 469.1.  

Found 469.6. 

 

2-(Diphenylphosphinamide)-1-phenyl-2-(thiophen-2-yl)ethanone (I-65): 

Purified with 1% methanol/ethyl acetate, yielding 87 mg (80%) of I-65 as a 

white foam.  Rf = 0.61 (100% ethyl acetate); IR (film) 3187, 2058, 1685, 1199 

cm-1; 1H NMR (500 MHz, CDCl3) ! 7.92-7.80 (m, 5H); 7.51-7.36 (m, 8H); 7.16-7.15 (m, 1H); 

6.77 (s, 2H); 6.24 (dd, J = 9.3, 9.3 Hz, 1H); 4.89 (dd, J = 8.4, 8.4 Hz, 1H);  13C  NMR (125 

MHz, CDCl3)  ! 195.6, 141.9, 134.1, 133.2, 132.7, 132.6, 132.4, 132.1, 132.0, 131.9, 131.6, 

129.4, 128.9, 128.8, 128.6, 128.5, 127.3, 127..2, 126.5, 54.1; LRMS (MALDI-TOF): Mass 

calculated for C24H21NO2PSNa [M+H+Na]+, 441.1.  Found 440.7. 

1.8.3.2 Investigation of Alcohol Additive 

 
Determination of Silyl Acceptor:  An authentic sample of 3-trimethylsilyloxy-octane was 

prepared by combining 3-octanol (1 mL, 6.29 mmol), trimethylsilyl chloride (2.4 mL, 18.9 

mmol), and triethylamine (2.6 mL, 18.9 mmol) in CH2Cl2 (16 mL) and stirring at room 
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temperature for 24 hours.  Upon completion, the reaction mixture was diluted with pentane, 

washed with water (30 mL) and saturated aqueous CuSO4 (3 x 30 mL).  The organic layer was 

dried over Na2SO4, filtered, and concentrated in vacuo.  A retention time (4.720 min) was 

collected on an Agilent Technologies 6890N gas chromatograph (equipped with Agilent 19091J-

413 HP-5 5% phenylmethylsiloxane capillary column- 30.0 m x 320 µm x 0.25 µm nominal) 

using the following conditions: 70 °C for 1 min then a ramp of 25 °C/min to 285 °C with 3 

minute hold. 

 

In the experiment, a screw-capped tube was charged with 3,4,5-trimethylthiazolium iodide (I-

20c, 10 mg, 0.04 mmol) in a nitrogen filled glove box.  The tube was removed from box and put 

under a positive pressure of nitrogen.  Benzoyltrimethylsilane (41 mg, 0.23 mmol) in CHCl3 

(0.25 mL) was added by syringe to the tube followed by the addition of DBU (12 µL, 0.04 

mmol).   The reaction mixture was heated to 60 °C after which imine I-50a (0.13 mmol) in 

CHCl3 (0.25 mL) was added by syringe followed by the addition of 3-octanol (83 µL, 0.52 

mmol).  The reaction was allowed to stir at 60 °C for 4 hours.  At this time an aliquot was 

filtered through glass wool and analyzed by GC (see above for details).  The following retention 

times were observed: 3.89 min (3-octanol), 4.71 min (3-trimethylsilyloxy-octane), 5.96 min 

(benzoyltrimethylsilane), 15.00 min (imine).  The !-amino ketone product (I-51) was not 

observed.   
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1.8.3.3 Boc Protection 

 
A flame-dried 10 mL round bottom flask was charged with !-amino ketone I-51 (50 mg, 0.122 

mmol) and THF (0.6 mL). The resulting solution was cooled to 0 °C and concentrated HCl (0.6 

mL) was added.  The reaction was allowed to warm to room temperature and stirred for 3 hours.  

After this time, the reaction was complete as judged by thin layer chromatography (8:1 

methylene chloride:methanol).  The reaction was diluted with 5 mL H2O and 5 mL THF and then 

neutralized with solid NaHCO3.  The reaction mixture was then cooled to 0 °C, (Boc)2O (40 mg, 

0.18 mmol) was added, and allowed to attain room temperature then stirred overnight.  Analysis 

by thin layer chromatography (100% ethyl acetate) indicated that the reaction was complete.  

The solution was diluted with ethyl acetate and washed with water.  The aqueous layer was 

extracted with ethyl acetate, and the combined organic layers were dried over anhydrous 

Na2SO4, filtered and then concentrated in vacuo.  The unpurified residue (60 mg) was then 

purified by flash column chromatography (SiO2, 10% ethyl acetate/hexanes) to afford 28 mg 

(74%) of I-67 as a white solid.  Rf = 0.44 (20% ethyl acetate/hexanes); Mp = 104-106 °C; IR 

(film) 3424, 3379, 3061, 22977, 1709, 1684 cm-1; 1H NMR (500 MHz, CDCl3) " 7.97-7.96 (m, 

2H); 7.52-7.50 (m, 1H); 7.41-7.31 (m, 3H); 7.29-7.23 (m, 2H); 6.28 (dd, J = 7.5 Hz, 1H), 6.03 

(dd, J = 6.2 Hz, 1H); 1.44 (s, 9H);  13C  NMR (125 MHz, CDCl3)  " 196.4, 155.2, 137.8, 134.8, 

133.8, 129.4, 129.3, 128.9, 128.5, 128.3, 80.2, 60.0, 28.6; LRMS (MALDI-TOF): Mass 

calculated for C19H22NO3Na [M+H+Na]+, 335.2.  Found 335.3. 
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1.8.3.4 Reduction of !-Amino Ketone I-51 and Determination of Relative Stereochemistry 

 
To a solution of !-amino ketone I-51 (100mg, 0.24 mmol) in THF (2.4 mL) was added DMS-

borane (24 µL, 0.25 mmol).  After 24 hours at room temperature, the reaction was carefully 

quenched with saturated aqueous NH4Cl.  The reaction was diluted with ethyl acetate and then 

washed with water.  The aqueous layer was extracted two times with ethyl acetate.  The organic 

layers were combined, dried over anhydrous Na2SO4, filtered and then concentrated in vacuo.  

The resulting white solid was purified by flash column chromatography (SiO2, 1-4% 

methanol/ethyl acetate), yielding 35 mg (70%) of I-68 as a white solid.107  Rf = 0.69 (100% ethyl 

acetate); Mp: 229-229.5 °C; IR (KBr) 3337, 1162 cm-1; 1H NMR (500 MHz, CDCl3) " ;7.89-

7.82 (m, 3H); 7.54-7.40 (m, 5H); 7.32-7.27 (m, 6H); 7.17-7.16 (m, 3H); 7.05-7.03 (m, 2H); 6.92-

6.90 (m, 2H); 5.1 (d, J = 2.0 Hz, 1H); 4.74 (dd, J = 11.7, 9.9 Hz, 1H); 3.21 (dd, J = 11.9, 4.5 Hz, 

1H); 13C  NMR (125 MHz, CD3OD)  " 132.2, 132.1, 132.0, 131.9, 128.5, 128.4, 128.3, 128.2, 

128.1, 127.8, 127.6, 127.3, 127.1, 126.9, 77.8, 61.8; LRMS (MALDI-TOF): Mass calculated for 

C26H24NO2PNa [M+Na]+, 436.2.  Found 436.5. 

 

Ph

HN
P Ph

O

Ph

OH

Ph

I-68

pyridine
triphosgene

CH2Cl2

HCl, THF

Ph

NH2

OH

Ph

HN
O

O

Ph

Ph
I-69  

A flame-dried 10 mL round bottom flask was charged with I-68 (73 mg) and THF (0.8 mL), then 

cooled to 0 °C at which time concentrated HCl (0.8 mL) was added.  Reaction was allowed to 
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warm to room temperature and stirred overnight.  Upon completion of the reaction (as judged 

by thin layer chromatography) solid K2CO3 was added to adjust the pH to 10.  The reaction was 

then extracted 3 times with CH2Cl2.  The combined organic layers were dried over anhydrous 

Na2SO4, filtered and concentrated in vacuo to ~2 mL.  This solution was then cooled to –78 °C 

and pyridine (20 µL, 0.25 mmol) was added by syringe, followed by triphosgene (35 mg, 0.12 

mmol).  The cold reaction mixture was stirred for 4 hours, after which time it was quenched with 

saturated aqueous NaHCO3.  The biphasic mixture was diluted with ethyl acetate, the layers were 

separated, and the organic layer was washed with 1M HCl, followed by saturated aqueous 

NaHCO3.  The organic layer was dried over anhydrous Na2SO4, filtered and concentrated in 

vacuo.  The resulting residue (28 mg) was purified by flash column chromatography (30-50% 

ethyl acetate/hexanes) yielding 10 mg (24%) of I-69 as a white solid.  Rf = 0.40 (50% ethyl 

acetate/hexanes); IR (KBr) 3277, 3171, 3034, 1712 cm-1; 1H NMR (500 MHz, CDCl3) ! 7.12(s, 

6H), 6.97 (s, 4H); 5.96 (d, J = 8.1 Hz, 1H); 5.75 (s, 1H); 5.2 (d, J = 8.1 Hz; 1H); 13C NMR (500 

MHz, CDCl3)  ! 147.0, 136.2, 134.6, 128.5, 128.3, 128.2, 127.2, 126.4, 82.6, 61.7; LRMS 

(MALDI-TOF): Mass calculated for C15H13NO2Na [M+Na]+, 262.3.  Found 262.5.  The relative 

stereochemistry of the two phenyl substituents of the 2-oxazolidinone product was determined to 

be cis by 1D NOE experiments.   
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 I-69 Cis108 Trans109 
Ha 5.96ppm 5.95ppm 5.24ppm 
Hb 5.20ppm 5.15ppm 4.76ppm 
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1.8.4 Preparation of Thiazolium Carbinol I-VI 
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Synthesis of Carbinol: 

A flame-dried round bottom flask under N2 was charged with 4,5-dimethylthiazole (1 

mL, 9.45 mmol).  THF (45 mL) was added and the solution was cooled to –78 °C.  n-Butyl 

lithium (1.9M, 6 mL, 11.3 mmol) was added dropwise to the cold reaction mixture.  The 

resulting dark red solution was stirred for 45 min at –78 °C.  The aldehyde (28.4 mmol) was then 

added, causing the solution to turn yellow, and the reaction was stirred for 1h at –78 °C.  The 

reaction was warmed to room temperature and stirred for 2h.  At this time, water (50 mL) was 

added to quench the reaction.  The reaction mixture was diluted with ethyl acetate (200 mL) and 

washed with water (200 mL).  The aqueous layer was extracted two additional times with ethyl 

acetate (100 mL).  The combined organic extracts were dried over sodium sulfate, filtered and 

concentrated in vacuo.  The resulting residue was purified by recrystallization (ethyl 

acetate/hexanes).   

 
(4,5-Dimethylthiazol-2-yl)(phenyl)methanol: Purified by recrystallization 

(ethyl acetate/hexanes), yielding 1.94 g (84%) as a white solid. 1H NMR (500 

MHz, CDCl3) !!7.46 (m, 2H); 7.38 (m, 3H); 5.95 (s, 3H); 2.30 (s, 3H); 2.29 (s, 3H) 

Protection and Alkylation of Carbinols: 

To a flame-dried round bottom flask under N2 was added the carbinol (7.3 mmol) 

followed by dichloromethane (75 mL).  Next, trimethylcholorosilane (22 mmol) was added 

followed by triethylamine (8.0 mmol).  The resulting suspension was then stirred overnight at 
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room temperature.  The reaction mixture was diluted with dichloromethane (100 mL) and 

washed three times with brine (200 mL).  The combined aqueous layers were washed with 

dichloromethane.  The combined organic layers were dried over Na2SO4, filtered and 

concentrated in vacuo.  The pale yellow oil was used in the next step without further purification.   

To the protected carbinol in a flame-dried round bottom flask was added iodomethane (10 equiv) 

and the reaction was heated at reflux at 80 °C.  After 12 h the reaction was cooled to room 

temperature and concentrated in vacuo.  Diethyl ether was then added to the yellow residue and 

the product precipitated.  The solid was collected by vacuum filtration, washed with diethyl ether 

and dried under vacuum.  The resulting product was used with further purification.  

  

I-VI was isolated as a pale yellow solid in a 85% yield over the two steps. IR 

(film) 2955, 1601, 1447, 1255, 1070, 852 cm-1; 1H NMR (500 MHz, CDCl3) !  

7.57-7.56 (m, 2H); 7.44-7.43 (m, 3H); 6.92 (s, 1H); 3.97 (s, 3H); 2.49 (s, 3H); 2.44 (s, 3H); 0.16 

(s, 9H); 13C NMR (500 MHz, CDCl3) 176.4, 143.7, 136.8, 130.5, 130.1, 129.5, 128.2, 72.9, 40.3, 

13.2, 12.8, 0.50 !; LRMS (MALDI-TOF): Mass calculated for [M-I]+ 306.1, 306.7 Found. 
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Chapter 2 
 

Thiazolium Carbinols as Acyl Anion Precursors 
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Chapter 2 Thiazolium Carbinols as Acyl Anion Precursors 

2.1 Stoichiometric Acyl Anion Addition Methods as Synthetic Tools 

New carbon-carbon bond-forming strategies that operate with the inversion of normal 

reactivity patterns, or Umpolung, are valuable processes in organic synthesis.  The polarity 

reversal of carbonyl groups affords acyl anions, one useful class of Umpolung intermediates.  

Although catalytic methods to access acyl anion reactivity have been known since the mid-

1800’s, their overall role in target-oriented synthesis is considerably underdeveloped when 

compared to stoichiometric acyl anion approaches.  The two most standard methods to 

accomplish acyl anion addition reactions in natural product synthesis involve the use of dithianes 

and protected cyanohydrins.   

2.1.1 Dithianes as Acyl Anion Precursors 

 
Pioneering work reported by Corey and Seebach in 1965 revealed that 1,3-dithianes can 

operate as acyl anion equivalents (Scheme 2-1).1 The deprotonation of a 1,3-dithiane with a 

strong base generates the corresponding anion, which is stabilized by the adjacent !-sulfur 

atoms.  The subsequent addition of this species to an electrophile followed by hydrolysis of the 

dithioketal affords the desired carbonyl compound.  The unmasking of the carbonyl functionality 

is often difficult and can require the use of toxic heavy metals, like cadmium or mercury.  The 

hydrolysis of dithioketals remains challenging and is case specific. 
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Scheme 2-1.  Dithianes as acyl anion precursors 
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Since its discovery, the acyl anion reactivity of dithianes has become a valuable tool in 

organic synthesis.2-4  A key feature adding to the synthetic utility of metallated dithianes is their 

ability to add to a wide range of electrophiles, including alkyl halides, aldehydes, ketones, 

epoxides and aziridines.  For this reason, many investigators have found dithianes to be useful 

synthons in the synthesis of natural products (Figure 2-1).  For example, Seebach and coworkers 

were able employ the dithiane approach in the synthesis of natural products like (–)-

pyrenophorin, norphyrenophorin and (+)-gloeosporane.3,5  The Nicolaou group synthesized the 

cytotoxic marine natural product swinholide A using a dithiane to accomplish a key coupling 

step.6  Smith and coworkers have been able to further demonstrate the synthetic value of 

dithianes in the syntheses of complex, bioactive natural products like the spongistatins, potent 

tumor inhibitors, and the antifungal agent mycoticin A.4  In their syntheses of the spongistatins, 

the AB and CD spiroketal fragments were prepared using a multicomponent linchpin strategy in 

which two larger fragments are brought together with one dithiane.   
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Figure 2-1.  Examples of natural products synthesized with dithianes 

 

2.1.2 Cyanohydrins as Acyl Anion Precursors 

 
In 1971, Stork and Maldonado disclosed conditions in which protected cyanohydrins can 

be employed as acyl anion equivalents (Scheme 2-2).7  Much like dithianes, cyanohydrins can be 

deprotonated with a strong base which produces an anion that is partially stabilized by the 

proximal nitrile.  The addition of this anion to an electrophile that is present in the reaction 

system followed by a final deprotection step affords the desired acylated product.  One limitation 

of this strategy is the toxicity of cyanide.  



 82
Scheme 2-2.  Cyanohydrins as acyl anion precursors 
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 The total synthesis of biologically relevant natural products has been accomplished when 

protected cyanohydrins are employed in key bond-forming steps (Figure 2-2).  For example, 

Stork and coworkers employed an intramolecular alkylation of a cyanohydrin in their early 

synthesis of prostaglandin F2!.
8  More recently, dermostatin A, a potent antifungal and potential 

HIV treatment, was constructed by Sinz and Rychnovsky.9  In this synthesis, cyanohydrin 

acetonides were used in key intermolecular alkylation reactions.   
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Figure 2-2.  Protected cyanohydrins in natural product synthesis 
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2.1.3 N,N-Dialkylhydrazones as Acyl Anion Equivalents 

 
 While dithiane and cyanohydrin approaches towards acyl anion reactivity have found 

wide applicability in organic synthesis, the strongly basic reaction conditions that are often 

required can significantly limit the value of these transformations when sensitive substrates are 

employed as electrophiles.  N,N-Dimethylhydrazones constitute a class of stoichiometric acyl 

anion equivalents that can operate under more mild reaction conditions.10  These substrates can 

be regarded as azaenamines and when treated with an appropriate electrophile an addition 

reaction will occur at the hydrazone carbon (Scheme 2-3).  Early reports from Brehme et al. 

revealed N,N-dialkylhydrazones undergo nucleophilic additions to strong electrophiles such as 

sulfonylisocyanates11 and Mannich salts.12  Hojo and coworkers later reported these hydrazones 

also add to trifluoroacetic anhydrides.13,14  More recent advances from Lassaletta and coworkers 

have demonstrated that under the appropriate reaction conditions formaldehyde N,N-

dialkylhydrazones can be suitable acylating reagents for nitroalkenes, enones, !,"-unsaturated 

lactones, aldehydes, and activated ketones.10  While there are definite advantages associated with 

the mild reaction conditions required for this transformation, the method is limited in substrate 

scope and, similar to both the dithianes and cyanohydrins, additional processing is required to 

access the carbonyl functionality.   

