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Nitrile-Forming Elimination Reactions of (E)-2,4-Dinitrobenzaldehyde O-Aryloximes and
(E)-2,4,6-Trinitrobenzaldehyde O-Benzoyloximes

Eun Mi Ryu

Department of Chemistry, The Graduate School,
Pukyong National University

Abstract

In Chapter [, nitrile-forming eliminations from (E)-2,4-(NO,),CsH;CH=NOC4H;3-2-X-4-NO,
(1a-e) promoted by R3;N in MeCN have been studied kinetically. The reactions are second-order
and exhibit Bronsted B = 0.83—1.0 and-|B,,| = 0.41-0.46. The results have been interpreted in terms
of highly Elcb-like transition state with extensive Cz-H bond cleavage and limited N,-OAr bond
cleavage. Comparison with exiting data reveals that the structure of the transition state changes
from E2-central to highly Elcb-like either by the change of the f—aryl group from Ph to 2,4-
dinitrophenyl under the same condition or by the base-solvent system variation| from EtO™-EtOH
to Et;N-MeCN for a given substrate (1a-e).

In Chapter II, nitrile-forming eliminations from (£)-2,4,6-(NO,);CsH,CH=NOC(O)CsH4sX (1a-
d) promoted by R,NH/R,NH>' .in 70 mol% MeCN(aq) have been studied kinetically. The
reactions produced only elimination'preducts and exhibited second-order kinetics. The B and ||
values remained nearly the same within experimental error regardless of the ability of the leaving
groups and the base strength variation. The results can be described by a negligible p,, interaction
coefficient, p,, = OP/OpKi; = OPi/OpKpu =0, which describes the interaction between the base
catalyst and the leaving group. The negligible p,, interaction coefficient are inconsistent with the
E2 mechanism for which p,, > 0 is expected, but provide a strong evidence for the (Elcb)i,

mechanism.
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Scheme 1. Mechanism of Elimination Reaction
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Table 1. Kinetic predictions for base-promoted B-elimination*

] Kinetic B-Proton exchange Base Leaving group
Mechanism k/kp
order faster than elimination  catalysis isotope effect
El 1 Yes General 1.0 Substantial
(E1)anion 1 Yes General® 1.0 Substantial
(Elcb), 2 Yes Specific 1.0 Substantial
(Elcb)y, 2 No General” * 1.0~1.2 Substantial
(Elcb)ir ) No General 2 ~8 Small to
Negligible
E2 2 No General 2~8 Small

“ Specific base catalysis predicted if extent of substrate ionization reduced from
almost complete:
” Depends on whether ion pair assists in removal of leaving group
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£50o] 2 o207 Hammond? 7}A o] At} (Figure 1).*
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Figure 1. Hammond postulate, (a) Exothermic (b) Endothermic process.
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Table 2. Predictions for change of transition state structure for a central E2

. . . . .. 2d
reaction resulting from change in reaction conditions

i C-H bond C-X bond Carbanion Double-bond
Condition change i
Length Length Character at Cg Formation

Poorer leaving group Longer Same More Same

Strong base Same Shorter More Less

Electron withdrawing Longer Shorter More Less
group at Cp

Electron releasing Shorter Longer Less Less
group at C,
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il
“l\)
+
e
B.
=
o
o]
=
@]
=
o
x.
oL
(@]
=2
X
o]
2.
L]
o
o
i
jus}
=
-+
2
if
2
ho)
=
rlo



olth. o|&r] Wste] ogk Aol x4 Hold Wite o|Er]e]
2 otAst A 4 e sEol AA o] Y] wiEolt) Ak
o] Aol tigk A S ¥ w2 A77F 88t
Ao A= (E)-benzaldehyde O-aryloxime2] B-oF& #tglol] #d 7] 1
o M2 11 FHe] 2 24-dinitrophenyl”] & = SHH, o]l A
ARE = B7FEE Sol&s M3t AASE = Jderm=E, Mol 47t
Elcb-like 52 Elcb WA Y Fo] WdE 7Hs/do] At} welx o & &
Ql1&l7] 9184 (E)-2,4-dinitrobenzaldehyde O-aryloxime" =32} R;3N-
MeCN 9] Wb-gS ZALSISIT (eq 1). HE3 2 <dfol oA AH
(E)-XC¢H4sCH=NOCH;-2-X-4-NO,2} R3N-MeCN¥} o] A ARSI} (E)-2,4-
(NO,),CsH3;CH=NOCH;-2-X-4-NO, ¢} EtO-EtOH®}2] A ARk-g-o] A2
FE Huwdowy HEZ G ol p-otd X g7t 7]

gle) G mE Wg WAUZS FPetas B
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I-1. 7171 & Ak

HES-5 9 AAE9] FAle] o83 NMR #3333 =A== JNM-ECP

400(FT NMR, 400MHz)S AF&3t¢la, UVZAIEZ S Milton Roy

o dQown &£E=AHo| o]8&3F 3FE Brookfield®] TC-5002 A&

3t =<2 Electrothermal Melting Point ApparatusE ©]-8-3}o] =7

Aol Q3 Aok Aldrich®] Spectroscopyn2). S lE &3 W

of wrel GAste] Al-g-aFiTh?

II -2. (E)-2,4-dinitrobenzaldehyde O-aryloxime =4 A5
[I-2-1. (E)-2,4-dinitrobenzaldehyde O-4-nitrophenyloxime(1a)

1. Ethyl acetohydroxamate®] 3/

- ra) ey e
- ®=N-01
I\ -

Sy

13



ZHTol 9 KoCO; (166 mmol)2 =521 & 0 T2 YA A, o7]
o] ethyl acetimidate hydrochloride (80.9 mmol)= 3%, NaCl (17.1 mmol)<
A7rek 5 oF 102%F AakA wykstglth. o] &5 diethyl ether® F3
st THFE AL F, NH,OH-HCI (102 mmol)S 57570l =<1 &N

a1, thA] NaCl(17.1 mmol)S %718 F 9

=
s
Mz
o
ol
ol
=L
X
=1
rE
ol
=L
38

diethyl etherg = TE|stal & & WA 9 diethyl ether®= F%3%F
w, T A vl o e AXAZAY diethyletherE Aol A 7St

SHA| A FAo] A S AATH mp:25~26 C ;IR (KBr): 3350 cm™ (O-H)

2. Ethyl O-(4-nitrophenyl)acetohydroxamate®] 7

] I I gy gy
.@@—@:n—@@ui
c®= B

rare -
OICAH

g

T DMSO°] t-BuOK (25.0 mmol)®} ethyl acetohydroxamate (25.0 mmol)

fjo

Y 0 CE YA HY. o] &Aoo 4-nitrofluorobenzene (25.0 mmol)<

S|
A

tlo
ol

4 DMSO°l =<1 & P27 = 2 A3l AA s A7t

ol

Faz, Aol A 19 AIZE FoF WAL & ASEo Fal, pH7| 5.09]
g w7k oA EARS 7hekY wmAle] AA o] dojHrt o]F ok ot

S n-Arto 2 QAT mp: 103~104 C

14



3. O-(4-nitrophenyl)hydroxylamine 2] %3

1,4-t] &4l ethyl O-(4-nitrophenyl)acetohydroxamate (2.23 mmol)= =]
=

HEA

T

71

-

Bzstar 70% FAqtE Hb 5 2 ARE T

o
=

o

& gedd 2 A7 B O musgh o] goe]

oo
k]

oo B
== X

NaOH & Ho 2 pHE 72 Z4Asle] HAS AATh S A8}

£

4. (E)-2,4-dinitrobenzaldehyde O-4-nitrophenyloxime (1a)2] &3

O\ CHENNE e,
2 - 2

T o g9  O-(4-nitrophenyl)hydroxylamine (0.50 mmol)¥} 2.4-

dinitrobenzaldehyde (0.50 mmol)S YW il 1087+ FAZ 3 23 FAHS
7bete] =2k aAlE ARk AAE A o oete R AAAs)

o 016 g(T5E :68%)S LAY .

15



(E)-2,4-(0:N),C¢H;CH=NOC¢H,-4-NO, (1a): Yield 68%; mp 181-182 °C;
IR(KBr, C=N, cm™) 1586; '"H NMR(DMSO-ds) & 7.54(d, J= 7.2, 2H), 8.32(d, J =
7.2, 2H), 8.36(d, J = 8.72, 1H), 8.65(dd, J = 8.72, 2.40, 1H), 8.87(s, 1H), 9.20(s,

1H); HRMS-(EI); m/z calcd for C3HsN4O7 332.0393, found 332.0392.

