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We have developed an easy and practical methothéosynthesis ofi,3-unsaturated oxim:
and nitriles from readily available propargylic ethols with hydroxylamine hydrochlori
(NH,OHMHCI) under metal-free conditions. By using or nsing p-toluenesulfonyl chloridep¢
TsCl) as the dehydrating promoter, the desiredestor oximes could be obtained respecti
via a three-step one-pot or two-step @me-process in moderate to excellent yields witbd
functional group compatibility.

2009 Elsevier Ltd. All rights reserved

1. Introduction

a,p-Unsaturated oximes and nitriles are of signifidaterests
as intermediates in organic synthesis for diveussetional group
transformations and carbon-carbon/carbon-heteroatband
formations due to their bifunctional and dipolartura?
Furthermore, this type of structures often servesaacore
structural skeleton in a variety of natural product
pharmaceuticals, and other useful matelfadsich as oximé™, a
potential insecticide, and nitilé *®, a tubulin polymerization
inhibitor.
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The classical method for the preparation ogff-unsaturated
oximes lies in the condensation between a correspgnd
carbonyl compound and hydroxylamine

also been reported.With regard to the synthesis af,p-
unsaturated nitriles, apart from the strategy of fhnctional
transformation of other nitrogen-containing compdsin(e.g.
oximes, azides, amide, eft)his type of compounds can also be
prepared by means of the installation of the cygrmup or the
formation of the carbon-carbon double b8ndn recent years,
the synthetic approaches tgB-unsaturated nitriles through a
cascade reaction have also been establi’éﬁéd\mong those,
the efficient and atom-economic preparationagf-unsaturated
nitriles from readily available propargylic alcohdiave attracted
considerable attentioi.The Zhan and Jiao groups have reported
the direct transformation of propargylic alcohotsthe desired
nitriles with 4-methylbenzenesulfonohydrazide (TsNHNkENd
azidotrimethylsilane (TMSN as the nitritrogen source
respectively}**¢ Very recently, the Liang group has also
accomplished this transformation by using more lstadnd
inexpensive NHOHIHCI instead”® In Liang’s method, 3 equiv
of chlorotrimethylsilane (TMSCI) was employed as ginemoter.

In view of the significance of unsaturated nitrogemtaining

hydrochloridecompounds and encouraged by the above-mentionek, wer

(NH,OHMCI) in the presence of a stoichiometric amount of aVere interested in developing a facile and low-qostocol for

base’ Recently, new protocols, such as the oxidationrishary
amines, the direct conversion of alcohols into @smetc, have

the nitrogenation of propargylic alcohols. Herein, n@ported an
organic acid-catalyzed direct formation af,B-unsaturated
oximes and nitriles from propargylic alcohols with }HHHCI
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as the nitrogen source. With or without the additioiha g1 OH PTSA (0.3 equiv) Ri

dehydrating promoter, nitriles or oximes could beadily ,o—= * NH,OH-HCl ———————— )= OH
i i R 1.2 equiv) DCE, 90°C R, \=N
prepared respectively via a three-step one-potorstep one-pot (12eq Time
process (Scheme 1). 2
Entry Product Time (h) Yield
cat. organic acid
without dehydrating "
OH —promoter /= _N,OH
Ar\’ _
R — dehydrating
+ cat. organic acid R promoter
with dehydrating
NH,OH- HCI promoter AN CN 1 4 96%
Scheme 1IThis work: Nitrogenation of propargylic alcohols. 2 R =o0-Me (2b) 16 75%
2. Results and discussion 3 R =mMe (2c) 3 1%
o ) 4 R =p-Me (2d) 2 80%
We initially chose 1,1-diphenylprop-2-yn-1-olld) as the _ .
model substrate to explore the suitable reactiodition for the 5 R =p-F 2¢) ) 8%
transformation of propargylic alcohol tp-unsaturated oxime 6 R =p-Cl (2f) 5 81%
(Table 1). In the presence of 0.3 equiv of trifliacetic acid 5 86%
(TFA) in DCE, 1a could react with NEDHIBICI, giving the O N
expectedy,f-unsaturated oxim2a in 13% vyield after 12 h at 90 N
°C along with thea,p-unsaturated nitrile, a further dehydrated
product from2a (Table 1, entry 1). The yield was slightly O
increased when (£)-camphor-10-sulfonic acid ((x)-GSAas g
used instead of TFA, and interestingly, the majdegroduct is Y 4 579
the a,B-unsaturated aldehyde (Table 1, entry 2). To oliglle N’
when 0.3 equiv op-toluenesulfonyl acid (PTSA) was employed !
as the catalyst, the reaction time was shortenedl tioand the |
yield of 2a experienced a dramatic upgrade to 96% (Table 1, O O
entry 3). 4-Toluenesulfonic acid pyridine salt (F¥;Ta weaker
] . . (2h)
organic acid, could not catalyze the cascade m@aetndla was 4 39%
recovered almost quantitatively (Table 1, entrySplvents were OH
proved to have great effect on this transformatidmong N
commonly used solvents, DCE was the most effectine (@able Me ()
1, entry 5-8). It is noteworthy that all oximes welgained as a .
mixture of two stereoisomers. RIS N
o . i F OH
Table 1. Optimization of reaction conditions froba and 10 R =H ) 4 30%
NH,OHMECI? ,
Q 11 R=H @) 35 85%
1% R =p-Me (2k) 35 73%
OH Cat. (0.3 equiv) P
= + NHOH-HC| —————————> — OH 13 R =p-Cl (21) 8 64%
Solvent, 90 °C =N
O 14 O 5 89%
sOMe
1a 2a IN
Entry Cat. Solvent Time (h) Yidld O X
1 TFA DCE 12 13% (2m)
15 12 18%
2 (+)-CSA DCE 12 28% O
sOH
3 PTSA DCE 4 96% N|
A n
4 PPTS DCE 12 0% O Bu
5 PTSA Toluene 24 58% (@n)
#Unless otherwise noted, all reactions were perfdriwéh 1a (0.2 mmol)
6 PTSA MeCN 24 28% and NHOHEICI (1.2 equiv) in the presence of PTSA (0.3 eqiivipCE (1
7 PTSA Dioxane 18 27% mL) at 90°C for an appropriate time.
b : .
8 PTSA THE 48 5% Yields are given for isolated products.

#Unless otherwise noted, all reactions were perfdrmi¢h 1a (0.2 mmol)
and NHOHIHCI (1.2 equiv) in the presence of an organic &8id equiv) in
solvent (1 mL) at 96C.

bYields are given for isolated products.

Table 2. Transformation of propargylic alcohols to,B-
unsaturated oximé&s

°The reactions were performed using a modified phoce 1a (0.2 mmol),
PTSA (0.3 equiv) and DCE (1 mL) were first stirad0°C for 30 min; then
NH,OHMHCI (1.2 equiv) was added to the reaction systeththe resulting
mixture was stirred at 9 for an appropriate time.

