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ABSTRACT

A method to stereoselectively access tetrasubstittdedd ¢)-b-
oxyacrylonitrileshas been developed. Th&k e t 0 n i ketoiamidestaatingd b
materials are conveniently accessed from esters and nitnidédsng this approach both
convenient and straightforward. This methodology features moderate to excellent yield of
products, excellent control of alkene geometry, and complete control of regiochemistry.
Crossc o u p | i-tasgloxyadrylohitriles demonstrates the ability to access valuable
stereodefined aitarbon tetrasubstituted acrylonitriles in excellent yield and

stereocontrol.
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1. Introduction
1.1. Importance of Tetrasubstituted Alkenes

Fully substituted kefins arefeatured in a variety afompounds in both
pharmaceutical and materials scien¢as. example,rtaryl ethylene compounds are an
important class ofompounds that target estrogen receptorghitreatment of breast
cancel' 3. Examples of this class of pharmaceutical agieniside Tamoxifen,

Toremifene, GDEJ810, and a number of dibenzoxapine derivat(egure 1.1.1).

NO,
R._Ph Mel
NMe; R AR
I@ S A s
0 o

Tamoxifen R = Et GDC-0810 Dibenzoxapine derivatives
Toremifene R = CH,CH,CI

Figure 1.1.1. Examples of biologically activetereodefinedietrasubstituted alkenes

Tetrasubstituted alkenelsa serve asnportant intermediatethatcan be used to
establishvicinal chiral centers in a single transformati@ommontransformations
include epoxidatioh hydrogenatiot) and cyclopropanatiénSince thestereochemistry
of the resulting product depends on the geometry of the alkene preagrsEsmg these

alkenes in high geometrical puritycriticalfor avoidng isomeric producimixtures
1.2. Methodsfor Controlling Alke ne Geometry

Thestereochemistry of dandtrisubstituted alkendsave been effectively

controlled using a variety of established reactiookiding olefin metathesiss wellas



the Witticf, Julig, and Petersdfolefinationprotocols However the steric demand of
tetrasubstituted alkenesnderghese methods ineffectivEhe stereoselective synthesis
of tetrasubstituted alkenes remagisllengingandis currentlyan active field of

research

The synthesis of tetrasubstituted alkegeserally suffers from two main issues.
First, poorregioselectivitycangive mixtures of constitutional isom&rSecond, poor
stereoselectivitgives mixtures offf)- and ¢)-isomerswhich are often difficult to
separateSeveraimethods have emergénladdress #seissues, but few have been

shownto be generat. Severabf these approaches will be briefly discussed.
1.2.1. Carbometalation of Internal Alkynes

The ~ system of alkynes has been expl oi
including the stereoselective preparation of alkEfi&sThe carbometalation ofifernal
alkyneshas beemxplored and showto furnishtetrasubstituted alken@sth
stereochemicatontrol. The geometry of the alkenyl metal intermediatecisnsequence
of either asyn or anti-carbometalatiostep Depending on the identity of the metdlist
intermediate can either be trapped directly with an electrophile or used in a subsequent

reaction tantroducethe fourth alkene substituent.

Transition metal catalyzed carbometalations are facilitated by the interaction
bet ween the alkyne °~ system and a vacant o
leading toa synadditiont?. An elegant miticomponensyncarbopalladatioprotocol
wasdevelopedy Larock in 20050 yield tetrasubstituted alkenes as single geometrical

isomerg(Scheme 1.2.1.)'3. The reliability ofsynaddition often provides alkenes with



high geometrical purityHowever, alkynes that fail tandergoregioselectivesynaddition
due tothe steric or electronimfluenceof their substituentexhibit poor regiomeric rati®

(r.r.). Consequentlya mixture of constitutional alkene isomarg obtained

R3-
R*-[B]
R?2 PdCly(PhCN
2( )2 R2 R4 R2 Pd—|
Base .
I T aa |
4:1 DMF/water R OR3 R1 O R3
R r.t.
R! = Aryl 10-87%
R2, R3, R* = Aryl or alkyl 2:3-100:1 r.r.
8 examples

[B] = —B(OH),, -BPhsNa

Schemel.2.1.1. Synthesis of tetrasubstituted alkenes from internal alkynsgrpy

carbopalladation.

A highly effective strategy utilizesxisting Lewis basifunctionalityin the
alkyneto direct the metal towdra chelatiorstabilized vinyl metallic specide impart
excellentregio- and sterecontrof!¢, Propargy! alcoholsire perhaps the most studied and
reliablefamily of compounds utilized tdirectsynaddition as illustrated by the work by
Ma and coworker¢Scheme 1.2.1.2'* Coppermediateccarbomagnesiation of
propargyl alcoholslelivers thechelated alkenyl magnesium intermediate with complete
regio- and stereochemical control. Trapping with an electrophile, either directly or
throughpalladiumcatalysis, yields thetetrasubstituted alkeras a single isomein

moderate to excellent yield



Me._OH  R'mgX (6 equiv.) Me R2| ]
CuCl (1 equiv.) R! Pd(PPhy), Me
I (o | T A,
L i Mg Ph” TR
48-75%.
5 examples

Schemel.2.1.2 Synthesis of tetrasubstituted alkenes from internal alkynesdiation

controlledanti-carbomagnesiation.

The lack ofLewis basidunctionalityat the propargylic or homopropargylic
carbonscan result in carbometalation taking pléessregicselectivelyto give
constitutional mixtures of alkendsurthermorepothsyn andanti-carbometalatiocan
occurto give geometrical alkene mixturdhese factors thelbg limit the scope of

applicationfor this approach.
1.2.2 Tetrasubstituted Alkenes by Elimination Reactions

In 2017, Tantillo, Zhang, and Gosselin showed that-elimination oftertiary
alcohols providsanother avenue towards tetrasubstituted alkeériEse substrates for
this approachvereobtained fronthe addition of an aryl Grignarspeciego an U-
disubstituted aryl keton& he additiorproceededhrough a FelkirAnh transition state
where theGrignard reagerdapproackdfrom the leashindered face of the carbonyl
which provide tertiary alcohols with goodiastereoselectity. The resulting tertiary
alcoholswereconverted to a phosphonate nucleof(fgeheme 1.2.2.). Upon heating,
the phosphonatendemwenta syneliminationto provide fully substituted olefingith

high geometrical purity



Ar? KH (3 equiv.) Ar?

2
Arj//\R Ar3MgX RIH  (Ar0),P(O)CI (1.5 equiv.) RIH o

. 1
o ; THF A T oH 1,4-dioxane Al O/F{\OAr

Ar o o
-20 °C to r.t. 45-80 °C
Ard Ard OAr
70-96% Ar = 2,6-xylyl
78:22-99:1 d.r. l (ArO),P(O)OH
RIArz
Ar' Ard
69-94%

91:9-99:1 E/Z or ZIE
21 examples

Schemel.2.2.1. Diastereoselective addition to aryl ketones followedyayelimination

of alkyl phosphonates.

This approach proved to be less effectivehe synthesis ahe selective estrogen
receptor degrad€eDC-0810(Scheme 1.2.2.)!¢. The phosphonate intermediate was
observedo be too labile and spontaneously eliminaed0 °C giving the
corresponding olefin with B/Z ratio of 2:1.Instead, theertiary pivalatavasfoundto be
significantly more stablbut still capable oynelimination Heating the pivalate in ethyl
benzeneat 130 °Cdeliveredthe desired alkene withEZ ratio of 98:2 After
deprotection and salt formation, the pyrrolidine salt of GIBT0 was obtained in 35%

yield over four steps.



CiMg
O 1. Z CO,t-Bu

2. Boc,O, KHMDS

O 0 3. H,SO4/HCO,H
THPy 4. Pyrrolidine

Et

GDC-0810 * pyrrolidine
35% over 4 steps
98:2 E/Z

Schemel.2.2.2 Synthesis of GD@810 bysynelimination of an alkyl pivalate.

DFT calculations and an observed secondary kinetic isotope effect suggest that
thesyneliminationof the alkyl phosphonatesid pivalatess not concerted. Instead, an
E1 elimination generates a stabilized benzylic carbocation wimdargoes rapid

deprotonation to provide the tetrasubstituted alkene with minimal geometric scrambling.

This approach relies on a number of factors for its suceess. it relies on
accessing the tertiary alcohol diastereoselectividlg undesired diastereomer must be
separated before elimination as it would produce the undesired alkene geometry by the
samesynelimination mechanism. Second, a general nucleofuge hgetimen
identifiednoting thattheinitially optimized phosphonate group was shown to be
ineffective for the synthesis of GB@B10. Finallyif multiple elimination pathways
exist, mixtues of constitutionally isomeric alkeneseproducedthereby limiting his

approach to diaryl methanol derivatives.
1.23. Tosylation and CrossCo u p | i #Kefo Estérs b

A divergent approach to both alkene geometries was developed by Tanabe

2016usingsubstitutedb-keto esteprecursor¥’. The stereoselectivityf this approachs



dictated by thelominant intramolecular force exhibited by the bgererated enolate
before tosydtion (Scheme 1.2.2). The enolate geometiy strorgly influenced by
electrostatiadepulsion between the oxyanion and the ester, favoring the formatigit of (
tosylateslncorporating lithium in the reaction medium favaz3-(osylation through a
chelatedithium intermediateThe vinyl tosylates were shown to be viable electrophiles

for SuzukiMiyaura crosscoupling to give alicarbon tetrasubstituted alken&ckheme

1.2.3b)18.
a _
O OTs
2
/ MezN(CH2)6NMez R1J\IR TsCl 1 RZ
0] OMe 0 OMe
O O 63-96%
] 66:34 to >98:2 E/Z
R OMe 13 examples
R2
oo OTs 0
\ TMEDA, LiCl | TsCl S
R1J\H\OM9 R? OMe
R2 R2
62-99%
2:>98 E/Z
13 examples
b Cl
4-CI-PhB(OH), (1.05 equiv.)
OTs Pd(PPh3),Cl, (5 mol%)
Ph KoCO3 (3 equiv.
Meﬁ 2C03 (3 equiv.) _
2-propanol / H,0O (1:1) Ph
(0] OMe 60 °C, 1h Me N

0O~ OMe

(E)-tosylate: 92%, 94:6 E/Z
(Z)-tosylate: 88%, 2:>98 E/Z

Schemel.2.3.1. Preparation of altarbon tetrasubstituted alkenesd)ystereoselective

tosylation ofb-keto esterandb) SuzukiMiyaura crosscoupling



Moderate to excellentieldswere reported for both protocoldigh E/Z ratios
were reported for allZ)-tosylates and most of thE)ttosylates. Howevet,) ,-diaryl
substratesvere shown to be considerably less suitable, delivering the correspoBing (
tosylates in high yield bwtith reduced stereoselectivithn E/Z ratio as low as 66:34
was observedrhis was attributed tthe favorability of the )-cinnamatescaffoldwhich

compromised thetereoselectivityor these substrates.
1.3 St er e o d-&fyacnylendrile®
1.31. b-Tosylacrylonitriles as Precursors to AllCarbon Tetrasubstituted Alkenes

Similar to the cross o u p | i-tosglacryldte¥p -tdsylacrylonitriles are
expected to provide easy access tecatbon tetrasubstituted alken&be resulting
acrylonitrile products would inherentpossessultiple sites of reactivitand would
offer great potential for derivatizatio8ince fitriles are considerably more robukan
estersacrylonitrileswould beless likely tosuffer from offtarget reactivity thathe
corresponding acrylate€urrently, there are no established protocols to access either

geometry olU ,-cbi s u b s ttobytacryioeitde with stereocontrol

1.3.2 b-Siloxyacrylonitriles as Heterocycle Precursors

St er e o dsddxyaanymitrilds areisefulintermediates in the synthesis of
various heterocycles. In 1986, Puligbal. accessed?)-b-siloxyacrylonitriles with good
stereoselectivityrom substituted isoxazoleBeprotonatioradjacent to the nitrogen atom
of isoxazoles induakring openingo give anitrile enolate intermediat&healkene

geometryof theisoxazolenucleuss preserved in thimtermediateat low temperatures



Trappingwith variouschlorosilaneshusprovided (2)-b-siloxyacrylonitrilesas single

isomerg(Schemel.3.2.1)%°.

They demonstrated that n -unSubstituted-siloxyacrylonitrilecanbehave as
heterodienophile anas adipolarophilefor the synthesis of various heterocyéfe3hey
later expanded thecope of th@xo-Diels-Alder reactiontancludef ul |'y substi tut

siloxyacrylonitrilesso asto obtain substituted dihydi2H-pyrans in good yiefd.

Ph—=N-0 |R'=Ph Ph

-10 °C RZ2=H _
15 min R3 = Me
N Ph

R2 R2 CN l}l CN
/T\\ 1.LDA, -70 °C ﬂ: Ph | |
3 Q; °
R O,N 2. R°;SiCl R OSiR, 80 °C N Ph

; I
15 min Ph

72-92% R'=Ph,RZ=H

R3 = Me
=z 140 °C
~ 1.5h

HsC”™ "O | R'=ph R2=Me, R® = Me

98%

CH,

| CN
H,c” ~o~1-OTMS

Ph
71%

Schemel.3.2.1 Synthesis ofZ)-b-siloxyacrylonitrilesfrom isoxazolegnd formation of

various heterocycles througlcloadditionreactions



The obvious limitation of using isoxazslasstarting materials is that the cyclic
isoxazole can only reliably offerthg)s el ect i v e -$ilaxyaomdohitrilesn of b
Another drawback is the limited functional group tolerancetdinrarsh baseasedto
induce isoxazole ring opening. These issues highlight the need for a method that enables

access to both isomers unddtdar conditions.