Scheme 2-3.  Formyl N,N-dialkyhydrazones as stoichiometric acyl anion equivalents 
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As part of our studies involving the development of new acyl anion addition strategies, 

we sought to develop a method in which the direct nucleophilic acylation of electrophiles could 

be accomplished under mild reaction conditions.  During our investigations of NHC-catalyzed 

acylsilane addition reactions, we discovered that O-silyl thiazolium carbinols like II-1 are 

operative acyl anion precursors for the direct installation of carbonyl groups (Scheme 2-4).15,16    

One particularly intriguing aspect of the carbinol addition reactions that was observed during our 

studies was the acylation event proceeds at 23 °C in the presence of an amine base.  Since these 

conditions are milder than the reflux temperatures required for the acylsilane addition reactions, 

we reasoned they may be more compatible with sensitive substrates.  Furthermore, these unique 

acyl anion precursors are stable, convenient to store and easy to handle making them excellent 

reagents to employ in new reaction manifolds.  We envisioned utilizing these thiazolium 

carbinols in the development of novel acyl anion addition reactions.   

Scheme 2-4.  A thiazolium carbinol as a stoichiometric acylating reagent 
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2.2 Synthesis of Thiazolium Carbinols  

One attribute that makes O-silyl thiazolium carbinols especially useful as acyl anion 

precursors is the ease with which they can be prepared from commercial, non-toxic starting 

materials.  A majority of these carbinols can be synthesized in three experimentally simple steps 

that require no column chromatography (Scheme 2-5).  In addition, the final products are 

typically stable solids that are easy to handle and convenient to store. 
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Scheme 2-5.  Synthesis of thiazolium carbinols 
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The deprotonation of 4,5-dimethylthiazole followed by the addition of the resulting anion 

to an aldehyde affords the corresponding carbinol in excellent yield (> 90%).17  Simple 

recrystallization of the carbinols at this point is often the only necessary purification.  Silyl 

protection under standard conditions is followed by an alkylation in neat iodomethane.  The 

precipitation of the iodide salt occurs after addition of diethyl ether and the resulting solid that is 

isolated by filtration is >95% pure as judged by 1H NMR spectroscopy.  The overall yields for 

the three-step sequence are up to 77% depending on the silyl protecting group used.  Alkyl, aryl 

and !,"-unsaturated carbinols have been accessed via this method (Figure 2-3).  The carbinols 

derived from alkyl aldehydes are prepared in lower yields than those derived from aryl aldehydes 

and this is most likely due to side reactions associated with the acidic !-protons when the 

thiazole is added to the aldehyde (II-1f through II-1h).   
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Figure 2-3.  Examples of O-silyl thiazolium carbinols that have been synthesized 

 
 Certain electron-rich thiazolium carbinols are more difficult to prepare using this 

procedure (Figure 2-4).  Initially, we were surprised to find the carbinol derived from p-

anisaldehyde could not be prepared when the analogous carbinol derived from m-anisaldehyde 

was readily prepared in good yield.  After a comparison of the two structures, we came to realize 

that all of the substrates that have been problematic have electron-donating groups that are 

electronically linked to the silyloxy group and we reasoned a possible elimination of this group 

occurs during the alkylation step.  Further evidence to support this hypothesis was obtained from 

the 1H NMR spectrum of the unpurified reaction mixture of the final alkylation step.  There were 

no silyloxy peaks present indicating that this group was no longer attached to the carbinol.  In an 

attempt to remedy this problem more reactive alkylating agents, such as methyl triflate, were 

employed so the alkylation event might be accomplished at lower temperatures. Unfortunately, 

alternate conditions did not improve the results and further work is necessary to access these 

substrates. 
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Figure 2-4.  Electron-rich carbinols that cannot be prepared according to the standard procedure 

 

2.3 Direct Nucleophilic Acylations of Nitroalkenes 

One class of substrates we were particularly interested in employing as electrophiles in 

our acyl anion addition reactions was nitroalkenes.  In general, conjugate additions to 

nitroalkenes afford highly useful compounds because the nitro group can be easily manipulated 

into various functionalities, including amines, aldehydes and acids.18,19  At the beginning of our 

investigation, the direct nucleophilic acylation of nitroalkenes had not been previously reported.  

We began by surveying catalytic methods that installed carbonyl groups using aldehydes 

or acylsilanes as nucleophilic precursors and N-heterocyclic carbenes (NHCs) as catalysts 

(Scheme 2-6).  Unfortunately, our attempts with these approaches met with little success and 

only low levels of the desired !-nitroketone products were observed.  The heteroazolium-derived 

catalysts generated in situ for these processes typically require basic conditions and elevated 

temperatures.  Presumably the nitroalkenes were sensitive to the basic conditions required and 

the low yields were a result of decomposition that occurred under these reaction conditions.  

Prompted by the paucity of efficient means to directly add carbonyl anions to this sensitive 

electrophile class, we hypothesized that accessing carbonyl anion reactivity under more mild 

conditions might afford a synthetically useful reaction. 
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Scheme 2-6.  Attempted nucleophilic acylations of nitroalkenes using aldehydes or acylsilanes 
and NHCs as catalysts 
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2.3.1 Additions of Thiazolium Carbinols to Nitroalkenes 

 
In an attempt to overcome the problems associated with the catalytic method above, we 

focused our attention on developing a method to add O-silyl thiazolium carbinols (II-1) to 

nitroalkenes.  We speculated that the lower reaction temperatures required for these acylating 

reagents may reduce any decomposition and side reactions to enable the carbonyl anion to add 

efficiently to the nitroalkene.  To investigate the potential of carbinol additions to nitroalkenes, a 

survey of reaction conditions was conducted.  Solvents, temperatures and bases were varied and 

the best combination found (DBU and CHCl3) afforded a 57% yield of the !-nitro ketone 

product (Scheme 2-7).  While these results were an improvement over the catalytic attempts, the 

yields remained moderate at best.  There was still a substantial amount of decomposition 

observed in the 1H NMR spectra of the unpurified reaction mixtures and we continued to believe 

the basic reaction conditions were the cause of the low yields.  Two control experiments 

provided evidence that both the carbinol (II-1) and the nitroalkene (II-2) undergo rapid 

decomposition (full consumption in < 1 h at room temperature observed by 1H NMR 

spectroscopy and thin layer chromatography) in the presence of DBU.   
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Scheme 2-7. Thiazolium carbinol additions to nitroalkenes promoted by DBU 
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Figure 2-5.  Fluoride promoted generation of a carbonyl anion from a thiazolium carbinol 

 
 
 After considering potential pathways through which the acyl anion equivalent can be 

generated from the carbinol, we became curious if fluoride would be able to promote the addition 

of thiazolium carbinols to nitroalkenes (Figure 2-5).  In this process, fluoride would desilylate 

thiazolium carbinol II-1 to afford the corresponding alkoxide II-4.  This alkoxide could then 

undergo an intermolecular proton transfer to generate II-5, an intermediate described by Breslow 

in the benzoin reaction.  Alternatively, alkoxide II-4 could also collapse to eject the thiazolium 

zwitterion and thus, not undergo the desired addition reaction.  Importantly, generating 

intermediate alkoxide II-4 via addition of a deprotonated thiazolium salt to an aldehyde is 

untenable due to competing pathways, such as dimerization of the resulting thiazolium 

zwitterion.  Thus, accessing a pathway to produce nucleophile II-5 cleanly in the presence of the 

nitroalkene is clearly a key requirement for success.  To assess this approach, we began by 

examining the addition of thiazolium carbinols (II-1) to nitroalkene II-2a (Table 2-1). 
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Table 2-1.  Fluoride-promoted carbonyl anion additions to nitroalkenes 
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 Our initial investigations demonstrated that !-nitroketone II-6 could be isolated, using 

tetrabutylammonium triphenyl-difluorosilicate20 to generate the carbonyl anion equivalent in situ 

at –40 °C (entry 1).  Encouraged by the direct installation of a carbonyl unit at low temperature 

via this new process, we continued to survey conditions to obtain improved yields.  It is known 

that thioureas are able to activate nitroalkenes through hydrogen-bonding and we speculated 

there might be an increase in yield with a thiourea additive.21,22  Gratifyingly, this unique 

fluoride/thiourea combination afforded an improved 66% yield of II-6 (entry 2).  

Tetramethylammonium fluoride (Me4N·F)23,24 was superior in terms of reaction times and 

simplicity of purification, but the yields remained unsatisfactory.  To improve the process, silyl 

protecting groups were evaluated.  Triethylsilyl (TES) protected carbinols afforded increased 

yields of II-6 compared to trimethylsilyl (TMS) variants, while more robust t-butyldimethyl 

(TBS) analogs prevented the nitroalkene from being completely consumed.  With the optimal 

fluoride source and protecting group in hand, placement of an electron-withdrawing group on the 
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thiazolium carbinol increased the yield to 78% (entry 5).  Finally, commercial thiocarbanilide 

(II-8) was a convenient additive and provided good yields of II-7 (75%, entry 6). 

 It was apparent that the thiourea additive was necessary to obtain high yields of product 

and we became interested in exploring this component of the reaction in more detail (Scheme 2-

8).  A survey was conducted in order to identify how the thiourea catalyst loading affects the 

outcome of the reaction.  With 100 mol % II-9, the highest yield of !-nitroketone was obtained 

(79%).  Reducing the catalyst loading to 30 mol % resulted in slower reaction times as well as a 

decreased yield of acylated product (60%).  From this study it is clear the best results are 

obtained when stoichiometric amounts of thiourea are employed in our reaction system. 

Scheme 2-8.  Investigation of thiourea catalyst loading affects on yield 
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2.3.2 Reaction Scope of the Nucleophilic Acylation of Nitroalkenes 

 
An investigation into the reaction scope was carried out with the optimal combination of 

fluoride source (Me4N·F) and thiourea II-8 (Table 2-2).  The nitroalkenes were prepared from 

the corresponding aldehyde and nitroalkane in a two-step addition-elimination sequence.25  

Various nitroalkenes are competent substrates in the addition reaction, including branched and 

straight chain variants (entries 1-4).  The nucleophilic acylation of a cyclic nitroalkene occurs 

smoothly with excellent diastereoselectivity to yield trans product II-13 (20:1 dr, entry 5).  

Remarkably, formation of a quaternary center is possible by addition of the carbonyl anion 
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equivalent to a !,!-disubstituted nitroalkene (entry 6).  All attempts to acylate aryl 

nitroalkenes, such as !-nitrostyrene, resulted in low yields of the desired product.   

Table 2-2.  Nucleophilic acylations of nitroalkenes 
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 Various thiazolium carbinols were also examined (Table 2-3).  The 2-napthyl derived 

carbinol was successfully added to nitroalkene II-2a (entry 2).  In addition to electron-

withdrawing groups the reaction is also tolerant of an electron-donating substituent on the phenyl 

ring (entry 3).  Currently, thiazolium carbinols derived from saturated aldehydes provide poor 

yields of desired product (<30%), underscoring the delicate balance between hydrogen transfer 

and unproductive reaction pathways.  
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Table 2-3.  Survey of thiazolium carbinols in the nucleophilic acylation of nitroalkenes 
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2.3.3 Asymmetric Nucleophilic Acylations of Nitroalkenes 

 
 Once the new bond-forming process had been optimized, we directed our attention 

towards the development of an asymmetric variant.  Racemization of the newly formed 

stereogenic center is always a concern in the development of asymmetric direct acylation 

reactions; however, our conditions are relatively neutral and can operate under low reaction 

temperatures.  We believed that these novel reaction conditions might provide the ideal 

environment to foster a highly enantioselective direct acylation.  Furthermore, recent progress in 

the area of non-covalent catalysis has shown that chiral thioureas can catalyze asymmetric 

nucleophilic addition reactions through hydrogen-bonding.21,22  The addition of a chiral thiourea 

additive in our new reaction might hydrogen-bond to the nitroalkene and render the process 

asymmetric.   

 Our investigation into the asymmetric nucleophilic acylation of nitroalkenes began by 

employing a chiral thiourea derived from quinine.  This catalyst has been previously reported by 

Soós and coworkers to effect the enantioselective addition of nitromethane to chalcone and is 

readily accessible from quinine in just two steps.26  Furthermore, the cinchona alkaloid, quinine, 

is a good starting material because it is commercially available.  We were pleased to find that 
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incorporation of thiourea II-18 under the previously described optimal reaction conditions 

afforded a 72% yield of product with moderate enantioselectivity (62% ee, Scheme 2-9).   

 

Scheme 2-9.  Initial results obtained from employing a chiral thiourea in the nucleophilic 
acylation of nitroalkenes 
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 Encouraged by our initial success, we continued our investigation with an examination of 

the thiourea structure.  Additional thiourea additives were synthesized to evaluate the effect the 

aromatic substituent has on the enantioselectivity.  It is clear the bis-trifluoromethyl phenyl 

component is a key feature of the catalyst structure since the naphthyl (II-19) and adamantly (II-

20) analogs prepared resulted in reduced yields and poor enantioselectivity (Scheme 2-10).  

Previous studies have found similar results and it has been hypothesized that the electron-

withdrawing group is able to enhance the hydrogen-bonding ability of the thiourea by increasing 

the acidity of the hydrogens.   

Further exploration revealed that lowering the reaction to –78 °C resulted in improved 

enantioselectivity (74% ee) when the quinine-derived thiourea was employed.  To complete the 

brief catalyst survey, potential thiourea catalysts were prepared from the remaining three 

cinchona alkaloids (Scheme 2-11, II-18, II-21 through II-23).  Generally, the cinchona alkaloid-

derived thioureas afford the !-nitroketone product in moderate yield with good 

enantioselectivity.  Importantly, the !-nitroketones can be recrystallized to > 99% ee.  Chiral 
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thioureas prepared from (!)-(+)-BINAM27 (!!"#$) and (R)-!-methyl benzylamine (!!"#%) 

provided high yields of product (61% and 78% respectively); however, there was no selectivity 

observed.  X-ray crystallography was used to determine the configuration of the newly formed 

stereogenic center of the major enantiomer (purified by recrystallization) of !!"&' that was 

produced in the asymmetric reaction (Scheme 2-12, Figure 2-6). 

()*+,+ #"&./  Investigation of thiourea structure. 
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Scheme 2-12.  9,(,.*%+0301.*60 ')0'()(.*%, %- II-178 
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!"#$%& ()*+  Crystal str+ct+re of ,,)-. 

 
 
 Additional nitroal4ene and thia6oli+m car8inol s+8strates 9ere e:amined in the acylation 

reactions +sin; the chiral thio+rea additi<e deri<ed from =+inine ,,)-/ and the res+lts are listed 

in Scheme 2-1BC  Dhe enantioselecti<ities 9ere moderate in most cases and the yields ran;ed 

from ;ood to hi;hC  In the preparation of ,,)-(G the diastereoselecti<ity 9as increased from 1:1 to 

6:1 9hen the =+inine-deri<ed thio+rea (,,)-/) 9as employed as the additi<eC  Lota8lyG no 

racemi6ation of the ne9ly formed stereo;enic centers 9ere o8ser<ed o<er the co+rse of the 

reaction (ee did not chan;e 9ith reaction times of 2 h or 24 h)C  
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!"#$%$ '()*+  Results from nitroalkene substrates evaluated in acylation reaction with 
quinine-derived thiourea 
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To our knowledge, this is the first reaction system to accomplish the asymmetric, direct 

nucleophilic acylation of a nitroalkene.  This discovery is important because it demonstrates the 

generation of an acyl anion equivalent from a thiazolium carbinol using a fluoride anion and 

thiourea combination.  These are mild reaction conditions that enable the acylation event to 

occur in an enantioselective fashion with no racemization of the new stereocenter.   
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!"#! $%&'() +,(-'./0%-%( 1(2-3)%.45 .6 7,%4.4' 8')0%9'5 

During the development of our new strategy to form acyl anion equivalents from a 

fluoride anion and a thiazolium carbinol, we sought electrophiles that could also be generated 

from fluoride, such as O-silylated phenols (such as !!"#$) that produce o-quinone methides29,30 

when exposed to fluoride.  Rokita and coworkers were the first to employ fluoride to generate 

quinone methides in their studies of DNA alkylation.31-33  There have been a limited number of 

additional publications in this area, including a report from Barrero et al. utilizing fluoride-

generated quinone methides in the synthesis of puupehedione analogs34 and the stereoselective 

total synthesis of thielocine Al!!described by Young and coworkers from the Merck research 

laboratories.35   

Given our interest in the development of new Umpolung strategies, we identified o-

quinone methides as potential electrophiles in our acyl anion addition reactions.  The product of 

this acylation reaction would be an "-aryl ketone and the preparation of "-aryl ketones is a 

challenging goal in organic synthesis.  The majority of recent progress has focused on the 

development of transition metal-catalyzed couplings of enolates and aryl halides.36-38  We 

envisioned developing an Umpolung approach by combining compounds with the general 

structures of !!"% and !!"#$ with an appropriate fluoride source to simultaneously generate the 

corresponding carbonyl anion and o-quinone methide species (Figure 2-9).  The subsequent 

combination of the nucleophilic carbonyl anion and electrophilic o-quinone methide should 

provide an "-aryl ketone (!!"#&) in a single operation.  The main challenge with this approach is 

that two highly reactive intermediates are presumably generated in the same flask and potential 

dimerization and/or decomposition could prevent the desired carbon-carbon bond-forming 

reaction.   
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F"#$%&'()*+''Nucleophilic acylation of 3uinone methides. 