[ -2-2. (E)-2,4-dinitrobenzaldehyde O-2-methyl-4-nitrophenyloxime (1b)

OB\ CHENNS Ve,
2 - 2
L}

n-2-1 ¢ 13 ¥ #Z& Wye=  FAE 0-(2-methyl-4-
nitrophenyl)hydroxylamine  (0.50 mmol)¥} 2.4-dinitrobenzaldehyde (0.50
mmol) . Z 58] (E)-2,4-dinitrobenzaldehyde  O-2-methyl-4-nitrophenyloxime
0.12g(F5F : M%)S-FAH
(E)-2,4-(0:N);C¢H3;CH=NOC¢H3-2-CH3-4-NO, (1b): Yield 71%; mp 168-
170 °C ; IR(KBr, C=N, cm™) 1583; '"H NMR(DMSO-ds) & 2.37(s, 3H), 7.67(d, J
= 9.08, 1H), 8.16(dd, J = 2.72, 9.08, 1H), 8.21(s, 1H), 8.36(d, J = 8.52, 1H),
8.65(dd, J =2.05, 8.52, 1H), 8.86(s, 1H), 9.23(s, 1H); HRMS-(EI); m/z calcd for

C14H10N407 3460549, found 346.0549.

16



[I-2-3. (E)-2,4-dinitrobenzaldehyde O-2-chloro-4-nitrophenyloxime (1¢)

OR\ CHE NOB
2 - 2

om-2-1 ¢ 13 ¥ 2 WHoe=m  FA4dE  O-(2-chloro-4-
nitrophenyl)hydroxylamine (0.50 mmol)¥} 2.4-dinitrobenzaldehyde (0.50
mmol) & Z5-¥  (E)-2,4-dinitrobenzaldehyde O-2-chloro-4-nitrophenyloxime
013 g(F5F :3%)= A
(E)-2,4-(0:N),CsH3CH=NOC¢H3-2-CI-4-NO; (1¢): Yield 73%; mp 158-160 °C ;
IR(KBr, C=N, cm™) 1583; 'H NMR(DMSO-ds) & 7.86(d, J = 9.24, 1H), 8.30(dd,
J=9,24,2.72, 1H), 8.37(d, J = 8.56, 1H) ,8.45(s, 1H), 8.68(dd, J = 8.56, 2.40,
1H), 8.88(s, "1H), 9.32(s, "1H); HRMS-(EI); m/z caled for C;3H;CIN4O;

366.0003, found 366.0004.

[I-2-4.(E)-2,4-dinitrobenzaldehyde O-2-trifluoromethyl-4-nitrophenyloxime

(1d)

OR\ CHEN Ve,

17



m-2-1 ¢ 13 ¥ £ WHoe=zr FAHdH  O-(2-trifluoromethyl-4-
nitrophenyl)hydroxylamine (0.50 mmol)¥} 2.4-dinitrobenzaldehyde (0.50
mmol) 2. 2 H-F (E)-2,4-dinitrobenzaldehyde O-2-trifluoromethyl-4-
nitrophenyloxime 0.15 g (758 :76 %)= LA
(E)-2,4-(0:N);C¢H3;CH=NOC¢H3-2-CF3-4-NO, (1d): Yield 76%; mp 167-
169 °C ; IR(KBr, C=N, cm™) 1597; "H NMR(DMSO-ds) 5 8.02(d, J = 9.56, 1H),
8.38(d, J = 8.54, 1H), 8.51(s,1H), 8.62(dd, J = 9.24,-2.72, 1H), 8.68(dd, J = 8.54,
2.4, 1H), 8.88(s, 1H), 9.30(s, 1H); HRMS-(EI); m/z caled for C;3H;F;N4O;

400 .0267, found 400.0267.

I -2-5. (E)-2,4-dinitrobenzaldehyde O-2,4-dinitrophenyloxime (1e)

Of\ CHES Ne,

o-2-1 ¢ 1.3 3 ZE WHesr f@Ad"E 0-(24-
dinitrophenyl)hydroxylamine (0.50 mmol)¥} 2,4-dinitrobenzaldehyde (0.50
mmol) & 2 5-¥| (E)-2,4-dinitrobenzaldehyde O-2,4-dinitrophenyloxime 0.13 g

(55 :69%)=> AT

18



(E)-2,4-(0,N),CsH,CH=NOC4H3-2,4-(NO;), (1e): Yield 69%; mp 165-167 °C;
IR(KBr, C=N, cm™) 1605; '"H NMR(DMSO-ds) & 8.08(d, J = 9.24, 1H), 8.36(d, J
= 8.56, 1H), 8.60(dd, J = 2.76, 9.24), 8.69(dd, 1H, J = 2.04, 8.56), 8.88(m, 2H),
9.34(s, 1H); HRMS-(EI); m/z caled for C;3sH;NsOy9  377.0244, found

377.0239.

3 & uiQl MeCN2- w@loll defxl Wijel meh CaH, 5 Wil 1 A

Bl 3 AFE ST A5

ol

o]
7] FolA AAS wdso] A BAMS GEtE, BgsEE &
Aak7] A Aol vhal Aol AsESTh ArI5e) FAE e @
oF MeCNel 831417 52 24391 Daod wel 345t A1g3)

i,

3.0 ml 7] €948 Y& FuE UV-VIS 333 %A Yol 25 Tol
EYSIEE 208 E<F 7gd 5, o] &dd (E)-2,4-dinitrobenzaldehyde
O-aryloximes (1a-e) 8N vwlo]a =2 AAXZ 6 W& F 3} aryloxide2]

A F 39 400 — 434 nmol A A7l w2 FHEo] FrhEA
19



Tt oAk WhE EH AE e R WSt WE ke #HS EA

gl

skl A48 717l A FEHAY ks 719 SEE U] 68
=
II-5. Control Experiment

714 Q1 (E)-2,4-dinitrobenzaldehyde O-aryloxime la-e®] QF4A2 o] H

it
o
r o
Q‘L
3

a5 b ok AL TLC, mp B UV-Vis ~FE- o

129} Et;N-MeCN Alo]o] WbE A EL Az whiol we} 81359l
o} A E-2 2 4-dinitrobenzonitrile®] ™ =7 103-105 T (lit.*° mp 104-
105C)e. 2 gelst 4= AT} 2, 4-dinitrobenzonitrile®] F5FL 97%°] v
aryloxide 5% H3F 05 &% SoA -3k A, 3t} aryloxide®] &

FBATE vty ol F5EES 95~97% oAtk



m. 2 3

HE-§-& (E)-2,4-dinitrobenzaldehyde O-aryloxime

rlo
g
ot
1o
ol
)
il
-
o

olgte  gulol  24-dinitrobenzaldehydet X #717F  dE O-

arylhydroxylamines Y1 % &3t 3FAZ % gk b 2 B&S T}

M

slo] AT A ES NMR, IR ~FE AT} Mass 4], 554
=07 93T} (Fig $10-24).

(E)-2,4-Dinitrobenzaldehyde O-aryloxime¥} R;N-MeCN $37]}¢] HE-g- O
2 benzonitrileZ} aryloxide’} A o2 HojHt} Hb§ &£ S ol A
T3 A, #3F aryloxide®] &37155E HlaLste] -3 aryloxide®] +5E&
< 95~97% ©l Atk

A ARGS9 £ aryloxided] HWFTIE, Ol Al AlZEel] WE &

o F71% Sqehe) Tepgith BE W ol sl ug A7t we

ol\

In(A-A) #1e] W3 REE7I7F Al W ool A wizbA] w2 F
A BAE Hol FUh WS E 1a-e9t A ofnle] WS 9V] B
off e kypes E=AIZ A= Table S1-40] YEFHATE. Origin E= 1Y
= T8l 2% AUIEEl NI ke #O WEE S Fdste A

o2 YEHRLaL (Fig S1-9), oAk Bb5-9] £ ks o] A 71e7]

2

25Y TAY ks 9719 sEE uo] A9t a8y 97
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N(CH,CH,O0H);9t Rb-g-= 1a,1boll W3t b2 wbs S27F vig =9

AS F7F gt ol AT 1a-e9] AATEY k FHS Table 3¢ A

AL
ol
20

At

Bronsted plot o1419] k, #k2 9719 pK, @3 £ J@dAAE YEd
ChFigure 4). B a2 ol&7]9] o5 o] T/ 45 F7HES HoF
ATE (Table 4). =3+ B, 42> ©l®719 pKyy &4 kb F2=FEH 75131
t} (Figure 5). =2 A3} 7]7} N(CH,CH,0H); 974 % th2 A7]dl A
gk B w3 S 2 kol o] Fho] Dol Th (-0.36+0.25), whEbA ol
B 7325 A5t g B &k ol Aleg A HARE o] &
5}SIT} (Table 5).