Next, we examined the substrate scope of the new uhetho

(Table 2). Under the optimal condition, various diaryl-
substitued tertiary propargylic alcohols were reattiitnsformed

to the corresponding:,p-unsaturated oximes in moderate to

excellent yields irrespective of the aryl substitnf showing



little electric and/or steric dependence (Tablery 1-8). This
approach was also applicable to the propargaylmhals with an
aryl substitute and an alkyl substitute in C-1 posj such as 2-
phenylbut-3-yn-2-ol 1i, but the corresponding oximes were
obtained in relatively low yield (39%). The decreasehe yield
probably resulted from other acid-catalyzed conmgeteactions
(e.g. Rupe rearrangement afwelimination) (Table 2, entry 9).
The direct oximation of secondary propargylic algioftj also
occurred, affording the desired oxigin 30% vyield (Table 2,
entry 10). To improve the yield, a slightly moddigrocedure
was employed: propargylic alcohol was first stirretder the
condition of PTSA (0.3 equiv)/DCE/FT for 30 min to give the
a,B-unsaturated aldehyde through
rearrangement; then 1.2 equiv of MHHHCI was introduced
into the reaction mixture. As a resullj was obtained with a
dramatic increase of the yield to 85% (Table 2ryedtl). The
following exploration showed that secondary propaogyl
alcohols bearing electron-withdrawing or -donatindpstifuents
on the aryl ring were compatible with this modifiecbgedure,
and produced the desired oximes in moderate to gaelds
(Table 2, entry 12-13). When usin@-alkylhydroxylamine
hydrochloride (e.g. NFOMeHCIl) as the nitrogen source,
alkenyl O-alkyl oxime could also be prepared successfulpb{é
2, entry 14). However, the yield decreased palpablgnwvh
substrate with an alkyl group in C-3 position wasd,seplying
that the steric hindrance surrounding the oximidoug has a
significant effect on this transformation (Table éhtry 15). In
consistent with the stereo-outcome2af (Table 1), all prepared
oximes consist of two stereoisomers.

After establishing the one-pot synthetic approach atf-
unsaturated oximes, we subsequently focused ountiatieon
exploring the possibility of preparation @f3-unsaturated nitriles
from propargylic alcohols by means of introducindedydrating
promoter into the current reaction system. Differpramoters
were investigated into the formation 8& from 1a and the

3
(Table 3, entry 1). When trifluoroacetic anhydr{d&AA) was
used, the reaction became complicated Zamd/ias only obtained
in 21% vyield (Table 3, entry 2). It has been repdrthatp-
toluenesulfonyl chlorideptTsCl), a common and cheap reagent,
can also promote the dehydration of oximes in tlesgnce of a
stoichiometric amount of a base, usually NBt pyridine®
Gratifyingly, when p-TsCl was employed under the acidic
condition, the formation of nitrile also proceedschoothly,
providing3ain 68% (Table 3, entry 3). The further investigati
of the amount of the promoter showed that the usg exfuiv of
p-TsCl was the best choice and gave the expectedipirod79%
(Table 3, entry 3-5). Addition of 4A molecular siegiein’t lead

Meyer-Schusteto any beneficial effect (Table 3, entry 6).

With the optimal condition in hand, the scope ofisth
transformation was explored (Table 4). A variety ¢f-diaryl-
substitued propargylic alcohols were easily conekiteo the
correspondinga,p-unsaturated nitriles in moderate to good
yields, which indicates that the substituents onattyé ring have
little electric and/or steric effect (Table 4, gnfr-8). However,
the propargylic alcohol with methyl group at C-1 itios led to
complicated mixtures along with the desired prodiuddw yield
probably due to other acid-catalyzed competingtieas (Table
4, entry 9). The cascade reaction of secondary gogyfic
alcohols also performed well and gave thH&-dcrylonitriles
selectively via a little changed procedure, intridg p-TsCl and
NH,OHMHCI into the reaction system after the completiorihaf
PTSA-catalyzed Meyer-Schuster rearrangement (Tablentry
10-14). In addition, polycyclic aromatic and hetmamatic
substituted propargylic alcohols were suitable inis th
transformation, but the yields of the expected ilagr were
relatively low (Table 4, entry 15-16).

Table 4. Transformation of propargylic alcohols @3-
unsaturated nitrilés

OH p-TsClI (2 equiv)

CN

R
. R! . i T
results are shown in table 3. Sl = . NH0H-HCI _PTSA (0.3 equiv) )—/
R . 0
. . 1 (1.2 equiv) DCE, 90 °C R, 3
Table 3. Screening dehydrating promotérs 20h
Entry Product Yieltl(%)
O OH . Promoter . O
+ NH,OH- HCI PTSA (0.3 equiv) 6N
O (1.2 equiv) DCE, 90 °C O
1a 3a
Entry Promoter (equiv) Time (h) Yidld%) 1 79
1 AcO (1) 18 56 2 R =o-Me (3b) 77
2 TFAA (1) 18 21 3 R =m-Me (30) 23
3 TsCl (1) 20 68 4 R =p-Me (30) 20
4 TsCl (1.5) 20 67 5 R =p-OMe @¢) 56
5 TsCI (2) 20 79 5 R =pF () 80
6 TsCl (2)/4 AMS 20 73 ; R =p-Cl (39) 77
All reactions were performed witha (0.2 mmol), NHOHBCI (1.2 equiv), 8 86
PTSA (0.3 equiv), and promoter in DCE (1 mL) at’@0
bYields are given for isolated products. O CN
Acetic anhydride (Ag), a known dehydrating reagent in the =
conversion of oxime to nitril& was first examined. Treatment of
la with Ac,O (1 equiv)/PTSA (0.3 equiv)/NOHHCI (1.2
equiv) in DCE at 90°C for 18 h afforded the desired 3,3- (3h)
diphenylacrylonitrile 3a in 56% yield. Interestingly, we also 9 30

isolated a heterocyclic compound, 4-phenylquinglim@ich is
believed to be generated via the intramoleculactedphilic
substitution of the benzene moiety withacetyl-oxime moiet§

(3i)
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N Xx_CN
R—
=
106F R =H @j) 72
11° R =0-Me (3K) 76
1% R =m-Me (3)) 64
13 R =p-Me (3m) 70
14 R =p-Cl (3n) 59
15 . _CN 32
EIEI'IEI(SM
22

16 S xCN
@/\(/31)‘)
#Unless otherwise noted, all reactions were perfdrmigh 1a (0.2 mmol),

NH,OHMHCI (1.2 equiv), PTSA (0.3 equiv), anpg-TsCl (2 equiv) in DCE (1
mL) at 90°C for 20 h.

bYields are given for isolated products.

°The reactions were performed using a modified moce 1a (0.2 mmol),
PTSA (0.3 equiv) and DCE (1 mL) were first stir@d0°C for 30 min; then
NHOHMHCI (1.2 equiv) and-TsCl (2 equiv) were added to the reaction
system, and the resulting mixture was stirred &fbr another 20 h.

