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ABSTRACT. Acyl transfer reactions of 2,4-dinitrophenyl-5-substituted-2-furoates (1a-d) promoted by R;NH/R,NH," in 20
mol% DMSO(aq) have been studied kinetically. The reactions are second-order and exhibit downward curves of the Bronsted
plots with pK,’ = 9.5, B; = 0.23-0.35 and B, = 0.88—0.99. The k; values increased with a stronger nucleophile and as the elec-
tron-withdrawing ability of the 5-furyl substituent increases. In contrast, the k»/k.; values were nearly idential regardless of the
5-furyl substituents. From these results, a stepwise mechanism with a change in the rate-determining step(RDS) is proposed.
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Scheme 1. Reaction Mechanism of 1.
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Table 1. Rate constants for the aminolysis of 5-XC4H,(0)C(O)OCH;-2,4-(NO,),* promoted by RoNH/R;NH,™ in 20 mol% DMSO(aq)

at 25.0 C
Ammine® oKl kn, M 57" When X is
H(1a) OCH; (1b) CH; (1¢) Br (1d)

1-formylpiperazine 7.98 8.32 1.26 3.58 20.4

morpholine 8.65 459 5.82 152 81.5
N-(2-hydroxylethyl)- piperazine 9.38 81.2 9.98 28.5 233
piperazine 9.85 220 234 70.0 528

3-methylpiperidine 10.8 395 46.0 109 1050

piperidine 11.02 447 47.1 110 1288

“[Substrate] = 5.0 x 10" M. °[R;NH]/[Ro;NH, ] = 1.0. °[Ro;NH] = (5.0 x 10-0.02M) M. %K, data in 20 mol% DMSO(aq) taken from ref. 7f. ‘Average of three

or more rate constants./Estimated uncertainty, + 3%.
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Figure 1. Bronsted plots for the reactions of 5-XC4H»(O)C(O)
0CgH3-2,4-(NO,), with Ro;NH/R;NH," in 20 mol% DMSO(aq)
at25.0 C [X=H(1a, @), OCH; (1b, ¥), CH; (1c, A), Br (1d, H)].

log(kN/kNO) = B2(pKa - PKaO) - lOg(l + (1)/ 2
where log o = (B2 — B1)(pK. — pK.”)

(M

3FHE 19] gr-go A ZHzF pK’ = 9.5, By =0.23-0.35 W
B, = 0.88-0.992] FFE°] Ao H th(Fig. 1).
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Table 2. ky/k., Values for the reactions of 5-XC4Ha(0)C(O)OCH;-2,4-(NO2),* with R;NH/RoNH; ™8 in 20 mol% DMSO(aq) at 25.0 C

‘ne’ d ko/ky
Amine pK
H(1a) OCHj; (1b) CH; (1¢) Br (1d)
1-formylpiperazine 7.98 0.120 0.166 0.126 0.160
morpholine 8.65 0.352 0412 0.302 0.406
N-(2-hydroxylethyl)-piperazine 9.38 1.84 1.68 1.81 1.69
piperazine 9.85 242 2.12 2.37 2.15
3-methylpiperidine 10.8 11.1 7.73 10.5 8.04
piperidine 11.02 15.8 104 14.8 10.9

“[Substrate] = 5.0 x 10 M. *[R,NH]/[R,
more rate constants. ‘Estimated uncertainty, + 3%.

51= 1.0. “[RoN] = (5.0 x 10™*-0.02M) M. 9 pK,, data in 20 mol% DMSO(aq) taken from ref. 7f. °Average of three or

Table 3. k, Values for the reactions of 5-XC4H,(0)C(0)OCsH3-2,4-(NO,),* with R;NH/R;NH,* ? in 20 mol% DMSO(aq) at 25.0 C

Amine’ pK.! kM7
H(1a) OCHj; (1b) CH; (1¢) Br (1d)
1-formylpiperazine 7.98 77.6 11.5 31.9 148
morpholine 8.65 176 19.9 65.5 282
N-(2-hydroxylethyl)-piperazine 9.38 125 159 442 370
piperazine 9.85 311 34.4 99.5 774
3-methylpiperidine 10.8 431 519 119 1180
piperidine 11.02 448 51.6 117 1406

“[Substrate] = 5.0 x 10 M. [R;NH]/[RaNH, ] = 1.0. °[RoN] = (5.0 x 104-0.02M) M. “pK, data in 20 mol% DMSO(aq) taken from ref. 7f. ‘Average of three or

more rate constants. ‘Estimated uncertainty, = 3%.
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Figure 2. Plots of log(k2/k.1) vs. pK,+ log(p/q) values of the nuc-
leophiles for the reactions of 5-XC4H,(O)C(O)OCsHs-2,4-(NO2),
with R;NH/R,NH," in 20 mol% DMSO(aq) at 25.0 C [X = H
(1a, @), OCH; (1b, V), CH; (Ic, A), Br (1d, W ).