Table 3. Rate constants for nitrile-forming eliminations /' from (E)-2,4-

(NO,),CsH3CH=NOC¢H3-2-X-4-NO, (1a-¢)* promoted by RsN in MeCN at 25.0 T

10°%,, M7's"%¢ When X is

Base” pKS CHs(1b) H(la) Cl(Ic) CF3(1d) NOx(le)
N(CH,CH,OH);  15.7 - - 232 2.06 13.5
E{N(CH,CH,OH), 163 0485  0.869 10.3 10.8 111
ELN(CH,CH,OH) 177 494 929 122 134 1278
Et:N 18.5 353 738 1446 1670 12499

“[Substrate] = 5.0 x 10> M. "[R3sN] = 8.0 x 10™ — 0.18 M. ‘Reference 25. “Average of three or
more rate constants. ‘Estimated uncertainty, + 3%
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Figure 4. Bronsted plots for the elimination from (£)-2,4-
(NO,),CsH3CH=NOC¢H3-2-X-4-NO, (la-e) promoted by R3;N in MeCN at
25.0 °C [X =H (1a, @), CHs(1b, m), Cl(1c, A), CF; (1d, V), NO,(1e, 9)].

pK

Figure 5. Plots of log &, vs. pKj, values of the leaving group for the elimination
from (£)-2,4-(NO,),CsH3;CH=NOC¢H;3-2-X-4-NO, (1a-e) promoted by R3;N in
MeCN at 25.0 °C [RsN = N(CH,CH,OH); (m), EtN(CH,CH,OH), (e),
Et;N(CH,CH,OH) (A), EtsN (V)].
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Table 4. Bronsted B values for nitrile-forming eliminations from (E)-2,4-

(NO,),CsH3CH=NOC¢H;-2-X-4-NO, (1a-¢) promoted by R;N in MeCN at 25.0 T

X =CH; X=H X=Cl X=CF; X=NO,
pKie” 21.1° 20.7 18.1 17.0 16.0
B 0.83£0.09  0.86£0.10  0.95+0.08  0.99+0.08  1.0+0.09

“Reference 25. "Determined from the slope of the plot of 6 vs pK,

Table 5. Bronsted i, values for nitrile-forming eliminations from (E)-2,4-

(NO,),CsH3CH=NOC¢H;-2-X-4-NO, (1a-¢) promoted by R;N in MeCN at 25.0 T

RN N(CH,CH,OH); EtN(CH,CH,OH), Et,N(CH,CH;OH) Et;N

pK." 15.7 16.3 17.7 18.5
Big - -0.41+0.05 -0.42+0.05 -0.46+0.04

“Reference 25.
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V. 11 2

(E)-2,4-Dinitrobenzaldehyde O-aryloxime 13} R;N-MeCN Hh-g-

o WAUZH Aol F=

714 1a-e9k AA; ofRlo] s AsHE AANESS o]F7] Wl w
2} 0.83 - 1.0 ‘AFo] ©] Bronsted B #ko] ¥ A S ™ (Table 4), 2 714]7] <]
W slol] wE B, #2712l W37t @1lYh (Table 5). Bronsted p 3k o]
FECA Cp-H ZAjfe] BofRl= AEES onshaL, (B #62 Ni-OAr 2
ol BolAe AxE Yehlle HEolth & ATelAe p e 719
1ol 7FZEaL, (B %2 0.41-0.469] ko] HSHATE o= Aol ol A
Cp-H Aol tii FojAa A4l Na-OAr AF HEolHs ofn|gh
T} 1822 More-O’Ferrall-Jencks WHg- FTAOIA E2 S4 o025 H

i g% watow HolgHzh 91718l 212 Aolth (Ain Figure 6).
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o] A&

rlo
o>

}S 28 A5 (interaction coefficient), pyy = OB/OpKiz =
PBi/opK, = U5 F ATE? Table 5= A7I5e F7=7F 5718
oAk B #H HIRT HS 7= As BoFa . o= 4715
o ojg7] Afole] AEAgo] Faith: AL Fan, o5 B35 4
& A% py7t 002 AT QA #T) ol Elcblike o] AH = 3

= S
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ARCENC AT L B ATCERINOATRE I

=

£

n —

=

BNe=y = =E¢ APCHED R

IO AT HACOAT

Figure 6. Reaction coordinate diagram for nitrile-forming eliminations. The
transition states for eliminations from la and 2 are indicated as A and C,
respectively. The effect of the change to a better leaving'group on A is depicted by
the shift from A to B, while the effects of the change to an electron-withdrawing
substituent, a better leaving group,-and a weaker base on C are shown by the

shifts from C to D, C to E, and C to F, respectively.

Figure 6°] More-O’Ferrall-Jencks WHg LAl A] o|&7]9] 52 o]

FAEFE ATAY R Bl wF olHFY JUAE RFA Ak o}



= Aol 79l Fd3 g gt= 7HAA 2 Aot} Rbdel N-OAr 2%
woldol F7tetAl ol & By whS 7HAAl E Aotk o]y g 4

Ze 4% Avsl & QAT (Table 4).

N7} ol A7 Hrh webd dolAEls Al g zHel Adl v
e | ol webd 2F A71E ALEsE A5, NoOAr AL
7o) ZolAA o A FAF By @S XA AT Table 59
Aste} 2 Qe 02

UEH A AAGEY HoldH 7= mx= p-otd 79
ki

ok ATl (E)-XCeHsCH=NOCH;5-2-X-4-NO> (2)¢} R3N-MeCN¥}2] Ht
S-S Cp-H AT No-OAr 2%to] AR 3| Fo A= Ao A% Aol
HA ¥ = E2-central Ho]Ae]ol ola] 3= AT} (C in Figure 6).° B-oF =
717F B d el A 2,4-dinitrophenyl 2 A3} w], AANS] &&= 1.7x10°
v Z7}eFSlal, Bronsted PRk 0.55°01A41 1.0°.2, |Bgak H=3F 0.390] 4
0.460.% Z}7} 743l Th (Table 6). ©] A3z Aol delol A Cp-H 2%

Zol gL w9 A F7FEF AL, N-OAr A3 Zolde x5 F7HHS

Yehd,



Table 6. Effect of the B-aryl group on the nitrile-forming eliminations from (£)-

ArCH=NOC¢H3-2,4-(NO,), promoted by R3N in MeCN at 25.0 C

Ar = Phenyl (2)° Ar =2,4-(NO;),C6H3 (1a)
rel.rate 1 1.7x10*
B 0.55+0.03 1.0+0.09
Bigl 0.39+0.03 0.46+0.04

“Reference 6.

More O’Ferrall-Jencks W& Aol A AAF 11+ TE€o| 2 p-otd

AGAE AkGshE A, AFAL HS K0 St dasol

o} web A 2,4-dinitrophenyl”7] £ B-Braol AAE AT S oA I A]A



[
,
o
X,
2,
A
")
olo
Lo,
B
o
o,
ful
-

BN
=2
N
rlr
&
N,
oo
=

St dT-E 1a9k EtO-EtOHSFO] AWk E2-central Mol el &
AA wbgol /A EE A0 2 dEid Utk Table 5% 971 &7t
EtO-EtOHO| 4 Et;N-MeCNS.= ®isteh w, 1a8] Aol thek Ao
FH AAES HwE Aol
Table 7. Effect of the base-solvent on the nitrile-forming eliminations from (£)-

2,4-(N02)2C6H3CH:NOC6H3-2,4-(N02)2.

Base-solvent EtO-EtOH* Et;N-MeCN
pK. 19.2° 18.5°
rel.rate 1 276
B 0.55+0.03 1.0+0.09
Bigl 0.39+0.03 0.46+0.04

“Reference 11. *Reference 24. “Reference 25.
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9 Al AE @rle] AV AT W wg SEE 276w F7)

SHS HoFAuh Tk 7] Sy wE] wek B gk 0.55904] 1.02
2, B w2 03994 04602 ZV7t FUFSFSITE =, Aol ElOl Al Cp-
H 2% #4382 A4 S7Fska, Ne-OAr A3t #o2 =5 S7kst

Ae ougitt olgf3 Axb= Fvist mafel] ok Aow AYZHT

sl

Aol geel A pgtael AYE BE SALECl MY §ial

MeCNell elall ¢Hgst 2 < gl7] wlEol Aol dH= 7] Aol Ws}

o & ol WgsA Ha 1 A% 2 p e s AoR 4z
o Ed eAets pROAEARS B A9 PR o8k
o]ZE 1 1 A¥ N OAr AFL -Za|Aof gt} o= &4

8 AU WAAG A A oleh Wek 3T %l A B

Haol A odAR OEHUW NOAr 2Tl BelAt 4% w3 =

:

ZhElojor gty 1 A} Bk AAl STE Aol oA SErh T3
Et;N-MeCNell  9]gt A|Avkg-o] wE &HE= o] JeolA AFZ3to]
PR E = BErF 7] wjZolgt AT o] Aol T FHEE
A= 278 w7 EtO-EtOHOl Al EtN-MeCNo. 2 W s} sto]] whe} o]

A 7} E2-centralol A1 Elcb-like= W 3}3lth= A o|t),
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Aoz B AFE 9718l R;N-MeCNol| 93] APs = g
£ la-e® A7Wkgol] sl FAFSQTE o] ¥hE- Elcb-like o] Hj
£ 3% E2 "WAYUFSE JIPHIAH AR e o] FL2 24-
dinitrophenyl”]| 2 <13 Cp-H Ao Folo] S71alH Ng-OAr 23
ZFo m= ZUFsHAl "ok Ee 22 7oA pobd X FA|VE Hd
710l A 2,4-dinitrophenyl”] 2 W 3}stAL 718w} 7F  EtO-EtOHO! A]
Et;N-MeCNO. 2 w3 stof| uwle} Aol A E| 7} E2-centraloll A Elcb-like =

A sleks Zlo] AFH AT
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Table

S1. Observed

VL.