Our one-pot approach was proved to be applicabletiHer
gram-scale preparation ofa,p-unsaturated nitriles from
propargylic alcohols. As shown in Scheme 33 could be
synthesized on a scale of more than 3.5 g in otehbaithout

any decrease in the yield.
I ~ “CN

OH_~
O Z + NH,OH-HCI
(1.2 equiv)
3a

1a
5009 3.84¢
Scheme 2Gram-scale preparation off-unsaturated nitrile

3a

The application of those preparegp-unsaturated oxime and
nitrile, which are versatile building blocks in orga synthesis,
were also carried out (Scheme 3). OxirBa was readily
converted into various nitrogen-containing compayndor
example, amind and amides (Scheme 3, a and 5)>. Notably,

p-TsCl (2 equiv)
PTSA (0.3 equiv)
—_—_—
DCE, 90 °C
24 h, 78%

this kind ofp, pB-diaryl-a,p-unsaturated oximes could also be used

as the starting materials in the construction oé thseful

quinoline skeleton (Scheme 3!%¢)In addition to transformation
to other nitrogen-containing derivatives (e.g. $obe3, d and
e)'"*® a,p-unsaturated nitril8c could be widely utilized in the
formation of new carbon-carbon or carbon-heteromatoond

(e.g. Scheme 3, f and'gf°
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Scheme 3 Further application of the products: €)
LiAIH J/Et,O, r.t., 81%; (b) Cu(OAgjToluene, 80°C, 94%;
(c) i. AcClipyridine, r.t.; ii. BuOH, Hg lamp, 50% (two
steps); (d) LIAIH/AICIJ/ELO, 0 °C -rt., 85% (e)
K,.COJ/EtOH-H,O (v/iv 1:20), MW 150 °C, 92%; (f)
AC,0/Mg/TMSCI/DMF, r.t., 76%; (g) LIOH/PhSH, r.t., 95%

The plausible mechanism of the cascade readtam been
proposed according to the literattffé?2?! (Scheme 4). First,
propargylic alcoholl is dehydrated under the catalysis of PTSA
to generate the catiorA. Then, either KD (path a) or
NH,OHMHCI (path b) may attack the allenyl catiBnresulting in
the formation of ther,p-unsaturated aldehydel’ via the allenic
alcohol C or the o,p-unsaturated oxime2 via the N-allenic
hydroxylamineD, respectively. In path a1’ then reacts with
NH,OHMHCI to produce the oxime@. Finally, whenp-TsCl is
employed to the reaction mixturg,can be transformed to the
final a,B-unsaturated nitrile3 through tosylation of the oximido
group in 2, followed by the elimination of PTSA from the
intermediateE.

R! PTSA

1

R! Rl o
>—® = — >=-=—H
R% A R* g

path a

R! H
c

R2 OH
{

path b|
R NH,OH-{HCI
1

3 R?Z p

]/ PTSA f
R R
NH,OH- HCI
NHOH" HC

TsCl \
R):E\:NOTSP > R):Z\:NOH

2 2

NHOH

R4

Ro 490 =0

Scheme 4Plausible mechanism for the formation @f-
unsaturated oximes and nitriles.

To further investigate the mechanism, a controleeixpent
was conducted with the standard condition usiegas the
substrate (seen the supporting information forittduring the
reaction’s proceeding, small portions of the reactsolution
were taken periodically to determine the key intatias at
different time (5 min, 30 min, 4 h, and 20 h). Th¢ NMR
spectra were listed in Figure 1. It can be seen that
predominant product in 5 min’s sample was aldehgd84) and
only a trace of other products was observed. Téssilt proved
that under the standard condition, propargylic ladtola
underwent path a to formp-unsaturated aldehyde first (Figure 1,
1a). As the reaction proceeded, some of aldehyde esegrgumed



5
(30% left), and meanwhile, a large number of oxi2ae(44%) PTSA (0.06 mmol, 0.3 equiv) and NMBIHEHCI (0.24 mmol,
and nitrile3a (19%) were generated (Figure 1, 1b). After 4 h, nol.2 equiv) were successively added to a solutiopropargylic
aldehyde was left. The amount B& decreased slightly (40%) alcohol (0.20 mmol, 1 equiv) in DCE (1 mL). The réaic
while that of 3a increased remarkably (48%) (Figure 1, 1c). mixture was stirred at 9 and monitored periodically by TLC.

When the reaction was prolonged to 20 h, most ahexX@a was
converted into the final produBa (76%) (Figure 1, 1d). Based
on the above experiment, we concluded that paththeisnost
possible pathway of this one-pot formation of rgtrifrom
propargylic alcohol.

’ WI\

\‘”
I
| \Ww

|
MMM Ml ﬂ“

A AV T )

| ‘H 1d:20h

a 1c:4h

| 1b: 30 min

Il i from oximes
I |
- |
| |
J I |

ATV .
I
U}\I “L 'h

Wh

from nitrile 2

1a: 5 min

from aldehyde

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

1 (ppm)

Figure 1 The crudéH-NMR spectra (in DMSO-d6) of the
formation of nitrilelc from laat different time: (1a) 5 min;
(1b) 30 min; (1c) 4 h; (1d) 20 h.

3. Conclusion

In conclusion, we have developed a practical andiefit
PTSA-catalyzed cascade reaction of propargylic et with

After completion of the reaction, the mixture wasledao room
temperature, and sat. ag NaHCQ@ mL) and CHCI, (5 mL)

were added. The organic layer was separated and washed

successively with sat. ag NaHg@ x 1 mL), HO (1 mL), and
brine (1 mL), then dried (MgSfpand filtered. The filtrate was
concentrated in vacuo and the resulting residue puaisied by
flash column chromatography [silica gel, EtOAc—PEpiee the
o,B-unsaturated oxime. Compou@d™ is known compounds.

4.2.2 General procedure for the synthesis of comgeir-2|

PTSA (0.06 mmol, 0.3 equiv) were added to a solutin
propargylic alcohol (0.20 mmol, 1 equiv) in DCE (L)nThe
reaction mixture was stirred at 9C until propargylic alcohol
was completely disappeared (about 30 min). ThenQHEHICI
(0.24 mmol, 1.2 equiv) was added. The resulting unéxt
continued to be stirred at € and monitored periodically by
TLC. After completion of the reaction, the mixturesa@oled to
room temperature, and sat. aqg NaHQO mL) and CHCI, (5
mL) were added. The organic layer was separated asteda
successively with sat. ag NaHgG@ x 1 mL), HO (1 mL), and
brine (1 mL), then dried (MgSand filtered. The filtrate was
concentrated in vacuo and the resulting residue puaisied by
flash column chromatography [silica gel, EtOAc—PEpiee the
o,B-unsaturated oxime. Compoungp 2!, and2k*are known
compounds.