10



2. Results
2.1. Substrate Synthesis
211 Pr e p ar a tketoMitrilesf b

SimilartotheTanab e 6 s t -ketoedtedst iké&anitrikes wefexpected
to be pomising substrates fdhe stereoselective synthesigBj-oxyacrylonitriles.The
b-keto nitriles were prepared by addition of the corresponding nitriles to the respective
methyl or ethyl esters under basic conditions following literature prototaldg
2.1.1.1). For substrates derived from phenyl acetonitrile, sodium hydride was used as the
base in refluxing toluene toxgit h eketdbnitrileslb and1hin high yield*. For
substrates derived from butyronitriteBuOK was used tprepareb-keto nitrilesla,d g
in poor to excellent yiefd. Treatingethyl cinnamate and butyroriie with t-BuOK gave
b-keto nitrile1f in low yield. The major producivasa complexcarboxylic acidvhich

was not able to be identified.

Cyclohexaneacetonitrile a i | e d -keto nitylaleukiryt-BaOK as the base.
Instead, cyclohexaneacetonitrile was treated with LDA at low temperature and the

r e s u l-lithio nitgle was quenched with ethyl acetateatwesgicin 67% yield.

11



o] y 0
R1JJ\OR + RZCN Conditions RJ\/CN
R2
1
Product R? R? Conditions Yield
~ la = Me  Et t-BuOK (2.2 equiv.), THF, reflux, 18h  22%
1b Me Ph NaH (1.5 equiv.), PhMe, reflux, 1.5 h 87%
1c Me Cy LDA (1.5equiv.), THF;84°Ctor.t,1h 67%
1d Cy Et t-BuOK (2.2 equiv.), THF, r.t., 18 h 72%
le t-Bu Et t-BuOK (1.1 equiv.), neat, 70 °C, 18 h 42%
1f phm X% Et t-BuOK (1.1 equiv.), THF, r.t., 15 min 26%
19 Ph Et t-BuOK (2.2 equiv.), THF, reflux, 1.5 h 94%
1h Ph Ph NaH (1.5 equiv.), PhMe, reflux, 1.5 h 79%

Table2111.Addi ti on of nitril esditsubseteaetotydt eeds tle

nitriles 1.

212 Pr epar atketoAmidesf D

Commercially available acetoacetamigas treated with iodoethane and
potassium carbonate in refluxing acetone to @ae 82% yield Scheme 21.2.1).
Noting the inefficient access to compoutalby addition of butyronitrile to ethyl acetate,
dehydration of compoun2awas found to be a superior route. Simple exposuga tf
triflic anhydride in the presence of pyridine provided compdlenth nearly quantitative

yield.

12



O O Etl (1.5 equiv.) O O Tf,0 (2 eq.) O

)J\/U\NH K,COj (2 equiv.) " Py (3 eq.) CN
2 acetone 2 DCM
reflux, 14 h 0°Ctort,2h

82% 97%
2a 1a

Scheme 21.2.1 Alkylation of acetoacetamide followed by dehydration to access

compoundfaandla.

Al | okt ehted &@mi des were accessed -keypo hydr ol
nitrile under acidic conditionsT@ble 2.1.2.1)22. He a t iketogitritesirenedi
concentrated sulfuric acid at 60 °C for 30 minutes delivered the desired amides in good
yields. Many mild conditions exist for the hydrolysis of nitriles to amf@&&which
could be employed for substrates too sensitive for neat sulfuric acid. However, acidic
hydrolysis is convenient, offers reproducible high yields, and does not rely on any niche
reagents or precious metals to mediate the transformation. The uffeirod said with

low water content was found t@ lmportant for achieving high yields 2f

13



O O O

1JJ\(CN H,S0O, (0.5 mL/mmol) 1)}\({]\
R neat, 60 °C R NH;

R? 30 min R?

1 2
Product R! R? Yield
2b Me Ph 78%
2C Me Cy 86%
2d Cy Et 88%
2e t-Bu Et 8%
2f o N Et 79%
29 Ph Et 94%
2h Ph Ph 94%

Table2121.Aci di ¢ hy «&ketonitriieslt 8 a tketb ansdesb
22. Pr e p ar a tSilogyacrylorfitriles
2.2.1. Synthesis of E)-b-Siloxyacrylonitriles

Exposingb-keto nitrilesl to TIPSCIlin DCM in the presence of DBU gave the
correspondingH)-silyl enol ethes with high geometrical purity and in excellent yiédat
several substrates. However, it was found thatréd@genfailed to afford high
geometrical purity in all cases. This was appavétit substratelb which produced the

correspondingilyl enol ether in 92% yield but withEEZ ratio of 4:1.

Switching the chlorosilane to TBSCI was found to be general and affdejted (

silyl enol ethers with high E/Z ratios in all casesT@ble 2.2.1.1). The R substituent

14



appears to have a narinfluence aghe R = methylcasegjaveslightly reduceds/Z
ratios @ai c), likely due tothe smaller steric repulsion betweehaRd R that disfavors

the ©)-isomet

Koo SRR e
R2 DCM, 0 °C, 30 min TBSO” O R!
1 3
Product R! R? Yield E/z?
3a Me Et 90% 96:4
3b Me Ph 95% 98:2
3c Me Cy 91% 97:3
3d Cy Et 93% >00:1
3e t-Bu Et 97% >990:1
3f Ph” XY Et 89% 97:3
39 Ph Et 93% >00:1
3h Ph Ph 92% >00:1

3 Determined by HPLC UV trace at 254 rand confirmed by crudéd NMR.

Table221.1 Si | y |-kattd nitrdesl toayifve (H)-b-siloxyacrylonitriles3.

2.2.2. Synthesisof (Z)-b-Siloxyacrylonitriles

Treatingb-keto amides with TBSCIl and DBU in DCM at 0 °C for prolonged
periods failed to offer a single product spot by TLC analysis. Usiidrte¢ated TLC

plates, the desired product was observed as a swgglestinghat desilylatiorwas
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taking placeThis indicated that the TBS enol ether functionality was too senaitide
signi f i c an-ketoaitrlewere generatetl following dehydration which
attenuated the yield dfie desireacrylonitrile Replacing TBSCI with TIPSGéd toa
more satisfactory TLC profilendicatingthat thedisilylated intermediatd wasmore

stable.

Removal of DBU fron¥ was found to be important for maintaining high
reproducible yields of the acrylonitriles after dehydration of the amide. After aqueous
workup, DBU was easily removed by passing the crude disilylated material through a
short column of EN-treated silica. Dehydration of the disilylated intermediate was
accomplished by treatment with pyridine and triflic anhydride in DCM at 0 °C. Warming
to room temperature cleanly provided tEg-#crylonitriles in moderate to excellent yield
(Table 2.2.2.1). In no case wathe E)-acrylonitrile detectedThe main byproduct was
t h e&etdbnitrile2 indicating that disilylation was either incompletetloat some othe
disilylated intermediatd was hydrolyzed to the corresponding ketone before

dehydration.

The disilylation of2c-e was found to be slow and required a longer reaction time
to convert most of the material to the disilylated intermediete This is certainly a
consequence of the gr eatkaaoamdasandlikely requi r em

contributed to a slightly diminished yield of acrylonitrigse.
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0O O TIPSCI (2.5 equiv.) O Tf,0 (2 equiv.) R CN
1u DBU (2.5 equiv.) RL_A TIPS __ Py (3 equiv) I
R NH; DCM, 0 °C, | H DCM, 0 °C to rt,

R? 0.5-2hr R OTIPS 2 hr R OTIPS

2 4 5
Product R? R2 Yield? E/z®
S5a Me Et 96% 1:>99
5b Me Ph 88% 1:>99
5c Me Cy 82% 1:>99
5d Cy Et 81% 1:>99
s5e t-Bu Et 79% 1:>99
5f WG Et 90% 1:>99
59 Ph Et 90% 1:>99
5h Ph Ph 71% 1:>99

2Yield over two stepg.Determined by HPLC UV trace at 254 rand confirmed by

crude’H NMR.

Table222.1Si | y | a-keto@mideg to sefectivelyyield (Z)-b-siloxyacrylonitriles

5.

The disilylation of compoun@h proceeded relatively quickly. However, the
disilylated intermediate was observed to slowly turn orange upon standing. This color
change was greatly accelerated by deliberate UV irradiation (254 nm), likely indicating
that the material is light sensitiviehotodegradation @t is a possible cause for the

lower yield of the corresponding acrylonitrbé.
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2.3. Pr e p a-Tasyloxyacnylorotiiles b
2.3.1. Synthesis of E)-b-Tosyloxyacrylonitriles

The procedure established by Tanabal.f or t he t-ketoydteesstvason o f
app!l i-&etb nitriles Thble 2.3.1.1)8. The yield of tosyloxyacrylonitrile§ai h was
moderate to excellent. Interestingly, t@@-{somer of6 wasnotdetected irany of the

cases and the tosylatiexclusively produag (E)-tosyloxyacrylonitriles.

Tanabeds ta0 sdipheaytsibstratel ef i ver ed the corres
tosyloxyacrylate with &/Z ratio of 74:26 This resultvasrationalized by Z)-cinnamate
scaffold being intrinsicallynorethermodynamicallfavorablethan the E)-isomet®. For
t he an aketomtaealdls thefavorability of the E)-cinnamonitrile scaffold was
completely negated ktye stronger repulsive force between the oxyaaiwhthe

negative charge of thatrile dipole moment

The greaterK)-selectivityf or t h e t -ketoyitrilastcompared td-ketob
esters® can beexplainedby the larger dipole moment expressed by nitriles than esters.
For reference, the dipole moments of methyl acetate and acetonitrile are 1.72 and 3.92
debyes, respectivel} This leads toa stronger repulsive fordeetween the oxyanion and
thenegative charge of the nitrile dipole momeampared to thanalogous ester, thus

leading to highe(E)-selectivity.
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TsCl (1.5 equiv.)
0o NMI (1.5 equiv.)

RAK(CN EtsN (1.5 equiv.) RICN
R? DCM,0°C,30min 1.5~ “R!
1 6

Product R! R? Yield E/z?
6a Me Et 88% >00:1
6b Me Ph 94% >99:1
6C Me Cy 79% >90:1
6d Cy Et 82% >00:1
6e t-Bu Et 58% >99:1
6f NG Et 86% >99:1
69 Ph Et 81% >99:1
6h Ph Ph 95% >00:1

2 Determined by HPLC UV trace at 254 rand confirmed by crudéd NMR.

Table23.1.1 T o s y | a tketmnitrileslfto sélectivelysynthesiz¢E)-b-

tosyloxyacrylonitriless.

2.3.2. Synthesisof (Z)-b-Tosyloxyacrylonitriles

The procedur e

u s e -tetofnitrilesl wds alaptedofa theé at i on

t os vyl a-+kdtommideg.fSinceb-keto amidesan engage in intramolecular

hydrogen bondingp influencethe alkene geometryZ)-tosyloxyacrylonitriles were

produced exclusively.
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The reaction stoichiometry, concentration, temperature, and mode of reagent
addition were found to be important facttinat impactd product yield Lessthan three
equivalents of tosythloride, NMI, and base resulted in an incomplete reaction. Starting
materialremainedunreacted if the reaction concentration Vessthan one molar with
r es p e c tketa amidd, likely doe to the competitive decomposition oféhetive
tosyl imidazolium species generaiadsitu Decomposition was also more apparent when
reactions were performed above O&sindicated by a dark orang®own reaction
mixture. Finally, optimal results were obtained wiieetosyl chloride was added in

three portios separated by 3@inute intervals.

After aqueous workup, the crude tosyloxyacrylamide was dehydrated using the
same procedure for the dehydratiorNe$ 1 | -sildxyarylamideg!. Using this reaction
S e quenc e-ketoamide® wenel conberted taZ)-b-tosyloxyacrylonitriles3 in
excellent yield and geometrical puritygble 2.3.2.1). However, substratéXi e bearing
bulky cyclohexyl andert-butyl groupscould notbe tosylatedConsidering that substrates
2¢i erequiredionger reaction times for disilylation than other substrates, it is possible
thattosyl imidazolium decompositiomas significantly faster than tosylatifor these
compoundsNoting the similasizesof phenyl and cyclohexyhoieties, tosylationf b-
keto amides appearstofalwheru bst r at es bear bul-@y- Bl i phat

positions.
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TsCl (3 equiv.)
O O NMI (3 equiv.) ) Tf,0 (2 equiv.)

2
EtsN (3 equiv.)  R? Py (3 equiv.) RGN
R’ NH2  pem,o°c I N2 e oecont \l/E
2 ’ A R' ~OTs
R 2 hr R SOTs 30 min
2 7 8
Product R! R2 Yield? E/zP
8a Me Et 88% 1:>99
8b Me Ph 93% 1:>99
8c Me Cy No Reaction -
8d Cy Et No Reaction -
8e t-Bu Et No Reaction -
8f Ph X% Et 83% 1:>99
89 Ph Et 94% 1:>99
8h Ph Ph 92% 1:>99

2Yield over two step$.Determined by HPLC UV trace at 254 ramd confirmed by

crude’H NMR.

Table 2.3.2.1 Tosylationand dehydration f -kefoamides? to selectively furnish)-b-

tosyloxyacrylonitriles8.
2.4. Geometry of Products

The stereochemical assignmeat acrylonitriles3g, 5g, 69, and8g wereverified
by nOemeasurement@-igure 2.4.1). Due to their positiomn the otherwise unoccupied
region of the proton spectrunmetallylic methylene protossignak werechosen to probe

the alkene geometrf{For compound3g, a positive nOeorrelationto thesilyl dimethyl
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signalwas observed-or compound$§gand8g, the ortho-aryl proton signashowed a
positive nOe measuremefinally, compoundg showeda positive nOe measurement to
theortho-aryl proton signabf the toluenesulfonyl group. This datanambiguously

confirmsthe stereochemistrgf acrylonitriles

CH,4
'
H
Hoo |
OTIPS
3g 5g
CHg, CHg,
(*HH CN C'a CN
| H o
H
O\\/ OTs
S
A\
fj 0
HsC
6g 8g

Figure 2.4.1.Positive Decorrelationsindicated by red arrows, for acrylonitrildg, 5g,

69, and8g.
2.5. Mechanistic Insights
2.5.1. Mechanism for the Production of €)-b-Oxyacrylonitriles

The preparation of bothe}-b-siloxyacrylonitriles andE)-b-
tosyloxyacrylonitriles likely follow the same mechanism described by Tanabe for the
sy nt h etodylacrylatés$cheme 5.1.1)'8 E x p o s-keto gitrilés to base
depr ot onat emtontthgenerate thedenotaléelgeometry of this enolate is

dictated byelectrostatiaepulsion between the oxyanion and the nitoléavor (E)-
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enolates. Trapping the enolate the oxygen atomwith the appropriate electrophile thus

provides E)-b-oxyacrylonitriles3 or 6.