 
Our in:estigations of this new coupling strategy focused on the addition of thiazolium 

car>inol ,,)-. to !-3uinone methide precursor ,,)(/0' in the presence of tetramethylammonium 

fluoride (Ta>le 2-4). 'The eEposure of ,,)-.'and ,,)(/0 to this fluoride source at F50 °C afforded 

an encouraging 43% yield of the desired !-aryl Ketone ,,)(* (entry 1). Further optimization of 

the reaction conditions re:ealed that lower temperatures (F78 °C) pro:ide impro:ed yields of ,,)

(* (60%, entry 2).  Qi:en the >imolecular nature of this process, an important factor affecting the 

yield is concentration: the optimal :alue of 0.1 M affords 72% of ,,)(*'(entries 2-4).  Although 

>romide lea:ing groups on the !-3uinone methide precursor gi:e the highest yields, the 

corresponding >enzylic chloride is also a suita>le reaction partner (entry 3 :s. entry 5), al>eit in 

reduced yield (53%).  Additional lea:ing groups were eEamined, such as acetates and amines, 

howe:er no desired product was o>ser:ed in these systems.   

1023&'()4+''Optimization of car>onyl anion additions to !-3uinone methides  
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2.3.2 $%idence for an o-1uinone Methide Intermediate 
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%dditional e.pe0iments 3e0e 4ond54ted to e6al5ate the impo0tan4e o8 the tempe0at50e 

p0o8ile (:4heme 2-1$)>  :ti00in? II-1c and II-28a 8o0 @5st one ho50 at A $B CD then 3a0min? to 

0oom tempe0at50e 0es5lted in a 0ed54ed yield (F5H) 4ompa0ed to the optimiIed 0ea4tion 

4onditions o8 2J ho50s at A$B CD>  I8 the 0ea4tion is 4a00ied o5t at A25 CD 8o0 2J ho50s then 

3a0med to 2J CD 8o0 one ho50, only a 25H yield o8 the desi0ed !-a0yl Metone is isolated>  Nhese 

0es5lts indi4ate the 0ea4tion tempe0at50e si?ni8i4antly a88e4ts to the o5t4ome o8 the 0ea4tion>   

Scheme 2-17.  In6esti?ation o8 0ea4tion tempe0at50e on the n54leophili4 a4ylation o8 O5inone 
methides 
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Pith the optimal pa0amete0s estaQlished 8o0 this !mpolung 0ea4tion, 3e t50ned o50 
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than one product cannot be avoided.  3ohnson et al. managed to control the outcome of the 

crossed benzoin reaction using acylsilanes as acyl anion precursors.46=47  However= their method 

has not been suitable for the formation of crossed acyloin products.  To date there is not a 

general method to directly prepare these compounds using an acyl anion strategy.  Be 

hypothesized that the addition of thiazolium carbinols to aldehydes may offer a synthetically 

useful route to access!!-hydroxy Eetones. 

Fur investigation into the development of this new method began with the addition of 

hydrocinnamaldehyde-derived thiazolium carbinol II-1n to hexanal.  Initially= we subHected the 

carbinol and 2 equivalents of aldehyde to tetramethylammonium fluoride at K78 MC in CH2Cl2 

(Table 2-6).  The desired !-hydroxy Eetone II-5& was isolated in 34Q yield along with a 

moderate amount of the hexanal homodimer.  Recause the homodimer of the aldehyde 

electrophile was isolated= we reasoned the carbene that is generated during the course of the 

reaction may be catalyzing an additional= undesired self-condensation reaction of the hexanal.  In 

an attempt to reduce this unwanted dimer formation= hexafluoroisopropanol was added with the 

hope that the amounts of free carbene in solution would be limited and thus the undesired side 

reaction would be eliminated.  Bhile the dimer formation was drastically reduced with the 

addition of an alcohol= the yield was also reduced to only 25Q.  The decrease in yield may come 

as a result of the direct protonation of the carbonyl anion that is generated in situ in the presence 

of the acidic alcohol.  Finally= a moderate yield of 61Q was observed when the amount of 

aldehyde was increased to 4 equivalents with no alcohol additive present.   
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many al)yl nitroal)enes are competent electrophiles in the newly developed reaction system.  

This process can be rendered asymmetric when a chiral thiourea is employed as an additive.   

The synthesis of! !-aryl )etones has been accomplished by the direct nucleophilic 

acylation of o-quinone methide electrophiles.  =n this transformation, two reactive intermediates, 

carbonyl anions and o-quinone methides, are generated in one flas) upon the addition of fluoride.  

These intermediates then undergo productive addition reactions to afford the desired !-aryl 

)etone adducts.  This new strategy has been applied to a short synthesis of the natural product 

demethylmoracin =, a naturally occurring aromatase inhibitor.   

Finally, promising results indicate that thiazolium carbinols undergo productive additions 

to aldehydes for the synthesis of crossed acyloin products.  Birect access to unsymmetrical !-

hydroCy )etones is a challenging goal and research toward developing this method into a useful 

synthetic transformation is currently underway. 
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!eneral (nformation.  All reactions were carried out under a nitrogen atmosphere in flame-

dried glassware with magnetic stirring.  TEF, Ft2H, IE2Il2, BJF and toluene were purified by 

passage through a bed of activated alumina.KL IEIlM was purified by passage through a pad of 

alumina prior to use.  Neagents were purified prior to use unless otherwise stated following the 

guidelines of Oerrin and Armarego.KP  Ourification of reaction products was carried out by flash 

chromatography using FJ Neagent silica gel QR (2MR-KRR mesh).  Analytical thin layer 

chromatography was performed on FJ Neagent R.2# mm silica gel QR-F plates.  Uisualization 

was accomplished with VU light and anisaldehyde, ceric ammonium nitrate stain, potassium 



! ""#
$%&'()*%)(+%,! -&! $.-/$.-'-01234! (435! 6-00-7%5!21! .%(+3)*8!9%0+3)*! $-3)+/!7%&%! -2+(3)%5!

-)! (! :.-'(/!;--<%&! 4($300(&1!'%0+3)*! $-3)+! ($$(&(+=/! ()5! (&%! =)4-&&%4+%58! ! >)6&(&%5! /$%4+&(!

7%&%!&%4-&5%5!-)!(!?3-@A(5!B3)!C:@>A!D&-!/$%4+&-'%+%&8!!";@N9A!/$%4+&(!7%&%!&%4-&5%5!-)!(!

F(&3()!>)-<(!GHH!IGHH!9;JK!-&!9%&4=&1!LHH!ILHH!9;JK!/$%4+&-'%+%&!()5!(&%!&%$-&+%5!3)!$$'!

=/3)*!/-0<%)+!(/!()!3)+%&)(0!/+()5(&5!IMNM0O!(+!P8Q#!$$'K8!!N(+(!(&%!&%$-&+%5!(/!I($!R!($$(&%)+,!/!

R!/3)*0%+,!5!R!5-=20%+,!+!R!+&3$0%+,!S!R!S=(&+%+,!'!R!'=0+3$0%+,!2!R!2&-(5T!4-=$03)*!4-)/+()+I/K!3)!

;JT!3)+%*&(+3-)8!!D&-+-)@5%4-=$0%5!"OM@N9A!/$%4+&(!7%&%!&%4-&5%5!-)!(!F(&3()!>)-<(!GHH!I"QG!

9;JK! -&!9%&4=&1! LHH! I"HH!9;JK! /$%4+&-'%+%&! ()5! (&%! &%$-&+%5! 3)! $$'! =/3)*! /-0<%)+! (/! ()!

3)+%&)(0! /+()5(&5! IMNM0O!(+!PP8H!$$'K8! !U(/%&!5%/-&$+3-)!'(//! /$%4+&(!7%&%!-2+(3)%5!73+.!DV!

?3-W1/+%'/!+3'%@-6@603*.+!9XUN>!'(//!/$%4+&-'%+%&!73+.!Q,G@53.15&-Y12%)J-34!(435!(/!'(+&3Y8!!

V0%4+&-/$&(1! 3-)3J(+3-)!'(//! /$%4+&(!7%&%! -2+(3)%5! -)! (!:.%&'-!C3))3*()! 04'/! 3-)! +&($!'(//!

/$%4+&-'%+%&8!

!

:%+&(2=+10(''-)3='! +&3$.%)105360=-&-/3034(+%! I:?X:K! ()5! +%+&('%+.10(''-)3='! 60=-&35%!

I:9XCK!7%&%!$=&4.(/%5! 6&-'!X05&34.!()5!=/%5!73+.-=+! 6=&+.%&!$=&3634(+3-)8! !N3+&-(0Z%)%/! I2K!

7%&%!$&%$(&%5!(44-&53)*!+-!+.%!$&-4%5=&%!-6!C%&3)*(!%+!(08QG!!"@N3+&-4140-.%Y%)%!7(/!$=&4.(/%5!

6&-'!X05&34.! ()5! =/%5! 73+.! 6=&+.%&! $=&3634(+3-)8! ! :.3-4(&2()3035%! 7(/! =/%5! (/! &%4%3<%5! 6&-'!

X05&34.8!!:.3-=&%(!""#$%!7(/!$&%$(&%5!(44-&53)*!+-!+.%!$&-4%5=&%!-6!W-[/!()5!4-7-&Z%&/8Q# 

 

2.#.1 %e'er)* ,r-.e/ure 1-r 23e ,re4)r)2i-' -1 ,r-2e.2e/ 63i)7-*iu8 9)r:i'-*; 
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S#nthesis o+ Carbinols1 

A flame-dried round bottom flask under N2 was charged with 4,5-dimethylthiazole (1 mA, 9.45 

mmol).  EHF (45 mA) was added and the solution was cooled to H7I JC.  n-Butyllithium (1.9M, 

6 mA, 11.3 mmol) was added dropwise to the cold reaction mixture.  Ehe resulting dark red 

solution was stirred for 45 min at 7I JC.  Ehe aldehyde (2I.4 mmol) was then added, causing the 

solution to turn yellow, and the reaction was stirred for 1 h at H7I JC.  Ehe reaction was warmed 

to room temperature and stirred for 2 h.  At this time, water (50 mA) was added to Suench the 

reaction.  Ehe reaction mixture was diluted with ethyl acetate (200 mA) and washed with water 

(200 mA).  Ehe aSueous layer was extracted two additional times with ethyl acetate (100 mA).  

Ehe combined organic extracts were dried over sodium sulfate, filtered and concentrated in 

$ac'o.  Ehe resulting residue was purified by recrystallization (ethyl acetateUhexanes).   

 

2artial Characterization o+ Carbinols1 

 56-Chloro8hen#l956:;-dimeth#lthiazol->-#l9methanol1 Vurified by 

recrystallization (ethyl acetateUhexanes), yielding 79W as a yellow solid. 1H 

NMX (500 MHz, CDCl3) ! !7.42 (m, 2H)Z 7.35 (m, 2H)Z 5.93 (s, 3H)Z 4.46 (s, 1H)Z 2.30 (s, 3H)Z 

2.2I (s, 3H) 

 

 56:;-?imeth#lthiazol->-#l958hen#l9methanol1 Vurified by recrystallization 

(ethyl acetateUhexanes), yielding 1.94 g (I4W) as a white solid. 1H NMX (500 

MHz, CDCl3) !!7.46 (m, 2H)Z 7.3I (m, 3H)Z 5.95 (s, 3H)Z 2.30 (s, 3H)Z 2.29 (s, 3H) 
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 "#$%-'i)et,ylt,iazol-2-yl3"na5,t,alen-6-yl3)et,anol7 $urified by 

recrystallization (ethyl acetate7hexanes), yielding 1.99 g (78?) as an off 

white solid. 1H NCD (500 CHz, CHCl3) !!7.98 (m, 1H)K 7.87 (m, 1H)K 7.86 (m, 1H)K 7.86 (m, 

1H)K 7.59 (m, 1H)K 7.57 (m, 1H)K 7.51 (m, 1H)K 6.14 (s, 1H)K 2.32 (s, 3H)K 2.30 (s, 3H) 

 

 "6-8et,o9y5,enyl3"#$%-di)et,ylt,iazol-2-yl3)et,anol7 $urified by 

recrystallization (ethyl acetate7hexanes), yielding 2.18 g (93?) as a yellow 

solid. 1H NCD (500 CHz, CHCl3) ! !7.30 (m, 1H)K 7.06 (m, 2H)K 6.88 (m, 1H)K 5.93 (s, 1H)K 3.82 

(s, 3H)K 2.30 (s, 3H)K 2.28 (s, 3H) 

 

 

 "#-B<o)o5,enyl3"#$%-di)et,ylt,iazol-2-yl3)et,anol7 $urified by 

recrystallization (ethyl acetate7hexanes), yielding 1.87 g (70?) as a yellow 

solid. 1H NCD (500 CHz, CHCl3) ! !7.51-7.50 (m, 2H)K 7.37-7.35 (m, 2H)K 

5.90 (s, 3H)K 2.31 (s, 3H)K 2.30 (s, 3H) 

 

=y5i>al ?<ote>tion and @lAylation oB Ca<Dinols7 

To a flame-dried round bottom flask under N2 was added the carbinol (7.3 mmol) 

followed by dichloromethane (75 mL).  Next, triethylsilylchloride (22 mmol) was added 

followed by imidazole (8.0 mmol).  The resulting suspension was then stirred overnight at room 

temperature.  The reaction mixture was diluted with dichloromethane (100 mL) and washed three 

times with brine (200 mL).  The combined aqueous layers were washed with dichloromethane.  
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! ""#
$%&! '()*+,&-! (./0,+'! 102&.3!4&.&! -.+&-! (5&.!60789:;! <+1=&.&-! 0,-! '(,'&,=.0=&-! !n# $%&uo)!!

$%&!>01&!2&11(4!(+1!403!?3&-!+,!=%&!,&@=!3=&>!4+=%(?=!<?.=%&.!>?.+<+'0=+(,A!!!

$(! =%&! >.(=&'=&-! '0.*+,(1! +,! 0! <10)&--.+&-! .(?,-!*(==()! <103C!403! 0--&-! +(-()&=%0,&!

D"E! &FG! 0,-! =%&! .&0'=+(,! 403! %&0=&-! =(! HE! IJA! ! K<=&.! "7! %! =%&! .&0'=+(,! 403! '((1&-! =(! .(()!

=&)>&.0=?.&!0,-!'(,'&,=.0=&-!!n#$%&uo)##L+&=%21!&=%&.!403!=%&,!0--&-!=(!=%&!2&11(4!.&3+-?&!0,-!

=%&!>.(-?'=!>.&'+>+=0=&-A!!$%&!3(1+-!403!'(11&'=&-!*2!50'??)!<+1=.0=+(,;!403%&-!4+=%!-+&=%21!&=%&.!

0,-!-.+&-!?,-&.!50'??)A!!$%&!.&3?1=+,/!>.(-?'=!403!?3&-!4+=%!<?.=%&.!>?.+<+'0=+(,A!!!

!

!

!!-1b!403!+3(10=&-!03!0!>01&!2&11(4!3(1+-!+,!0!:EM!2+&1-!(5&.!=%&!=%.&&!3=&>3A!!N*!

O! EAPE! D7EM! )&=%0,(1Q'%1(.(<(.)GR! S>T! "PE-"P"IJR! IN! D<+1)G! 7#PV;! 7HWP;!

"XE:;!":PP;!"EWV;!"EEH;!HEH;!WVP!')-"!R!"Y!6SN!DPEE!SYZ;!JLJ1VG!!!!WAPX!D);!7YGR!WA::!D);!

VYGR!XAHX!D3;!"YGR!VA#P!D3;!VYGR!7AP"!D3;!VYGR!7A:V!D3;!VYGR!EAHW!D=;!+#,WAX!YZ;!#YGR!EAXP!D);!XYG!

!"VJ! !6SN!D"7P!SYZ;!JLJ1VG!!!!"WWAE;!":VA#;!"VWAE;!"VEAX;!"7#AW;!"7HAP;!WVA:;!:EAX;!"VAP;!"VA";!

XA#;! PA"R! [NS8! DSK[LI-$9\GT! S033! '01'?10=&-! <(.! J"#YVE69788+! ]S-I^
_;! V:HA7A! ! \(?,-!

V:HAHEA!

!

!!-1c!403!+3(10=&-!03!0!>01&!2&11(4!3(1+-!+,!0!XVM!2+&1-!(5&.!=%&!=%.&&!3=&>3A!!

N*! O! EA:#! D7EM! )&=%0,(1Q'%1(.(<(.)GR! S>T! "P7-"P:IJR! IN! D<+1)G! 7#P";!