4.2.3 3,3-Diphenyl-2-propenal oxim2aj

(More polar, 36%, E): Yellow solid; mp: 164-185. '"H-NMR
(DMSO-ds, 600MHz) 3 11.41 (s, 1H), 7.50-7.44 (m, 3H), 7.37-

NH,OHMCI to afforda,B-unsaturated nitriles or oximes by using 7.36 (m, 3H), 7.29-7.27 (m, 2H), 7.24 (0= 9.6 Hz, 1H), 7.20-
or not using p-TsCl as the dehydrating promoter. Notable7.18 (m, 2H), 6.92 (d] = 9.6 Hz, 1H)*C-NMR (DMSO-d, 150

features of this reaction include readily availabdearting
material, non-toxic and stable nitrogen source, mom and
inexpensive catalyst and reagents, convenient tipesa good
functional group compatibility, and suitability fdarge-scale
preparations. The reaction should therefore haveespicad

applications in the construction eff-unsaturated oximes and

nitriles either as versatile building blocks oraaprivileged motif
in useful natural and designed compounds.

4. Experimental section
4.1 General
'H NMR and™C NMR spectra were recorded in CR@r

DMSO-d; on a Bruker Avance 400 or 600 instrument. Chemical

shifts @) are referenced to internal TMS, DMS@-ar CDCL.

High-resolution mass spectra were recorded on a Brukeis

Impact mass spectrometer. Melting points were detexanby
using a Stuart Scientific SMP10 instrument anduareorrected.
IR spectra were recorded in the ATR mode on a Nic®&0
FT-IR Thermo Scientific spectrometer; only the meignificant
peaks are reported. All reagents and solvents wetainell
commercially and used as received without furthetfipation.

Reactions were monitored by TLC on glass-backedpledated
with a 0.2 mm thickness of silica gel 60 F254; chatograms
were visualized by UV radiation (254 nm) or by stagiwith

phosphomolybdic acid, 2,4-dinitrophenylhydrazing adMnO,.

Flash column chromatography was performed on 300-rd&¢h
silica gel.

4.2.1 General procedure for the synthesis of comgea-2i,
2m-2n

MHz) & 147.8, 144.6, 140.6, 137.7, 129.9, 128.8, 12828.5,
128.4,127.6, 114.2.

(Less polar, 60%, Z): Yellow solid; mp: 129-1%1. '"H-NMR
(DMSO-d;, 600 MHz)5 11.22 (s, 1H), 7.52 (d, = 10.2 Hz, 1H),
7.49-7.40 (m, 3H), 7.34-7.28 (m, 5H), 7.19-7.18 (i),%.83 (d,
J = 10.2 Hz, 1H)."®C-NMR (DMSO-¢, 150 MHz)§ 148.1,
146.5, 140.4, 138.1, 129.7, 128.6, 128.5, 128.8.112127.2,
121.1.

4.2.4 3,3-Bis(2-methylphenyl)-2-propenal oxirdig) (

(More polar, 32%): Yellow solid; mp: 142-14€. 'H-NMR
(DMSO-ds, 400 MHz)$ 11.37 (s, 1H), 7.31-7.21 (m, 5H), 7.18-
7.15 (m, 1H), 7.11 (d) = 7.2 Hz, 1H), 7.05 (d] = 7.6 Hz, 1H),

.93 (d,J = 9.6 Hz, 1H), 6.80 (d] = 9.6 Hz, 1H), 2.18 (s, 3H),
2.01 (s, 3H).”*C-NMR (DMSO-@, 100 MHz)& 147.6, 144.3,
140.8, 138.1, 135.7, 135.1, 131.1, 130.6, 130.9.5,2128.2,
128.0, 125.9, 125.7, 118.6, 20.6, 19.6. IR (KBr;'ym 3220.4,
1636.0, 1589.8, 1446.7, 898.2, 751.5. ESI-HRMS cdlmd
C,7H1gNO ([M+H]") 252.1388, found 252.1381.

(Less polar, 43%)'H-NMR (DMSO-d;, 400 MHz)5 11.21 (s,
1H), 7.41 (d,J = 10.4 Hz, 1H), 7.29-7.11 (m, 7H), 7.03 (®=
7.6 Hz, 1H) , 6.43 (dJ = 10.0 Hz, 1H), 2.22 (s, 3H), 2.00 (s,
3H); “C-NMR (DMSO-@, 100 MHz)§ 147.7, 146.3, 140.6,
138.5, 135.6, 135.1, 131.0, 130.5, 130.4, 129.8.012127.7,
125.8, 125.7, 125.2, 20.6, 19.6. IR (KBr, Bny 3233.0, 1618.7,
1480.1, 1455.9, 1379.7, 1036.7, 973.2, 764.2, 7HSI-HRMS
calcd for GHygNO ([M+H]") 252.1388, found 252.1389.

4.2.5 3,3-Bis(3-methylphenyl)-2-propenal oxir2e (
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(More polar, 29%)H-NMR (DMSO-d;, 400 MHz)& 11.36

(s, 1H), 7.36 (tJ = 7.2 Hz, 1H), 7.26-7.23 (m, 2H), 7.20-7.13 (m,

3H), 7.03-6.97 (m, 3H), 6.92 (d,= 9.6 Hz, 1H), 2.34 (s, 3H),
2.29 (s, 3H).°C-NMR (DMSO-d, 100 MHz)5 148.1, 144.1,
140.7, 137.8, 137.7, 130.2, 129.4, 129.0, 128.48.3,2127.9,
127.0, 125.0, 114.1, 20.94, 20.91. IR (KBr, Ymy 3224.9,

3022.9, 1602.6, 1446.7, 985.9, 880.9, 785.0, 7(6F-HRMS

caled for GHgNO ([M+H]") 252.1388, found 252.1382.

(Less polar, 52%)*H-NMR (DMSO-d;, 400 MH2) & 11.20 (s,
1H), 7.50 (dJ = 10.4 Hz, 1H), 7.34 (] = 7.6 Hz, 1H), 7.23-7.19
(m, 2H), 7.13-7.11 (m, 2H), 7.03 (d,= 7.2 Hz, 1H), 6.97-6.95
(m, 2H), 6.77 (dJ = 10.4 Hz, 1H), 2.32 (s, 3H), 2.26 (s, 3H).
®C-NMR (DMSO-@, 100 MHz) & 148.2, 146.8, 140.5, 138.2,
137.8, 137.6, 130.1, 129.0, 128.7, 128.40, 128128,6, 126.8,
124.5, 120.9, 21.00, 20.96. IR (KBr, ¢ny 3261.9, 2251.5,
1602.5, 1455.9, 1342.7, 973.2, 788.5, 700.7. ESI-iSRdalcd
for C;7H;gNO ([M+H]") 252.1388, found 252.1392.

4.2.6 3,3- Bis(4-methylphenyl)-2-propenal oxirda) (

(More polar, 33%):Yellow solid; mp: 138.3-140.6C. *H-
NMR (DMSO-d;, 400 MHz)3 11.34 (s, 1H), 7.26 (d,= 7.6 Hz,
2H), 7.17-7.15 (m, 5H), 7.06 (d,= 7.6 Hz, 2H), 6.93 (d] = 9.6
Hz, 1H), 2.34 (s, 3H), 2.29 (s, 3HYC-NMR (DMSO-d, 100
MHz) & 147.8, 144.8, 138.4, 138.1, 137.7, 134.9, 12929,.2,
129.1, 127.6, 113.4, 20.9, 20.8. IR (KBr, dny 3250.3, 1606.0,
1581.8, 1505.6, 1430.5, 1379.7, 1027.5, 901.6,8Z55.0. ESI-
HRMS calcd for GHgNO ([M+H]") 252.1388, found 252.1385.