0] 0 2
R<_CN
CN Base R2 Y—LG
RAK( R1J\( |
1
R? CN YO™ "R
1 3or6

Scheme 5.1.1 Pathwayfor the preparation of)-oxyacrylonitriles3 and®6.
2.5.2. Mechanism for the Production of £)-b-Siloxyacrylonitriles

Due to the ability to for m -keto&amidesnol ec ul
are known to exist with a significant population adopting #)ee(iolic tautomeric form
in solutiorf®. This is the stereodefining force that establishesZjxggéometry of the

alkene(Scheme 5.2.1).

Silylation of 2 takes place at the oxyaniandthe amide to give the disilylated
acrylamided asthe @)-isomer.Dehydrationof N-trimethylsilyl amides has previously
been achieved by treatment with acid chlorides to provide the corresponding?hitriles

Similarly, treatingd with triflic anhydride cleanly delivers the corresponding nitriles.
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o o TIPSCI 6/H\N/TIPS O

1u DBU RZ N TPS
RO T NN, | T N
R

Tf,0
Pyridine

RZ CN

X

R ~OTIPS
5

Scheme2.5.2.1 Plausible pathway for the stereoselective synthesig)di-(

siloxyacrylonitrilesb.

Initially, it was uncleawhether the silylatiommadoccurredat the nitrogeratomor
the oxygen atom of the amidEo investigate this,ampound4g (R* = Ph, R = Et) was
purified by flash column chromatography and recrystallized from hexanes to deliver a
white crystalline solid. Thisnabled confirmation of thié-silyl amide structure odg
throughX-ray analysigseeAppendix 2). This is in agreement with the NMR study
conducted by Giessler showing that silylation of amldads tahe O-silyl iminate &
the kinetic product at low temperatu¥arming the mixture isomerizes the material to

the thermodynamically favoredd-silyl amide®.

The i mportance of hydrogen bonkiétong i s i
morpholinamide $cheme 2.5.2 In this case, electrostatic repulsion between the oxy

anion and the amide dipole is the stereodefifiimge that favors theE)-isomer.
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0]

o O TIPSCI (1.5 equiv.)
DBU (1.5 equiv.)
N N
e 00
TIPSO

rt, 1 day

96%
8214 E/IZ

Scheme2.5.22.Si | y | a t-keto morphdlinamideb

2.5.3. Mechanism for the Production of £)-b-Tosyloxyacrylonitriles

Tosyl ati on a n-ketodmide? likelylfolotv a sinnilar méchahism
thatfavors (2)-selectivity(Scheme 5.3.1). Interestingly, tosylation conditions fail to
dehydrate the amide to the corresponding nitrile. This suggest-tbaylation of the
amidegroupprobably does not occur, as tBeosyl imidate would be expected to
readily dehydrate under basic conditioimstead tosylation ofthe enolateives an
intermediate thaiorms a sixmembered ringvith the amideprevening further
tosylation.Hydrolysis of this intermediaterovidesthe b-tosyloxyacrylamider asthe
only product of tosylatiorExposure toriflic anhydrideand pyridinedehydates7 to

cleanly provide the desired)ftosyloxyacrylonitrile8.
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O O AN Ts —N/:‘\\ p-Tol \g/o EtsNH
EtzN O NH o o
R1MNH2 —_—> R1/§(§o .
R? ) R1J\(§NH
R R?
) L _
j Aqg. Workup
R2 CN Tf,0 , O
I Pyridine RfJ\NHZ
)
R OTs R'" OTs
8 7

Scheme 5.3.1. Sequentiat o sy | at i on a nkktodnede®tdfuraishizloen of D

b-tosylacrylonitriles8.
26. CrossCo u p | i 4Tapyloaydacrykonitriles

To demonst r a ttesylaxyasylonittildssgand8g (RO=fPh, B =
Et) were subjected to three crassupling reactions. Suzukiliyaura crosscoupling
using an aryl bor oni ¢ a cdad/lachohitrileseim ed t he ¢
excellent yield from both isomers of the tosylate coupling par8ehigme %.13a).
Importantly, this reaction was found to be stereoretentive for both geometries. The
stereoretentive nature of this reaction ha

bromoacrylonitrilé?,

Next, the tosylate6g and8g wereeachused in a Sonogashira crassupling
reaction to forge a new C@pC(sp) bond using trimethylsilyl acetylene as the coupling
partner Scheme 2.1b). Again, both tosylate isomers delivered the corresponding

enyneslOin excellent yield and with complete stereoretention.
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Finally, the tosylates were subjected to Negishi comegling Scheme 26.10).
The aryl zinc coupling partner was freshly prepared by rinetigigen exchange from the
corresponding aryl bromide ameBuL.i followed by transmetalation with zinc(ll)
chloride. Both reactions proedaglded smoot hl

acrylonitriles11in high yield and complete stereoretention.

These few examplesofcressoupl i ng demo-nstrate that t
tosyloxyacrylonitriles accessed using this methodology provide a \@ablgractical
avenue for the construction of stereodefineetatbon tetrasubstituted alkenes. Having
d e mo n st r dosy®xyactylondriles dehave as reactive electrophiles, it is safe to
assume that other types of crassiplingare alsdeasible. Beyond the installation of
carbon nucleophiles, various heteroatoms might also be installed using a similar

strategy™ .
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Pd(PPh3),Cl, (5 mol%) Et._CN

Etl CN . . KsPO,H,0 (3 equiv.) |
(OF)2 PhMe, r.t. Ph

TsO”~ ~Ph
° 36 h
(E)-6g 1.5 equiv.
(2)-89 (E)-9; 92% from (E)-6g
(2)-9; 94% from (Z)-89g
b N Pd(PPh3),Cl, (5 mol%) Et._CN
I .\ e TMS Cul (15mol%) |
150~ “Ph i-ProNH/THF (2:3) ~~ Ph
40 °C, 14 h T™S
(E)-69 1.5 equiv.
(2)-89 (E)-10; 88% from (E)-6g

(2)-10; 92% from (Z)-8g

Et<__CN
Pd(OAc), (10 mol%) |

Et_ _CN
0,
T - O Orue —mimms .
THF
T80~ Ph rt, 14 h O

(E)-6g 2 equiv.

(E)-11; 96% from (E)-69g
(2)-11; 93% from (Z)-8g

Scheme .1.Tr ansf or mat i o n stospldxyacryopitrilestyy and8glayg)i ve b

SuzukiMiyaura,b) Sonogashira ang) Negishi crossoupling reactions.

28



3. Conclusion

A method tostereoselectivelgccess tetrasubstitutéd)- and ¢)-b-
oxyacrylonitrileshas been developed. Thé&k e t 0 n i Ketoiamidestaatingd b
materialsare accessed from esters and nitrileakingthis approaciboth convenientind
straightforwardThis methodology featussmoderate to excellent yield of products
excellent control of alkene geometand completeontrol of regiochemistryCross
c o u p | i-tasgloxyadrylobitrilesdemonstratethe ability to access valuable
stereodefined altarbon tetrasubstituted acrylonitrileshigh yield andwith excellent

stereocontrol.
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4. Experimental

General All moisture sensitive reactions were conducted under an argon atmosphere in
ovendried glassware. Tetrahydrofuran (THF), dimethylformamide (DMF),
dichloromethane (DCM), and toluene (PhMe) were dried with a Glass Contour solvent
purification system'H and*C NMR spectra were recorded aWarian Unity INOVA

600 instrument(*H 600 MHz,*3C 150 MHz) in either deuterochloroform (CDEMH

7.26 ppmXC 77.0 ppm) or deuteromethanol (§ID; *H 3.31 and 4.90 ppm3C 49.0
ppm). Chemical shifts are givendnwith multiplicities given as s (singlet), br (broad
singlet), d (doublet), t (triplet), q (quartet) and m (multiplet). Coupling constrase
provided in hertz (Hz)IR spectra were recorded on a Nicd@eimmit XFT-IR as a thin

film on aNaCl plate. Mass spectral data was collected orAgiient 1200 Infinity

Agilent 6545 Series OF ESI LC/MS. Thinlayer chromatography (TLC) was
performed usingilicycle silica-gel generapurpose250 um, particle sizeid.7 um, pore
size 60 A glas3LC plates withF-254 UV indicator. Flash chromatography was
performed using Silicycle SiliaFlash F60 silica gel (28D mesh).Melting points

(m.p.) were recorded on a DigiMelt MPA160 instrument.
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0]
(0]
)J\ + \/\CN - CN
OEt
1a

Following a modifiedpublishedprotocof?. Procedure ATo astirredsolution of
butyronitrile (3.48 mL, 2.763 g, 40.0 mmol) aBtDAc (1.95 mL, 1.759 g, 20.0 mmol)
in anhydrous THF (20 mL) under an Ar atmosphere precooled to 0 °C wastgiadee
(4.488 g, 40 mmol). The resulting heterogenous mixture was stirred at 0 °C for 30 min
and subsequently heated to reflux overnight. The reaction was cooled to room
temperature, poured into water (50 mL) and neutralized to pH 7 with 6 N aqugdQs H
Theproduct was extracted with EtOAc (3 x) and the combined organic layers were
washed with saturated aqueous NaHCDx), brine (1 x), dried over N8Oy and
concentrated. The crude product was purified by silica gel flash column chromatography
(10% EtOAc in hexanes) to give 500 mgbeiteto nitrile1la (22% yield) as a clear
colorless and volatile 0iRs = 0.30 (20% EtOAc in hexane$Hd NMR (600 MHz,
CDCl) 337 (ddJ=8.1, 5.6 Hz, 1H)2.38 (s, 3H), 1.99 1.87 (m, 2H),1.11 (tJ= 7.4
Hz, 3H); 13C NMR (150 MHz, CDGJ) 198.7, 117.3, 46, 28.3, 22.5, 1B.; IR (neat,
cmt) 2978, 2248, 1727, 1463, 1363, 1168RMS (EST) m/zcalcd forCsHioNO*
[M+H]*: 112.0757 found:112.0755 Characterization data agrees wgthblished

spectré®.
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0O O @)

)S/KNHZ )‘\KCN

2a 1a

Procedure BTo a solution oRa (502 ng, 3.87mmol) and pyridineq40 (L, 918
mg, 11.6mmol) in anhydrous DCM10.5mL) cooled to 0 °C was added,Of (1.30mL,
2.18 g,7.74mmol) dropwise over 5 min. The resulting mixture was removed from the
cooling bath and stirred at ambient temperature until starting material was fully
consumeds judged througmonitoring by TLC. Saturated aqueous NaHGZD mL)
was carefully added and the mixture was stirred vigorously for 30 min. The organic layer
was separated and the aqueous phase was extracted with DCM (3 x). The combined
organic layers were dried over Mgsénd concentrated.hE crudeproduct was purified
by silica gel flash column chromatography (10% EtOAc in hexanes) talg® ey b-

keto nitrilela (97% vyield)as a cleacolorless oil.
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1b

Following a publishedprotocof!. A 2-neck round bottom flask equipped with a
reflux condenser, rubber septum, stir bar, and fiw@egas inletonnected to a bubbler
and a balloon of argomas targed withphenylacetonitrile (3.46 mL, 3.512 g, 30 mmol)
and the vessel was flushed with argaAnhydrous PhMe (30 mbyas added and the
solution wasooled to 0 °CNaH (60% in mineral oil, 1.32 g, 33 mmalpas adde@dnd
the resulting slurry was warmed to room temperatitewingthe evolvechydrogen gas
to flow through the bubbler. After 30 min, a solution of EtOAc (5.86 mL, 5.286 g, 60
mmol) in PhMe (10 mL) was addeth cannula and the reaction was stirred at reflux
until complete consumption of starting material monitoring by TLC (1.5 h). The reaction
was cooled to room temperature and carefully pouredaater (100 mL) and
neutralized to pH 7 with 6 N aqueous3®s. The product was extracted with EtOAc (3
x) and the combined organic layers were washed with saturated aqueous NabgEO
brine (1 x),dried over NaSQs and concentrated. The crude product was purified by silica
gel flash column chromatography (20% EtOAc in hexanes) to give 4.17b-kgebd
nitrile 1b (87% yield) as a white crystalline salieh.p. 88 91 °C;Rf = 0.20 (20% EtOAc
in hexanes)!H NMR (600 MHz, CDCJ) 74671 7.39 (m, 5H), 4.69 (s, 1H), 2.26 (s,
3H); 13C NMR (150 MHz, CDG)) 196.4, 129, 1296, 129.3, 127.9, 116.1, 5.26.9

IR (neat, crit) 3055, 2217, 1637, 1389, 1365, 760, 6ARMS (EST) m/zcalcd for
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Ci0H10NO* [M+H]*: 160.0757 found:160.0762 Characterization data agrees with

publishedspectrd®,
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CN

1c

To a solution of (bromomethyl)cyclohexane (4.19 mL, 5.317 g, 30 mmol) and
spatula tip of TBAI in anhydrous DMF (8.4 mL) was added NaCN (4.410 g, 90 mmol)
and the resulting mixture was stirred at 60 °C under an argon atmosphere. The reaction
was monitored ¥ 'H NMR analysisof aliquots taken periodically. After all starting
material was consumed (24 h), the reaction was cooled to room temperature, poured into
water (50 mL), and extracted with,BX(4 x). The combined organic layers were washed
with water (3x), brined, dried over N®QOs and concentrated to give crude
cyclohexylacetonitrileas a clear colorless oil. The crude material showed minimal

impurities and matched thpaiblished'H NMR spectrur?’.