7HWX;!"XEE;!"7:7;!"EHV;!""E";!HEX;!WVP!')-"R!"Y!6SN!DPEE!SYZ;!JLJ1VG!!!!WAX7!D);!7YGR!WA:7!

D);!7YGR!WAEP!D3;!"YGR!:AE"!D3;!VYGR!7AP7!D3;!VYGR!7A::!D3;!VYGR!EAH#!D=;!+#,HAE!YZ;!#YGR!EAX#!D);!

XYG! !"VJ!6SN!D"7P!SYZ;!JLJ1VG!!!!"WWAE;!"::AE;!"VXA:;!"VPAH;!"VEAW;!"VEAE;!W7A:;!:EA#;!"VAV;!
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12.9, 7.0, 5.1; LRMS (MAL12-T56)8 Mass calculated for C19E29F52SSi HM-2IJ, 382.1.  

6ound 382.75. 

 

II-1$ was isolated as a yellow solid in a 53% yield over the three steps.  Rf 

T 0.55 (20% methanolVchloroform); Mp8 160-161 XC; 2R (film) 2951, 

2874, 1600, 1456, 1085, 1009, 807, 745 cm-1 ; 1E FMR (500 MEz, 

C1Cl3) !  8.21 (s, 1E); 7.96 (m, 1E); 7.90 (m, 1E); 7.87 (m, 1E); 7.59 (m, 1E); 7.57 (m, 1E); 

7.52 (m, 1E); 3.97 (s, 3E); 2.53 (s, 3E); 2.42 (s, 3E); 0.87 (t, J =8.0 Ez, 9E); 0.68 (m, 6E)! 13C 

!FMR (125 MEz, C1Cl3)  ! 177.0, 144.0, 134.1,133.9, 133.2, 130.7, 130.0, 128.7, 128.6, 128.1, 

127.7, 127.3, 124.6, 73.6, 40.7, 13.4, 13.1, 6.9, 5.1; LRMS (MAL12-T56)8 Mass calculated for 

C23E32F5SSi HM-2IJ, 398.2.  6ound 398.7. 

 

II-1% was isolated as a yellow solid in a 53% yield over the three steps.  Rf T 

0.55 (20% methanolVchloroform); Mp8 118-120 XC; 2R (film) 2951, 2875, 

1597, 1456, 1261, 1078, 1008, 806, 745 cm-1 ; 1E FMR (500 MEz, C1Cl3) !  7.34 (m, 2E); 7.12 

(s, 1E); 7.10 (s, 2E); 6.94 (m, 2E); 6.79 (s, 2E); 3.95 (s, 3E); 3.84 (s, 3E); 2.45 (s, 3E); 2.43 (s, 

3E); 0.87 (t, J =8.0 Ez, 9E); 0.65 (m, 6E) " 13C FMR (125 MEz, C1Cl3)  ! 177.2, 160.4, 143.9, 

138.5, 130.8, 130.5, 120.6, 115.9, 114.0, 73.3, 56.0, 40.7, 13.4, 12.9, 6.9, 5.1; LRMS (MAL12-

T56)8 Mass calculated for C20E34F5SSi HM-2IJ, 378.2.  6ound 378.9. 

 

II-1& was isolated as a yellow solid in a 40% yield over the three steps as a 

mixture of diastereomers (181 dr). 2R (film) 2951, 2878, 1603, 1454, 1377, 

1258, 1216, 1142, 1070, 1009 cm-1 ; 1E FMR (500 MEz, C1Cl3) !  5.95 (d, J T 3.7 Ez, 1E); 
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! "#"
$%&'!(),!!!+!$%,!-.,!"-/0!'%'1!(2,!!!+!#%,!-.,!"-/0!'%##!(3,!&-/0!'%",!(3,!&-/0!'%"&,!(2,!4!+!'%5!

-.,!"-/,!'%6&!(7,!#-/0!&%15!(7,!#-/0!#%$&!(3,!&-/0!#%'1!(3,!&-/0!#%',!(8,!&-/0!#%'9!(3,!&-/0!"%&1!

(3,! &-/0! "%#6! (3,! &-/0! "%",! (3,! &-/0! "%"#! (3,! &-/0! 6%,1:6%,"! (7,! ",-/0! 6%59:6%56! (7,! "#-/0!

"&; <=>! ("66!=-.,! ;?;@&/!  ! "9&%6,! "9#%1,! "'&%5,! "'#%,,! "&6%1,! "&6%9,! ""6%',! ""6%",! 91%6,!

95%#,! 96%1,! 51%1,! 55%",! 5'%',! '"%',! #$%9,! #$%&,! #'%&,! #'%",! "&%&,! "&%",! "#%,,! "#%9,! 5%#,! '%&,! '%#0!

A>=8!(=BA?C:DEF/G!=H33!IH@IJ@HKL)!MNO!;",-&'<E&88P!Q=:CR
S!!&9#%#,!%!&9&%"!FNJT)%!

!

II-1g!UH3!P3N@HKL)!H3!H!UVPKL!3N@P)!PT!H!"&W!XPL@)!NYLO!KVL!KVOLL!3KLZ3%!C>!(MP@7/!

#1#,,!#,96,!"56$,!"'$6,!"""6,!"66,!I7:"!0!"-!<=>!($66!=-.,!;?;@&/!! !$%#$!

(),!!!+!&%9!-.,!"-/0!'%#,!(3,!&-/0!#%5&!(3,!&-/0!#%$6!(3,!&-/0!"%,,:"%6"!(7,!""-/0!6%19!(K,!! #9%1!

-.,!1-/0!6%96!(2,!!!+!9%1!-.,!5-/! " "&; <=>!("66!=-.,!;?;@&/!  !!"95%',!"''%",!"&6%&,!9$%6,!

'&%,,!'"%$,!&6%",!#5%",!#$%1,!#$%9,!"'%6,!"&%",!9%",!$%60!A>=8!(=BA?C:DEF/G!=H33!IH@IJ@HKL)!

MNO!;"1-&5<E88P!Q=:CR
S!&$'%#,!&$'%1!FNJT)%!

!

II-1h!UH3! P3N@HKL)! H3! H! ZH@L! XL@@NU! 3N@P)! PT! H! "'W!XPL@)! NYLO! KVL! KVOLL!

3KLZ3%!C>!(MP@7/!#1$",!"565,!"'$,,!"#'",!"61#,!"661!I7:"!0!"-!<=>!($66!

=-.,!;?;@&/!! !$%$$!(K,!!!+!$%$!-.,!"-/0!'%#$!(3,!&-/0!#%56!(3,!&-/0!#%$6!

(3,!&-/0!"%15:"%,9!(7,!#-/0!"%$":"%$6!(7,!#-/0!"%&6:"%#5!(7,!'-/0!6%19!(K,!! #9%5!-.,!1-/0!6%,,!

(7,!&-/0!6%9#!(2,!!!+!9%5!-.,!5-/! " "&; <=>!("66!=-.,!;?;@&/!  !!"99%&,!"'&%1,!"&6%#,!96%,,!

'"%",!&9%",!&"%',!#&%,,!##%5,!"'%",!"&%,,!"&%",!5%1,!'%10!A>=8!(=BA?C:DEF/G!=H33!IH@IJ@HKL)!

MNO!;",-&5<E88P!Q=:CR
S,!&'#%#%!!FNJT)!&'#%9%!
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 1##
!!-1i $%& '&()%*e, %& % $h'*e &()', '. % /01 2'e), (3e4 *he *h4ee &*e5&. 78 

9:')m< #051> #?@A> 1AB#> 1CCA> 1B0#> 1BBA> 0@5 cm-1F 1G HI8 95BB IGJ> 

KLK)/< !  @.C0-@.C? 9m> #G<F @./?-@./# 9m> /G<F @.#C 9,> ! M 1A GJ> 1G<F A./? 9,> ! M @.0 GJ> 

1G<F A.10 9,,> ! M ?.# GJ> 1A GJ> 1G<F C.#B 9&> /G<F #.5B 9&> /G<F #.C0 9&> /G<F B.00 9*> ! #@.0 GJ> 

0G<F B.@@ 9N> ! M @.0 GJ> AG< " 1/K HI8 91BB IGJ> KLK)/<  ! 1@5.@> 1CC.B> 1/@.5> 1/C.?> 1/B.@> 

1#0.C> 1#0.B> 1#@.5> 1#/.0> @#.1> CB.@> 1/.5> 1/.B> @.B> 5.#F O8IS 9IQOL7-RST<U I%&& 

c%)cV)%*e, :(4 K#1G/#HSSS' WI-7XY /@C.#> /@5.B T(V.,. 

 

!!-1m $%& '&()%*e, %& % 2e))($ &()', '. % /11 2'e), (3e4 *he *h4ee &*e5&.  8$ 

M B.55 9#B1 me*h%.()Zch)(4(:(4m<F I5U 1@B-1@# [KF 78 9:')m< #055> #?@A> 

150@> 1C?A> 1#C#> 1B?B> 1B1B> ?BA> @/1 cm-1 F 1G HI8 95BB IGJ> KLK)/< 

!  @.5A9m> CG<F @.BC 9&> 7G<F C.BB 9&> /G<F #.5# 9&> /G<F #.CC 9&> /G<F B.?@ 9*> ! #@.0 GJ> 0G<F B.A5 

9m> AG< " 1/K HI8 91#5 IGJ> KLK)/<  ! 1@A.#> 1CC.1> 1/A.#> 1/#.0> 1/B.?> 1/B.#> 1#C.A> @#.5> 

CB.?> 1/.C> 1/.B> @.B> 5.1F O8IS 9IQOL7-RST<U I%&& c%)cV)%*e, :(4 K#BG/CHSSS' WI-7XY> 

C#A.1.  T(V., C#A.0. 

2.7.2 Typical ,rocedure for the Nucleophilic Acylation of Nitroalkenes 

 
Q ,42 &c4e$-c%55e, *V\e c(.*%'.'.] % m%].e*'c &*'4 \%4 $%& ch%4]e, $'*h *h'(V4e% !!-8 9@A m]> 

B.//5 mm()< '. % .'*4(]e.-:'))e, ])(3e \(^.  Q)&( '. *he \(^ *he 54(*ec*e, *h'%J()'Vm c%4\'.() 

9#AB m]> B.51B mm()< %., *e*4%me*h2)%mm(.'Vm :)V(4',e 9C? m]> B.51B mm()< $e4e $e']he, 

'.*( *$( &e5%4%*e ,4%m 3'%)&.  Q)) '*em& $e4e 4em(3e, :4(m \(^ %., *he *V\e $%& 5V* V.,e4 % 

5(&'*'3e H# 54e&&V4e.  Rhe .'*4(%)_e.e 95# m]> B.//5 mm()< $%& %,,e, *( *he *h'(V4e% '. 

,'ch()(4(me*h%.e 91.A mO<.  8e%c*'(. m'^*V4e $%& c(()e, *( `CB [K.  He^*> c%4\'.() $%& %,,e, 
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 "#$
in 'ic)olo,-et)ane 1234 -56 an' t)e ,eaction 7as allo7e' to sti, 9o, 4 -in3  5ast: ;e<=>? 

7as a''e' in 'ic)olo,-et)ane 1234 -563  @eaction 7as allo7e' to sti, at A<2 BC 9o, #D#< ) until 

co-Flete Gy t)in laye, c),o-atoI,aF)y 1#2J et)e,K)eLanes63  MFon co-Fletion ,eaction 7as 

quenc)e' 7it) 7ate, an' 'ilute' 7it) 'ic)olo,-et)ane t)en allo7e' to 7a,- to ,oo- 

te-Fe,atu,e3  O)e laye,s 7e,e seFa,ate' an' t)e aqueous laye, 7as eLt,acte' t7o a''itional 

ti-es 7it) 'ic)lo,o-et)ane 1$2 -563 O)e co-Gine' o,Ianic eLt,acts 7e,e ',ie' ove, so'iu- 

sul9ate: 9ilte,e' an' concent,ate' !n#$%&uo3  O)e ,esultinI o,anIe ,esi'ue 7as Fu,i9ie' Gy 9las) 

colu-n c),o-atoI,aF)y on silica Iel3 

 

2-Cyclohexyl-3-nitro-1-phenylpropan-1-one (II-6): Qu,i9ie' 7it) 4J 

et)e,K)eLanes: yiel'inI 4R -I 14RJ6 o9 II-6 as a colo,less oil3  @) S 23$R 1#2J 

et)e,K)eLanes6T U@ 19il-6 #R#R: #V4<: "WXR: "44": "$X4 c-D"T "Y =;@ 1422 

;YZ: C[Cl$6 ! V322DX3RV 1-: #Y6T X3W$DX3W2 1-: "Y6T X34#DX3<R 1-: #Y6T 432R 1'': *#+"<34: 

"23< YZ: "Y6T <34$ 1'': *#+"<3W: $3$ YZ: "Y6T <3#2D<3"W 1-: "Y6T "3X#D"3W# 1-: WY6T "3#4D"32W 

1-: <Y6T 23RWD23R" 1-: "Y6T  "$C =;@ 1"#4 ;YZ: C[Cl$6  !T "RR3R: "$W3V: "$$3V: "#R3": "#V3X: 

X$3R: <R3#: $R34: $"3X: #R3V: #W3W: #W3<: #W3"T 5@;\ 1E\U6^ ;ass calculate' 9o, C"4Y"R=_$=a 

`;a=aba: #V<3"$3 ?oun' #V<3#3 

 

1-(4-Chlorophenyl)-2-cylcohexyl-3-nirtropropan-1-one (II-7): Qu,i9ie' 7it) 

4J et)e,K)eLanes: yiel'inI XV -I 1XVJ6 o9 II-7 as a 7)ite soli'3  @) S 23$R 

1#2J et)e,K)eLanes6T ;F^ WR34DX234 BCT U@ 19il-6 #R#R: "WV2: "44<: "$X4 c-D"T 

"Y =;@ 1422 ;YZ: C[Cl$6 ! X3R<DX3R# 1-: #Y6T X3<RDX3<X 1-: #Y6T 432X 1'': *#+"<3X: "23< YZ: 

"Y6T <34$ 1'': *#+"432: $3< YZ: "Y6T <3"$D<32R 1-: "Y6T "3X$D"3W" 1-: WY6T "3#2D"324 1-: <Y6T 

!"#

"

!"#

"

Cl
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0&95-0&88 (,- 1H)  131 2MR (125 MH5- 161l3)  ! 198&9- 1$0&$- 135&2- 130&1- 129&5- 83&9- 

$9&1- 39&5- 31&9- 29&9- 29&9- 29&$- 29&0: ;RMS (ESI)? Mass calculated Gor 115H181l2O32a 

KML2aML- 318&1&  Found 319&1& 

 

1-(4-&hlorophenyl)-2-(nitromethyl)heptan-1-one (55-10): PuriGied Rith 

5% etherUheVanes- yieldinX 95 ,X (95%) oG 55-10 as a colorless oil&  R! = 

0&$2 (20% etherUheVanes): IR (Gil,) 2931- 2892- 1983- 1555- 1388 c,-1: 

1H 2MR (500 MH5- 161l3) ! 8&9$-8&92 (,- 2H): 8&50-8&$8 (,- 2H): 5&01 (dd- " $1$&9- 9&5 H5- 

1H): $&$9 (dd- " $1$&9- $&2 H5- 1H): $&21-$&20 (,- 1H): 1&82-1&99 (,- 1H): 1&55-1&50 (,- 1H): 

1&29-1&2$ (,- 9H): 0&8$-0&82 (,- 3H):  131 2MR (125 MH5- 161l3)  ! 198&9- 1$0&9- 13$&$- 

130&2- 129&9- 85&2- $$&0- 31&8- 30&3- 29&9- 22&5- 1$&1: ;RMS (ESI)? Mass calculated Gor 

11$H181lO KM-2O2M
L- 238&1& Found 239&3& 

 

1-(4-&hlorophenyl)-3-methyl-2-(nitromethyl)butan-1-one (55-11): PuriGied 

Rith 5% etherUheVanes- yieldinX 83 ,X (83%) oG 55-11 as a colorless oil&  R! = 

0&32 (20% etherUheVanes): IR (Gil,) 2998- 2932- 1981- 1550- 1385 c,-1: 1H 

2MR (500 MH5- 161l3) ! 8&9$-8&93 (!",- 2H): 8&50-8&$8 (,- 2H): 5&09 (dd- " $10&5- $&0 H5- 

1H): $&5$ (dd- " $11- 3&5 H5- 1H): $&1$-$&11 (,- 1H): 2&1$-2&11 (,- 1H): 1&0$ (d- " $8&0 H5- 

3H): 0&88 (d- " $8&0 H5- 3H):  131 2MR (125 MH5- 161l3)  ! 198&8- 1$0&$- 135&0- 130&1- 129&5- 

83&3- $9&5- 29&5- 21&2- 19&1:  

 

!"#

"

$%

&'

Me #O2

O

Cl

Me



 125
!"#$%&'()*+(,"-"#."/0)*1*20%&(),"3"#&451*6%50(),7859&"-"*&%: #;;"-3,<:

Purified using a gradient from 5% to 40% ether/hexanes, yielding 80 mg 

(80%) of ;;"-3, a non-separable mixture of diastereomors, as a colorless oil.  