=)
W=

rate constants for eliminations from (E)-2,4-

(NO,),CsH3CH=NOC4H;3-2-X-4-NO, (1a-e)’ promoted by Et;N” in MeCN at

25.0 C
10%[buffer], 10%eps, s
Entry
M 1a 1b 1c 1d le
1 0.06 0.604
2 0.08 0.109 0.120
3 0.1 0.120 0.124 0.960
4 0.2 0.0355
5 0.4 0.0340 0.536 0.585 4.70
6 0.6 0.0557 0.0266
7 0.8 0.0701 9.80
8 1.0 0.0890
9 ] 0.105
10 1.4 0.123
11 1.6 0.136 0.0722
12 1.8 0.153
13 2.0 0.168 2.87 3.30
14 3.0 0.214
15 5.0 0.374
16 6.0 0.470 0.240
17 7.0 0.542
18 8.0 0.619
19 9.0 0.672
20 10.0 0.741
21 18.0 0.647

“[Substrate] = 5.0 x 10° M. [R;N] = 8.0x10* - 0.18M. “Average of three or more rate constants. “Estimated uncertainty, +

3%.
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Table S2. Observed rate constants for eliminations from (E)-2,4-
(N02)2C6H3CH:NOC6H3-2-X-4-N02 (la-e)a promoted by EtzN(CHzCHzOH)b m
MeCN at 25.0 C

Entry 10”[buffer] 10%kgps, 877
M 1a 1b 1c 1d le
1 0.08 0.0177 0.0176 0.101
2 0.6 0.0797 0.0796 0.669
3 0.8 0.102 0.110 1.09
4 1.2 0.155 0.167 1.50
5 1.6 0.0147 0.00981
6 5.0 0.0395 0.0210
7 8.0 0.0651 0.0403
8 10.0 0.0951 0.0501

“ See footnotes under Table S1
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Table S3. Observed rate constants for eliminations from (E)-2,4-
(N02)2C6H3CH:NOC6H3-2-X-4-N02 (la-e)a promoted by EtN(CHzCHzOH)zb m
MeCN at 25.0 C

10*[buffer], 10%kgps, 87
Entry
M 1a 1b 1c 1d le
1 3.0 - - 0.0229 0.0333 0.257
2 5.0 - - 0.0698 0.0543 0.517
3 8.0 - - 0.0826 0.0855 0.838
4 10.0 - - 0.103 0.109 1.04
5 20.0 0.0174  0.00969

“ See footnotes under Table S1

Table S4. Observed rate: constants for eliminations ' from (E)-2,4-
(N02)2C6H3CH:NOC6H3-2-X-4-N02 (la-e)“ promoted by N(CHQCHQOH)3b n
MeCN at 25.0 C

107[buffer], 10%kgss, s™F
Entry M 1a 1b Ic 1d Te
1 8.0 - . 0.0185 00165 __ 0.108

“ See footnotes under Table S1
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Figure S1. Plots of ks vs. base concentration for eliminations from (£)-2,4-

(NO,),CsH3CH=NOC¢H;-4-NO; (1a) promoted by Et;N in MeCN at 25.0 C.
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Figure S2. Plots of ks vs. base concentration for eliminations from (E)-2,4-
(N02)2C6H3CH:NOC6H4-4-N02 (la) promoted by EtzN(CHzCHzOH) n MeCN
at 25.0 C.
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Figure S3. Plots of ks vs. base concentration for eliminations from (£)-2,4-
(NO,),CsH3CH=NOC¢H;-2-CHj3-4-NO; (1b) promoted by R;N in MeCN at 25.0 C
[RsN = EtsN (m), Et,N(CH;CH,0H) ()],
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Figure S4. Plots of ks vs. base concentration for eliminations from (E)-2,4-
(NO,),CsH3CH=NOC¢H;3-2-CI-4-NO, (1¢) promoted by R;N in MeCN at 25.0 T
[R3N = Et3N (I), EtzN(CHzCHzOH) (.)]
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Figure S5. Plots of ks vs. base concentration for eliminations from (E)-2,4-
(N02)2C6H3CHZNOC6H3-2-C1-4-N02 (lc) promoted by EtN(CHzCHzOH)z n
MeCN at 25.0 C.
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Figure S6. Plots of ks vs. base concentration for eliminations from (E)-2,4-
(N02)2C6H3CH:NOC6H3-2-CF3-4-N02 (ld) promoted by R3N n MeCN at 25.0 E’C
[R3N = Et3N (I), EtzN(CHzCHzOH) (.)]
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Figure S7. Plots of ks vs. base concentration for eliminations from (£)-2,4-
(N02)2C6H3CHZNOC6H3-2-CF3-4-N02 (ld) promoted by EtN(CHzCHzOH)z n
MeCN at 25.0 C.
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Figure S8. Plots of ks vs. base concentration for eliminations from (E)-2,4-
(N02)2C6H3CH:NOC6H3-2,4-(N02)2 (le) promoted by R3N n MeCN at 25.0 E’C
[R3N = Et3N (I), EtzN(CHzCHzOH) (.)]
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Figure S9. Plots of ks vs. base concentration for eliminations from (£)-2,4-
(N02)2C6H3CHZNOC6H3-2,4-(N02)2 (le) promoted by EtN(CHzCHzOH)z n
MeCN at 25.0 C.
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[ Mass Spectrum )
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Ion Mode : EI+ Int. : B42.19
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[ Mass Spectrum ] Page: 1
Data : H-form-002 Date : 30-Jan-2001 20:26

Sample: -

Note : -

Inlet : Direct Ion Mode : EI+

Spectrum Type : Normal Ion [MF-Linear}

RT : 0.59 min Scan# : 36

BP : m/z 330.0233 Int. : 642.19

Output m/z range : 270.0000 to 350.0000 Cut Level : 0.00 &

w/z Int. Norm.

271.0015 13.86 2.16
273.9872 6.76 :
274.9451
276.9416
280.9824*
281.9830
282.9898
284.0290
285.0328
28€6.0296

286.9665 =
292.9824%
293.9897
296.96p1;,
298.9647 . .
300.9947
304.982¢4
310.9948
311.9736
312.9746

314.0254

315.0342

316.0400

316.9875

318.9792*

319.9770 . 1
323.9624 8.40 1.
324.9655 24.60 3.83
326.9624 18.09 2
328.9748 30.00 4

330.0233  642.19  100.00
330.9792*  308.64 48.06
332.0392 74.12 11.54
332.2868 6.66 1.04
333.0348 12.66 1.97
340.9672 57.70 8.98
342.9792*%  179.54 27.96
343.9815 15.77 2.46

Figure S12. EIMS spectrum of (£)-2,4-(NO;),CsH3;CH=NOC¢H4-4-NO; (1a).
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Figure S14. 'H-NMR sp
NO; (1b) (DMSO-dp).
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[ Mass Spectrum )

Data : CH3-form-001

Sample: -

Note : -

Inlet : Direct

Spectrum Type : Normal Ion [MF-Linear]
RT : 0.60 min Scan¥ : 41

BP : m/z 344.0333 Int. : 96.61
Output m/z range : 320.0000 to 400.0000

Noxm.
5.60
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5.41
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12.39

5.20
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345.65
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13.50
16.17
7.41

4.24
357.80
22.36
27.78
13.97
16.74
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Figure S15. EIMS spectrum of (E)-2,4-0\102)2C6H3CH=NOC6H3-2-CH3-4-N02

(1b).
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500 4000

3-2-Cl-4-NO; (1¢).
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Figure S17. "H-NMR spe
(1¢) (DMSO-d).
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[ Mass Spectrum )

RT : 1.64 min Scant : 112

Ion Mode : EI+ Int. : 68.14
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323.99 330.02 | 331.88 £ ’353.5955,3-98 78
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T
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[ Mass Spectrum ]

Data : Cl-form-004 Date : 11-Feb-2001 19:33
Sample: -
Note :