A flame-dried 2neck round bottom flask equipped with a magnetic stir bar,-three
way gas inlet, and rubber septum was chargediwtbNH (6.82 mL, 4.924 g, 48.7
mmol), dissolved in anhydrous THF (48.7 mL), and coole@®40°C.n-BuLi (2.4 M in
hexane, 19.35 mL) was added by syringe and the resulting solution was stirred at 0 °C for
30 min. The mixture waagain cooledo -84 °C and a solution of cyclohexylacetonitrile
(3.696 g, 30 mmol) in THE30 mL)was addedia cannula. The resulting mixture was
stirred at-84 °C for 1 h before a solution of EtOAc (8.94 n8LO64g, 90 mmol) in THF
(30 mL) was addedia cannula and the reaction was gradually warmed to room
temperature and stirred for 1 day. The reaction was quenched with saturated aqueous

NH4Cl and extracted with ED (3 x) and the combined organic layers were dried over
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NaSOQy and concentrated. The crude product was purified by silicagé column
chromatography (10% EtOAc in hexanes) to give 3.359gkafto nitrile 1c (67% yield
over 2 steps) as a clear colorless Ril= 0.40 (20% EtOAc in hexanesH NMR (600
MHz, CDCk) 3.30 (d,J = 5.6 Hz, 1H), 2.36 (s, 1H), 2.072.01 (m, 1H), 1.81 1.78
(m, 2H), 1.74i 1.66 (m, 3H), 1.31 1.17 (m, 5H) *C NMR (150 MHz, CDGJ) 1991,
116.7, 51.6, 38, 31.3, 298, 291, 25.8, 2%, 25.4 IR (neat, crit) 2931,2856, 2545,
1724, 1450, 1362, 117HRMS (EST) m/zcalcd forC1oH1eNO* [M+H] *: 166.1226

found:166.1226
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(0] (0] (0]
O)‘\OH -5 O)‘\OMG + \/\CN - 5 O)‘\CL‘N
1d

To a solution of cyclohexanoic acitlq;027 g, 78.05mmol) in methanol (58.5
mL) was added conc.280; (3.9 mL, 7.14 g, 72.8 mmol) and the resulting mixture was
refluxed overnight. The reaction was cooled to room temperature and the solvent was
removed by rotaryvaporation. The resulting oil was taken up in EtOAc, washed with
saturated aqueous NaHE@ x), brine, dried over N& Qs and concentrated to give
crude methyl cyclohexanoats a clear colorless and volatile oil with a sweet aroma

which was used without further purification.

See procedure fpage30) for 1a: Methyl cyclohexanoate (4.085 g, 30 mmol);
butyronitrile (5.22 mL, 4.144 g, 60 mmot}BuOK (7.406 g, 66 mmol); THF (30 mL);
purification by silica geflash column chromatography (10% EtOAc in hexageske
3.873 g ofb-keto nitrile 1d (72% yield) as a clear colorless:d# = 0.60 (20% EtOAc in
hexanes)'H NMR (600 MHz, CDCJ) 346 (ddJ=8.1, 5.3 Hz, 1H), 2.72 (tf,= 11.2,
3.4 Hz, 1H), 1.96 1.84 (m, 4H), 1.81 1.77 (m, 2H), 1.70 1.66 (m, 1H)1.40i 1.17
(m, 5H), 1.07 (tJ = 7.4 Hz, 3H)3C NMR (150 MHz, CDGJ) 288, 1175, 492,

437, 28.5, 283, 255, 253, 252, 225, 11.4 IR (neat, crit) 2934, 2857, 2244, 1721,

1451, HRMS (ESt) m/zcalcd forCiiHigNO* [M+H] *: 180.1383 found: 180.1376
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0]

(0]
S~ CN
>HJ\OMG + CN . >H‘\K
1e

See procedure fpage30) for 1a: Methyl pivalate (2.323 g, 20 mmol);
butyronitrile (3.48 mL, 2.763 g, 40 mmoR:BuOK (2.469 g, 22 mmol); performed neat
at 70 °C for 1 daypurification by silica geflash column chromatography (5% EtOAc in
hexanespavel . 2 7 4 -kajo nitrifele s a clear colorless oRs = 0.50 (20% EtOAc
in hexanes)'H NMR (600 MHz, CDCY) i 3 . 7J4 8.(, 6.8 Hz, 1H)1.96i 1.84 (m,
2H), 1.24 (s, 9H)1.07 (t,J = 7.4 Hz,3H); 3C NMR (150 MHz, CDC))i 205 .45, 117.
454, 38.5, 26.0, 23.6, 11 TR (neat, crit) 2975, 2242, 1720, 1480, 1463, 1370, 1053,

995 HRMS (EST) m/zcalcd forCoH1eNO" [M+H] *: 154.1226 found:154.1226
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See procedure fpage30) for 1a: Methyl cinnamate (3.524 g, 20.0 mmol); butyronitrile
(2.61 mL, 2.072 g, 30.0 mmol}BuOK (2.468 g, 22.0 mmol); THF (20 mL); 15 min at
room temperatutepurification by silica geflash column chromatography (10% EtOAc
in hexanesyave 1.041 @ f -kefo nitrile 1f (26% yield) as a clear colorless:d# = 0.50
(20% EtOAc in hexanesiH NMR (600 MHz, CDCY) i 7 . 3515.8 Idz, 1H), 7.59
(d,J= 7.0 Hz, 2H)7.467 7.36 (m, 3H)7.00 (d,J = 15.8 Hz, 1H), 3.67 (dd}= 7.8, 5.8
Hz, 1H),2.077 1.95 (m, 2H).1.14 (t,J = 7.5 Hz, 3H)*C NMR (150 MHz, CDG)) U
189.7, 1464, 1335, 131.4, 129.0, 128, 1211, 1175, 44.6, 23.0, 1B; IR (neat, crr)
3062, 3030, 2976, 2247, 1732, 1610, 1451, 1179, 1075, 7581RN2S (ESI) m/z

calcd forCi3H14aNO* [M+H]™: 200.1070 found:200.1072
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See procedure fpage30) for 1a: Methyl benzoate (5.441 g, 40.0 mmol);
butyronitrile (7.0 mL, 5.558 g, 80 mmobBuOK (8.977 g, 80 mmol); THF (80 mL); 1.5
h at 70 °C purification by silica geflash column chromatography (10% EtOAc in
hexanesyave 6.481 g o mixture of keto and enédrms ofb-keto nitrile1g (94%
yield) as a clear colorless oR: = 0.30 (20% EtOAc in hexane$H NMR (600 MHz,
CDCl, keto tautomér 787 (d,J = 7.0 Hz,2H), 7.65 (t,J = 7.5 Hz,1H), 7.53 (t,J= 7.9
Hz, 2H), 4.30 (dd,J = 8.2, 5.6 Hz1H), 2.137 2.00 (m, 2H)1.17 (t,J = 7.4 Hz,3H); *C
NMR (150 MHz, CDC4, keto tautomerd. 1 9 0. 7, 2,129.4,128.7, 1117.2,CH].
23.5, 11.5IR (neat, crt) 3064, 2976, 2249, 1693, 1597, 1449, 1232; 688MS (EST)

m/zcalcd forC11H12NO' [M+H]*: 174.0913 found:174.0907
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See procedurgpage 2) for 1b: Methyl benzoate§ 44 mL, 6.762 g, 45.0 mmol);
phenylacetonitrile (3.46 mL, 3.512 g, 30.0 mmol); NaH (60% in mineral oil, 1.320 g, 33
mmol); PhMe (30 mL; 10 mL)purification by silica gkeflash column chromatography
(15% EtOAc in hexanegjave 5.218 g ch mixture of keto and enol forms lodketo
nitrile 1h as a white crystalline solian.p. 93 96 °C;Rs = 0.30 (20% EtOAc in hexanes)

'H NMR (600 MHz, CROD, enol tautomér 7.89 (d,J=7.7Hz, 1H), 7.79 (dJ =77

Hz, 2H), 7.65 (d,J = 7.7 Hz, 2H) 7.52i 7.49 (m, 2H),7.391 7.36 (m, 3H; 13C NMR

(150 MHz, CROD, enol tautomgrti 169.3, 131.6, 130.6, 130).130.0, 129.6, 129.5,
1294, 128.9, 128.0, 90;1R (neat, crit) 3063, 22511694, 1596, 1495, 1449, 1229, 940,
752, 695 HRMS (ESI) m/zcalcd forCisH12NO* [M+H] *: 222.0913 found:222.0919

Characterization data agrees wiitie literature®.
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To avigorously stirredsolution of acetoacetamid20.016 g, 197.8 mmojnd
iodoethane (23.86 mL, 46.29 g, 296.8 mnioliiry acetonel98 mL) under an argon
atmospherevasadded anhydrousiOs (54.682 g, 395.6 mmol) and the resulting slurry
was refluxed for 1 day. The reaction was cooled to room temperature, filiersed
with DCM, and the filtrate was concentrated by rotary evaporation. The crude product
was purified by silica gel flash column chromatography (50% EtOAc in hexanes) to give
2 0. 9 7 3ketg amid&2a (82% yield) as a fluffy white dl: m.p. 9§ 99 °C; R=0.50
(EtOAC);*H NMR (600 MHz, CDCJ) 633 (br, 1H), 5.67 (br, 1HB.33 (t,J= 7.3 Hz,
1H), 2.26 (s, 3H)1.971 1.83 (m, 2H), 0.96 () = 7.5 Hz,3H); 13C NMR (150 MHz,
CDClk)u 207. 4, 177 D41, 81.8; IR6(Reat, i) 3289, 3185, 2965, 1714,
1651, 1404, 1171, 1116IRMS (EST) m/zcalcd forCeH12NO>* [M+H] *: 130.0863

found:130.0857
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To a round bottom fl ask e g-ketopipileldd wi t h
(502 mg, 3.15 mmol) was added coHgSOy (1.58 mL, 0.5 mL/mmol) and the resulting
biphasic mixture was heated to 60 °C and stirred vigorously. The reaction was monitored
by TLC andlb was completely consumed after 30 min. The homogeneous -amber
colored mixture was cooled to room temperature, poured into water (30 mL), and the
solution was basified by careful addition of solice@@&s. Themixture was extracted
with EtOAc (4 x) and the combined organic layers were dried ove3Qland
concentrated. The crude product was purified by silica gel fialsimn chromatography
(5% MeOH in DCM) to give 438ng of a mixture of keto and entbrms ofb-keto amide
2b (78% yield) as a white crystalline saligh.p. 130132 °C;Rs = 0.50 (5% MeOH in
DCM); *H NMR (600 MHz, CDC4, enol tautomer 7.44i 7.30 (m,5H), 5.19 (br, 1H),
5.04 (br, H), 2.24 (s, 1H), 1.78 (s, 3H)*C NMR (150 MHz, CDCJ, enol tautom@r U
174.3, 17X, 1314, 129.4, 12, 1285, 104.0, 1D; IR (neat, crit) 3425, 3164, 3061,
1718, 1651, 1638, 1384, 1290, 1156, ;89BRMS (EST) m/zcalcd forCioH12NO2"
[M+H]*: 178.0863 found:178.0858 Characterization data agrees with literature

reporté?,
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See procedurgpage 2) for 2b: b-Keto nitrile 1¢ (1.003 g, 6.071 mmol); conc.
H>SOy (3.04 mL, 0.5 mL/mmol)purification by silica geflash column chromatography
(50% EtOAc in hexaneg) a v e 9 5 ketaragnidecf(86% yield) as a white
crystalline solidm.p. 196 198 °C;R = 0.30 (50% EtOAc in hexanes)}i NMR (600
MHz, CD:OD) 13.19 (d,J = 10.3 Hz, 1H)2.19 (s, 3H)2.06 (qt,J = 11.1, 3.4 Hz, 1H),
1.747 1.64 (m, 4H)1.60 (d,J = 13.0 Hz, 1H), 1.34 1.25 (m, 2H), 1.18 (qt] = 13.0,
3.4 Hz, 1H),1.03i 0.9 (m, 2H); 3C NMR (150 MHz, CROD)ii  270163.2, 68.9,
39.0, 32.2, 3B, 295, 273, 27.1,27.G IR (neat, crit) 3368, 3185, 2916, 2849, 1715,
1652, 1404HRMS (EST) m/zcalcd forCioH1sNO2" [M+H]*: 184.1332 found:

184.1335
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See procedurgage 2) for 2b: -Kbto nitrile 1d (1.548 g, 8.634 mmol); conc.
HoSOQyw (4.32 mL, 0.5 mL/mmol)purification by silica geflash column chromatography
(40% EtOAcin hexaneg) a v e 1. &k&odamige2dd88% Yield) as a white
crystalline solidm.p. 135137 °C;Rs = 0.40 (50% EtOAc in hexanes)d NMR (600
MHz, CD:OD)li 3 . 5JE 8.(, 6.6/ Hz, 1H), 2.60 (tf,= 11.3, 3.3 Hz, 1H), 1.97
1.55 (m,7H), 1.41i 1.15 (m, 5H), 0.89 (] = 7.4 Hz, 3H) 13C NMR (150 MHz,
CD:OD)U 211. 1,2 51.3 301, 294, 269 26.8, 26, 23.3, 123; IR (neat, cm
Y3391, 3191, 2931, 2854, 1705, 1652, 1448, 1397, 1I8RMS (EST) m/zcalcd for

C11H20NO>" [M+H] *: 198.1489 found:198.1485
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See procedurgage 2) for 2b: -Kbto nitrile 1e(1.217g, 7.94mmol); conc.
H2SOQy (3.97mL, 0.5 mL/mmol);purification by silica gkflash column chromatography
(30% EtOAc in hexaneglavel.210g oketo dmide2e (89%yield) as a white
crystalline solidm.p. 145147 °C;R: = 020 (20% acetonén hexanes)*H NMR (600
MHz, CDCh) i 6.31 (br, 1H), 5.26 (br, 1H3.80(dd, J = 7.5 3.7Hz, 1H), 1911 1.79(m,
2H), 1.17 (s, 9H)0.96 (t,J = 7.4 Hz,3H); 13C NMR (150 MHz, CDGJ) 215.5, 1711,
569, 457, 27.0, 255, 123; IR (neat, crit) 3405, 3189, 2966, 1703, 1656, 1386, 1123