R! = 0.20 (20% ether/hexanes); IR (film) 2978, 2919, 2872, 1555, 1378 cm-1; 1H NMR (500 

MHz, CDCl3) ! 7.95-7.93 (m, 2H); 7.82-7.81 (m, 2H); 7.50-7.48 (m, 2H); 7.44-7.42 (m, 2H); 

7.39-7.31 (m, 6H); 7.29-7.27 (m, 2H); 7.24-7.23 (m, 2H); 5.16 (dd, "#$14.7, 10.2 Hz, 1H); 5.70 

(dd, "#$15.0, 9.7 Hz,, 1H); 4.80 (dd, "#$15.0, 3.5 Hz, 1H); 4.71 (dd, "#$14.8, 2.8 Hz, 1H); 4.66 

(d, "#$12.1 Hz, 1H), 4.58 (d, "#$11.7 Hz, 1H); 4.54 (m, 1H); 4.47 (d, "#$11.9 Hz, 1H); 4.37 (m, 

1H); 4.34 (d, "#$11.7 Hz, 1H); 3.94 (m, 1H); 3.82 (m, 1H); 1.23 (d, "#$6.2 Hz, 3H); 1.13 (d, "#

$6.2 Hz, 3H); 13C NMR (125 MHz, CDCl3)  ! 197.5, 196.7, 140.6, 140.6, 137.6, 137.4, 135.0, 

134.5, 130.3, 130.2, 129.5, 129.4, 128.9, 128.8, 128.4, 128.3, 128.1, 128.0, 73.7, 73.6, 72.8, 71.6, 

71.4, 71.1, 50.3, 49.6, 18.2, 16.4;  LRMS (ESI): Mass calculated for C36H36Cl2N2O8 [2M]+, 

694.2.  Found 696.2.:

:

:#."=0)*1*20%&(),#3"&451*/(/)*0%+(),6%509&*&%: #;;"-!,<:Purified with 5% 

ether/hexanes, yielding 80 mg (80%) of ;;"-!, the trans diastereomer, as a 

white solid.  R! = 0.29 (20% ether/hexanes); Mp: 78-79 °C; IR (film) 2943, 

2864, 1680, 1546, 1379 cm-1; 1H NMR (500 MHz, CDCl3) ! 7.95-7.93 (m, 2H); 7.51-7.49 (m, 

2H); 4.98 (ddd, "#$11.9, 11.9, 3.3 Hz, 1H); 3.96 (ddd. "#$11.9, 11.9, 2.9 Hz, 1H); 2.65-2.63 (m, 

1H); 2.17-2.14 (m, 1H); 2.04-2.02 (m, 1H); 1.90-1.80 (m, 2H); 1.55-1.33 (m, 3H); 13C NMR 

(125 MHz, CDCl3)  ! 198.9, 140.4, 133.7, 130.1, 129.4, 95.0, 84.9, 48.0, 31.8, 29.4, 25.0, 24.9  

LRMS (ESI): Mass calculated for C26H28Cl2N2O6Na [2M+Na]+, 557.1.  Found 557.0.  

Diastereomer ratio was determined by 500MHz 1H NMR spectrum. 

!

"e

!$%

&!2
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O

C#

NO%



! "#$
!"t"rmination*o+*,on+ormation*o+*!-Nitro/"ton"*00-133*

*

%ro(on! *+,o-.lin1! +2.+ri3+n(4! 5+r+! .r+6or3+*! in! or*+r! (o! *+(+r3in+! (7+!

,on6or3a(ion!o6!00-139!!!

!

*

4-*

,5loro75"nyl9:1-:nitrom"t5yl9;y;lo5"<yl9m"t5anon"* :00-1493* %-ri6i+*! 5i(7!

:;!+(7+r<7+2an+4=!yi+l*in1!:$!31!?:$;@!o6!00-14!a4!a!,olorl+44!oil9! !Af!B!C9#D!

?#C;!+(7+r<7+2an+4@E! FA! ?6il3@!#DG$=!#H$#=!"$H#=!"::"=!"GGIH!,3J"E! "K!LMA!

?:CC!MKN=! CPClG@!" I9:"JI9QD! ?3=! #K@E! I9Q"JI9GD! ?3=! #K@E! Q9D$! ?4=! #K@E! "9I$J"9IQ! ?3=! #K@E!

"9$CJ"9:H! ?3=! GK@E! "9:CJ"9QG! ?3=! #K@E! "9G$J"9GG! ?3=! "K@E!  "GC LMA! ?:CC! MKN=! CPClG@!  "!

#C$9G=! "GI9:=! "#$9D=! "#H9H=! ID9$=! :"9H=! G#9"=! #:9Q=! ##9CE! RAMS! ?TSF@U! Ma44! ,al,-la(+*! 6or!

C"QK"$ClV!WMJLV#X
Y=!#G:9"9!!Zo-n*!#G$9Q9*

*

2-,yl;o5"<yl-1-:na7t5al"n-3-yl9-3-nitro7ro7an"-1-on"* :00-1>93* %-ri6i+*!

5i(7!:;!+(7+r<7+2an+4=!yi+l*in1!HC!31!?HC;@!o6!00-1>!a4!a!,olorl+44!oil9!!Af!

B!C9#H!?#C;!+(7+r<7+2an+4@E!FA!?6il3@!#D#H=!#H:Q=!"$IQ=!"::"=!"GI:!,3J"E!"K!LMA!?:CC!MKN=!

CPClG@!" H9:#! ?4=! "K@E! H9C:JH9CC! ?3=! #K@E! I9DQJI9HD! ?3=! #K@E! I9$QJI9:$! ?3=! #K@E! :9":! ?**=!" 

$"Q9:=!"C9#!KN=!"K@E!Q9:D!?**=!" $"Q9$=!G9"!KN=!"K@E!Q9G:!?3=!"K@E!"9H"J"9$"!?3=!$K@E!"9#"JC9D$!

?3=!:K@E! "GC  LMA!?:CC!MKN=!CPClG@! "!#CC9C=!"G$9C=!"GQ9G=!"G#9H=!"GC9:=!"GC9C=!"#D9"=!"#D9C=!

"#H9"=!"#I9#=!"#Q9G=!IQ9"=!QD9#=!GD9I=!G"9I=!GC9C=!#$9$=!#$9:=!#$9"E!RAMS!?TSF@U!Ma44!,al,-la(+*!

6or!C"DK##LV#!WMYKX
Y=!G"#9#9!!Zo-n*!G"#9Q9*

!"#$%&'"( *+$,$- . / 01'%"2

31

34

3#

. 34 5 6789: 78; 3<

. 31 5 668;: 989 3<

. 31 5 668=: 668= 3<

O2N

O

Cl

Ha

Hb

Hc

!"#

"

$%

!"#

"
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2-Cyclohexyl-1-(3-methoxyphenyl)-3-nitropropan-1-one (II-16): P&'i)ied 

,it. 5%-40% et.e'/.e567e8, :ieldi7< 60 >< (60%) A) II-16 68 6 BAlA'le88 AilC  

Df = 0C3G (20% et.e'/.e567e8)H ID ()il>) 2J30, 2G54, 16G0, 1554, 1266 B>-1H 

1H LMD (500 MHN, CPCl3) ! $C5J-$C5G (>, 1H)H $C52 (8, 1H)H $C45-$C42 (>, 1H)H $C1G-$C16 (>, 

1H)H 5C0J (dd, " $14C5, 10C4 HN, 1H)H 4C55 (dd, " $14C5, 2CJ HN, 1H)H 4C2 (>, 1H)H 3CGJ (8, 3H)H 

1C$3-1C63 (>, 6H)H 1C23-1C0G (>, 4H)H 0CJG-0CJ3 (>, 1H)H  
13C  LMD (500 MHN, CPCl3)  ! 

1JJC$, 160C2, 13GC2, 130C1, 121C3, 120C2, 113C1, $3CJ, 55C$, 4JC3, 3JC5, 31C$, 2JCG, 26C6, 26C4, 

26C1H QDMS (ESI)T M688 B6lB&l6ted )A' C16H22LO4L6 [M+L6+H]+, 315C1C  YA&7d 315C5C 

 

1-(4-Bromophenyl)-2-cyclohexyl-3-nitropropan-1-one (II-17): P&'i)ied 

,it. 2-6% et.e'/.e567e8, :ieldi7< G1 >< (G1%) A) II-17 68 6 BAlA'le88 AilC  Df 

= 0C2J (20% et.e'/.e567e8)H MZ = J5C5-J$ °CH ID ()il>) 2J2J, 2G54, 16G0, 

1554, 13$5, 1250 B>-1H 1H LMD (500 MHN, CPCl3) ! $CG$-$CG6 (>, 2H)H $C6$-$C65 (>, 2H)H 

5C0J (dd, " $15C0, 10C$HN, 1H)H 4C55 (dd, " $15C0, 3C4 HN, 1H)H 4C13-4C10 (>, 1H)H 1C$4-1C62 (>, 

6H)H 1C26-1C06 (>, 4H)H 0CJ$-0CGJ (>, 1H)H  
13C  LMD (500 MHN, CPCl3)  ! 1JJC1, 135C6, 

132C4, 130C2, 12JC1, $3CJ, 55C$, 4JC1, 3JC5, 31C$, 2JCJ, 26C6, 26C4, 26C0H QDMS (ESI)T M688 

B6lB&l6ted )A' C1GH1G\'LO2L6 [M+L6]+, 362C0C  YA&7d 363C5C 

!"#"$ %sy((e*+i- /0-le234ili- %-yl5*i26 27 /i*+25l8e6es 

 

] d': 8B'e,-B6ZZed t&^e BA7t6i7i7< 6 >6<7etiB 8ti' ^6' ,68 B.6'<ed ,it. t.iA&'e6 II-18 

(200 ><, 0C335 >>Al) i7 6 7it'A<e7-)illed <lA_e ^A5C  ]l8A i7 t.e ^A5 t.e Z'AteBted t.i6NAli&> 

B6'^i7Al II-1c (260 ><, 0C510 >>Al) 67d tet'6>et.:l6>>A7i&> )l&A'ide (Me4L`Y, 4G ><, 0C510 

!

"!#

$%!

!"#

"

$%
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mmol) were weighed into two separate dram vials.  All items were removed from box and 

the tube was put under a positive <2 pressure.  The nitroalkene (52 mg, 0.335 mmol) was added 

to the thiourea in dicholoromethane (1.E mF).  Geaction mixture was cooled to HI$ JK.  <ext, 

carbinol was added in dicholormethane (0.5 mF) and the reaction was allowed to stir for 5 min.  

Fast, Le4<NO was added in dicholormethane (0.5 mF).  Geaction was allowed to stir at HI$ JK 

for 2-24h until complete by thin layer chromatography (20% etherShexanes).  Tpon completion 

reaction was quenched with water and diluted with dicholormethane then warmed to room 

temperature.  The layers were separated and the aqueous layer was extracted two additional 

times with dichloromethane (30 mF). The combined organic extracts were dried over sodium 

sulfate, filtered and concentrated !" $ac'(.  The resulting orange residue was purified by flash 

column chromatography on silica gel. 

 

Vnantiomeric excess determined by HXFK on a Khiralcel OZ-H column.  10% [XASHexanes, 

1mFSmin. 

 

!eter%ination of Stereo-he%istry1   

The absolute stereochemistry was determined by \-ray crystallography of 22315 (see Appendix 

1).  The asymmetric nucleophilic acylation was carried out using the 4-Br-Xh thiazolium carbinol 

(2231%) and nitroalkene 2232a to yield 22315 with an enantiomeric excess of I0%. Vnantiomeric 

excess determined by HXFK on a Khiralcel OZ-H column.  10% [XASHexanes, 1mFSmin.  

Gecrystallized from etherShexanes.   

 

 



! 129
HP#C%t'()*%+,%'()*-.)%//-72%



! 1#0
!"#$ tr(ce o, en(nt.oenr.c/ed 11234 



! "#"
HP#C tr()e o, en(ntioenri)hed 11217: 
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!"#$ &'ace +, c'-.&a/. ,'+m II-14 5.ed 78 9-'a- c'-.&a//+:'a;h-= 



 1##
2.7.4! Ty'ical Proced2re 3or the N2cleo'hilic 7cylation o3 o-:2inone Methides 

 
$ %&' 10 )* &+,-% b+//+) fla34 5a3 6ha&ge% 5:/h /he /h:a;+l:,) 6a&b:-+l <0.>20 ))+l) 

a-% f://e% 5:/h a 3eA/a :- a -:/&+ge--f:lle% %&'b+C.  $l3+ :- /he b+CD a 3eAa&a/e E:al 5a3 6ha&ge% 

5:/h /e/&a)e/h'la))+-:,) fl,+&:%e <FeGHIJD K> )gD 1.0# ))+l).  L+/h &eage-/3 5e&e &e)+Ee% 

f&+) /he b+C a-% /he 6a&b:-+l 5a3 Ala6e% ,-%e& a A+3:/:Ee A&e33,&e +f -:/&+ge-.  The N,:-+-e 

)e/h:%e A&e6,&3+& <0.G1# ))+l) %:33+lEe% :- OP2Ol2 <# )*) 5a3 a%%e% /+ /he fla34 6+-/a:-:-g 

/he 6a&b:-+l.  The &e3,l/:-g 'ell+5 3+l,/:+- 5a3 :))e%:a/el' 6++le% /+ QRS TO.  *a3/D /he FeGHIJ 

3,3Ae-%e% :- OP2Ol2 <1.R )*) 5a3 a%%e% %&+A5:3e /+ /he &ea6/:+-.  UA+- FeGHIJ a%%:/:+-D /he 

&ea6/:+- /,&-e% %a&4 g&ee- +& &e% %eAe-%:-g +- /he 3,b3/&a/e3.   $f/e& 2G h a/ QRS TO /he &ea6/:+- 

5a3 all+5e% /+ a//a:- &++) /e)Ae&a/,&e a-% 3/:&&e% f+& a- a%%:/:+-al h+,& a/ 2# TO.  $/ /h:3 /:)eD 

/h:- la'e& 6h&+)a/+g&aAh' 3h+5e% all +f /he N,:-+-e )e/h:%e A&e6,3+& ha% bee- 6+-3,)e%.  The 

&ea6/:+- 5a3 %:l,/e% 5:/h 3a/,&a/e% HaOl a-% OP2Ol2.  The la'e&3 5e&e 3eAa&a/e% a-% /he 

aN,e+,3 la'e& 5a3 eC/&a6/e% /5+ a%%:/:+-al /:)e3 5:/h OP2Ol2.  The +&ga-:6 la'e&3 5e&e 

6+)b:-e%D %&:e% +Ee& Ha2VWGD f:l/e&e% a-% 6+-6e-/&a/e%.  The &e3,l/:-g &e3:%,e 5a3 A,&:f:e% b' 

fla3h 6+l,)- 6h&+)a/+g&aAh' +- 3:l:6a gel. 

2.7.5! Characteri?ation o3 !-7ryl @etones 

 

1-($-chlorophenyl)-/-(/-hydroxyphenyl)ethanone (55-/6)7 X,&:f:e% 5:/h Y /+ 

G0Z e/he&[heCa-e3D ':el%:-g G> )g <R2Z) +f 55-/6 a3 a 5h:/e 3+l:%.  \f ] 0.#R 

<G0[>0 e/he&[heCa-e3)^ FA_ 1#G-1#Y `O^ I\ <f:l)) #G1S.0^ #02S.YD 2KYK.2D 1>R#.KD RGR.S 6)-1^ 

1P HF\ <Y00 FP;D ObOl#) ! S.0#-S.01 <)D 2P)^ R.GS-R.GY <)D 2P)^ R.#1 <3D 1P)^ R.1K-R.1Y <)D 

2P)^ >.KG->.S> <)D 2P)^ G.2Y <3D 2P)^  1#O HF\ <12Y FP;D ObOl#) ! 1KK.SD 1YY.YD 1G0.KD 1#G.GD 

OH

O

Cl
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131.2, 130.), 12*.$, 12*.$, 121.2, 121.0, 117.,, $1.1- ./MS 2ele5t7o9:7;y=: M;99 5;l5?l;ted 

Ao7 C2,H22Cl2O$ E2MF+, $*2.1. Fo?Id $*2.,.!

!

!"-$"-%&'r)*&+%,-&./-0-$-1+%2%1.,--"-&./,2%1-)-,!$33-44/5!P?7iAied with $ 

to 3N% ethe7PheQ;Ie9, yieldiIR )) mR 2))%= oA II#$$!;9 ; white 9olid.  /f T 

0.2, 2$0P)0 ethe7PheQ;Ie9=- M:: 1$$U1$N °C- W/ 2Ailm= 3$1N.), 30N*.3, 2*12.7, 1)7).1, 117N.*, 

7$7.2 5mU1- 1H NM/ 2N00 MHY, CDCl3= ! ,.)* 29, 1H=- ,.13U,.11 2m, 1H=- ,.0NU,.03 2m, 1H=- 

7.*NU7.*0 2m, 2H=- 7.,) 29, 1H=- 7.),U7.)N 2m, 1H=- 7.)3U7.)0 2m, 1H=- 7.2, 29, 1H=- 7.22U7.1* 

2m, 1H=- 7.01U7.00 2m, 1H=, ).*3U).*0 2m, 1H=- $.$$ 29, 2H=-13C NM/ 212N MHY, CDCl3= ! 

201.$, 1N).0, 13).3, 133.3, 132.7, 131.7, 131.), 131.3, 130.1, 12*.$, 12*.1, 12,.1, 127.3, 12$.$, 

121.$, 121.1, 11,.1, $1.$- ./MS 2ele5t7o9:7;y=:  M;99 5;l5?l;ted Ao7 C1,H1$O2N; EM+N;F+, 

2,N.1.  Fo?Id 2,N.3.!