(Less polar, 47%)Yellow solid; mp: 131.0-132.6C. 'H-NMR
( DMSO-d;, 400 MHz) & 11.14 (s, 1H), 7.53 (d] = 10.4 Hz,
1H), 7.25 (dJ = 8.0 Hz, 2H), 7.17 (d] = 8.0 Hz, 2H), 7.13 (d]
= 8.4 Hz, 2H), 7.04 (dJ = 7.6 Hz, 2H), 6.74 (dJ = 10.0 Hz,
1H), 2.35 (s, 3H), 2.28 (s, 3HYC-NMR (DMSO-g@, 100 MHz)
6 148.3, 146.5, 137.82, 137.83, 137.4, 135.3, 1229,1, 127.1,
120.0, 20.8, 20.7. IR (KBr, cm y 3241.1, 1593.3, 1510.2
1405.1, 1342.7, 960.5, 818.5, 730.7. ESI-HRMS cdled
C,H1gNO ([M+H]™) 252.1388, found 252.1380.

4.2.7 3,3-Bis(4-fluorophenyl)-2-propenal oxin2e)(

(87%, dr = 1:1.89)'H-NMR (DMSO-d;, 400 MHz)3 11.48 (s,
0.53H), 11.29 (s, 1H), 7.50 (d,= 10.4 Hz, 1H), 7.31-7.14 (m,
13H), 6.93 (dJ = 9.6 Hz, 0.51H), 6.80 (d,= 10.4 Hz, 1H)**C-
NMR (DMSO-d;, 100 MHz)8 163.6 (d Jo.r = 148 Hz), 163.3 (d,
‘]C-F =108 HZ), 161.0 (dJC—F =140 HZ), 160.8 (d]c_;: =104 HZ),
147.9, 145.6, 144.5, 144.2, 137.1 Jd¢ = 12 Hz), 136.9 (d)cr
=12 Hz), 134.3 (dJc.r = 12 Hz), 133.9 (dJcr = 12 Hz), 132.1
(d, Jor = 32 Hz), 131.85 (dJc.r = 32 Hz), 129.8 (dJc.r = 36
Hz), 129.3 (d,Jcr = 32 Hz), 121.7, 115.63 (dl = 164 Hz),
115.60 (d,J = 84 Hz), 115.5, 115.3, 114.8. IR (KBr, ¢jmy
3241.1, 2855.4, 1597.5, 1510.2, 1346.2, 1229.68.01977.8,
839.3. ESI-HRMS caled for H;,;NOFNa ([M+Na])
282.0706, found 282.0795.

4.2.8 3,3-Bis(4-chlorophenyl)-2-propenal oxingé) (

(81%, dr = 1:2.27)'H-NMR (DMSO-d;, 400 MHz)3 11.54 (s,
0.44H), 11.37 (s, 1H), 7.54-7.48 (m, 4H), 7.43-7.39 GH),
7.30-7.26 (m, 3H), 7.23-7.20 (m, 3H), 6.94 = 9.6 Hz,
0.42H), 6.86 (dJ = 10.0 Hz, 1H).*C-NMR (DMSO-d;, 100
MHz) & 147.7, 145.1, 144.2, 143.7, 139.1, 138.9, 13636,1,
133.6, 133.3, 133.1, 133.0, 131.8, 131.6, 129.4.912128.8,
128.73, 128.68, 128.6, 122.3, 115.2. IR (KBr, 'gm 3161.4,
2868.1, 1623.3, 1585.2, 1489.4, 1400.5, 1346.21 009.006.7,
944.4, 831.2. ESI-HRMS calcd for,48l,;NOCLNa ([M+Na])
314.0115, found 314.0110.

4.2.9 3,3-Bis(2,4-dimethylphenyl)-2-propenal oxi2g) (

Tetrahedron

(More polar, 30%)"H-NMR (DMSO-ds, 400 MHz) & 11.26
(s, 1H), 7.04-7.01 (m, 3H), 6.97-6.94 (m, 2H), 6.9876(m, 2H),
6.79 (d,J = 9.6 Hz, 1H), 2.28 (s, 3H), 2.24 (s, 3H), 2.13 (s,,3H)
1.95 (s, 3H).”®*C-NMR (DMSO-d, 100 MHz)$ 147.8, 144.6,
138.2, 137.3, 137.2, 135.5, 135.4, 134.9, 131.2,113130.4,
129.5, 126.5, 126.2, 118.1, 20.7, 20.6, 20.5, IRFKBr, cmi*)

y 3250.4, 2918.9, 1610.6, 1497.5, 1451.3, 1027.5,%(822.0,
755.0. ESI-HRMS calcd for H,;NONa ([M+Na]) 302.1521,
found 302.1520.

(Less polar, 56%)'H-NMR (DMSO-d;, 400 MHz)s 11.11 (s,
1H), 7.42 (d,J = 10.0 Hz, 1H), 7.03-6.88 (m, 6H), 6.37 (=
10.0 Hz, 1H), 2.27 (s, 3H), 2.23 (s, 3H), 2.16 (s, 3HY4 (s,
3H). ®C-NMR (DMSO-d¢, 100 MHz)§ 147.9, 146.5, 130.1,
137.1, 136.8, 135.8, 135.4, 134.9, 131.6, 131.1.313129.3,
126.4, 126.2, 124.6, 20.7, 20.6, 20.5, 19.5. IR (K&1") y
3250.4, 2918.9, 1610.6, 1492.9, 1451.3, 1379.78133.275.8,
1027.5, 981.3, 821.9, 751.5. ESI-HRMS calcd fesHz;NONa
([M+Na]") 302.1521, found 302.1516.

4.2.10
oxime gh)

2-(5H-Dibenzo[a,d][7]annulen-5-ylidene)-2-penal

(More polar, 32%):Yellow solid; mp: 118-119C. 'H-NMR
(DMSO-d;, 400 MHz)8 11.40 (s, 1H), 7.49-39 (m, 7H), 7.30 (d,
J=7.6 Hz, 1H), 6.97 (AB systend,= 12.0 Hz, 2H), 6.93 (d] =
9.6 Hz, 1H ), 6.68 (dJ = 10.0 Hz, 1H).*C-NMR (DMSO-g,
100 MHz) & 147.7, 143.6, 140.3, 134.8, 134.1, 133.4, 131.1,
130.9, 129.4, 129.3, 128.9, 128.6, 128.5, 128.8.012127.0,
119.5. IR (KBr, crit ) y 3204.2, 2922.4, 2855.4, 1719.2, 1623.3,
1593.3, 1484.8, 1430.5, 1304.6, 1263.1, 1132.64.1002898.2,
801.2, 772.3, 738.8. ESI-HRMS calcd for/€;NONa
(IM+Na]") 270.0895, found 270.0896.