HRMS (EST) m/zcalcd forCoH1sNO2" [M+H]*: 172.1332found:172.1327.
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See procedurgpage 2) for 2b: -Kbto nitrile 1f (337mg, 1.69mmol); conc.
H>SOy (850pL, 0.5 mL/mmol);purification by silica gel flash column chromatography
(40% EtOAc in hexaneg)ave292mg  ekéto dmide2f (79% yield) as a white
crystalline solidm.p. 151154 °C;Rs = 0.3 (50% EtOAc in hexanes)H NMR (600
MHz, CDCk) 770 (d,J = 16.1 Hz,1H), 7.587 7.55 (m, 2H), 7.41 7.38 (m, 3H)6.91
i 6.82 @, J=16.1 Hz,1H), 6.54 (br, 1H), 5.64 (br, 1HR.69 @d, J= 7.3 3.7Hz, 1H),
2.057 1.93 (m, 2H)1.00 (t,J = 7.4 Hz,3H); 13C NMR (150 MHz, CDG)ii 198 . 4,
1714, 1451, 134.1, 131.0, 129.0, 128.7, 12460.0 251, 11.8 IR (neat, crit) 3401,
3195,2960, 1684, 1645, 161HRMS (ESI) m/zcalcd forCi3H1eNO2" [M+H] *:

218.1176found:218.1170

47



(@] O O

CN
©)J\K I ©)J\<‘\NH2

19 2g

See procedurgpage 2) for 2b: -Kbto nitrile 1g (1.732g, 10.0mmol); conc.
H>SOQw (5.0mL, 0.5 mL/mmol);purification by silica gel flash column chromatography
(30% acetonan hexanespavel.800g okKeto dmide2g (94% yield) as a white
crystalline solidm.p. 156157 °C;Rs = 0.30 (50% EtOAc in hexanes)d NMR (600
MHz, CD30D) #18.02 (d,J = 7.3 Hz,2H), 7.61 (t,J = 7.4 Hz, 1H), 7.50 (t} = 7.7 Hz,
2H), 4.28 (dd,) = 7.9, 6.5 Hz, 1H), 2.06 1.87 (m, 2H), 1.00 (] = 7.4 Hz, 3H)3C
NMR (150 MHz, CROD) U 8.09174.7, 18.0, 134.6, 129.8, 129.5, 57.8, 24124; IR
(neat, crm) 3397, 3172, 2966, 1683, 1650, 1398, 1215, 688MS (EST) m/zcalcd for
C11H1aNO2" [M+H] *: 192.1019found:192.1011 Characterization data agrees witie

literature?,
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See procedurgage 2) for 2b: -Kbto nitrile 1h (1.503g, 6793mmol); conc.
H>SOy (3.4 mL, 0.5 mL/mmol);purification by silica gel flash column chromatography
(30% acetonan hexanespavel.518g okleto &mide2h (94% yield) as a white
crystalline solidm.p. 179181 °C;Rs = 020 (50% EtOAc in hexanesyi NMR (600
MHz, CD:OD) #18.01 (d,J = 7.7 Hz, 1H), 7.57 (t) = 7.4 Hz, 1H), 7.46 () = 7.7 Hz,
1H), 7.40 (dJ = 7.6 Hz, 1H), 7.34 () = 76 Hz, 1H), 7.29 (dJ = 74 Hz, 1H), 5.73 (s,
1H); 13C NMR (150 MHz, @30D) 111964, 173.5, 139, 1346, 1333, 1305, 129.8,
1298, 128.9, 128.5, 67, IR (neat, crit) 3401, 3174, 3090, 1687, 1651, 1392, 1206, 709,

684 HRMS (EST) m/zcalcd forCisH1NOz* [M+H] *: 240.1019 found: 240.1016
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To a st irr &«eatondrieelaglilimy,l.0 miol)and TBSCI (226 mg,
1.5 mmol) in anhydrous DCM (5.0 mL) cooled to 0 °C was added DRO (1L, 224
mg, 1.5 mmol) dropwise over 5 minutes and the reaction was stirred at 0 °C and
monitored by TLC. After 30 minutes when all starting material was consumed, saturated
agueous NaHC€5 mL) was added and the mixture was stirred for 5 minutes. The
organic layer was separated and the aqueous phase was extracted with DCM (3 x). The
combined organic layersere dried over N&Qy and concentrated. A sample of the
crude material was analyzed ¥y NMR and HPLC to determine tH&Z ratio of3a
which was found to be@4. Purification by silica gel flash column chromatography (1%
EtO in hexanes) gave 208g of 3a(90% vyield) as aolatile clear colorless ailRs =
0.40 (5% EtOAc in hexanesH NMR (600 MHz, CDC4) 216 (q,J = 75 Hz, 2H),
2.11 (s, 3H)1.04 (t,J = 7.5 Hz,3H), 0.92 (s, 9H), 0.19 (s, 6H*C NMR (150 MHz,
CDClk) Ui 186120.7, 96.1, 28, 21.7, 19.8, 18.1, 12.63.7, IR (neat, crmt) 2958, 2932,
2860, 2203, 1632, 1472, 1385, 1330, 1292, 1209, 1004, 829HRBAS (EST) m/z

calcdfor C12H24NOSI" [M+H] *: 226.1622 found:226.1614
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See procedur@page 9) for 3a.  -KBto nitrile 1b (161 mg, 1.0 mmol); TBSCI
(233 mg, 1.5 mmol); DBU (220 uL, 224 mg, 1.5 mmol); DCM (5.0 ndurification by
silica gel flash column chromatography (1%&in hexanes) ave 263 mg of
siloxyacrylonitrile3b (95% yield) as a clear colorless oil witfe& ratio of B:2: Rs=
0.60 (5% EtOAc in hexanesH NMR (600 MHz, CDCY)  7.50 (d,J = 7.1 Hz,2H),
7.32 (t,J= 7.8 Hz, 2H), 7.24 () = 7.4 Hz, 1H) 2.35 (s, 3H), 0.81 (s, 9H), 0.12 (s, 6H)
13C NMR (150 MHz, CDGJ)) i 1861821, 128.6, 128.1, 127.3, 120.4, 9625.3, 231,
18.1,-3.7; IR (neat, crt) 3059, 2956, 2931, 2860, 2208, 1605, 1473, 1383, 1324, 1257,
1027, 932, 826, 69HRMS (EST) m/zcalcd forCieH24NOSIi* [M+H] *: 274.1622

found:274.1622
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See procedurgage 9) for 3a: -Kbto nitrile1¢ (167 mg, 1.0 mmol); TBSCI
(234 mg, 1.5 mmol); DBU (220 uL, 224 mg, 1.5 mmol); DCM (5.0 ndurification by
silica gel flash column chromatography (1%®&in hexanes) ave 258 mg of
siloxyacrylonitrile3c (91% vyield) as a clear colorless oil witl& ratio of 97:3 Rs =
0.50 (5% EtOAc in hexane$H NMR (600 MHz, CDCJ) 20 (tt,J = 11.9, 3.5 Hz,
1H), 2.10 (s, 3H), 1.75 173 (m, 2H), 1.64 1.58 (m, 3H), 1.33 1.12 (m, 5H), 0.94 (s,
9H), 0.19 (s, 6H)'3C NMR (150 MHz, CDGJ) i 2106119.8, 101.0, 37, 314, 262,
25.5, 254, 21.8, 181, -3.7; IR (neat, crit) 2930, 2856, 2203, 1713, 1626, 1383, 1016,

828, 784 HRMS (EST) m/zcalcd forCisHzoNOSI* [M+H]*: 280.2091 found: 280.2087
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See procedurgage 49) for 3a: -Kbto nitrile 1d (184 mg, 1.0 mmol); TBSCI
(237 mg, 1.5 mmol); DBU (220 uL, 224 mg, 1.5 mmol); DCRIQ mL); purification by
silica gel flash column chromatography (1%@&in hexanesjave B1mg o f b
siloxyacrylonitrile3d (94% vyield) as a clear colorless oil witiE#Z ratio 0f>99:1: R =
0.40 (5% EtOAc in hexanesiH NMR (600 MHz, CDCJ) 285 (tt,J = 12.2, 35 Hz,
1H), 2.09 (qJ = 75 Hz, 2H), 1.73 (dtJ = 13.4, 3.3 Hz2H), 1.68i 1.60 (m,3H), 1.51
(qd,J = 128, 3.6 Hz,2H), 1.23 (qtJ = 128, 3.3 Hz,2H), 1.11 (qtJ = 134, 3.5 Hz,1H),
1.01 (t,J = 7.5 Hz,3H), 0.92 (s, 9H), 0.16 (s, 6HY*C NMR (150 MHz, CDG) i 167 O .
120.1, 944, 451, 295, 25.9, 25.7, 28, 20.4, 18.5, 1B, -3.3; IR (neat, crt) 2933, 283,
2204, 162, 138, 1010, 829; HRMS (EST) m/zcalcdfor C17H3z2NOSI" [M+H] ™

294.2248found:294.2245

53



(@] CN
N |
TBSO

1e 3e

See procedur@page 9) for 3a.  -Kbto nitrile 1e (154 mg, 1.0 mmol); TBSCI
(230 mg, 1.5 mmol); DBU (220 uL, 224 mg, 1.5 mmol); DCM (5.0 miwrification by
silica gel flash column chromatography (1%@&in hexanesyave 2d mg e f D
siloxyacrylonitrile3e (97% yield) as a clear colorless oil withHE&Z ratio of>99:1: Rs =
0.40 (5% EtOAc in hexanes)H NMR (600 MHz, CDCG) i 2 . 0975Hx2H),
1.22 (s9H), 0.98 (t,J = 7.5 Hz,3H), 0.89 (s9H), 0.14 (s6H); 3C NMR (150 MHz,
CDCls) 17B.0, 1199, 94.0, 38.3, .0, 259, 22.4, 18.7, 13, -2.8; IR (neat, crt) 2961,
2861, 2205, 1592, 1473267. 1178, 834, 78HRMS (EST) m/zcalcd forCisHzoNOSI*

[M+H]*: 268.2091 found: 268.2087
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See procedurgpage 9) for 3a.  -Kbto nitrile 1f (197 mg, 1.0 mmol); TBSCI
(240 mg, 1.5 mmol); DBU (220 uL, 224 mg, 1.5 mmol); DCED0 mL); purification by
silica gel flash column chromatography (1%@&in hexanesyave Z5mg e f D
siloxyacrylonitrile3f (89% yield) as a clear colorless oil withE&Z ratio 0f97:3: Rf =
0.60 (5% EtOAc in hexanesH NMR (600 MHz, CDC4) 748 (d,J = 7.2 Hz,2H),
7.37 (t,J=7.6 Hz,2H), 7.32 (tJ = 7.4 Hz,1H), 7.18 (dJ = 15.8 Hz,1H), 6.98 (d,J =
15.8 Hz,1H), 2.32 (q,J = 7.5 Hz,2H), 1.16 (t,J = 75 Hz, 3H), 1.06 (s, 9H), 0.20 (s, 6H)
13C NMR (150 MHz, CDQ) 1608, 135.2, 13, 1291, 128.8, 127.2, 122.2, 11.
1001, 25.7, 20.8, 18, 12.5,-3.5; IR (neat, crit) 3027, 2957, 2859, 2202, 1627, 1567,
1331, 1199, 1016, 8261RMS (EST) m/zcalcd forCigH2eNOSI* [M+H]*: 314.193%

found:314.1946
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See procedurgage ) for 3a: -Kbto nitrile1g (171 mg, 1.0 mmol); TBSCI
(238 mg, 1.5 mmol); DBU (220 uL, 224 mg, 1.5 mmol); DCM (5.0 mbwrification by
silica gel flash column chromatography (1%@&in hexanesyjave 26 mg o f b
siloxyacrylonitrile3g (93% yield) as a clear colorless oil witHE&Z ratio 0of>99:1: Rs =
0.50 (5% EtOAc in hexanes)H NMR (600 MHz, CDCG) i 7 m4&289), 7(42i 7.35
(m, 3H), 2.38 (g,J = 7.6 Hz,2H), 1.18 (t,J = 7.6 Hz,3H), 0.94 (s, 9H);0.14 (s, 6H)*C
NMR (150 MHz, CDC}) 1689, 136.0, B0.Q 1284, 1282, 1204, 97.8, 25.4, 2.0,
182, 12.5,-4.2; IR (neat, crit) 3061,2958, 2860, 2208, 1644, 1329, 1265, 1153, 834

HRMS (EST) m/zcalcd forCi7H26NOSI" [M+H] *: 288.1778 found:288.1769
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See procedur@page 9) for 3ac  -Kbto nitrile 1h (220mg, 1.0 mmol); TBSCI
(240 mg, 1.5 mmol); DBU (220 uL, 224 mg, 1.5 mmol); DCM (5.0 miwrification by
silica gel flash column chromatography (1%@&in hexanesyave307mg e f D
siloxyacrylonitrile3h (92% vyield) as a clear colorless oil witie#Z ratio of>99:1: R =
0.30 (5% EtOAc in hexanesiH NMR (600 MHz, CDCH) Ui 77. 762 (m,4H), 7.8
7.45(m, 3H), 7.39 (t,J = 7.6 Hz,2H), 7.30 (t,J = 7.4 Hz,1H), 0.77 (s, 9H);0.26 (s,
6H); 3C NMR (150 MHz, CDGJ) 166.0, 1363, 132.4, 13Q1, 129.1, 128.6, 128,
128.2, 127.8, 120.3, 97.0, 25182, -4.2; IR (neat, crit) 3061, 2954, 2859, 2203, 1591,
1446, 1255, 832, 784, 69BRMS (EST) m/zcalcd forC,1H26NOSi" [M+H]*: 336.1778

found:336.1767
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To a stirreds u s p e n skieto amided (11b mg, 1.0 mmol) and TIPSCI (640
pL, 578 mg, 3.0 mmol) in anhydrous DCM (5.0 mL) cooled to 0 °C was added DBU
(370 pL, 381 mg, 2.5 mmobfropwise over 5 min and the reaction was monitored using
EtN-treated TLC plates. The mixture was stirred at 0 °C until all material convierged
4a(Rf = 0.80 using 5% EtOAc in hexanes). After 2 h, saturated aqueous NgH@M)
was added and the biphasic mixture was stirred for 5 minutes at room temperature. The
organic phase was separated and the agueous layer was extracted with DCM (3 x). The
combined organic layers were dried ovep8ia: and concentrated. The resulting residue
was taken up in 5% EtOAc in hexanes and passed through a short peNd-oE&ted
slica gel. The filtrate was concentrated by rotary evaporation and placed on high vacuum
for 5 min providing cruddaas a clear colorless oil which was used without further

purification.