 

%#&%#'()*+,(-'./(01#2#&$#3.4'+,(-'./(01.4'5/+/.! &II#$617! P?7iAied 

with $ to 30% ethe7PheQ;Ie9, yieldiIR 70 mR 270%= oA II#$6 ;9 ; white 

9olid.  /f T 0.2$ 2$0P)0 ethe7PheQ;Ie9=- M:: 10,U10* °C- W/ 2Ailm= 3$11.)- 300N.3- 2*20.$- 

1)7N.2- 12)0.2- 7N3.2 5mU1- 1H NM/ 2N00 MHY, CDCl3= ! 7.7$U7.72 2m, 2H=- 7.)1 29, 1H=- 7.$NU

7.$1 2m, 1H=- 7.20U7.17 2m, 3H=- ).*7U).*) 2m, 1H=- ).*1U).,, 2m, 1H=- $.30 29, 2H=- 3.,7 29, 

3H=- 13C NM/ 212N MHY, CDCl3= ! 201.2, 1)0.2, 1NN.7, 137.$, 131.3, 130.1, 12*.3, 122.0, 

121.3, 121.1, 120.*, 117.,, 113.$, NN.7, $1.3- ./MS 2ele5t7o9:7;y=: M;99 5;l5?l;ted Ao7 

C30H2,O), E2MF+, $,$.2.  Fo?Id $,$.$. 

 

!"

!

!"

!

!#e



! "#$
(!)-1-(2-hydroxyphenyl)-4-phenylbut-3-en-2-one (II-35): %&'()(*+!,(-.!/!-0!

#12! *-.*'3.*456*7,! 9(*:+(6;! "<!=;! >$#2?! 0)! II-35! 57! 5! 9*::0,! 70:(+@! ! A!! B!

1@CD! >/13E1! *-.*'3.*456*7?F!GHI! E"JE#! KLF! MA! >)(:=?! ##$<@E,! #1CD@$,! CDC/@$,! "EN"@D,! "E11@D,!

"/$/@<,!<$C@1!O=J"F! "P!QGA!>$11!GPR,!LSL:#?!!!<@D1! >7,!"P?F!<@<DJ<@<E! >=,!"P?F!<@E"J<@$D!

>=,!CP?F!<@//J<@/#!>=,!#P?F!<@CCJ<@"E!>=,!CP?F!<@11JE@DN!>=,!"P?F!E@DCJE@NE!>=,!CP?F!/@1"!>7,!

CP?F! "#L! QGA! >"C$!GPR,! LSL:#?! !! C1"@",! "$E@1,! "/E@#,! "#/@C,! "#"@$,! "#"@",! "CD@/,! "CD@#,!

"CD@1,! "C$@/,! "C"@/,! "C"@1,! ""N@",! //@1F! TAGU! >*:*O-'07H'59?I! G577! O5:O&:5-*+! )0'! L#CPCNV/!

WCGXY,!/<E@C@!!Z0&6+!/<E@$@! 

 

1-(4-chlorophenyl)-2-(2-hydroxyphenyl)propan-1-one (II-36): %&'()(*+! ,(-.! /! -0! CC2!

*-.*'3.*456*7,! 9(*:+(6;! /"!=;! >E12?! 0)! II-36! 57! 5!,.(-*! 70:(+@! ! A!! B! 1@/1!

>/13E1! *-.*'3.*456*7?F! GHI! ""$J""E! KLF! MA! >)(:=?! ##D",! CD#"@",! "EE<@N,!

"$ND,!"/$#@#,!"1D#@",!<$/@1!O=J"F! "P!QGA!>$11!GPR,!LSL:#?!!!N@1"JN@11!

>=,!CP?F!<@/"J<@#D!>=,!CP?F!<@"$J<@""!>=,!CP?F!E@NNJE@N$!>=,!CP?F!E@N#!>7,!"P?F!/@D$!>[,!"!B!<@1!

PR,!"P?F!"@$<!>+,!"!B!<@1!PR,!#P?F!"#L!QGA!>"C$!GPR,!LSL:#?!!!C1C@/,!"$#@N,!"/1@",!"#/@$,!

"#1@$,! "CD@E,! "CD@C,! "CN@D,! "CE@N,! "C"@$,! ""<@#,! /#@/,! "<@$F! TAGU! >*:*O-'07H'59?I! G577!

O5:O&:5-*+!)0'!L#1PCEL:CV/Q5!WCGYQ5X
Y,!$/#@"@!Z0&6+!$//@$@!

!

1-(4-chlorophenyl)-2-(2-hydroxyphenyl)-2-phenylethanone (II-37): %&'()(*+!

,(-.!N!-0!/12!*-.*'3.*456*7,!9(*:+(6;!EN!=;!>EN2?!0)!II-37!57!5!9*::0,!70:(+@!!

A!! B! 1@CN! >/13E1! *-.*'3.*456*7?F! GHI! D#@$JD$! KLF! MA! >)(:=?! #/1<@E,! #1#1@#,! CDC$@<,! "E<#@C,!

"$N<@E,!"/$$@E,!"1D#@1,!<$"@1!O=J"F!"P!QGA!>$11!GPR,!LSL:#?!!!N@1#JN@1"!>=,!CP?F!<@/#J<@C$!

>=,!<P?F!<@"NJ<"E!>=,!"P?F!<@1$J<@1/!>=,!"P?F!E@D"JE@ND! >=,!"P?,!E@N/JE@NC! >=,!"P?,!E@CN!>7,!

O"

O

#$
Me

!"

!

#$
%&

O"

O

#h
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1H), 6.23 (s, 1H); 13C NMR (125 MHz, CDCl3) ! 199.6, 153.9, 140.2, 137.4, 135.2, 130.7, 

130.0, 129.3, 129.3, 129.1, 128.8, 127.7, 125.5, 121.2, 116.9, 54.8; LRMS (electrospray): Mass 

calculated for C40H30Cl2O4Na [2M +Na]+, 667.1.  Found 668.4. 

 

1-$%-&'l)*)+'e-.l/-0-$0-'.1*)2.-3-4e5')2.+'e-.l/e5'a-)-e $II-38/9 

Purified with 4 to 25% ether/hexanes, yielding 67 mg (67%) of II-38 as a 

white solid.  R! = 0.23 (40/60 ether/hexanes); Mp: 104-106 °C; IR (film) 3437.8, 2939.6, 2840.9, 

1688.0, 1479.8, 1272.7, 1076.3, 762.7 cm-1   1H NMR (500 MHz, CDCl3) ! 8.03-8.02 (m, 2H); 

7.44-7.42 (m, 2H); 6.83-6.80 (m, 3H); 5.92 (s, 1H); 4.28 (s, 2H); 3.90 (s, 3H); 13C NMR (125 

MHz, CDCl3) ! 197.0, 146.9, 143.7, 139.7, 135.2, 130.3, 129.1, 123.1, 120.7, 120.0, 109.8, 56.2, 

39.6; LRMS (electrospray): Mass calculated for C15H13ClO3Na [M+Na]+, 299.1.  Found 299.8. 

 

1-$%-&'l)*)+'e-.l/-0-$0-'.1*)2.-%-4e5')2.+'e-.l/e5'a-)-e $II-3:/9 

Purified with 5 to 33% ether/hexanes, yielding 54 mg (75%) of II-3: as a 

white solid.  R! = 0.23 (40/60 ether/hexanes); Mp: 107.5-109 °C; IR (film) 3419.8, 2956.3, 

2836.8, 1675.3, 1619.2, 1589.3, 12079, 1093.9, 819.0 cm-1; 1H NMR (500 MHz, CDCl3) ! 8.04-

8.03 (m, 2H); 7.62 (s, 1H); 7.49-7.47 (m, 2H); 7.07-7.05 (m, 1H); 6.53 (m, 1H); 6.48-6.45 (m, 

1H); 4.20(s, 2H); 3.76 (s, 3H); 13C NMR (125 MHz, CDCl3) ! 200.3, 160.7, 156.7, 140.9, 134.3, 

131.6, 130.7, 129.4, 113.0, 107.1, 103.5, 55.6, 40.5; LRMS (electrospray): C15H13ClO3 [M]+, 

276.1.  Found 278.4. 
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!"#$"%&'()(*&+,-'."/"#!!"0,1('"2"-'.+3&4,(,+ #66"$!.7 P&'()(e+!,(-h!4!-o!402!

e-he'3hex56e78!y(el+(6;!4<!=;!>702?!o)!66"$!!57!5!,h(-e!7ol(+@!!Af!B!0@25!>40360!

e-he'3hex56e7?F! GHI! 158@5-15<! LCF! NA! >)(l=?! 3352@68! 3080@18! 2<17@48! 1681@58!

742@0! c=-1F! 1H!QGA! >500!GHR8! CSCl3?! !! 8@17! >T78! 1H?F! 8@01-8@00! >=8! 2H?F!

7@63-7@61!>=8!1H?F!7@43-7@41!>=8!2H?F!7@37-7@35!>=8!1H?F!7@24-7@21!>=8!1H?F!7@18-7@15!>=8!1H?F!

7@08! >78! 1H?F! 4@3<! >78! 2H?F! 13C!QGA! >125!GHR8!CSCl3?!!! 1<7@08! 13<@78! 163@48! 135@18! 130@38!

12<@28!127@48!123@58!122@68!120@18!118@<8!111@68!108@88!35@<F!UAGV!>elec-'o7H'5y?I!C16H12ClQW!

XGYZ8!26<@1@!![o&6+!270@4@!!!

!

!
"

#

$l
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!"#"$! %&'()*+,+ ./ 01.(*2(*3 4),56.7,89 :51;,'.7 <<=># 
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-
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2. #eI( 80 A7

%&

!!-#$ !!-#% !!-#&  

 

2-bromo-3,5-dimethoxybenzaldehyde (77-48); 2&3-()*+,-./01+23a5(+-0(+ 617& 

6902 **.5+;< =a; a((+( ,. a 25 *? @.A2( 1.,,.* B5a;C a2( ();;.5D+( )2 aE+,)E 

aE)( 65 *?<9  F-+ @+;A5,)27 E.5.@5+;; ;.5A,).2 =a; 1@)+B50 E..5+( )2 a2 )E+ 1a,-9  G ;.5A,).2 .B 

1@.*)2+ 6320 !?& 6925 **.5+;< )2 aE+,)E aE)( 62 *?< =a; a((+( (@.H=);+ ,. ,-+ E..5 @+aE,).2 

*)/,A@+9  I2E+ ,-+ a((),).2 =a; E.*H5+,+ ,-+ )E+ 1a,- =a; @+*.D+(9  GB,+@ aHH@./)*a,+50 5 *)2 

,-+ @+aE,).2 -a( ;.5)()B)+( a2( =a,+@ 610 *?< =a; a((+(9  F-+ ;.5)( =a; E.55+E,+( 10 DaEAA* 

B)5,@a,).2 a2( @)2;+( =),- =a,+@9  F-+ ;.5)( =a; ,-+2 ();;.5D+( )2 JK2J52 a2( =a;-+( =),- 

;a,A@a,+( LaKJI39 F-+ 5a0+@; =+@+ ;+Ha@a,+( a2( ,-+ aMA+.A; 5a0+@ =a; +/,@aE,+( ,=. 

a((),).2a5 ,)*+; =),- JK2J529  F-+ E.*1)2+( .@7a2)E 5a0+@; =+@+ (@)+( =),- ;.()A* ;A5Ba,+ a2( 

,-+2 B)5,+@+( ,-@.A7- a H5A7 .B ;)5)Ea 7+5 A;)27 JK2J52 a; ,-+ +5A+2,9  F-+ B)5,@a,+ =a; 

E.2E+2,@a,+( ,. aBB.@( a =-),+ ;.5)( E.2;);,)27 .B 1.,- *.2. a2( ()1@.*)2a,+( a5(+-0(+;9  G 

;*a55 a*.A2, .B +,-05 aE+,a,+ =a; a((+( ,. ,-+ ;.5)(9  GB,+@ ;,a2()27 a, 5 NJ& a =-),+ ;.5)( 6,-+ 

()1@.*)2a,+( a5(+-0(+< -a( H@+E)H),a,+(9  F-+ ;.5)( =a; ;+Ha@a,+( B@.* ,-+ 5)MA)( 10 DaEAA* 

B)5),@a,).2 a2( ,-+ B)5,@a,+ =a; E.2E+2,@a,+( ,. 0)+5( ,-+ *.2.1@.*)2a,+( a5(+-0(+ 61902 7& 4916 

**.5+;& 69Q< a; a =-),+ ;.5)(9  1K LRS 6500 RK3& JTJ53< ! 10943 6;& 1K<U 7906 6(& 1K& ! W 

297 K3<U 6973 6(& 1K& ! W 297 K3<U 3993 6;& 3K<U 3987 6;& 3K<9  XH+E,@a5 (a,a *a,E-+( ,-+ @+H.@,+( 

(a,a941 

! "

!#e#e!

%&
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!"#$%&'&#(,*#+,'-./&012/-3145!6,*#+,'-./14./,78&4#"#145'-./73&49 !::#

6;5<99To a flame-dried 100 mL round bottom flask under positive nitrogen 

pressure was added 4,5-dimethylthiazole (432 !L, 4.08 mmoles) and THF (20 mL).  The 

resulting solution was cooled to –78 °C.  !-BuLi (2.1 mL, 4.08 mmoles) was added dropwise to 

the cold reaction causing it to turn into pink solution that was stirred at –78 °C for 45 min.  At 

this time, the aldehyde (::#6=, 2 g, 8.16 mmoles) was added in one portion.  Upon addition, the 

reaction turned yellow.  After stirring at –78 °C for an hour, the dry ice/acetone bath was 

removed and the reaction warmed to 23 °C.  After 3 h at room temperature the reation was 

diluted with water and extracted three times with ethyl acetate.  The combined organics were 

dried over sodium sulfate, filtered and concentrated.  Recrystallization from ethyl acetate yielded 

the desired carbinol as a white solid (1.35 g, 3.77 mmoles, 92%).  1H NMR (500 MHz, CDCl3) ! 

6.85 (s, 1H); 6.49 (d, 1H, # = 2.7 Hz); 6.38 (d, 1H, # = 2.7 Hz); 3.90 (s, 3H); 3.82 (s, 3H); 2.32 

(s, 3H); 2.29 (s, 3H)  

 

>?@#2%&.-A.-+9./,78&4,B'9A7%$,3&49!::#6C5<9A dry 100 mL round bottom 

flask was charged with carbinol ::#6; (1.35 g, 3.77 mmoles) and placed 

under positive nitrogen pressure. CH2Cl2 (30 mL) was added and the carbinol was completely 

dissolved.  Triethylsilylchloride (1 mL, 5.66 mmoles) was then added followed by imidazole 

(308 mg, 4.52 mmoles).  The resulting suspension was stirred at 23 °C overnight.  After 15 h the 

reaction was diluted with water and CH2Cl2.  The layers were separated and the organic layer 

was washed two additional times with water.  The combined aqueous layers were extracted one 

time with CH2Cl2.  The combined organic layers were dried over sodium sulfate, filtered and 

O"

O#e
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 "#$
concentrated to yield t0e silyl 2rotected car3inol as a 2ale yello4 oil t0at 4as used in t0e ne6t 

ste2 4it0out furt0er 2urification.  90e 9E;<2rotected car3inol 4as dissol=ed in iodomet0ane ?@ 

mAB.  90e resultinC 2ale yello4 solution 4as 0eated to D$ EF for G$ 0.  Hfter coolinC to room 

tem2eratureI any remaininC iodomet0ane 4as remo=ed in $%cuo to yield a yello4 residue.  

Jiet0yl et0er 4as added to t0e residue causinC t0e 2rotected t0iaKolium car3inol to 2reci2itate as 

2ale yello4 solid.  90e solid 4as isolated 3y =acuum filitration and dried under =acuum ?".LM CI 

LLN o=er t0e t4o ste2sB. "O PQR ?@$$ QOKI FJFlSB ! T.DG ?sI "OBU T.TS ?sI "OBU T.@# ?sI "OBU 

S.M" ?sI SOBU S.DT ?sI TOBU G.@# ?sI TOBU $.MG<$.DL ?mI MOBU $.L"<$.T$ ?mI TOB "SF PQR ?"G@ 

QOKI FJFlSB ! "L@.MI "T$.MI "@L.SI "##.TI "SL.@I "S"."I "$L.$I "$#.$I "$".SI LS.$I @T.DI @T.@I 

#$."I "#.$I "S.GI T.MSI @.$#. 

 

2.#.# Synthesis of /uinone 1ethide 3recursor II-28e 

 

! "

!"

!"

#$%& ()*!+

,-.*/012.3

45$602$
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!#$

789*:
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! "

!789

!#$

"!

!789

!#$
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!789

!#$

@>8"A

#$!"

9!*:)

70:B$2$

!!-5$ !!-51 !!-52 !!-2'e !