(Less polar, 25%)*H-NMR (DMSO-ds;, 400 MHz)3 11.25 (s,
1H), 7.55 (dJ = 10.4 Hz, 1H), 7.47-7.37 (m, 7H), 7.29-7.26 (m,
1H), 6.95 (AB systemJ = 12.0 Hz, 2H), 6.19 (d] = 10.4 Hz,
1H). “C-NMR (DMSO-d, 100 MHz) & 146.9, 146.4, 140.6,
135.2, 134.2, 133.4, 131.2, 130.9, 129.3, 129.8.9,2128.6,
128.4, 128.1, 127.8, 127.0, 125.9. IR (KBr, 9ny 3233.0,
1723.8, 1623.3, 1484.8, 1430.5, 1304.6, 1137.27H)201.6,
801.2, 772.3, 734.2. ESI-HRMS calcd for,/€,;NONa
([M+Na]") 270.0895, found 270.0890.

4.2.11 3-Phenyl-2-butenal oxima

(More polar, 24%)*H-NMR (DMSO-d;, 400 MHz)3 11.19 (s,
1H), 7.61 (dJ = 9.6 Hz, 1H), 7.53 (d] = 7.2 Hz, 2H), 7.41-7.34
(m, 3H), 6.98 (d,J = 9.6 Hz, 1H), 2.24 (s, 3H):*C-NMR
(DMSO-ds, 100 MHz)5 144.8, 143.1, 142.1, 129.0, 128.8, 126.3,
114.4, 16.3. ESI-HRMS calcd for ;§1,;NONa ([M+Na])
184.0738, found 184.0744.

(Less polar, 15%)'H-NMR (DMSO-d;, 400 MHz)5 11.90 (s,
1H), 8.19 (d,J = 10.0 Hz, 1H), 7.53 (d] = 7.2 Hz, 2H), 7.39-
7.40 (m, 3H), 6.49 (d) = 10.0 Hz, 1H), 2.18 (s, 3H)’C-NMR
(DMSO-ds, 100 MHz)5 148.0, 141.8, 141.0, 128.9, 128.3, 125.9,
120.8, 16.3. ESI-HRMS calcd for ;§1,;NONa ([M+Na])
184.0738, found 184.0740.

4.2.12 3-Phenyl-2-propenal oximg X

(More polar, 64%): Yellow solid; mp: 135-13C. *H-NMR
(DMSO-d;, 400 MHz)8 11.29 (s, 1H), 7.56 (dl = 7.2 Hz, 2H),
7.40-7.35 (m, 5H), 6.95 (d,= 15.2 Hz, 1H)**C-NMR (DMSO-
d6, 100 MHz)s 147.3, 138.0, 136.0, 129.1, 128.9, 127.3, 116.2.

(Less polar, 21%): Yellow solid; mp: 69-7C. H-NMR
(DMSO-ds, 400 MHz)6 11.14 (s, 1H), 7.92 (d, = 7.6 Hz, 1H),
7.54 (d,J = 7.6 Hz, 2H), 7.38-7.27 (m, 3H), 6.91 (di= 7.6,
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16.0 Hz, 1H), 6.88 (dJ = 16.0 Hz, 1H)**C-NMR (DMSO-d, NMR (DMSO-c, 100 MHz) 8 155.1, 144.5, 141.4, 139.4,

100 MH2)5 150.3, 136.7, 136.1, 128.8, 128.5, 126.8, 123.1.  129.3, 128.4, 128.32, rlﬁZS.ZB, 128.1, 127.6, 128133, 28.9,
. 216, 13.5. IR (KBr, cif) y 34305, 2955.9, 2927.0, 2860.0,

4.2.13 3-(4-Methylphenyl)-2-propenal oxin2ix 1636.0, 1443.2, 1024.0, 990.6, 764.2, 697.2. ESI-ISRMlcd

(More polar, 43%):Yellow solid; mp: 102-104C. 'H-NMR  for CigHNONa ([M+Na[) 302.1521, found 302.1517.
(DMSO-g, 400 MH2)§ 11.20 (s, 1H), 7.45 (dl = 8.0 Hz, 2H), 43,1 General procedure for the synthesis of comgsga-3i
7.33-7.26 (m, 2H), 7.19 (d,= 7.6 Hz, 2H), 6.90 (d] = 15.6 Hz,
1H), 2.30 (s, 3H);"*C-NMR (DMSO-@, 100 MHz) & 147.4, PTSA (0.06 mmol, 0.3 equiv), NBHECI (0.24 mmol, 1.2
138.8, 137.9, 133.2, 129.5, 127.2, 115.3, 20.9(KRBtr, cm’l) Y equiv), ando-TsCl (0.40 mmol, 2 equiv) were successively added
3182.2, 2847.3, 1631.4, 1602.5, 1446.7, 1379.792301137.1, to a solution of propargylic alcohol (0.20 mmoleduiv) in DCE
977.8, 919.0, 801.2. ESI-HRMS calcd for @;;NONa (1 mL). The reaction mixture was stirred at @D for 20 hrs.
(IM+Na]") 184.0738, found 184.0739. Then it was cooled to room temperature, and saNadCG; (2

(Less polar, 30%)H-MR (DMSO-d, 400 MH2)5 108 (5, o). S0 STl B3 B e S e e N0
1H), 7.89 (d,J = 5.6 Hz, 1H), 7.42 (d] = 8.0 Hz, 2H), 7.16 (d] '

= 8.0 Hz, 2H), 6.85 (dd] = 6.0, 16.0 Hz, 1H), 6.83(d,= 160 M) HO (2 mL), and brine (1 mL), then dried (Mg5Gnd

filtered. The filtrate was concentrated in vacuo #mel resulting
Hz, 1H), 2.29 (s, 3H)*>C-NMR (DMSO-d, 100 MHz)3 150.4, . o .
138.0, 136.7, 133.4, 129.4, 126.7, 122.1, 20.9. residue was purified by flash column chromatograjsilica gel,

EtOAc—PE] to give then,p-unsaturated nitrile. Compoungia,
4.2.14 3-(4-Chlorophenyl)-2-propenal oxingb)( 3d, 3f,"**3b,* 3¢, 39> 3¢*°and3i**°is known compounds.