Crudedawas dissolved in anhydrous DCM (10.0 mL) and stirred at O °C before
addition of pyridine (240 pL, 237 mg, 3.0 mmol) followed byO1(340 pL, 564 mg, 2.0
mmol) dropwise. The reaction was removed from the cooling bath and stirred at room
temperature for 30 min whetawas fully consumed, judged by TLC. Saturated aqueous
NaHCQ (5 mL) was carefully added and the biphasic mixture was stirred at room
temperature for 30 min. The organic layer was removed, the agueous phase was extracted

with DCM (3 x),the combined organic layers were dried oves3@ and concentrated.
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A sample of the crude material was analyzedbNMR and HPLC to determine tl&Z
ratio of 5awhich was found to be 1:>99. The crude product was purified by silica gel
flash column chromatography (0.5%8t i n hexanes) -to give
siloxyacrylonitrile5a (96% yield) as a clear colorless:d# = 0.40 (5% EfO in
hexanes)'H NMR (600 MHz, CDC) i 2 . 1=27.5(Hg, 1H)1.95 (s, 3H)1.27i

1.19 fept,J = 7.5 Hz, 3H, 1.13i 1.09 (m, 21 H)3C NMR (150 MHz, CDCJ) 1627,
119.0, 94.3, 22, 191, 17.8, 13.4, 13.0R (neat, crit) 2946, 2869, 2209, 1628, 1463,
1383, 1304, 1200, 984, 883, 74TRMS (ESI) m/zcalcd forC1sHzoNOSI" [M+H] *:

268.2091 found:268.2084
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See procedur@age ) for 5a: -Kbtoamide2b (181 mg, 1.0 mmol); TIPSCI
(640 pL, 578 mg, 3.0 mmol); DBU (370 pL, 381 mg, 2.5 mmol); Pyridine (240 pL, 237
mg, 3.0 mmol); T4O (340 pL, 564 mg, 2.0 mmol); DCM (5.0 mLO mL), purification
by silica gel flash column chromatography (1%CEin hexanesy ave 285 mg of
siloxyacrylonitrile5b (88% yield) as a clear colorless oil witfe& ratio of 1:>99 Rs =
0.50 (5% EtOAc in hexanesH NMR (600 MHz, CDCH) Ui 7. 738 (m,2H), 7.30i
7.27 (m,3H), 2.06 (s, 3H), 1.35 1.29 hept,J = 7.6 Hz, 3H), 1.19 (d,J = 7.6 Hz, 18H);
13C NMR (150 MHz, CDGJ) 166.6, 133.2, 128, 128.5, 125, 1185, 95.8, 20.5, 1B,
13.0 IR (neat, crit) 3058, 2947, 2860, 2212, 1614, 1379, 1277, 1005, I8BMS

(ESI") m/zcalcd forCigHzoNOSI [M+H] *: 316.2091 found: 316.2087

60



o)
NH, _TIPS CN
’ Bt |
OTIPS OTIPS
2c 4c 5¢c

See procedur@page 7) for 5a -Kbto amide2c (183 mg, 1.0 mmol); TIPSCI
(640 pL, 578 mg, 3.0 mmol); DBU (370 L, 381 mg, 2.5 mmol); Pyridine (240 pL, 237
mg, 3.0 mmol); T4O (340 pL, 564 mg, 2.0 mmol); DCM (1.0 mLO mL), purification
by silica gel flash column chromatography (1%CEin hexanesy ave 262 mg of
siloxyacrylonitrile5c¢ (82% vyield) as a clear colorless oil witle& ratio of 1:>99 R =
0.70 (5% EtOAc in hexane$H NMR (600 MHz, CDC) i 2 . 0811.9,83.6 Hz,
1H),1.96 (s, 3H)1.787 1.73 (m, 2H), 1.67 1.58 (m, 3H), 1.38 (qdl = 12.6, 3.1 Hz,
2H), 1.28i 1.15 (m,6H), 1.09 (d,J = 7.7 Hz, 18H); 3C NMR (150 MHz, CDGJ) U
1619, 1178, 996, 371, 319, 26.1, 25.3, 19.3, 18.13.Q IR (neat, crit) 2929, 2867,
2207, 1626, 1293, 1202, 1003, 883, BARMS (EST) m/zcalcd forCigHzsNOSI*

[M+H] *: 322.2561 found: 322.2554
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See procedur@age ) for 5a: -Kbto amide2d (199 mg, 1.0 mmol); TIPSCI
(640 pL, 578 mg, 3.0 mmol); DBU (370 pL, 381 mg, 2.5 mmol); Pyridine (240 pL, 237
mg, 3.0 mmol); TO (340 pL, 564 mg, 2.0 mmol); DCM (2.0 mLO mL);, purification
by silica gel flash column chromatography (1%Ein hexanesy ave 276 mg of
siloxyacrylonitrile5d (81% yield) as a clear colorless oil witfe& ratio of 1:>99 R =
0.70 (5% EtOAc in hexanesH NMR (600 MHz, CDC) 2367 2.30 (m, 1H)2.10 (q,
J=7.5Hz2H), 1.77i 1.61 (m, 7H), 1.24 1.11 (m, 6H), 1.08 0.94 (m, 21H)*3C
NMR (150 MHz, CDC%) 111.0, 1234, 924, 46.2,30.0 262, 25.3, 20.7, 17.7, 18.
12.4 IR (neat, crit) 2933, 2868, 2204, 1614, 1334, 1222, 883, 68aMS (EST) m/z

calcd forCzoHzgNOSI* [M+H] *: 336.2717 found:336.2714
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See procedur@page 7) for 5a -Kbto amide2e (173 mg, 1.0 mmol); TIPSCI
(640 pL, 578 mg, 3.0 mmol); DBU (370 L, 381 mg, 2.5 mmol); Pyridine (240 pL, 237
mg, 3.0 mmol); T4O (340 pL, 564 mg, 2.0 mmol); DCM (nedf) mL), purification by
silica gel flash column chromatography (1%@&in hexanesyave 27mg e f D
siloxyacrylonitrile5e (79% yield) as a clear colorless oil withHE&Z ratio of 1:>99 R¢ =
0.80 (5% EtOAc in hexangstH NMR (600 MHz, CDC4) 1K NMR (600 MHz, cdcl3)
0 2. 157.4(Hg2H), 1.34 (s9H), 1.27i 1.22 pept,J= 76 Hz, 3H), 1.15i 1.07
(m, 21H; *C NMR (150 MHz, CDGJ) 11174.2, 120.8, 93, 392, 296, 22.4, 18.0, 14.4,
12.8 IR (neat, crit) 2965, 2870, 2204, 1588, 1285, 1198, 1017, 882, 785,HRBBIS

(ESI) m/zcalcd forCigHzsNOSI* [M+H] *: 310.2561 found:310.2565
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See procedur@page ) for 5a  -Kbto amide2f (220mg, 1.0 mmol); TIPSCI
(640 pL, 578 mg, 3.0 mmol); DBU (370 L, 381 mg, 2.5 mmol); Pyridine (240 pL, 237
mg, 3.0 mmol); T4O (340 pL, 564 mg, 2.0 mmol); DCM (5.0 mLO mL), purification
by silica gel flash column chromatography (1%CEin hexanesyave323mg e f b
siloxyacrylonitrile5f (90% yield) as a clear colorless oil withHE&Z ratio of 1:>99 R¢ =
0.70 (10% Et20 in hexanes)*H NMR (600 MHz, CDCY) 7.46 (d,J = 7.3 Hz, 2H), 7.39
(t, J= 73 Hz, 2H), 7.35 (dJ = 7.3 Hz, 1H), 7.11 (d] = 157 Hz, 1H), 6.88 (dJ = 157
Hz, 1H), 2.37 (q) = 7.4 Hz, 2H), 1.43 (hepd,= 7.5 Hz, 3H), 1.23 1.16 (m,21H); 13C
NMR (150 MHz, CDC}) 160.2, 135.5, 134.8, 129.2, 198127.2, 122.7, 119.9, H.
22.2,20.8, 17.9, 13,9R (neat, crit) 3060, 2946, 2868, 2203, 1625, 1579, 1495, 1463,
1336, 1189, 1005, 883, 755, 68TRMS (ESI) m/zcalcd forCz2HzaNOSI" [M+H] *:

356.2404 found:356.2404
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See procedurgpage F) for 5a: -Kbto amide2g (188 mg, 1.0 mmol); TIPSCI
(640 pL, 578 mg, 3.0 mmol); DBU (370 pL, 381 mg, 2.5 mmol); Pyridine (240 pL, 237
mg, 3.0 mmol); T4O (340 pL, 564 mg, 2.0 mmol); DCM (5.0 mLO mL), purification
by silica gel flash column chromatography (1%CEin hexanesyjave292mg e f D
siloxyacrylonitrile5g (90% yield) as a clear colorless oil withE&Z ratio of 1:>99 R =
0.40 (5% EtOAc in hexanesiH NMR (600 MHz, CDCY) 7417 7.36 (m,3H), 7.33i
7.28 (m,2H), 2.06 (qJ = 7.4 Hz,2H), 1.08 (t,J = 74 Hz, 3H), 1.05i 0.96 (m,21H); 3C
NMR (150 MHz, CDC}) 168.4, 135.5, 129.7, 128.2, 128.0, 118.8, 96.6, 22.8, 17.
13.6, B.0; IR (neat, crit) 3061, 2946, 2868, 2210, 1615, 1597, 1463, 1319, 1161, 884,

805, 703 HRMS (ESI) m/zcalcd forCaHzNOSi* [M+H] *: 330.2248 found:330.2245
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See procedurgpage ) for 5a  -Kbto amide2h (238 mg, 1.0 mmol); TIPSCI
(640 pL, 578 mg, 3.0 mmol); DBU (370 L, 381 mg, 2.5 mmol); Pyridine (240 pL, 237
mg, 3.0 mmol); T4O (340 pL, 564 mg, 2.0 mmol); DCMb.Q mL; 10 mL), purification
by silica gel flash column chromatography (1%CEin hexanesyave 34mg e f b
siloxyacrylonitrile5h (71% vyield) as a clear colorless oil witiE#Z ratio of 1:>99 Rs =
0.40 (5% EtOAc in hexanesiH NMR (600 MHz, CDCJ) 7341 7.30 (m, 1H), 7.25
7.21 (m4H), 7.17i 7.12 (m, 3H)7.09i 7.03 (m, 2H), 1.18 1.12 hept,d = 73 Hz,
3H), 1.07 (d,J = 7.3 Hz,18H); 13C NMR (150 MHz, CDGJ) 1666, 1355, 132.9,
130.0, 1295, 129.1, 128, 1282, 127.2,118.9, B0, 177, 13.3 IR (neat, crit) 3059,
2946, 2868, 2212, 1590, 1446, 1329, 1265, 1159, 1012, 884, 78HRBES (EST) m/z

calcd forCosH32NOSI* [M+H] *: 378.2248 found:378.2244

66



CN
N . /I
TsO

1a 6a

To a round bottom fl ask egketopipleld wi t h a
(113 mg, 1.0 mmol) was added anhydrous DCM (5.0 mL) followed #y €10 pL, 152
mg, 1.5 mmol) and NMI (120 pL, 123 mg, 1.5 mmol) and the resulting mixture was
cooled to 0 °C. TsCl (286 mg, 1.5 mmol) was added in one portion and the reaction was
stirred at O °C and monitored by TLC. After 30 nmia,was fully consumed and the
reaction was quenched with 1N aqueouS@&; (5 mL) and stirred for 5 min. The organic
layer was removednd the aqueous phase was extracted with DCM (3 x). The combined
organic layers were dried over #£% and concentrated. A sample of the crude material
was analyzed by HPLC arti NMR to determine th&/Z ratio of 6awhich was found to
be >99:1Theproduct was identifieth the HPLC U\itrace bycorrelationwith the
extracted iorcount(EIC) of theproduction observed afVi+Na]+ (see page 158&r an
example of th&IC for 6a). The crude product was purified by silica gel flash column
chromatography (5% Et OAc -tosyloxyaerWoaitnlea ) t o g
(88% yield)as a clear colorless oRs = 0.20 (5% EtOAc in hexanesH NMR (600
MHz, CDCk) 719 (d,J = 8.1 Hz,2H), 7.37 (d,J = 8.1 Hz,2H), 2.44 (s3H), 2.22 (d,J
=12 Hz,3H), 2.06 (qtJ = 75, 1.2 Hz,2H), 0.95 (t,J = 7.5 Hz,3H); 3C NMR (150
MHz, CDCk) 1%i7.4, 1461, 132.7, 130.0, 128, 116.8, 109.0, 21.5, 249).19.8, 119; IR
(neat, cmt) 3067, 2978, 2938, 2880, 2219, 1651, 1377, 1193, 1180, 1147, 1091, 976,
925, 815, 745HRMS (EST) m/zcalcd forCi3sH16NOsS" [M+H]™: 266.0845% found:
266.0838
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See procedur@page ®) for 6a: b-Keto nitrile 1b (157 mg, 1.0 mmol); BN (210
pL, 152 mg, 1.5 mmol); NMI (120 pL, 123 mg, 1.5 mmol); TsCl (293 mg, 1.5 mmol);
DCM (5.0 mL) purification by silica gel flash column chromatography (5% EtOAc in
hexanesyy a v e 2 9 Zosyilogyacoylonitrie6b (94% yield)as a clear colorless oil
with aE/Z ratio of >99:1 R = 0.30 (5% EtOAc in hexanesH NMR (600 MHz, CDCY)
07.42 (d,J = 8.0 Hz,2H), 7.241 7.18 (m, 5H)7.07 (d,J = 8.0 Hz,2H), 2.57 &, 3H),