 

"#$%&'()%#*#+,-$()%.,/012&,$%&, 344#5678 VGFWS ?# CI GD.M mmolesB and 

acetone ?"T mAB 4ere added to a dry @$ mA round 3ottom flasX under a 2ositi=e 

nitroCen 2ressure.  GI#<Ji0ydro6y3enKalde0yde ?G CI "#.@ mmolesB 4as added to t0e 

reaction mi6ture to create a liC0t 2eac0 sus2ension.  "D<Fro4n<T ?SDS mCI ".#@ mmolesB 4as 

added in one 2ortion and last t0e iodomet0ane ?$.M mAI "#.@ mmolesB 4as added dro24ise 3y 

syrinCe.  90e resultinC reaction mi6ture 4as stirred at GS EF o=erniC0t.  Hfter "D 0 t0e reaction 

O H
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$%& '()*l,-, ./ -h12 l%/,r 'hr()%-(r4r%*h/ 5467 ,-h,r8h,9%2,&:. CH2Cl2 $%& %??,? %2? 

-h, (r4%21' l%/,r $%& $%&h,? $1-h $%-,r.  Th, %Au,(u& l%/,r $%& ,9-r%'-,? $1-h CH2Cl2 %2? -h, 

'().12,? (r4%21' l%/,r& $,r, ?r1,? $1-h &(?1u) &ulC%-,D C1l-,r,? %2? '(2',2-r%-,? -( /1,l? % 

.r($2 (1l.  Th, 'ru?, (1l $%& *ur1C1,? ./ Cl%&h '(lu)2 'hr()%-(4r%*h/ (2 &1l1'% 4,l u&124 % 267 

-( 567 ,-h,r8h,9%2,& 4r%?1,2- %& ,lu,2-.  T$( &*(-& $,r, 1&(l%-,?.  Th, ?,&1r,? %l?,h/?, $%& 

1&(l%-,? %& % $h1-, &(l1? 5R! 12 467 ,-h,r8h,9%2,& G  6.55D 1.17 4D 537:.  1H NKR 5566 KHLD 

CMCl3: ! 11.5 5&D 1H:N 9.74 5&D 1H:N 7.45 5)D 1H:N 6.57-6.55 5)D 1H:N 6.45 5)D 1H:N 3.R9 5&D 3H:.  

M%-% )%-'h,? -h%- (C '()),r'1%ll/ %S%1l%.l, %l?,h/?,.  Th, &,'(2? '()*(u2? 1&(l%-,? $%& -h, 

?1%lT/l%-,? %l?,h/?,D %l&( % $h1-, &(l1? 5R! 12 467 ,-h,r8h,9%2,& G 6.32D 3R3 )4:. 1H NKR 5566 

KHLD CMCl3: ! 16.35&D 1H:N 7.R4 5)D 1H:N 6.5R-6.55 5)D 1H:N 6.45 5)D 1H:N 3.92 5&D 3H:N 3.R9 

5&D 3H:.  M%-% )%-'h,? -h%- (C '()),r'1%ll/ %S%1l%.l, %l?,h/?,.   

 

2-(!"#!-butyldimethylsilylo0y)-4-metho0ybenzaldehyde (77-89): T( % ?r/ 56 )U 

r(u2? .(--() Cl%&T u2?,r % *(&1-1S, 21-r(4,2 Cl($ '(2-%12124 2-h/?r(9/-4-

),-h(9/.,2L%l?,h/?, 51.17 4D 7.69 ))(l,&: $%& %??,? MKF 52.6 )U:.  N,9-D "-

.u-/l?1),-h/l&1l/l'hl(r1?, 52.4 4D 15.9 ))(l,&: $%& %??,? C(ll($,? ./ 1)1?%L(l, 51.3 4D 19.1 

))(l,&:.  WC-,r &-1rr124 %- r(() -,)*,r%-ur, C(r 1 h -h, r,%'-1(2 $%& '()*l,-, ./ -h12 l%/,r 

'hr()%-(4r%*h/ 5467 ,-h,r8h,9%2,&:.  Th, r,%'-1(2 $%& ?1lu-,? $1-h ,-h,r %2? $%-,r.  Th, 

l%/,r& $,r, &,*%r%-,? %2? -h, (r4%21' l%/,r $%& $%&h,? -$( %??1-1(2%l -1),& $1-h $%-,r.  Th, 

&u.&-r%-, 1& %'1? &,2&1-1S, &( 1- 1& 1)*(r-%2- -( u&, 2,u-r%l '(2?1-1(2& ?ur124 $(rTu*.  Th, (r4%21' 

l%/,r $%& $%&h,? $1-h &%-ur%-,? N%Cl -h,2 ?r1,? $1-h )%42,&1u) &ulC%-,D C1l-,r,? %2? 

'(2',2-r%-,? -( % *%l, /,ll($ (1l.  Th, 'ru?, (1l $%& *ur1C1,? ./ .ul. -( .ul. ?1&-1ll%-1(2 u&124 % 

Xu4,lrh(r %**%r%-u&.  W- 6.1 -(rrD -h, ?,&1r,? *r(?u'- '%), (S,r .,-$,,2 156-175 YC %& % 'l,%rD 
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 "#$
%&'&(')** &+' ,"-.$/0 1.23-  4!5.-16 ,#.76. )89)(79):;<)*3= >4 ,?+'@3 $ABB-"0 $C1#-60 "6C"-60 

".6"-A0 "$11-C0 "$.6-C0 ""6C-10 C#1-A %@D"= "E FG4 ,1.. GEH0 IJI'B3 ! ".-B,*0 "E3= K-C. ,@0 

"E3= 6-6$D6-6. ,@0 "E3= 6-B6 ,@0 "E3= B-C6 ,*0 BE3= "-.# ,*0 AE3= .-B. ,*- 6E3-  "BI FG4 ,"$1 

GEH0 IJI'B3 ! "CC-K0 "61-A0 "1"-.0 "B.-B0 "$"-60 ".C-"0 ".1-#0 11-C0 $1-A0 $1-C0 "C-6-!!

!

"2-"tert-%&'()*+,-'.()/+)()01(2-3-,-'.01(4.-5()2,-'.a50)!"II-5229!L& ; 1. @M 

(&N<O P&88&@ ?';*Q %&<8;+<+</ II-51! ,"-.$ /0 B-C$ @@&')*3!R;* ;OO)O @)89;<&' 

,"A @M3-  L9) ();%8+&< R;* %&&')O . SI-  F;TE# ,"KC @/0 #-K" @@&')*3 R;* 

%;N8+&N*'U ;OO)O 8& 89) ;'O)9UO) *&'N8+&<-  V?8)( ;OO+8+&< R;* %&@W')8) 89) ();%8+&< R;* ;''&R)O 

8& *'&R'U ;88;+< (&&@ 8)@W)(;8N()-  V?8)( $ 9 89) ();%8+&< R;* %&@W')8) PU 89+< ';U)( 

%9(&@;8&/(;W9U ,#.2 )89)(79):;<)*3-  L9) ();%8+&< R;* XN)<%9)O R+89 *;8N(;8)O F;I' ;<O 

%&<%)<8(;8)O 8& ()@&Y) 89) @)89;<&'-  L9) ;XN)&N* ';U)( R;* 89)< ):8(;%8)O 89()) 8+@)* R+89 

)89)(-  L9) %&@P+<)O &(/;<+% ';U)(* R)() O(+)O &Y)( @;/<)*+N@ *N'?;8)0 ?+'8)()O ;<O 

%&<%)<8(;8)O 8& ;??&(O ; %');(0 %&'&(')** &+' ,K.. @/0 6C23 89;8 R;* WN() PU "E FG4- 4!5.-BC 

,#.76. )89)(79):;<)*3= >4 ,?+'@3 BB16-10 $A1#-B0 $AB$-"0 $C1C-10 "6""-B0 "1.#-60 ""6$-K0 C##-$ 

%@D"="E FG4 ,1.. GEH0 IJI'B3 ! K-$. ,O0 "E0 Z 5 C-$ EH3= 6-1" ,OO0 "E0 Z 5 C-# ;<O $-. EH3= 

6-#. ,O0 "E0 Z 5 $-. EH3= #-6" ,*0 $E3= B-KC ,*0 BE3= "-.B ,*0 AE3= .-$C ,*0 6E3 "BI FG4 ,"$1 

GEH0 IJI'B3 ! "6.-#0 "1#-C0 "B.-"0 "$#-#0 ".1-A0 ".1-C0 6"-C0 11-60 $6-.0 $1-A0 "C-#-!

!

tert-%&'()"2-";.)0<0,-'.()2-5-,-'.01(4.-501(2*+,-'.()/+)a5-! "II-28-29!L& ; 

O(U ".. @M (&N<O P&88&@ ?';*Q N<O)( <+8(&/)<0 %&<8;+<+</ II-52 ,K.. @/0 $-6" 

@@&')*3 R;* ;OO)O 8&'N)<) ,$6 @M3-  L9) ();%8+&< R;* %&&')O 8& . SI 89)< 

?()*9'U O+*8+'')O 89+&<U' %9'&(+O) ,11$ !M0 K-1K @@&')*3 R;* ;OO)O-  V'@&*8 +@@)O+;8)'U0 89) 

!"

"#$%

"&'

Cl

OTBS

OMe



 "#$
%&'()*+, )-%,&. /*,01  233+4&. )+ 53+436 '))'*, %++7 )&7/&%')-%& ',. 5)*%%&. +8&%,*9:)1  2;)&% 

"< : ):& %&'()*+, 4'5 /+-%&. *,)+ =>? @AB C# 9 +; @AB *, => 7D +; B=AE1  F:& 3'6&%5 4&%& 

5&/'%')&. ',. ):& 'G-&+-5 3'6&% 4'5 &H)%'()&. ):%&& )*7&5 4*): IB=I3=1  F:& (+7J*,&. +%9',*(5 

4&%& .%*&. 4*): 5+.*-7 5-3;')&K ;*3)&%&. ',. (+,(&,)%')&. )+ 6*&3. II-28% '5 ' 6&33+4 +*3 CL>M 79K 

N#?E ):') 4'5 /-%& J6 "B OPQ1  R) 4'5 -5&. *, ):& ,&H) 5)&/ 4*):+-) ;-%):&% /-%*;*(')*+,1  II-28% 

*5 '(*. 5&,5*)*8& ',. .&(+7/+5&5 +, ):& S*A= ):*, 3'6&% (:%+7')+9%'/:6 /3')&51  RQ C;*37E 

=NMM1<K =N$=1$K =<M<1#K "T">1MK "M>#1MK "=T>1"K "=>=1"K ""TM1LK <#T1T (7U"V "B OPQ CM>> 

PBWK IXI3$E ! L1=TUL1=M C7K "BEV T1M=UT1M> C7K "BEV T1$N C7K "BEV #1T> C5K =BEV $1LN C5K $BEV 

"1>M C5K NBEV >1=N C5K TBEV "$I OPQ C"=M PBWK IXI3$E ! "T"1=K "MM1=K "$"1<K "="1"K ">T1#K 

">M1TK MM1TK #=1$K =T1>K =M1NK "<1M1 

 

&-'2-()*+*-,-.-/i+%12*3452%6478-2-'2-24/)*34-4-

+%12*3452%6478%12:6*6%; 'II-4<8=; ;2 =M 7D %+-,. J+))+7 ;3'50 4'5 

(:'%9&. 4*): ):& /%+)&()&. ):*'W+3*-7 ('%J*,+3 II-47 C=<N 79K >1#L" 

77+3E ',. ;*))&. 4*): ' 5&/)' *, ' ,*)%+9&,U;*33&. .%6J+H1  235+ *, ):& J+HK ' 5&/'%')& 8*'3 4'5 

(:'%9&. 4*): )&)%'7&):63'77+,*-7 ;3-+%*.& CP&#OYZK L$ 79K >1L<# 77+3E1  [+): %&'9&,)5 4&%& 

%&7+8&. ;%+7 ):& J+H ',. ):& ('%J*,+3 4'5 /3'(&. -,.&% ' /+5*)*8& /%&55-%& +; ,*)%+9&,1  F:& 

G-*,+,& 7&):*.& /%&(-%5+% II-28%;CN> 79K >1$"# 77+3E .*55+38&. *, IB=I3= CT 7DE 4'5 '..&. 

)+ ):& ;3'50 (+,)'*,*,9 ):& ('%J*,+31  F:& %&5-3)*,9 6&33+4 5+3-)*+, 4'5 *77&.*')&36 (++3&. )+ \

L< ]I1  D'5)K ):& P&#OYZ 5-5/&,.&. *, IB=I3= C" 7DE 4'5 '..&. .%+/4*5& )+ ):& %&'()*+,1  ^/+, 

P&#OYZ '..*)*+,K ):& %&'()*+, )-%,&. +%',9&1 2;)&% =# : ') \L< ]I ):& %&'()*+, 4'5 '33+4&. )+ 

'))'*, %++7 )&7/&%')-%& ',. 5)*%%&. ;+% ', '..*)*+,'3 :+-% ') =$ ]I1 F:& %&'()*+, 4'5 .*3-)&. 4*): 

5')-%')&. O'I3 ',. IB=I3=1  F:& 3'6&%5 4&%& 5&/'%')&. ',. ):& 'G-&+-5 3'6&% 4'5 &H)%'()&. )4+ 

OH

O
MeO

OMe

OMe

Br



! "44
$%%&'&()$*! '&+,-! .&'/! 0120*23! ! 4/,! (56$)&7! *$8,5-! .,5,! 7(+9&),%:! %5&,%! (;,5! <$2=>4:!

?&*',5,%!$)%!7()7,)'5$',%3! !4/,!5,-@*'&)6!5,-&%@,!.$-!A@5&?&,%!98!?*$-/!7(*@+)!7/5(+$'(65$A/8!

()!-&*&7$!6,*3 B@5&?&,%!.&'/!CD-8DG!,'/,5H/,I$),-:!8&,*%&)6!74!+6!KL2GM!(?!II-46!$-!$)!(5$)6,!

(&*3!!4/&-!-@9-'5$',!&-!-,)-&'&;,!'(!-&*&7$!6,*!-(!'/,!A@5&?&7$'&()!.$-!%(),!N@&7O*8!@-&)6!$!5,*$'&;,*8!

-+$**!$+(@)'!(?!-&*&7$!6,*3! !P!!Q!D3"9!KLDH4D!,'/,5H/,I$),-MS!IP!K?&*+M!UU9U3U:!UDDC3U:!29U937:!

"L"934:!7UL3C!7+-"S!"1!<VP!KCDD!V1W:!0X0*UM!!73U8! K9-:!"1M!L399-L397! K+:!"1MS!L3C4-L3C2!

K+:!21MS!L344-L34C!K+:!21MS!43"7!K-:!21MS!U389!K-:!U1MS!U37L!K-:!U1MS!U37C!K-:!U1MS!"U0!<VP!K"2C!

V1W:! 0X0*UM! !! 2DL37:! "LD37:! "LD3U:! "C73":! "CL3C:! "4U3C:! "U23":! ""U34:! "DL39:! "D43C:! "DU34:!

"D"38:! 993U:! CL38:! CL3D:! CC3L:! 4C34S! YPV=! K,*,7'5(-A5$8MZ! !V$--! 7$*7@*$',%! ?(5! 0U41U4[52>"D!

\2V]^:!7LD3"3!!_(@)%!7L23"3!

 

2-(2-bromo-3,.-dimethoxyphenyl)-6-methoxybenzofuran (II-4.)> 4(!$!

"D!+Y!5(@)%!9(''(+!?*$-O!@)%,5!)&'5(6,)!7()'$&)&)6!II-46 K7"!+6:!D3"8L!

++(*,-M! .$-! $%%,%! 0120*2! K"! +YM3! ! `+9,5*8-'! "C! 5,-&)! K2LD!+6M! $%%,%! $)%! ?5,-/*8! %5&,%:!

A(.,5,%!4a!V=!K2DD!+6M3 ='&55,%!$'!D!b0!?(5!"D!/!'/,)!O,A'!&)!$!4!b0!?5&%6,!(;,5)&6/'3!!4/&)!

*$8,5!7/5(+$'(65$A/8!KLDG!,'/,5H/,I$),-M!$'!'/&-!'&+,!-/(.,%!'/,!5,$7'&()!.$-!7(+A*,',3!!4/,!

5,$7'&()! .$-! ?&*',5,%! '/5(@6/! $! A*@6! (?! -&*&7$! 6,*! @-&)6! CG! '(! "CG! ,'/,5H/,I$),-! $-! ,*@,)':!

8&,*%&)6! CD! +6! K74GM! (?! II-4. $-! $! 7*,$5:! 7(*(5*,--! (&*! '/$'! '@5),%! &)'(! $! ./&',! -(*&%! @A()!

-'$)%&)63! ! P!! Q! D3L"! KLDH4D! ,'/,5H/,I$),-MS!VAZ! 98-99! b0S! IP! K?&*+M! UDD"3U:! 29U932:! "L2"3L:!

"C8C3":!82439!7+-"S! "1!<VP!KCDD!V1W:!0X0*UM!!!73CL! K-:!"1MS!73C2-73C"! K+:!"1MS!73"U-73"2!

K+:!"1MS!73D9!K-:!"1MS!L39U-L39"!K+:!"1M!L3C2-L3C"!K+:!"1MS!U394!K-:!U1MS!U39"!K-:!U1MS!U39D!K-:!

U1MS! "U0!<VP! K"2C!V1W:! 0X0*UM! !! "C938S! "C838S! "C73CS! "CC34S! "C237S! "U239S! "2234S! "2"39S!