(More polar, 35%):Yellow solid; mp: 138-139C. *H-NMR 4.3.2 General procedure for the synthesis of compegjr-3p
(DMSO-c;, 400 MH2)5 11.33 (s, 1H), 7.59 (di = 8.4 Hz, 2H), PTSA (0.06 mmol, 0.3 equiv) were added to a solutdn

g:zg(gdz_ ?L.S)Hg,giH()d’;:.st(gﬂz_ 2&)1%’(6.3‘,?\1:\1; %ggﬂgg?i(d propgrgylic. alcohol (O.ZQ mmol, 1 equiy) in DCE (JL)nThe
100 MHz)é 147’0.136 5 134'9 13’3 4 i28 92 128.89 1169 reaction mixture was stirred at 9C until propargylic alcohol
- " e o e T "7 was completely disappeared (about 30 min). ThenOQHHCI
(Less polar, 29%): Yellow solid; mp: 116-12¢. 'H-NMR (0.24 mmol, 1.2 equiv) ang-TsCl (0.40 mmol, 2 equiv) were
(DMSO-ds, 400 MHz)5 11.20 (s, 1H), 7.90 (d} = 8.8 Hz, 1H), added. The resulting mixture continued to be stiae90°C for
7.57 (d,J = 8.4 Hz, 2H) , 7.40 (d] = 8.4 Hz, 2H), 6.95 (dd] = an 20 hrs. Then it was cooled to room temperaturd, sat. aq
8.8, 16.0 Hz, 1H), 6.78 (d,= 16.0 Hz, 1H).13C-NMR (DMSO- NaHCQO; (2 mL) and CHCI, (5 mL) were added. The organic
ds, 100 MHz)6 150.1, 135.2, 135.1, 132.8, 128.8, 128.5, 124.0. layer was separated and washed successively with agat.
NaHCG; (2 x2 mL), HO (2 mL), and brine (1 mL), then dried
(MgSQy) and filtered. The filtrate was concentrated inu@and

(More polar, 38%):Yellow solid; mp: 75-76°C. *H-NMR the resulting res_i(_jue was purified by fI_ash column
(CDCl,, 400 MHz)3 7.74 (d,J = 10.4 Hz, 1H), 7.40-7.36 (m, Chromatography [silica gel, EIOAc-PE] to give thep-
3H), 7.30 (br s, 5H), 7.24-7.22 (m, 2H), 6.77 Jd= 10.0 Hz, unsaturated nitrile. Compoun8g30 " are known compounds.
1H), 3.88 (S, 3H)13C'NMR (CDCL;, 100 MHZ)S 1494, 1492, 4.3.3 3’3-D|pheny|.2_pr0penen|tr||64)

140.9, 138.3, 130.2, 128.5, 128.3, 128.1, 127.0,31561.8. IR

(KBr, cm) y 3057.5, 2935.1, 2898.2, 2818.5, 1602.6, 1559.8 ‘H-NMR (CDCk, 400 MHz)§ 7.46-7.42 (m, 6H), 7.39-7.35
1489.4, 1446.7, 1363.5, 1174.2, 1049.4, 893.6,7/6734.2, (m, 2H), 7.30-7.28 (m, 2H), 5.73 (s, 1I-]|30—NMR (CDCE, 100
700.7. ESI-HRMS calcd for £H,;sNONa ([M+Na]) 260.1051, MHz) § 163.1, 138.8, 137.0, 130.4, 130.0, 129.5, 12828.5
found 260.1058. 128.4, 117.9, 94.8.

(Less polar, 51%): Yellow solid; mp: 53-5€. 'H-NMR  4.3.4 3,3-Dis(2-methylphenyl)-2-propenenitriib)
CDCl, 400 MHz)5 7.40-7.37 (m, 3H), 7.31-7.30 (m, 5H), 7.24- _
1H), 3.95 (s, 3H)*C-NMR (CDCk, 100 MHZ)3 150.6, 146.1, [-32-7-21 (m, 5H), 7.20-7.16 (m, 2H), 7.12 J&= 7.6 Hz, 1H),
1410 138.0. 130.4, 128.8, 128.4, 128.28, 128266, 62.0. IR 2-64 (S, 1H), 2.17 (s, 3H), 2.13 (s, 3HLC-NMR (CDCk, 100

(KB, cmi®) y 3052.9, 2931.63, 1606.0, 1492.9, 1443.2, 1049.4!\('2':,[)225 5138‘25'2 113%94215371-26 11361-205; ;35-1% ;31(,;& 3}32162913'
868.1, 772.3, 700.7. ESI-HRMS calcd for,J€,:-NONa .6, 129.432, 129.425, 126.1, 125.9, 117.3, 1003, 20.1.

(IM+Na]") 260.1051, found 260.1053. 4.3.5 3,3-Dis(3-methylphenyl)-2-propenenitrie)

4.2.15 3,3-Diphenyl-O-methyl-2-propenal oxir@m)

4.2.16 1,1-Diphenylhept-1-en-3-one oxir2e)( 'H-NMR (CDCl, 400 MHz)3 7.33 (t,J = 8.0 Hz, 1H), 7.27-
(More polar, 79)*H-NMR (DMSO-ci, 400 MHz)5 1098 (s, 7-2L (M. BH), 7.10-7.07 (m, 2H), 5.69 (s, 1H), 2.853H), 2.34
: - ‘ (s, 3H). “C-NMR (CDCk, 100 MHz) s 163.5, 139.0, 138.3,

1H), 7.42-7.36 (m, 3H), 7.35-7.26 (m, 3H), 7.21-7.88 @H), 1207 "1371 131.1, 130.7, 1300, 128.9, 128.8,32126.6
6.55 (s, 1H), 1.92 () = 7.6 Hz, 2H), 1.23-1.15 (m, 2H), 0.99- +38.1, 137.1, 131.1, 130.7, 130.0, 128.9, 128.48.312126.6,

0.89 (m, 2H), 0.69 (1) = 7.2 Hz, 3H)“C-NMR ( DMSO-g, 100  1+25-7,118.0,94.5,21.32, 21.30.

MHz ) 6 157.7, 143.5, 142.2, 139.7, 129.5, 128.3, 12812,8,  4.3.6 3,3-Dis(4-methylphenyl)-2-propenenitrial)

127.6, 127.1, 125.1, 27.6, 25.5, 22.3, 13.5. IR (K&1") y

3405.1, 2955.9, 2922.4, 2855.4, 1644.1, 1492.96744.024.0, Yellow solid; mp: 110-1138C. *H-NMR (CDCk, 400 MH2) 3
990.6, 764.2, 697.2. ESI-HRMS calcd for @,NONa  7.32(d,J = 8.0 Hz, 2H), 7.24 (d] = 8.0 Hz, 2H), 7.20-7.15 (m,

([M+Na]") 302.1521, found 302.1519. 4H), 5.65 (s, 1H), 2.41 (s, 3H), 2.38 (s, 3H-NMR (CDCE,

" 100 MHz) 6 163.1, 140.7, 140.2, 136.3, 134.3, 129.5, 129.3,
(Less polar,11%):H-NMR (DMSO-d;, 400 MHz )5 10.78 (s, 129.1, 128.4, 118.3, 93.3, 21.4, 21.3.