2.35 (s,3H); 1*C NMR (150 MHz, CDCJ) 1%8.4, 145.7, 131.7 129.5, 1391287,
1285, 128.2, 127.7, 1.0, 107.3, 215, 21.Q IR (neat, crit) 3059, 2925, 2223, 1629,
1597, 1494, 1446, 1375, 1202, 1172, 1089, 1014, 907, 814HE8AS (EST) m/zcalcd

for C17H1eNO3S" [M+H]": 314.0845 found:314.0841
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See procedurgpage ®) for 6a: -Kbto nitrile 1¢ (166 mg, 1.0 mmol); BN (210
pL, 152 mg, 1.5 mmol); NMI (120 pL, 123 mg, 1.5 mmol); TsCl (291 mg, 1.5 mmol);
DCM (5.0 mL) purification by silica gel flash column chromatography (5% EtOAc in
hexanesyy a v e 2 5 Bosylogyacoylonitrie6c (79% yield) as a clear colorless oil
with aE/Z ratio of >99:1 R = 0.30 (5% EtOAc in hexane$H NMR (600 MHz, CDCJ)
7.78 (d,J= 80Hz, 2H), 7.37 (dJ = 8.0 Hz, 2H) 2.42 (s, 3H), 2.25 2.19 (m, 4H),
1.66i 1.59 (m, 2H), 1.57 1.52 (m, 1H), 1.31 1.28 (m, 2H)1.20i 1.14 (m, 2H), 1.07
i 0.99 (m, 3H)3C NMR (150 MHz, CDGJ) 156.4, 146.0, 132, 130.0, 1278, 1161,
113.4, .0, 30.6, 2540, 25.0, 215, 20.0 IR (neat, crit) 3067, 2932, 2855, 2217, 1770,
1644, 1597, 1450, 1378, 1378, 1091, 948, 815, ARAMS (EST) m/zcalcd for

C17H2oNOsS" [M+H] *: 320.1315%found:320.1303
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See procedurgpage ®) for 6a: -Kbto nitrile 1d (182 mg, 1.0 mmol); BN (210
pL, 152 mg, 1.5 mmol); NMI (120 pL, 123 mg, 1.5 mmol); TsCl (296 mg, 1.5 mmol);
DCM (5.0 mL) purification by silica gel flash column chromatography (5% EtOAc in
hexanesyy a v e 2 7 @osyiogyacoylonitrie6d (82% yield) as avhite crystalline
solid with aE/Z ratio of >99:1 m.p. 53 52 °C;Rs = 0.40 (5% EtOAc in hexanesH
NMR (600 MHz, CDC¥) i 7 . 898.1Hzl2H), 7.36 (dJ= 8.1 Hz,2H), 2.68 (tt,J =
12.2, 3.1 Hz, 1H), 2.44 (8H), 2.18 (qJ = 7.5 Hz,2H), 1.77i 1.66 (m,4H), 1.61i 1.54
(m, 1H), 1.39 (qdJ = 134, 3.9 Hz,2H), 1.19 (qtJ = 13.4, 3.9 Hz2H), 1.06 (t,J= 7.5
Hz, 3H),0.98 (qt,J = 13.1, 3.6 Hz]1H); 13C NMR (150 MHz, CDGJ) 165.2, 145.6,
1335, 129.8, 127.5, 118, 108.4, 437, 294, 25.6, 25.1, 22.1, 21.5, 11IR (neat, crt)
3067, 2933, 2856, 2217, 1633, 1596, 1451, 1372, 1192, 1178, 996, 815, 7169R6E2

(ESI") m/zcalcd forCigH23NNaOsS" [M+Na]*: 356.1291 found: 356.1288.
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See procedur@page ®) for 6a: -Kbto nitrile 1e (151 mg, 1.0 mmol); BN (210
pL, 152 mg, 1.5 mmol); NMI (120 pL, 123 mg, 1.5 mmol); TsCl (290 mg, 1.5 mmol);
DCM (5.0 mL) purification by silica gel flash column chromatography (5% EtOAc in
hexanesly a v e 1 7 ftosytogyacoytbnitriie6e (58% yield) as a white crystalline
solid with aE/Z ratio of >99:1 m.p. 5255 °C;R¢ = 0.30 (5% EtOAc in hexanes}i
NMR (600 MHz, CDC4) 782 (d,J = 8.1 Hz,2H), 7.37 (d,J = 8.1 Hz,2H), 2.46 (s,
3H), 2.28 (qJ = 7.5 Hz,2H), 1.29 (s9H), 1.11 (tJ = 7.5 Hz,3H); 13C NMR (150 MHz,
CDCl) 168.3, 145.6, 133.7, 129.9, 127.6, 116.9, 108.B, 28.9, 245, 21.6, 12.0IR
(neat, crmt) 2974, 2879, 2216, 1597, 1366, 1066, 759, 668MS (EST) m/zcalcd for

C16H22NOsS* [M+H] *: 308.1315 found:308.1304
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See procedur@page ®) for 6a: -Kbto nitrile 1f (197 mg, 1.0 mmol); BN (210
pL, 152 mg, 1.5 mmol); NMI (120 pL, 123 mg, 1.5 mmol); TsCl (298 mg, 1.5 mmol);
DCM (5.0 mL) purification by silica gel flash column chromatography (5% EtOAc in
hexanespave3llmg etdsyloyacrylonitrile6f (89% yield)as awhite crystalline
solid with aE/Z ratio of >99:1 m.p. 108110 °C;R¢ = 0.30 (5% EtOAc in hexanesH
NMR (600 MHz, CDC4) 7.87 (d,J = 81 Hz, 2H), 7.36 (dJ = 8.1 Hz, 2H), 7.317 7.29
(m, 3H),7.221 7.15 (m,2H), 7.01 (d,J = 15.8 Hz,1H), 6.45 (d,J = 15.8 Hz,1H), 2.45i
2.38 (m, 5H)1.19 (t,J = 7.5 Hz,3H); 13C NMR (150 MHz, CDGJ) 1561, 146.2,
137.4,134.5, 133.1, 130.129.6, 12&, 1284, 127.4, 118.5, 117.110.0 22.4, 21.6,
12.1 IR (neat, crt) 3056, 2979, 2879, 2211, 1625, 144981, 1192, 1179, 986, 760,

691; HRMS (ESt) m/zcalcd forCaoH20NOsS [M+H] *: 354.1158 found:354.1154
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See procedurgpage ®) for 6a: -Kbto nitrile1g (175mg, 1.0 mmol); EN (210
pL, 152 mg, 1.5 mmol); NMI (120 pL, 123 mg, 1.5 mmol); TsCI§28g, 1.5 mmol);
DCM (10.0 mL); purification by silica gel flash column chromatography (5% EtOAc in
hexanespave 57mg  etdsyloiyacrylonitrile6g (81% yield)as awhite crystalline
solid with aE/Z ratio of >99:1 m.p. 78 80 °C;Rs = 020 (5% EtOAc in hexanes)H
NMR (600 MHz, CDC}) 743 (d,J = 8.1Hz, 2H), 7.36 (dJ = 81 Hz, 2H), 7.30i 7.24
(m, 1H),7.18i 7.15 (m, 2H)7.11i 7.06 (m, 2H), 2.46 (q] = 7.5 Hz,2H), 2.31 (s3H),
1.18 (t,J= 7.5 Hz,3H); 13C NMR (150 MHz, CDQ) 1572, 1455, 1325, 130.9,

130.4, 129.4, 128.3, 127.9, 127.8, 2171.09.4, 25, 213, 11.9 IR (neat, crit) 3065,
2979, 2879, 2216, 1627, 1597, 1446, 1384, 1192, 1178, 1022, 815, 778, 753RR

(ESI) mizcalcd forCigHigNOsS™ [M+H] *: 328.1002 found: 328.1001
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See procedur@page ®) for 6a: -Kbto nitrile 1h (223mg, 1.0 mmol); EN (210
pL, 152 mg, 1.5 mmol); NMI (120 L, 123 mg, 1.5 mmol); TsCl{28g, 1.5 mmol);
DCM (5.0 mL) purification by silica gel flash column chromatography (5% EtOAc in
hexanespave360mg etdsyloyacrylonitrile6h (95% yield)as awhite crystalline
solidwith aE/Z ratio of >99:1 m.p. 139141 °C;Rs= 0.10 (5% EtOAc in hexanesiH
NMR (600 MHz, CDC¥) 766 (d,J = 7.7 Hz, 2H), 7.56 (dd] = 6.7, 3.0 Hz, 2H), 7.45
(t, J= 7.2 Hz, 1H), 7.39 7.33 (m, 5H), 7.29 (d] = 8.1 Hz, 2H), 7.03 (dJ = 8.1 Hz,
2H), 2.35 (s, 3H)!*C NMR (150 MHz, CDCGJ)  157.6, 145, 132.4, 1386, 131.2,
1304, 1294, 1292, 129.1, 19.0, 1285, 1283, 127.9, 117, 107.1, 216; IR (neat, crit)
3059, 2218, 1597, 1446, 1383, 1192, 1178, 1054, HB®1S (EST) m/zcalcd for

C22H18NO3S" [M+H] *: 376.1002 found: 376.0998
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To a stirred slurry o2a (128 mg, 1.0 mmol), BN (420 pL, 304 mg, 3.0 mmol),
and NMI (240 L, 246 mg, 3.0 mmol) in anhydrous DCM (500 pL) cooled to 0 °C was
added TsCI%72 mg, 3.0 mmol) in three portions separated bynRute intervals and
the reaction was monitored by TLC. After 30 minutsswas fully consumed and the
reaction was quenched by addition of 10% w/v agueous cafDthe resulting mixture
was stirred at room temperature for 5 minutes. The mixture was extracted with DCM (3
x) and the comibed organic layers were dried over 8@y and concentrated to give

crude7aas a white crystalline solid which was used without further purification.

T h e ctosyda@ylamiderawas taken up in anhydrous DCM (10.0 mL) and
stirred at 0 °C before addition of pyridine (240 uL, 237 mg, 3.0 mmol) followed 16y Tf
(340 pL, 564 mg, 2.0 mmol) dropwise. The reactorturewas removed from the
cooling bath and stirred at room temperature for 30 min whevas fully consumed,
judged by TLC. Saturated aqueous NaHC®mL) was carefully added and the biphasic
mixture was stirred at room temperature for 30 min. The organic layer was removed, the
agueous phase was extracted with DCM (3hg,dombined organic layers were dried
over NaSQy and concentrated. A sample of the crude material was analyzed by HPLC
H NMR to determine th&/Z ratio of 8awhich was found to be 1:>9%he product was
identified in the HPLC UMrace by correlation with the EIC of the prodigt observed

as [M+Na]+ (see page 159 for an example of the EIG#&rThe crude product was
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purified by silica gel flash column chromatography (10% EtOAc in hexanes) to3gve 2
mg  etdsylolyacrylonitrile8a (88% yield) as a clear colorless:dir = 0.40 0%
EtOAcin hexanes)H NMR (600 MHz, CDC}) i 7 . 8=38.1Hzx2H), 7.33 (dJ=

8.1 Hz, 2H), 2.39 (SH), 2.147 2.10 (m, 5H).1.02 (t,J = 7.6 Hz,3H); 13C NMR (150
MHz, CDCk) 1%6.3, 145.9, 131.8, 129.7, 1281151, 1074, 221, 21.4,173,12.1 IR
(neat, crit) 3068, 2978, 2879, 2222, 1652, 1598, 1373, 1192, 1179, 928, 742, 666

HRMS (EST) m/zcalcd forCi3H1eNOsS' [M+H] *: 266.0845%found: 266.0842
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See procedur@page 4) for 8a: -Kbto amide2b (179 mg, 1.0 mmol); BN (420
pL, 304 mg, 3.0 mmol); NMI (240 uL, 246 mg, 3.0 mmol); TsCl (582 mg, 3.0 mmol);
Pyridine (240 pL, 237 mg, 3.0 mmol); 20 (340 pL, 564 mg, 2.0 mmol); DCM (500 pL;
10 mL);, purification by silica gel flash column chromatograph§% EtOAc in hexanes)
gave 29 aosyhogyacoylonitrie8b (93% yield) as a white crystalline solid with a
E/Z ratio of 1:>99 m.p. 58 60 °C;Rs = 0.40 (20% EtOAc in hexanes)ji NMR (600
MHz, CDCk) 787 (d,J=82Hz, 2H), 7.44i 7.35 (m, 5H)7.28 (d,J = 8.2 Hz,2H),
2.43 (s3H), 2.29 (s3H); 13C NMR (150 MHz, CDGJ) 1%8.8, 14&, 1319, 130.1,
129.9, 129.2, 128, 128.7, 128.3, 115, 107.3, 21.5, 18;9R (neat, crt) 3061, 2925,
2224, 1634, 1597, 1446, 1373, 1200, 1166, 1091, 934, 733HEI2S (EST) m/zcalcd

for C17H1eNO3S" [M+H]™: 314.0845found:314.0844
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See procedurgpage 4) for 8a: -Kbto amide2f (218 mg, 1.0 mmol); BN (420
pL, 304 mg, 3.0 mmol); NMI (240 pL, 246 mg, 3.0 mmol); Ts@@sng, 3.0 mmol);
Pyridine (240 pL, 237 mg, 3.0 mmol); 20 (340 pL, 564 mg, 2.0 mmol); DCM (500 pL;
10 mL), purification by silica gel flash column chromatography (5% EtOAc in hexanes)
gave 29 aosymgyacoyonitrbe8f (83% yield) as a white crystalline solid with a
E/Z ratio of 1:>99 m.p. 108110 °C;Rr = 0.10 (10% EO in hexanes)!H NMR (600
MHz, CDCk) 7.9 (d,J =82 Hz, 2H), 7.43i 7.31 (m,7H), 7.13 (dJ = 15.7 Hz, 1H),
6.84 (d,J = 15.7 Hz, 1H)2.467 2.42 (m, 5H).1.23 (t,J = 7.5 Hz,3H); 13C NMR (150
MHz, CDCk) 1%4.1, 146.0, 139.2, 134.8, 132129.9, 129, 128.8, 128.7, 127,
116.6, 1163, 108.0, 22.6, 21.7, 12; IR (neat, crit) 3060, 2976, 2877, 2211, 1621, 1596,
1383, 1182, 1179, 945, 760, 962RMS (EST) m/zcalcdfor CooH20NOsS™ [M+H] *:

354.1158found:354.1157
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See procedurgage 4) for 8a: -Kbto amide2g (192 mg, 1.0 mmol); EN (420
pL, 304 mg, 3.0 mmol); NMI (240 pL, 246 mg, 3.0 mmol); Ts@45ng, 3.0 mmol);
Pyridine (240 pL, 237 mg, 3.0 mmol); 20 (340 pL, 564 mg, 2.0 mmol); DCM (500 pL;
10 mL);, purification by silica gel flash column chromatography (10% EtOAc in hexanes)
gave309mg etdsylolyacrylonitrile8g (94% yield) as a white crystalline solid with a
E/Z ratio of 1:>99 m.p. 61 63 °C;Rs = 0.40 (20% EtOAc in hexanesl NMR (600
MHz, CDCk) 764 (d,J = 83 Hz, 2H), 7.39 (tJ = 6.5 Hz,1H), 7.35i 7.24 (m,4H),
7.21 (d,J = 8.3 Hz,2H), 2.39 (s3H), 2.27 (qJ = 7.5 Hz,2H), 1.14 (t,J = 7.5 Hz,3H);
13C NMR (150 MHz, CDGJ) i 6.051456, 132.4, 130.6, 130.4, 129.5, 128.7, 128.2
128.2 1156, 1.0, 22.7, 21.5, 138; IR (neat, crit) 3064, 2979, 2878, 2221, 1633, 1597,
1446, 1382, 1192, 1179, 75HRMS (EST) m/zcalcd forCigH1sNOsS" [M+H] *:

328.1002 found:328.0988
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See procedurgpage 4) for 8a: -Kbto amide2h (239mg, 1.0 mmol); EN (420
pL, 304 mg, 3.0 mmol); NMI (240 pL, 246 mg, 3.0 mmol); Ts&88mg, 3.0 mmol);
Pyridine (240 pL, 237 mg, 3.0 mmol); 20 (340 pL, 564 mg, 2.0 mmol); DCM (500 pL;
10 mL);, purification by silica gel flash column chromatography (10% EtOAc in hexanes)
gave343mg etdsylolyacrylonitrile8h (92% vyield) as a white crystalline solid with a
E/Z ratio of 1:>99 m.p. 116118 °C;R: = 050 (20% EtOAc in hexanes)¥! NMR (600
MHz, CDCk) i 7 . 38.1(Hd,2H), 7.39i 7.14 (m, BH), 2.44 (s3H); 1°C NMR
(150 MHz, CDC%) 154i74, 145.9, 132.6, 131.0, 13).130.5, 129.7129.7,129.2, 122,
128.8, 128.5, 128, 116.1, 107.7, 21;7R (neat, crit) 3060, 2924, 2222, 1614, 1597,
1446, 1385, 1192, 1178, 1086, 983, 767,;68&MS (EST) m/zcalcd forCaoH1sNO3S*

[M+H]*: 376.1002found:376.0996
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69 (E)-9

To a tweneck round bottom flask equipped with a stir bar, rubber septum, and
threeway gas i nl-tesyloxyaardoni@ilesd (826 mdy 1.0 mmoly-
tolylboronic acid (211 mg, 1.5 mmolsPQy (637 mg, 3.0 mmol), and Pd(PICI2 (35
mg, 50 umol) and the vessel was cycled through vacuum/argon thrice. Anhydrous PhMe
(3.0 mL) was added and the reactwasallowed to stir at ambient temperature until all
starting material was consumedonitoring by TLC After 36 h, water (10 mL) was
added and the minre was extracted with #2 (3 x). The combined organic layers were
washed with brine, dried over b8 and concentrated. A portion of the crude material
was analyzed byH NMR to determine th&/Z ratio of 9 which was determined to be
>99:1.A mixture of (E)-9 and ¢)-9 wereunable to beeparatetty HPLC. The crude
product was purified by silica gel flash column chromatography (2@ iBthexanes) to
gi ve 22 7-dianytpcrydonhitrild €)-bB (92% vyield) as a white crystalline saliah.p.
88190 °C;Rf= 0.50 (5% ELO in hexanes):H NMR (600 MHz, CDC4) 7.397 7.33
(m, 5H),7.19 (d,J = 79 Hz, 2H), 7.03 (d,J = 7.9Hz, 2H), 2.447 2.33 (m,5H), 1.25 (t,J
= 7.4 Hz,3H); 1°C NMR (150 MHz, CDQ) 1%56.5, 140.0, 138.7, 135.9, 129.3, 129.0,
129.0,129.0, 128, 119.7, 113.0, 28, 21.2, 13.3IR (neat, crt) 3054, 2975, 2875,
2208, 1609, 1509, 1443, 814, THRMS (EST) m/zcalcd forCigH1gN* [M+H]™:

248.1434found:248.1431
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See procedur@age80) for (E)-9: -Tbsyloxyacrylonitrile8g (329 mg, 1.0
mmol); p-tolylboronic acid (214 mg, 1.5 mmol);3RQs (655 mg, 3.0 mmol);
Pd(PPB)2Cl> (34 mg, 50 pmol)purification by silica gel flash column chromatography
(1% EO in hexanespave2 3 4 mg-diarylacnfionithile £)-9 (94% yield) as a clear
colorless oil with &/Z ratio of 1:>99 R; = 0.50 (5% ELO in hexanes)H NMR (600

MHz, CDCk) i 71i. 7488 (m,3H), 7.29 (d,J = 8.0 Hz,2H), 7.21i 7.14 (m,4H), 2.44i

2.36 (m,5H), 1.26 (t,J = 7.5 Hz,3H); 13C NMR (150 MHz, CDG))ii 156. 3, 139.

138.8, 13, 1292, 128.9, 128.8, 128, 128.2, 119, 112.6, 25/, 212, 13.2 IR (neat,
cm?) 3054, 2972, 2875, 2207, 1610, 1510, 1443, 1021, 816 HR®IS (EST) m/z

calcd forCigHigN* [M+H] *: 248.1434found: 248.1427
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69 (E)-10

To a tweneck round bottom flask equipped with a stir bar, rubber septum, and
threeway gas i nl-tesyloxyaandonitilesd (826 mdy 1.0 mmol), Cul (29
mg, 150 umol), and Pd(PBBCI> (36 mg, 50 pmol) and the vessel was cycled through
vacuum/argon thricéAnhydrous THF (1.0 mL) was addé&allowed by the addition of
trimethylsilylacetylene (210 pL, 147 mg, 1.5 mmii)-Pr,NH (1.0 mL) and THF500
ML) via syringe. The resulting mixture was stirred under argon at 40 °C for 14 h. The
reaction was cooled to room temperature, water (10 mL) was added and the mixture was
extracted with EO (3 x). The combined organic layers were washed with brine, dried
over NaSQy and concentrated. A porhaf the crude material was analyzedHfyLC
and'H NMR to determine th&/Z ratio of 10 which was determined to be >99:1. The
crude product was purified by silica gel flash column chromatography (@it
hexanes) to give 222 mg of acrylonitrile){10 (88% yield) as a clear light yellow ofRs
= 0.80 (20% EtOAc in hexanesH NMR (600 MHz, CDCH) i 7 . 6F7.4(Hd,2H),
7.461 7.37 (m,3H), 2.70 (gJ = 7.5 Hz,2H), 1.28 (t,J = 7.5 Hz,3H), 0.26 (s9H); 1*C
NMR (150 MHz, CDC¥) 0 71031358, 129.6, 128.4, 128.2, 120.8, 171,8110.3, 101.0,
27.6,12.2;0.4 IR (neat, cri) 3060, 2972, 2890, 2207, 2137, 1445, 1251, 847, 768, 696

HRMS (EST) m/zcalcd forCieH20NOSIi" [M+H] *: 254.1360 found:254.1354
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See procedur@page &) for (E)-10. -tdsyloxyacrylonitrile6g (326 mg, 1.0
mmol); Cul B0 mg, 150 pmol); Pd(PRRCI2 (36 mg, 50 umol); trimethylsilylacetylene
(210 pL, 147 mg, 1.5 mmol); ieMH (1.0 mL); THF (1.0 mL; 500 pL)purification by
silica gel flash column chromatography (1%@&in hexanesyave 232 mg of
acrylonitrile ¢)-10 (92% yield) as a clear light yellow oil withE&Z ratio of 1:>99 R =
0.80 (20% EtOAc in hexanedH NMR (600 MHz, CDCJ) Ui 7.42i 7.37 (m, 3H),7.33
(d,J=7.4 Hz,2H), 2.36 (q,J = 7.5 Hz,2H), 1.18 (t,J = 7.5 Hz,3H), 0.25 (s9H); 1*C
NMR (150 MHz, CDC%) 186.8, 135.0, 129.1, 128.128.3, 122.5, 118.4, 1@4.102.8,
24.3,12.9;05; IR (neat, crit) 3059, 2963, 2878, 2212, 2141, 1561, 1444, 1250, 846,

768, 698 HRMS (EST) m/zcalcd forCi1eH20NOSI™ [M+H] *: 254.1360 found:254.1357
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69 (E)-11

A two-neck round bottom flask equipped with a stir bar, rubber septum, and
threeway gas inlet was charged wipkbromobiphenyl (583 mg, 2.5 mmol) and the
vessel was purged with argon. Anhydrous THF (3.6 mL) was added and the mixture was
cooled to-84 °C.n-BuLi (2.2 M in hexanes, 910 puL) was dispensed to the stirring
mixture by syringe and the reaction was allowed to st84fC for 1 h. The resulting
mixture was transferred to second vessel containing fidmed ZnC} (341 mg, 2.5
mmol) via cannula ad was stirred at room temperature for 1 h. The resulting solution
wastransferredriacannulada o a t hird vessel containing a
tosyloxyacrylonitrile6g (327 mg, 1.0 mmol), Pd(OA£§23 mg, 100 umol), and SPhos
(82 mg, 200 pmol) in THF (1.0 mL) under an argon atmosphere. The resulting mixture
was allowed to stir at ambient temperature for B4 Which timethe starting material
was fully consumed, as judged by TLC. The reaction was quenched by addition of
saturated aqueous NEI (10 mL) and was extracted with.Ex (3 x). The combined
organic layers were dried over £ and concentrated. A portion of the crude material
was analyzed byH NMR to determine th&/Z ratio of 11 which was determined to be
>99:1.A mixture of E)-11and ¢)-11were unable to be separated by HPILGe crude
product was purified by silica gel flash column chromatography (5@ iBthexanes) to
gi ve 29 5-dianpcryohitrild €)-bl(96% yield) as a white crystalline salid

m.p. 68 70 °C;Rs = 0.20 (5% KO in hexanes):H NMR (600 MHz, CDC}) i 7i. 6 7
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7.62 (M,4H), 7.52i 7.39 (m,8H), 7.27i 7.23 (m, 2H), 2.49 (q] = 75 Hz, 2H), 1.32 (t,
J=7.5Hz,33H); 3C NMR (150 MHz, CDG)) i 1 5 6 . 040.0 1398, 134.6, 129.5,
129.3,129.1, 128, 128.2, 1277, 126.9,126.9,119.5, 113, 25.8, 13.3IR (neat, crit)
3056, 2975, 2875, 2208, 1599, 1485, 1007, 832, 765,HRMS (EST) m/zcalcd for

Co3H2oN* [M+H]*: 310.1590 found:310.1583
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See procedurgpage 8) for (E)-11: p-bromobiphenyl (588 mg, 2.5 mmot)
BuLi (2.2 M in hexanes, 910 uL); Zn&( 341 mg, 2asyBoxyacmwyloritr)lebg b
(328 mg, 1.0 mmol); Pd(OAg)f22 mg, 100 umol); SPhos (82 mg, 200 umol); THF (3.6
mL; 1.0 mL);purification by silica gel flash column chromatography (5%0Eh
hexanesyy a v e 2 8 8-diamdacrgadnitrilb ¢)fi1(93% yield) as a white crystalline
solid with aE/Z ratio of 1:>99 m.p. 128129 °C;Rs = 0.20 (5% EO in hexanes):H
NMR (600 MHz, CDC}) 7.80 (t,J = 8.0 Hz,4H), 7.48i 7.34 (m,8H), 7.18 (dJ=6.1
Hz, 2H), 2.40 (q,J = 7.5 Hz,2H), 1.26 (t,J = 7.5 Hz,3H); 2*C NMR (150 MHz, CDGJ)
1156.0, 141.9, 140.2, 138.8, 138.6, 129.8, 12928.8, 12&, 128.4, 127.6, 127,
126.9, 119.7, 113, 25.9, 13.3IR (neat, crit) 3059, 2978, 2877, 2208, 1485, 838, 763,

740, 703 HRMS (EST) m/zcalcd forCzsHzoN* [M+H] *: 310.1590 found:310.1588
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Appendix 1: Spectra for Selected Compounds
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