Inlet : Direct Ion Mode : EI+

Spectrum Type : Normal Ion [MF-Linear]

RT : 1.64 min Scan#f : 110

BP : m/z 368.9758 Int., : 68.14

Output m/z range : 320.0000 to 400.0000 Cut Level : 0.00 &

m/z

321.0215
322.0028
323.9908

362.990
363.9876
366.0004

366.9792*

368.9758

371.9921

373.9798 :
374.9857 6.48 9.51
377.9712 12.92 18.96
378.9798 45.62 66.95
379.9848 7.74 11.36
380.7093 7.45 10.94

380.9760% 434.76 638.06
381.9809 25.87 43.83

383.9845 6.92 10.15
384.3813 7.38 10.83
385.9781 14.78 21.70
386.1149 5.51 8.09
386.9794 7.02 10.30
390.9822 13.64 20.02

392.9760* 150.46 220.82
393.2650 Ss.31 7.79
393.9838 21.04 30.88

385 392 395 402

Figure S18. EIMS spectrum of (E)-2,4-(NO,),CcH;CH=NOCsH3-2-Cl-4-NO,

(1c).
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Figure S$20. 'H-NMR sp ofE'-lA- 5CsH3;CH=NOC4H;-2-CF3-4-
NO, (1d) (DMSO-ds).
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[ Mass Spectrum ]
RT : @.54 min Scan# : 37
Ion Mode : EI+ Int. : 1266.77
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se 379.01 AR 0498
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[ Mass Spectrum ] Page: 1

Data : CF3-form-001 Date : 09-Feb-2001 20:08

Sample: -

Note : -

Inlet : Direct Ion Mode : EI+

Spectrum : Normal Icn [MF-Linear]

RT : 0.54 Scanff : 37

BP : m/z 398.0123 Int. : 1266.77

Output m/z range : 360.0000 to 440.0000 Cut Level : 0.00 %

m/z Int.
361.9879 33
363.0051 8.
366.9792¢%
368

373.

U1 =N

Biewoes NN

oo

400.0267

401.0240 :

404.9760*  500.90

405.9787 50.10

411.9854 23.12 .82
414.9877 13.58 1.07
416.9760* 157.08 12.40
417.9825 39.25 3.10
418.9692 58.12 4.59
421.9735 22.83 1.80
423.9659 61.67 4.87
424.9785 24.75 1.95
428.9758 69.46 5.48
429.9817 19.81 1.56
430.9729*  855.27 67.52
431.9752 54.44 4.30
432.9358 12.90 1.02
435.9692 49.91 3.94
436.9800 20.79 1.64

Figure S21. EIMS spectrum of (£)-2,4-(NO;)CsH3;CH=NOC¢H3-2-CF3-4-NO,

(1d).
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Figure $23. 'H-NMR spe
(1e) (DMSO-dy).
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[ Mass Spectrum 1
RT : 8.83 min Scant : 56
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[ Mass Spectrum ) Page: 1
Data : NO2-form-001 Date : 12-Peb-2001 16:18
Sample: -
Note : -
Inlet : Direct Ion Mode : EI+
Spectrum : Normal Ion [MP-Linear]
RT : 0.83 Scanff : 56
BP : m/z 368.9716 Int. : 54.10
Output m/z range : 320.0000 to 400.0000 Cut Level : 0.00 %
m/z Int. m/z Int. Norm.
324.0010 6.06 393.9761 20.90 38.63
5.40 397.9737 11.99 22.17

9.76 18.04

8.18 398.9801
20.94 :

38 .
1

48’ €

1 .-:_3-' 30.36

-"{10

61.74

367.9736
368.9716
369.9785
371.9813
373.9744
375.0079
376.0052
377.0239 4.31 7.97
378.9774 23.12 42.74
379.9924 4.57 8.44
380.9760*  304.30 562.52
381.9786 46.78 86.48
382.7881 4.79 8.86
383.9698 3.14 5.81
385.9685 9.45 17.46
386.9749 9.10 16.83
387.9673 7.84 14.50
390.9749 12.40 22.92
392.4651 10.05

5.44
392.9760* 102.02 188.60

Figure S24. EIMS spectrum of (£)-2,4-(NO,),CcH3;CH=NOCsH3-2,4-(NOy), (1e).
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O-1. 7171 2 AleF

H3E 9 AAGEY FAbel o] &3 NMR #3333 %E7+= INM-ECP
400(FT NMR, 400MHz)S AF&33la, UVAHEZHS Milton Roy
Spectronic 1201 334 =49} OPTIZEN 3220UVE AF&-3&}o] it} IR~

}

ol

H E 2 Perkin Elmer Limited Spectrum 2000 FT-IR- 333 A& AH&
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II-2. (E)-2,4,6-trinitrobenzaldehyde O-benzoyloxime 1= 2]
44

II-2-1. (E)-2,4,6-trinitrobenzaldehyde O-benzoyloxime (1a)

1. 2,4,6-Trinitrotoluene®] 4%

e ] |
OPN CH,

37.5 ml & EAFAES 0 T7HA] BZ4g 2 13,5 ml 9] 90% HAHS
A3 7tetgeh ¢ fNE Ae7tx 2§ 2 4-ditrotoluene (97.2
mmol, 17.7g)S F7}etar ZA2HA wwstdch 1 A For
Aoz 90 C7HA HHg2E 8 &4 05 2 Az o wysisith
Ao A WZRZIaL R 8 EASII T o] S §HE HF

|

o8 FEALTF7]SS  NaCO; 8w FIAN T,

it
&

=
o

SR 2 W AoFAh A FRE F AME 1A 246

=

o]
trinitrotoluene & A ¥F23} AlGstEr AR AQYAASIY 5T AAE

A 21t} 'TH-NMR(CDCls) & 2,71(s,3H), 8.84(s,2H), mp : 81.5 - 82.0 C
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2. 2,4,6-Trinitrobenzaldehyde ¢] 4] !

O\ CEH

Ze 4o gIETH} oMAEES €L EFEN 25 ml o 246-
trinitrotoluene  (15.4 mmol, 3.5 g)= 7F8tal ==& 50 CT7HA] A]A]3]
=31 th o] fdo] HFI4 NarCOs (14,2 mmol, 1.5 g)¢} p-nitroso-

dimethylaniline (16.6 mmol, 2.5 g)= 3%t At &2 A7), &3t

filo

aukelE Bk REE 50 €2 fABKIE o] EFNL Hojx 3%
o WAL, 2 HEY BAWIE ol8ete] LAS ot 95%

el

F22e b o WA AHES BAF F oyt o #32

fillo
Mo

3 WHE 5 NaCO; 7 B5F AAE w7hA] 25% OLHEAE Moz
Ao FA}. Foldle. dAS EEek XA %, 75 ml o g
FAH12 Mol EoU= oA JhEth o] EIES wylshy,
AeMol Bl @A AR vy = B2AS 2 A7
Fehage &A g a1z e A F daky ZE U9
WAS g 71} ZEtadE 50 & ¥, ETHS 3t

ek WAl gee] fsS ofFold R 5 B3 WAR F

dobgls golo] WAL Azkstm oA FEEch of EgE Wl
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3. (E)-2,4,6-trinitrobenzaldoxime ©| /d

O\ CHEN
OH

= =0
==

o k-2 1.7 ml ol 2,4 6-trinitrobenzaldehyde (1.0 mmol, '0.24 g)& 4l

LNS 0 CT7H4] WZHA)1Zl § &9 =2l NH,OH-HCI (1.2 mmol, 0.083 g)

1H); mp : 150-153 C
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4. (E)-2,4,6-trinitrobenzaldehyde O-benzoyloxime(la)Q] EI

e & ®
OPN CET\ G
= / \ I
- e __rg

] OpC

=)
o
o0
B
w
©
ofo
1%
o
N
N
ot
Al
mlo
=
P
fr
Jo
i >
of¢
ol
S
&
12
W
S
Shia
ol
o
s
i
Lo

(T5E :83%)E& AUk

(E)-2,4,6-(0:N);CH,CH=NOC(0)CHs (1a): Yield 85%; mp 190 °C; IR(KBEr,
C=0, cm™) 1762;'H NMR(Acetone-ds) & 7.61-7.63(m 2H), 7.73-7.75 (m,1H),
8.14-8.16 (m, 2H), 9.32(s,2H),-9:39(s,1H); '*€ NMR(DMSO-ds) & 124.0, 125.0,

127.0, 129.1, 129.5, 134.3, 148.4, 149.2, 152.9, 162.2.