OMeO

OMe

OMe

Br



 1#$
11%&$' 1()&*' 1($&$' 1(%&(' **&*' *$&+' $6&+' $6&(' $$&*' -./0 12324567896:;<= /:88 

4:34>3:52? @76 A1)B1$C6D# E/FGH I6%&(&  J7>K? I6$&% 

 

2-(3,5-dimethoxy-2-(3-methylbut-2-enyl)phenyl)-7-

methoxyben8ofuran (<<-53): L7 : @3:M2-?6O2? 1( M- 67>K? P7557M @3:8Q 

>K?26 KO567R2K S:8 :??2? P2KT7@>6:K <<-47 11+ MRH (&(#*6 MM7328< :K? 

U?A3%1?99@< 11( MRH (&(1%% MM7328<&  V/J 1(&%$ M-< S:8 :??2? 57 462:52 : 62? 8>892K8O7K&  

-:85H 962K;3 56OP>5;35OK 1$( !-H (&1#+ MM7328< S:8 :??2? OK 7K2 9765O7K P; 8;6OKR2&  LW2 

62:45O7K S:8 W2:52? 57 1(( XA& L-A 1#(Y 25W26ZW2[:K28< OK?O4:52? :33 7@ 5W2 85:65OKR M:526O:3 

W:? P22K 47K8>M2? :@526 $ W&  LW2 62:45O7K S:8 47732? 57 677M 52M926:5>62 :K? 1 M- 7@ 25W26 

S:8 :??2? :37KR SO5W : 89:5>3: 5O9 7@ \J :K? 5W2 MO[5>62 S:8 85O662? @76 1$ MOK&  LW2 MO[5>62 

S:8 5W2K 9>6O@O2? >8OKR : 8M:33 8O3O4: R23 473>MK SO5W $Y 25W26ZW2[:K28 :8 23>2K5&  LW2 967?>45 

S:8 O873:52? :8 : 473763288 7O3 11I MRH )6Y<&  .f ] (&)6 16(Z#( 25W26ZW2[:K28<' I. 1@O3M< %*$6&6H 

%*%$&*H %+$#&+H 161%&#H 1$++&#H 1$($&#H 1#61&#H 1%()&+H 11$$&+H 1(#(&# 4M-1' 1B _/. 1$(( 

/BTH AVA3I< ! )&#+-)&#6 1MH 1B<' )&(* 18H 1B<' 6&*%-6&++ 1MH %B<' 6&+( 18H 1B<' 6&$#-6&$I 1MH 

1B<' $&%( 1MH 1B<' I&*( 18H IB<' I&++ 18H IB<' I&+) 18H IB<' I&$% 1?H %BH " ] 6&1 BT<' 1&)I 18H 6B< 

1IA _/. 11%$ /BTH AVA3I< ! 1$*&%H 1$+&+H 1$+&%H 1$$&+H 1$#&+H 1I1&+H 1I1&)H 1%I&*H 1%%&)H 

1%1&$H 1%1&IH 11%&1H 1($&$H 1(#&IH **&$H *6&(H $6&(H $$&)H %6&%H %6&1H 1+&I& 

 

Demethylmoracin < (<<-44): L7 : @3:M2-?6O2? %$ M- 67>K? P7557M @3:8Q 

>K?26 978O5O`2 KO567R2K 96288>62 S:8 :??2? ?O9W2K;39W789WOK2 1*I !-H 

(&$I6 MM7328< :K? LBJ 11 M-<&##  LW2 873>5O7K S:8 47732? 57 ( XA&  n-

OMeO

OMe

OMe

!

!"

!"

"!
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B&'i! )300! !',! 0-536! //ole34! 5a3! a77e7! to! the! :ool! rea:tion! an7! i//e7iatel=! a! >ri?ht!

oran?e!3ol&tion!5a3!@or/e7-!!Atirrin?!5a3!:ontin&e7!@or!1!h!at!0!BC-!!Dn!a!3eparate!@la/e-7rie7!10!

/'!ro&n7!>otto/!@la3G!5a3!prepare7!a!3ol&tion!o@!>enHo@&ran!II-#3!!)21!/?,!0-0596!//ole34!in!

TLF! )0-4!/'4-! !Thi3! 3ol&tion!5a3! a77e7! to! the! @re3hl=! prepare7! lithi&/!7iphen=lpho3phani7e!

7rop5i3e!>=!:ann&la-! !N@ter! the!a77ition!5a3!:o/plete! the! rea:tion!5a3! @ir3t!5ar/e7! to! roo/!

te/perat&re!then!heate7!to!70!BC!@or!20!h-!!Nt!thi3!ti/e!the!rea:tion,!no5!a!>ro5n!3ol&tion,!5a3!

:oole7!to!roo/!te/perat&re-!!Pther!an7!1M!NaOL!5ere!a77e7!an7!the!/iTt&re!5a3!3tirre7!&ntil!

the! rea:tion! >e:a/e! ho/o?eno&3-! ! The! rea:tion! 5a3! po&re7! into! a! 3eparator=! @&nnel! an7!

a:i7i@ie7!to!pL!4!5ith!1M!LCl-!!The!la=er3!5ere!3eparate7!an7!the!aU&eo&3!la=er!5a3!eTtra:te7!

t5o! a77itional! ti/e3! 5ith! ether-! ! The! :o/>ine7! or?ani:! la=er3! 5ere! 7rie7! oVer! /a?ne3i&/!

3&l@ate,! @iltere7! an7! :on:entrate7! to! a@@or7! a! >ro5n! oil-! ! The! :r&7e! oil! 5a3! p&ri@ie7! >=! @la3h!

:ol&/n!:hro/ato?raph=!on!3ili:a!?el!&3in?!5W!MeOLXCL2Cl2!a3!el&ent!to!a@@or7!11!/?!)61W4!

o@!7e/eth=l/ora:in!D!a3!a!>ro5n!3oli7!that!5a3!re:r=3talliHe7!@ro/!etherXheTane3!to!=iel7!5hite!

:r=3tal3-!!Y!!Z!0-45!)8\1!CL2Cl2\MeOL4]!DY!)^Br4!3351-0,!2917-6,!1625-1,!1490-0,!1155-9!:/
-1]!

Mp\!re:r=3talliHe7!5hite!3oli7!170-171!BC]!13C!NMY!)125!MLH,!CDCl34!!!158-0,!157-2,!157-0,!

156-7,! 156-4,! 133-2,! 131-5,! 125-8,! 123-2,! 122-0,!119-4,! 113-2,! 107-8,! 105-7,! 103-9,! 98-5,! 26-7,!

26-1,!18-2!!LYPDMA!/XH!310-1197,!:al:&late7!@or!C19L18O4,!310-1205-!

Yeporte7!1L!NMY!Data!@or!
De/eth=l/ora:in!D!)CD3OD4

6
 

N:t&al!1L!NMY!Data!Fo&n7!)CD3OD4 

1-64!)6L,!34 1-65!)6L,!34 
3-42!)2L,!7,!`!Z!6-3!LH4 3-44!)2L,!7,!`!Z!6-0!LH4 
5-13!)1L,!/4 5-14!)1L,!/4 
6-33!)1L,!7,!`!Z!2-5!LH4 6-35!)1L,!7,!`!Z!2-4!LH4 
6-61!)1L,!7,!`!Z!2-5!LH4 6-62!)1L,!7,!`!Z!2-4!LH4 
6-66!)1L,!34 6-68!)1L,!34 
6-72!)1L,!77,!`!Z!2-2!an7!8-4!LH4 6-74!)1L,!77,!`!Z!2-0,!8-4!LH4 
6-87!)1L,!7,!`!Z!2-1!LH4 6-88!)1L,!7,!`!Z!1-5!LH4 
7-33!)1L,!7,!`!Z!8-4!LH4 7-35!)1L,!7,!`!Z!8-4!LH4 
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!.#.$ %o'petition ./peri'ent 

 

!

"

#$
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#$ %&'"
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%#$

+,*

#$-!./ 12 $34567

(82()2

9:; <( =>, 2? @ A@$B
2? <( =>, C @

%8

%

()

--D E5$)F

%#$

%

()

B>A >bH$,6$F 5B A@$
C8 !#I >= A@$ 4BJ4,5=5$F

,$KLA5>B M5NA4,$

C $3456 C $3456 C $3456

II-1c II-28a II-31 II-29

II-32  

T&!'!()'*+!,-.+,!"/!*0!-&12,!3&44&*!()'56!7'5!',,+,!48+!9-&4+:4+,!48.';&).1*!:'-3.2&)!II-1c 

<"//!*=>!/?"@A!**&)+5B?!!T8+!()'56!7'5!(.44+,!7.48!'!5+94'!'2,!914!12,+-!'!9&5.4.C+!9-+551-+!&(!

2.4-&=+2?!!DEFD)F!7'5!',,+,!2+G4!</?H!*0B!'2,!48+!-+':4.&2!7'5!:&&)+,!4&!I$J!KD!.2!'!,-L!.:+!

'2,! ':+4&2+! 3'48?! ! T8+! *+48&GL3+2;L)! 3-&*.,+! II-&1! <M@! *=>! /?"@A! **&)+5B! 7'5! ',,+,! .2!

DEFD)F! </?H!*0B! 48+2! 48+! 5.)&GL3+2;L)! 3-&*.,+! II-'(a <H@!*=>! /?"@A!**&)+5B!7'5! ',,+,! .2!

DEFD)F!</?H!*0B?!!S4.--+,!(&-!H!*.2!4&!+251-+!48+!-+':4.&2!7'5!:&&)+,!4&!I$J!KD?!!0'54>!O+#PQR!

<M$!*=>! /?M@F!**&)+5B! 7'5! ',,+,! .2! DEFD)F! </?H! *0B! '2,! 48+! -+':4.&2! .**+,.'4+)L! 41-2+,!

=-++2?!!S4.--+,!'4!I$J!KD!(&-!A?H!8!48+2!6+94!.2!'!I$J!KD!(-++;+-!&C+-2.=84?!!S(4+-!FM!8!4&4')>!48+!

-+':4.&2!7'5!7'-*+,!4&!FM!KD!'2,!54.--+,!(&-!'2!',,.4.&2')!8&1-?!!T8+!-+':4.&2!7'5!48+2!,.)14+,!

7.48! 3-.2+! '2,! DEFD)F?! ! T8+! )'L+-5! 7+-+! 5+9'-'4+,! '2,! 48+! 'T1+&15! )'L+-! 7'5! +G4-':4+,! 47&!

',,.4.&2')! 4.*+5!7.48!DEFD)F?! ! T8+! :&*3.2+,! &-='2.:! )'L+-5!7+-+! ,-.+,! &C+-! 5&,.1*! 51)('4+>!

(.)4+-+,!'2,!:&2:+24-'4+,?!!"/J!*=!&(!'2!1291-.(.+,!&-'2=+!-+5.,1+!7'5!.5&)'4+,?!!T8+!"E!POU!

59+:4-1*!&(!48+!1291-.(.+,!-+':4.&2!*.G41-+!58&7+,!*'.2)L!II-'9!'2,!II-&1!7.48!2&!5.=2!&(!48+!

*+48&GL!!V'-L)!6+4&2+!II-&'!78+2!:&*9'-+,!4&!48+!"E!POU!59+:4-1*!&(!'2!'148+24.:!5'*9)+?!!

W1-.(.+,! 3L! ()'58! :&)1*2! :8-&*'4&=-'98L!&2! 5.).:'! =+)! 15.2=! HX! 4&! MHX!+48+-Y8+G'2+5! '5! 48+!

+)1+24?!!T8+!!V'-L)!6+4&2+!II-'9!7'5!.5&)'4+,!<F"!*=>!##XB?!!

!!

!
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!r#$arat'(n*(+*an*,-t.#nt'/*0a1$2#*(+*34*

 

!H

!

Cl

T&SCHN2

&e!H, 18 h

!&e

!

Cl

II-2$ II-%2  

 

To a reaction vial containing the !-aryl ketone (6 mg, 0.024 mmoles) was added methanol (0.3 

mL).  Fitted with cap and septa and put under positive nitrogen pressure.  Trimethylsilyl 

diazomethane (0.2 mL, 2M solution in hexanes) was added slowly to the reaction mixture.  

Stirred at room temperature overnight.  At this time the reaction appeared complete by thin layer 

chromatography and was concentrated.  Purified by preparative thin layer chromatography using 

40% ether/hexanes as eluent.  The product was isolated as a pale yellow oil. ; 1H NMR (500 

MHz, CDCl3) " 8.00-7.98 (m, 2H); 7.45-7.43 (m, 2H); 7.19-7.17 (m, 2H); 6.95-6.89 (m, 2H); 

4.25 (s, 2H); 3.80 (s, 3H). 

 

35657! 8.'a9(2'-1*:ar;'n(2*,<<'t'(ns*t(*,2<#.><#s*

 
To a dry 10 mL round bottom flask was added the carbinol (0.190 mmoles).  Fitted with septa 

and put under a positive pressure of nitrogen.  CH2Cl2 (0.5 mL) added and the resulting orange 

solution was cooled to 0°C.  The aldehyde (0.759 mmoles) was added in one portion by syringe.  

Last, Me4N·F (0.190 mmoles) was added as a suspension in CH2Cl2 (0.5 mL).  Stirred at 0 °C for 

2 h then allowed to slowly attain 23 °C.  After 5 h total, the reaction was diluted with brine and 

CH2Cl2 and then poured into a separatory funnel.  The layers were separated and the aqueous 

layer was extracted two additional times with CH2Cl2.  The combined organic layers were dried 



 "#$
o&er sodi,- s,./ate2 /i.tered and concentrated.  6he res,.tin8 ye..ow resid,e was p,ri/ied <y 

co.,-n chro-ato8raphy on si.ica 8e. ,sin8 =>?=@ etherAheBanes as e.,ent.  !!"## was iso.ated as 

a pa.e ye..ow oi.. "C D=EE FCGH I.J?>I.?E D-2 =CHK #."I>#."# D-2 "CHK J.#J Dd2 ! L M.I CG2 "CHK 

J.E">?.$J D-2 ?CHK ?.NN>?.I# D-2 ?CHK ".N">".IM D-2 ?CHK ".=J>".#" D-2 ?CHK ".JE>".?N D-2 MCHK 

E.$J>E.NN Dt2 ! L #.N CG2 JCH. 
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X-Ray Crystal Structure Analysis for II-17 
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<che5e,  0her5al ellip<oi3< are 3ra>n at ABC pro?a?ility,   
 
%&'& )*++,-'.*/0  + colorle<< plate cry<tal o7 C1AE1FGrH.3 haIin' approxi5ate 3i5en<ion< o7 

B,4B1 x B,32B x B,B24 55 >a< 5o(nte3 (<in' oil (In7ine(5 OFA12) on a 'la<< 7i?er,  +ll 
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indices showed no unusual trends.  The maximum and minimum peaks on the final 

difference Fourier map corresponded to 0.697 and -0.378 e-/Å3, respectively.   

Neutral atom scattering factors were taken from Cromer and Waber.6  Anomalous dispersion 

effects were included in Fcalc;7 the values for Df´ and Df´´ were those of Creagh and McAuley.8  

The values for the mass attenuation coefficients are those of Creagh and Hubbell.9  All 

calculations were performed using the Bruker SHELXTL crystallographic software package.   

 
Table A.1.  Atomic coordinates and equivalent isotropic displacement parameters (A2 x 103) for 
!!-1$.  U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 
 

 % ' z )*e,- 

Br(1) -2883(1) 6006(1) 50(1) 37(1) 
O(1) -1060(3) 9075(2) 2844(1) 31(1) 
O(2) 4233(3) 10987(2) 2736(1) 37(1) 
O(3) 3366(3) 9778(2) 2003(1) 32(1) 
N(1) 3699(4) 10081(2) 2589(1) 28(1) 
C(1) 273(5) 8456(2) 2577(2) 24(1) 
C(2) -312(5 7889(2) 1944(2) 23(1) 
C(3) -2304(5) 8167(2) 1606(2) 26(1) 
C(4) -3039(5) 7648(2) 1039(2) 29(1) 
C(5) -1781(5) 6801(2) 802(2) 27(1) 
C(6) 243(5) 6512(2) 1111(2) 28(1) 
C(7) 975(5) 7068(2) 1676(2) 25(1) 
C(8) 2535(4) 8264(2) 2948(2) 20(1) 
C(9) 3502(5) 9324(2) 3168(2) 26(1) 

C(10) 2166(5) 7573(2) 3588(2) 22(1) 
C(11) 961(5) 6534(2) 3410(2) 24(1) 
C(12) 588(5) 5862(2) 4043(2) 30(1) 
C(13) 2827(5) 5630(2) 4408(2) 30(1) 
C(14) 4024(5) 6649(2) 4589(2) 29(1) 
C(15) 4391(4) 7334(2) 3966(2) 29(1) 

   
 
Table A.2.  Bond lengths (Å) and angles (degrees) for !!-1$. 
 

Br(1)-C(5) 1.899(3 C(9)-H(9A) 0.9900 
O(1)-C(1) 1.229(3) C(9)-H(9B) 0.9900 
O(2)-N(1) 1.230(3) C(10)-C(15) 1.535(4) 
O(3)-N(1) 1.224(3) C(10)-C(11) 1.541(4) 
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2004 American Chemical Society Women’s Chemist Committee Travel Award supported by 
Eli Lilly  

2002 Outstanding Senior Award for Chemistry, Northern Michigan University  
2000 Alchemist Award (Top Organic Chemistry Student Award).  Northern Michigan 

University  
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American Chemical Society 
Phi Lambda Upsilon 
Sigma Xi 
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