1H), 7.41-7.39 (m, 3H), 7.35-7.33 (m, 3H), 7.24-7.82 @H), _ _
7.13-7.11 (m, 2H), 6.75 (s, 1H), 1.65 Jt= 7.2 Hz, 2H), 1.24- 4.3.7 3,3-Dis(4-methoxyphenyl)-2-propenenitrae)(
1.17 (m, 2H), 1.05-0.95 (m, 2H), 0.67 Jt= 7.2 Hz, 3H).”C-
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Yellow solid; mp: 105-106C. *H-NMR (CDCl, 400 MHz)

8 7.39 (d,J = 8.4 Hz, 2H), 7.24 (d] = 8.8 Hz, 2H), 6.95 (d] =

8.4 Hz, 2H), 6.88 (dJ = 8.4 Hz, 2H), 5.54 (s, 1H), 3.85 (s, 3H),

3.83 (s, 3H)*C-NMR (CDC}, 100 MHz)8 162.3, 161.4, 160.9,

131.6, 131.2, 130.1, 129.5, 118.7, 113.9, 113.8%,%6.4, 55.3.

4.3.8 3,3-Dis(4-fluorophenyl)-2-propenenitrilgf)

Yellow solid; mp: 78-80C. '"H-NMR (CDCk, 400 MHz) &
7.46-7.41 (m, 2H), 7.31-7.26 (m, 2H), 7.18-7.12 (H),27.11-
7.05 (m, 2H), 5.68 (s, 1H}*C-NMR (CDCk, 100 MHz)3 165.1
(d, Jor = 172 Hz), 162.6 (dJc.r= 164 Hz), 160.8, 134.9 (de.r
=12 Hz), 132.8 (d Jo.r = 12 Hz), 131.6 (dJc.r = 32 Hz), 130.4
(d, Jor = 36 Hz), 117.6, 116.0 (dc.r = 24 Hz), 115.7 (dJer=
24 Hz), 94.8.

4.3.9 3,3-Dis(4-chlorophenyl)-2-propenenitrilég]

Yellow solid; mp: 96-97°C. 'H-NMR (CDCl, 400 MHz)
7.44 (d,J=8.4 Hz, 2H), 7.36 (d] = 8.4 Hz, 4H), 7.22 (d] = 8.4
Hz, 2H), 5.73 (s, 1H)"*C-NMR (CDC}k, 100 MHz)$ 160.6,
136.94, 136.87, 136.5, 134.9, 130.8, 129.6, 1229,0, 117.3,
95.7.

4.3.10 3,3-Dis(2,4-dimethylphenyl)-2-propenenitra)(

White solid; mp: 81-85C.'"H-NMR (CDClL, 400 MH2) 6 7.17
(d,J=8.0 Hz, 1H), 7.04-6.96 (m, 5H), 5.57 (s, 1H), 2.833H),
2.31 (s, 3H), 2.12 (s, 3H), 2.08 (s, 3HJC-NMR (CDCk, 100
MHz) & 164.3, 139.4, 139.3, 136.3, 135.8, 135.7, 1353Q@.11,
131.7, 129.64, 129.61, 126.8, 126.6, 117.6, 99.2,21.1, 20.7,
20.0. IR (KBr, cml) vy 2922.4, 2214.6, 1610.63, 1589.8, 1497.5,
1446.7, 813.9. ESI-HRMS calcd for,d8;0NNa ([M+Na])
284.1415; found 284.1416.

4.3.11 3-Phenyl-2-butenenitril&ij

(E)-3i: '"H-NMR (CDCl, 400 MHz)3 7.47-7.40 (m, 5H), 5.62
(s, 1H), 2.47 (s, 3H)**C-NMR (CDCk, 100 MHz) & 159.7,
138.1,130.2, 128.7, 125.8, 117.5, 95.5, 20.1.

(2)-3i: "H-NMR (CDCk, 400 MHz)$ 7.53-7.42 (m, 5H), 5.40
(s, 1H), 2.28 (s, 3H)**C-NMR (CDCk, 100 MHz)$§ 160.9,
137.9, 129.8, 128.6, 127.0, 117.5, 95.5, 24.6.

4.3.12 (2E)-3-Phenyl-2-propenenitrilgjY

'H-NMR (CDCl, 400 MHz)3 7.46-7.37 (m, 6H), 5.67 (d,=
16.4 Hz, 1H)."C-NMR (CDCk, 100 MHz)$ 150.5, 133.4,
131.1, 129.0, 127.3, 118.1, 96.2.

4.3.13 (2E)-3-(2-Methylphenyl)-2-propenenitrik)

'H-NMR (CDCl;, 400 MH2) & 7.69 (d,J = 16.4 Hz, 1H), 7.45
(d, J = 7.6 Hz, 1H), 7.34-7.30 (m, 1H), 7.23 dtz 7.6 Hz, 2H),
5.80 (d,J = 16.8 Hz, 1H), 2.40 (s, 3H}C-NMR (CDCk, 100
MHz) & 148.4, 137.2, 132.5, 131.0, 130.9, 126.6, 12518,3|
97.2,19.5.

4.3.14 (2E)-3-(3-Methylphenyl)-2-propenenitri@)(

'H-NMR (CDCl, 400 MHz) 7.35 (d,J = 16.4 Hz, 1H), 7.29-
7.25 (m, 4H), 5.85 (dJ = 16.8 Hz, 1H), 2.37 (s, 3H}*C-NMR
(CDCl;, 100 MHz)$ 150.7, 138.8, 133.4, 132.0, 128.9, 127.9,
124.5,118.2, 96.0, 21.2.

4.3.15 (2E)-3-(4-Methylphenyl)-2-propenenitriim)

White solid mp: 70-71°C. 'H-NMR (CDClL, 400 MHz) 3
7.37-7.33 (m, 3H), 7.21 (d,= 8.0 Hz, 2H), 5.81 (d] = 16.4 Hz,
1H), 2.38 (s, 3H)C-NMR (CDCk, 100 MHz)§ 150.4, 141.8,
130.8, 129.8, 127.3, 118.4, 95.0, 21.4.

Tetrahedron

4.3.16 (2E)-3-(4-Chlorophenyl)-2-propenenitrilénj

Yellow solid; mp: 85-86°C. *H-NMR (CDClL, 400 MHz) &
7.38 (br s, 4H), 7.35 (d} = 16.4 Hz, 1H), 5.87 (d] = 16.8 Hz,
1H). C-NMR (CDCk, 100 MHz)$ 149.0, 137.1, 131.9, 129.3,
128.5,117.8, 96.9.

4.3.17 (2E)-3-(2-Naphthalenyl)-2-propenenitrigo)

White solid; mp: 131-132C. 'H-NMR (CDCl, 600 MHz) &
7.87-7.86 (m, 4H), 7.56-7.53 (m, 4H), 5.98 J&& 16.8 Hz, 1H).
¥C-NMR (CDCE, 150 MHz)3 150.5, 134.5, 133.1, 131.0, 129.6,
129.1,128.7, 127.8, 127.7, 127.1, 122.2, 118.8.96

4.3.18 (2E)-3-(2-Thienyl)-2-propenenitrildp)

'H-NMR (CDCl, 400 MHz)$ 7.50-7.23 (m, 2H), 7.24 (s, 1H),
7.08 (s, 1H), 5.65 (d) = 16.4 Hz, 1H)™*C-NMR (CDCk, 100
MHz) § 142.7, 138.3, 131.2, 129.2, 128.3, 118.0, 94.4.
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