[ -2-2. (E)-2,4,6-trinitrobenzaldehyde O-4-methoxybenzoyloxime(1b)



I-2-1 ¢ 1-3 3 22 whHoz 3% 2.4 6-trinitrobenzaldoxime (0.5
mmol, 0.128 g)¥} p-methoxy benzoyl chloride(0.6 mmol, 0.103 g)° = F-F
(E)-2,4,6-trinitrobenzaldehyde  O-4-methoxybenzoyloxime 0.14 g (T5%&:
%)= LATH
(E)-2,4,6-(0,N):CH,CH=NOC(0)CsH,-p-OMe (1b): Yield 73%; mp 216 °C ;
IR(KBr, C=0, cm™) 1772; '"H NMR(Acetone-ds) & 3.93 (s, 3H), 7.11 (d, J =
9.16, 2H), 8.10 (d, J = 9.16, 2H), 9.31 (s, 2H), 9.34 (s, 1H); °C NMR(DMSO-ds)

0 55.6,114.4, 118.8; 124.0, 125.1, 131.7, 148.3, 149.2, 152.2, 161.8, 163.9.

I -2-3. (E)-2,4,6-trinitrobenzaldehyde O-3-bromobenzoyloxime(1c)

e i ®
O\ o= &
e / \ I
L\ 7

(OReiC

I-2-1 ¢ 1-3 3 22 wHoz 4% 2.4 6-trinitrobenzaldoxime (0.5

mmol, 0.128 g)2} m-bromo benzoyl chloride (0.6 mmol, 0.132 g) S ZF-F (E)-

2,4,6-trinitrobenzaldehyde O-3-bromobenzoyloxime 0.13 g (5% : 57%)=

AAt.
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(E)-2,4,6-(0,N);CsH,CH=NOC(0)C¢Hy-m-Br (1c): Yield 57%; mp 240 °C
IR(KBr, C=0, cm™) 1782; '"H NMR(Acetone-ds) & 7.60 (t, J = 8.08, 1H), 7.93 (d,
J=8.08, 1H), 8.15 (d, J = 7.68, 1H), 8.30 (s, 1H), 9.33 (s,2H), 9.45 (s, 1H); "°C
NMR(DMSO-ds) & 122.1, 124.0, 124.9, 128.6, 129.3, 131.2, 131.8,137.0, 148.4,

149.2,153.4,161.0.

[ -2-4.(E)-2,4,6-trinitrobenzaldehyde O-4- trifluoromethyl benzoyloxime(1d)

e &y _ 9
ORI CE O
- T 7
] OplC @ig

I-2-1 ¢ 1-3 3} 22 #wHo s A E 2 4 6-trinitrobenzaldoxime (0.5
mmol, 0.128 'g)¥} p-trifluoromethyl benzoyl chloride (0.6 mmol, 0.126
g) S ZFH (E)-2,4,6-trinitrobenzaldehyde O=4- trifluoromethyl benzoyloxime
0.096 g (F5F :45%)= LA
(E)-2,4,6-(02N);:CsH,CH=NOC(O)CsH4-p-CF; (1d): Yield 45%; mp 288 °C
IR(KBr, C=0, cm™") 1744; '"H NMR(Acetone-ds) & 7.83 (d, J = 8.2, 2H), 8.19 (d,
J =7.88, 2H), 9.28 (s, 2H), 9.40 (s, 1H); °C NMR(DMSO-dy) & 110.0, 124.3,

125.6, 130.1, 130.5, 132.3, 132.6, 134.6, 149.2, 151.2, 153.7, 166.2.
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S 29l MeCN¥}F o2} ofyle Fdo] <axl "o uiegl CaH,
£ Ya 1 AR B FFAI & BEISRE AAS AREEn”
R,NH/R;NH, =70 mol% MeCN(aq)2] &2 70 mol% MeCN(aq)°l R,NH
¢ RONH, 9] 54 S 7hste] 4k 2E 971 &9 49, BuN'Br
£ et o] AM7]E 0.1 ME X3Sl
I-4. +3&HEL] 574

R,NH/R;NH,"-70 mol% MeCN(aq) 7] 84S 3.0 ml FHslol W2
S UV-VIS B33 Alo] Yol 25 Tl Edd == 208 ot 7|vdd
< (E)-2,4,6-trinitrobenzaldehyde O-benzoyloximes (la-d) &S vlo|a =2

APARZ 6 W= FHsfe] 71dol FFwrt 2A4E258-280 nmoll A A

o = In(Ax-A)) e 80% o] A+ e u]

o AH BAE Bel Fch of AHY A1E/19 FA LA WS &

4

AR ke TEI O WS T S ki FE W] BE Ly,
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e =AIEke] AA ] 7|7 TFEHAY ke A7)0 HEE U

o Fagiet.

II-5. Control Experiment
(E)-2,4,6-trinitrobenzaldehyde O-benzoyloxime 1a-d2] ¢FHA2> mp 2 UV-
Vis 2FEH oz gttt LE lad FES FFoA 67142

Feh STk Sl MeCNeOJlA] =591 B-of 2 Wit HtE

70 mol% MeCN(aq)ol A1 &} 3% 1a2} i-Bu,NH/i-Bu,NH, 2] WS- A A &
& oz vhHol whek &elst TS 2.4 6-trinitrobenzonitrile©] A§ A & ©]

AL, HEA 133-134 C (lit* mp 134-135C)o = gFe1d = ).
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m. 2 3

(E)-2,4,6-Trinitrobenzaldehyde O-benzoyloxime %3] (la-d)= NaOH

T8 Mol  benzoyl chloride <} (E)-2,4,6-trinitrobenzaldoxime = %L
wHkste] sl FA4E EHLS =EdH, IR 2 NMR 5

rlo

wdTAd Wes FRSlth (Figure S6-13). AAESY &<l
delzl el whel Slekgivk =, shgkE 1a & i-BuNH/i-Bu,NH; -
70 mol% MeCN(aq)2] HE-g-o A 2,4,6-trinitrobenzonitrile ¥} benzoate 7}

BgEe  AAIAAD S AR AN ANEL 246

LFEFSE AL(Fig S1-5), olAF ¥hE-o] SRR b o] A9 77 245Y

AA Tt 1a-de] A AHHLo] 3 k, FES Table 10 2]tk



Table 1. Rate constant for nitrile-forming elimination from (F£)-2,4,6-
(NO,)3C¢H,CH=NOC(0)CsH,X (1a-d)* promoted by R,NH/R,;NH," in 70 mol%
MeCN(aq)™“ at 25.0 C

ks, M's™ /8 (When X is)

R,NH’ pK.* H p-OMe m-Br p-CF3
Bz(i-Pr)NH 16.8 2.79 1.43 6.29 7.12
i-Bu,NH 18.2 10.9 5.80 24.3 28.0
i-Pr,NH 18.5 7.29 3.66 13.9 17.2
2,6-DMP” 18.9 12.3 5.01 23.0 32.1

“[Substrate] = 8.0 x 10° M. "[R,NHJ/[R,NH,'] = 1:0. ‘= 0.1(BusN'Br). “[R,NH] = 1.0 x 10
- 2.0 x 107 M. ‘Reference 12./Average of three or more rate constants. *Estimated uncertainty,
+3%. "cis-2,6-Dimethylpiperidine.

971 & i-BuNHO| gt SEAFE Aletiis, A7|= o2

S0l MRS k ghe) $7FeHATE i-BuNH ¢17]%= o 7]k v

TogtolidEEH A 9 Ao 9] JA A Aolz

;L
£
JH

A7t

A719] pK, #koll tigh log kh#hs EAISH 12 E Figure 19 YERY

4

ot o] AYETE iBuNHE ALdta, =& AAH AAE HoFArh
kA B gk i-BupNHOl th3h kS A9k 2 Aol 7|72 5E 8}
At TS ST hLE olE7]9 pK el dlE] E=AjgE gz E

Figure 201 WEFWH AL, By &k B=3F 2 A o] 7|72 5E Atk A
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1.50 =

1.25+

1.00 -

log k,

0.75

0.50 -

0.25

16.5 17.0 17.5 18.0 18.5 19.0

Figure 1. Bronsted plots — for the  elimination from (£)-2,4,6-
(NO,);C¢H,CH=NOC(0O)CsH,X (1a-d) promoted by R,NH/R;NH," in 70 mol%
MeCN(aq) at 25.0 °C [X = H (1a, e), p-OMe (1b, m), m-Cl (1¢, A), p-CF;3(1d,
V)l

1.5+

1.2+

log k,

T T T
19.0 19.5 20.0 20.5 21.0 215

Figure 2. Plots of log k, vs. pKj, values of the leaving group for the elimination
from  (£)-2,4,6-(NO,);CsH,CH=NOC(O)C¢H4X  (la-d)  promoted by
R,NH/R;NH," in 70 mol% MeCN(aq) at 25.0 °C [R,NH = Bz(i-Pr)NH(m), i-
Bu,NH(e), i-Pr,NH(A ), 2,6-DMP( V)]
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Table 29} 3& B9 B #k= AJATH B #2 0.25-0290]3L B, @
0.30-0.35 gto 2 doHTh B Byat> ATA o4 HS oA olg

PN
&

o

719k 471 Al71e] Wstel] FdelA Hld ghs Hue A

ATH,

Table 2. Bronsted B values for nitrile-forming eliminations from (£)-2,4,6-
(NO,)3C¢H,CH=NOC(0)CsH,;X (1a=d) promoted by R,NH/R,;NH," in 70 mol%
MeCN(aq) at 25.0 C

X=p-OMe X=H X=m-Br X=p-CF;
pKi" 21.3 20.7 19.5 19.2°
B 0.25+0.02 0.29+0.05 0.25+0.05 0.29+0.07

“Reference 12. “Determined from the slope of the plot of 6 vs pK,.

Table 3. Bronsted i, values for nitrile-forming eliminations from (£)-2,4,6-
(NO,)3C¢H,CH=NOC(0)CsH;X (1a-d) promoted by R,NH/R,;NH," in 70 mol%
MeCN(aq) at 25.0 C

RoNH Bz(i-Pr)NH i-Bu,NH i-Pr,NH 2,6-DMP’
& 16.8 18.2 18.5 18.9
Ble -0.32+0.03 -0.32+0.03 -0.30+0.04 -0.35+0.06

“Reference 12. "cis-2,6-Dimethylpiperidine.
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V. 11 2

(E)-2,4,6-Trinitrobenzaldehyde O-benzoyloxime 19 AA ¥k
HAUSI ol 4=

O AFE  (E)-2,4-dinitrobenzaldehyde  O-benzoyloxime -fr %= 3| &}
R,NH/R;NH,"-70 mol% MeCN(aq) ¢1719+e] WH&-2 (Elcb)ir ™IF U FCl
ofs] Mty WP kS re AHES AT 2 1a-d9)
RoNH/R,NH,"-70 mol% MeCN(aq)#+&] A A ¥E-g HE3F (Eleb) WAUFTLS
2 3ol FAQEdrh o] WSS 23 W3 HTZ uehfr] uliol

°|

A4 Hks A7 olgle BE A2 AT ¢ vk aEE A

A

Auks wAUZL ol EA Bl B2 oW Bich w4 ols) 13
g Rojr). weok, wgell v gole FXA S Bl Aol Ay, &

% A ks = kika[BY(ki[BHT+) (Scheme 1) 2 YR F glrh!

(Elcb)r MAYUZL 2 WA GA7F 7Fd Aol g ky[BH >>kolth o}

oo

A £ AL ko = kik[Bl/(k[BHE 2rebstA vebd = gl wl

S %38 [BY[BH'ZF 1.0 22 §AH7] fito] 95 &) Fro)

rJ

ARLO] ko= DABAOF Th IH PR (Elcb)r "IAUTS kovs 4
A7) ok ofsto] AL} (Figure S1-5).
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gkl o] Hkg-o] (Elcb), WMAYF 28] YA THHE, k[BH|<<k,©]

HE, EE 42 ey = BPF B Aotk o] A $EEH Asgow

b

E2 WAYFI (Elcb), MAUTS HEatA 87 ol gk

Scheme 1. E2 and Elcb Mechanism

-

(Elcb)ir @t E2 HIAUST 2 012 7] &k o 44 d4384d 5 Utk
(Elch)ir MIAUSTS SEAY SANA ol27]7h A9 FoAXA &
FAE 7] Wil o] G ALl WA etk Wl B2 WAYS

o A9, delAuelA oLz} oA WA &

o
iy,
2
2
2,
ol
o

| X L2 (Elcb)y, RWE-S-ol H3le] o]&7|e] ks wo] W& Zlo] o
At 2y w5 13} o]x} ofle) o) 3P AANS By
o] 0.30-0.359] WLE 7HAEZ F HAYZF Alole] zpolde w83

Agd o A F ks dAYUEY e A3 FA8 A



(interaction coefficient), pxy = Op/OpKi = OPi/OpK, = T8 & = AUt}

Table 2= WHS& 13} |3} ofvle] A AWEo] st g 3k YEhE
o, 9719 A7|et FasiA pat> Agd 24k Wl A 7 Fhol

dojxrh. 9 A= AVISuie} o2y Atole] FE g o] FHT pyy
= 0p/opKi,- 09 Ao 2 vehd 4= glop !

T A7l A7l mE ojEr]e] oEAEE YERE py
OPig/OpKen 7} 09 #he THK e RS o1 3Th (Table 3). whebA WHE-
HAYSe] B2 HAUFeE HPAd pyE 0BT F Zo|H
(Elcb)iy MIAUZLEZ A EE= A pyio 09 7S 7HE Flolt). e}
A 9 A whgo] Eleb)r FIAHSESE Il ATtE Ed 570
=3

ol Mol e o GhF= Bronsted Pt Byl RO E =T = U
ol xtolwle] ]3] Xy 1a-de] AARHSS 0.25-029 HY ] BHS 7}
Atk (Table 2). ol Mol dHollA 4 o]F9 Bwrt e s y
EFHTE B &1 H=9F 0.30-0.359) H91E 7HA P NO(O)C-Ar A3 &ol4
o] A|HTI= AL 9|3t} (Table 3). =, 1a-de] UEZ A A AW
£& F40l%H NO)C-Ar A3 Zo]Ho] A3FAQl reactant-like # o]

2}

Ru)

By

2 AXE kol &5 ZAAGAL  (Eleh), HAYUZTORE J3yPHE=
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AAREG o HlX] &= o]g7] W 97]9 &2 More O’Ferrall-Jencks Hb
S FHaA adozw A3t 4= ) (Figure 3)."* 2,6-DMPol| 23] %13}
H 1a9] AATELE 0.299] AL 0359 | #kol BRI T (Table 4).
o] A¥= 19 HEH" A4 A7NEEo]l Fiolsd NOO)C-Ar A%
Zo]Z o] A4 Q] reactant-like Ao NEIES AA HPHATt= AS e
Aok, 28R doldHle wvhE HEAY SB8E sPAtE e $1X| s
A= oItk (A'in Figure 3). £ o|27]5 AREStA =W wkg 337
o] & JHEAE 9 YA 7t S Aot thzd e e Ao
A e7] witel p gk FAR 7 AL, oL A3 Aol EE 719 2
Aol ol ‘WA E A olg.

FrAFsHAl g A e A Ay, v HTAL 2He LEE i

o A7} S7FskA k.
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®
~ K

| | ey
R

AFC=IN BHe AFCIHGIN B
. ;
E i L
OICAR OCAT

Figure 3. Reaction coordinate diagram for nitrile-forming eliminations from (£)-
2,4,6-trinitrobenzaldehyde O-benzoyloximes. The transition state for eliminations
from 1a indicated as A(Center). The effects of the change to a stronger base and a
better leaving group on the diagonal reaction coordinate are shown by the shifts
from B to C and B-to D, respectively. These effects can'be described by p,, > 0.
7o AysS 22 oA 3 H (E)-2,4-dinitrobenzaldehyde
O-benzoyloximes®] A|A¥F-§-3} F-AFSIU} (Table 4). B3 9] Ao

B 4EA8 ASE B2 WAUS (o0 FEAE A5 o3

& dASHA Bk mEb wbeo] (Eleb) MIAYTOR AT
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HEH JA AANES-] Aol o729 mX= p-otd7] ¢

<

o0

(E)-benzaldehyde O-benzoyloxime =2} DBU-MeCN¥}2] HE-G-2 E2
AAYZ &l AAE AFE] ALHAT? syn WHEET p-ghA
o sp? A3 9 Y o]gd7]|E 7zl WhgE2 Elcb =2 Elcb-like %
o] FElE AA wkgo] XyE Flo] o dHAw BE whgoA E2 v
AUFoR AP JAcp!

Table 4+ (E)-ArCH=NOC(Q)CsHs2} HH&-& %9} o]/ el parameters

2 wa @ Adl.

Table 4. Transition state parameters for nitrile-forming eliminations from (E)-
ArCH=NOC(0)C¢Hs promoted by R,NH/R,NH," in.70 mol% MeCN(aq) at
25.0 °C

Ar = 2,4-(NO,),CcH3" Ar =2,4,6-(NO;);CsHa(1)
rel rate” 1 270
B 0.32+0.02 0.29+0.05
Big -0.31+0.01 -0.35+0.06
Dxy ~0 ~0

“Reference 7. "R,NH=2,6-DMP
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otd X ZA| 7} 2,4,6-trinitrophenyl(12)] 73 -, B-oF2 719 AA} Eoj 7]
= T80l AA T7Fe7] wlEol 2,4-dinitrophenyl.tF RE-S-4 =7}

2700 WA Uepdeh e SRE Aee F oA ol

O

AxpEe A9l wEagth F, pobd AFAY AR Bolgle

ol [
L)

o] hEelE RS AAWS g AolgE] Tz werh

AL ougtt p,, &5 28 Al T3 ZA dEsth

HEH JA AAREsY Holde7=o mA= olg7] 9F
Table 5% (£)-2,4,6-(NO);CeH,CH=NOC(O)CsHs-4-NO (1)}  (E)-2,4,6-
(NO,);CsH,CH=NOC4H,;-4-NO,'%¢] Al ARG ozt Aojile) <IAES
Al i G7igvel el MAHE YELD 4 AAARESolA, o]
27| & 4-nitrophenyl7}olA 4-nitrobenzoyl”7] 2 W elA| A wj, ¥H§ £
30 A% frAashgiar, WHH Bronsted BooF B, b o Al YERRT
(Table 5). =, Zol’deel A Cp-HSF N,-OC(O)Ar A7to] A A Fojxith
= AS 9n| gt} E3E (E)-2,4,6-trinitrobenzaldehyde O-4-nitrophenyloxime
o wke> B2 WiAYSFC o8 AAHAL vkl (E)-2,4.6-
trinitrobenzaldehyde O-4-nitrobenzoyloxime (1a)<> (Elcb),, WA Yol 2]3|

AP A. o F =2 vks mAYSFe k= 19 A7l o
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g cyclic o]de) TS1o® AHd 4 3l

Scheme 2. The cyclic transition state

— —

=, Sd37F p-R A FhEd Aba AzF Abololl HIHAE Hojlo
o, EAWA FEA e Fa AFE Sk cyclic WOl 4 H TS1S 9
a7l ol Hetso] A= EiE . aEEE 714 19 A
AR (E)-2,4,6-trinitrobenzaldehyde O-4-nitrophenyloximes XU 7] <}

oj27] Walel A FEFE S Aol
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Table 5. Transition state parameters for proton removal and leaving-group loss in

base-promoted eliminations from (£)-2,4,6-(NO,);CcH,CH=NOX

X 4-nitrophenyl” 4-nitrobenzoyl(1)
+ . 0 + . 0
Basesolvent  ReNV/RsNH in 70 mol% RoNH/R,NH," in 70 mol%
MeCN(aq) MeCN(aq)
PK.(AH) 20.7¢ 20.7°¢

rel rate 34 1°

B 0.88%0.11 0.29+0.05

Pig -0.34+0.04 -0.30+0.04
Pxy >0 0

“Reference 18. “pKa of the leaving group in MeCN. “Reference 12. “R;N = Et;N(pK, = 18.5).
“R,NH = i-Pr,NH(pK, = 18.5).

.

Aoz B A5 = (E)-2,4,6-trinitrobenzaldehyde O-benzoyloxime -
T A9 RyNH/R,NH>-70- mol% MeCN(aq)Zke} Ao tia] -3+
th 19 HEH P4 AANSS T4 ols ojgr] Aje #oA

o] A|$+H reactant-like HO|MEIE AZ (Elcb), WAUSTOE P HT)

Aol gule] AL cyclic Aol AHE AR A= Aow Az,
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VI. 5 5

Table S1. Observed rate constants for eliminations from (£)-2,4,6-
(NO,);C¢H,CH=NOC(0)CsH,X (1a-d)* promoted by Bz(i-Pr)NH/Bz(i-Pr)NH,"
»¢ in 70 mol% MeCN(aq) at 25.0 °C

10%[buffuer], 10%qps, s ¢
Entry
M la 1b 1c 1d
1 0.1 0.792 0.228 0.792 0.924
2 0.2 1.48 0.384 1.48 1.62
3 0.4 2.86 0.658 2.86 2.99
4 0.6 3.97 0.918 3.97 4.81
5 0.8 5.22 1.25 5,22 5.74

“[Substrate] = 8.0 x 10, "Buffer ratio ='1.0. “lonic strength =.0.1(Bu;N'Br-). “Average of three or more rate
constants. “Estimated uncertainty, +3%.

Table S2. Observed rate constants ' for eliminations from (£)-2,4,6-
(NO,);CsH,CH=NOC(0)C¢H4X (1a-d)? promoted by i-Bu,NH/i-Bu,NH, ¢ in
70 mol% MeCN(aq) at 25.0°C

Entry 10”[buffer], 10%eps, 5™ ¢

M la 1b Ic 1d
1 0.1 1.54 0.695 2.59 2.66
2 0.2 2.65 1.19 4.45 5.19
3 0.4 4.69 2.30 9.09 10.6
4 0.6 7.25 3.53 13.4 14.9
5 0.8 9.15 4.73 19.9 22.9
6 1.0 11.4 - - -
7 1.2 13.3 - - -
8 1.6 18.2 - - -
9 2.0 222 - - -

““See footnotes under Table S1.
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Table S3. Observed rate constants for eliminations from (£)-2,4,6-
(NO,);CsH,CH=NOC(0)CsH4X (1a-d)* promoted by i-Pr,NH/i-Pr,NH, " in 70
mol% MeCN(aq) at 25.0 °C

10*[buffer], 10%qps, s-' ¢
Entry

M 1a 1b 1c 1d
1 0.1 1.28 0.574 2.25 2.62
2 0.2 2.05 0.901 3.86 4.40
3 0.4 3.43 1.77 6.26 7.73
4 0.6 4.96 2.40 9.18 11.2
5 0.8 6.39 3.12 12:1 14.4

““See footnotes under Table S1.

Table S4. Observed rate constants 'for eliminations from (£)-2,4,6-
(NO,);CsH,CH=NOC(0)CsH,X (1a-d)* promoted by 2,6-DMP/2,6-DMPH ™ in
70 mol% MeCN(aq) at 25.0 °C

10*[buffer], VAT,
Entry

M 1a 1b 1c 1d
1 0.1 1.74 0.988 3.50 4.23
2 0.2 3.10 1.51 5.91 7.84
3 0.4 5.18 2.21 10.8 13.3
4 0.6 7.51 3.65 14.8 19.8
5 0.8 10.6 4.42 19.8 27.1

““See footnotes under Table S1.
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Figure S1. Plots of ks Vvs. base concentration for eliminations from (£)-2,4,6-
(N02)3C6H2CH:NOC(O)C6H5 (la) promoted by i-BuzNH/i-BU2NH2 m 70 mol%
MeCN(aq) at 25.0 °C , [R;NHJ/[RoNH, ] = 1.0, 1= 0.10 M (BusN 'Br).
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Figure S2. Plots of ks vs. base concentration for eliminations from (£)-2,4,6-
(NO,);C¢H,CH=NOC(O)C¢Hs (1a) promoted by R,NH/R,NH," in 70 mol%
MeCN(aq) at 25.0 °C , [R;NH]/[R;NH, 1= 1.0, p = 0.10 M (BusN'Br).

[RoNH = Bz(i-Pr)NH(m), i-Pr,NH(®), 2,6-DMP(A)].
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Figure S3. Plots of ks Vvs. base concentration for eliminations from (£)-2,4,6-
(NO,);C¢H,CH=NOC(0O)CsH4-p-OCH3 (1b) promoted by R;NH/R,NH," in 70
mol% MeCN(aq) at 25.0 °C, [R;NH]/[RaNH'] = 1.0, .= 0.10 M (BuyN'Br).
[R,NH = Bz(j-Pr)NH(®), i-Bu,NH(A ), i-Pr,NH( ® ), 2,6-DMP(V)].
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Figure S4. Plots of ks vs. base concentration for eliminations from (£)-2,4,6-
(NO,)3C¢H,CH=NOC(O)C¢H,-m-Br (1¢) promoted by R;NH/R,NH, " in 70 mol%
MeCN(aq) at 25.0 °C , [R,NH]/[RaNH, ] = 1.0, p=0.10 M (BugN'Br’). [R,NH =
Bz(i-Pr)NH(m), i-Bu,NH(A), i-Pr,NH( ®), 2,6-DMP(V)].
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Figure S5. Plots of ks Vvs. base concentration for eliminations from (£)-2,4,6-
(NO,)3C¢H,CH=NOC(0O)CsH4-p-CF; (1d) promoted by R;NH/R,NH, "™ in 70 mol%
MeCN(aq) at 25.0 °C, [R,NH]/[RaNH, '] = 1.0, 1 = 0.10 M (BugN 'Br’). [R,NH =
Bz(i-Pr)NH( W), i-Bu,NH(A), i-Pr,NH( ® ), 2,6-DMP( V¥ )].
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15C NMR (DM30-44)
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Figure S12. 'H-NMR spectrum of (E)-2,4,6-(NO,);CsH,CH=NOC(0)CsH4-p —
CF5(1d) (Acetone-ds).
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Figure S13. C-NMR spectrum of (E)-2,4,6-(NO,);CsH,CH=NOC(0)C¢H4-p —
CF; (1d) (DMSO-d).
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