1a: B, = 0.27 R?=0.876
1b: B, = 0.21 R?=0.865
1c: B, = 0.24 R?=0.837
1d: B, = 0.30 R?=0.924

3.04

"> dqe

log(k,/q))
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PK, +log(p/a)
Figure 3. Plots of log(k)) vs. pK,+ log(p/q) values of the nuc-
leophiles for the reactions of 5-XC4H(O)C(O)OC¢H3-2,4-(NO2),
with R,NH/R,NH," in 20 mol% DMSO(aq) at 25.0 C [X =H
(1a, @), OCH; (1b, V), CH; (1c, A), Cl (1d, H)).
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] Bronsted Bue 450]0.9£0.20 4] 0.2+0.1 2 ZFA8)= o] 2
Bronsted “L&{ 7} UpebUb= 20 & oef A 9ot ufat
Al 2 Aol A pKa° = 9.52F T B = 0.88-0.99 ol A By =
0.23-0.35%2 ZFaxdh= wolxl e Bronsted L7}
et A& Se44wA 9 #iste} oA A vk-3-v)
AUZOZ AP E A & dA)st= Apolrt. QoA
pKa"= Bronsted “Lefj 27} 5 o] & o, 2 Q1 A4 9 pK,
o= QOstal B} Pz LA o]F 7Y H7| =T}
& (1A 7F RDS)eF & wj(2HA| 7} RDS) 2+7}+9]
71=715 Yulgtth(Fig. 1). o]t ZE A= 24-
dinitrophenyl 5-substituted-2-thiophenecarboxylates'*, O-
phenyl-O-2 4-dinitrophenyl thinocarbonate,”® O-4-methylphenyl-
O-4-nitrophenyl thino carbonate @ 2* bis(O-4-nitrophenyl)
thinocarbonate®2} o]z} o}ql £-2 pyridines-EtOH(aq)<]
ofAl o] FH-g T2 YA Aol A HirE Aol gt

Scheme 2°] Wk-gH|AYZ A o] F=4 o] &1t
AME AA = @A gAY S =2 P HThar shH
Z7HA Toll T3l A FAYE AT (steady-state approximation)
< Agsto] 4 Q)= vebd 4= gl

kN = klkz/(k_l + kz) = kl(k_l/kz + 1) (2)
Kk4[RoNH] o NHR
0 e m

D—/( +HOON02 —I)—/( + .0
NHR, NHR,

Kobs = k1ka[11[R2NHY/ (k.1 + ko)

Scheme 2. Addition-elimination mechanism.
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RNH/R>NH,*-20 mol% DMSO(aq)2] Z710lA4] 2,4-dinitrophenyl 5-substituted-2-furoates2] o142 o] EHF-3-of t3t

YRoF FZHA|(T)7h 55 A& Ae = Solgickd 4 ()
= ()0l Het.
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o= e 4 gtk
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S Bzt ol TH A (3 (0.2 242 bl % 9)
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B1 = d(logki)/d(pK.) (5)
B2 = d[log(kiko/k.1)]/d(pKa) = Bi + d(logky/k.1)/d(pK.)  (6)

A (6)Z Al 3HA By- piE FAEE 4] (DE e
- Sl

B2~ B1 = d(logh/kV/d(pK.) ()
4 (el AR 4 ®)] =
log(ke/k 1) = (B2 - B(pK: - PK.) ®)

A7 A klky.=1 4 o pK, = pK,°

kolks 32 Br, B2 W pKa 3ES A (8)9ll i Ud3te] 3k
Tk ky 3h2 oA 18 T kofka 3EE 4] (3) il she]
SFAT}. ko/k, 3} ky ZF2 Table 23} Table 301 2] 5FA T} ky
A= olg7|7F A A EE dAle| B2 H7)of FstA|
Tk 32 AEAY] A7 =t SRS k3 e
g Aotk A ER kik, 3} v]&2 A 9] dr =
7} A 25 F74e Aol th(Table 2). 1 A3} obvl o] ¢7]
=7t 71kl whet vhg& . AA WA RS A (klk <<
1; pKa < 9.0)N A 1A (ko/ky >> 1; pKa> 10.8)2 W5l = A
o g AzrEch whol, ky/k, it By GHS S-thienyl 2§17
o] Wzto] Ao L@tk AN A 7hEY B o

f
1

S22 AT 195

A2 s STAMOA SEEAE FoHA MK
T2 AAAER A9 dh) F2 2 AoE Y4Eo
(Scheme 2). TLe] 2L & v]o|g7]| 8] MAE Tl= 287 = ka
Wk @& = o HEATIER kky 32 Hlo]"7] 9] A
k71 9] Wzt Aol FstA veld Aolth. kit k.
o A= dA v AY S-S U= 718 5
7o)t} o]} & Ail= 24-dinitrophenyl X-substituted
benzoates’*9} 2,4-dinitrophenyl X-substituted benzene sulfonates.®
o] Had A ehih-g Ko E Aol glrt.

O|E7|e] &1}

Aryl-5-substituted-2-furoatesof| 5] ©]€}7]| & 4-nitrophenyl
of| 4] 2,4-dinitrophenyl = H3}FA| 7] of] whe} Hh-g- < 5= i= 1100Y
o)A} =715 th(Table 4). 4-Nitrophenyl 5-substituted-2-
furoates (2)2} R,NH/R,NH," - 20 mol% DMSO(aq)2] HH&
< = A of A 2 A 7F S A THAI] A7)
AA g WA S o2 A= et

Hhdof, Ze oA olg7] e oldEsEoe] FUHE
2,4-dinitrophenyl 5-substituted-2-furoates(1)] ®H-g-of| Al =
1A o) 719 A7) wste} oA vE3-& = A A7
Hol= @A B WAYUZF 2= UErh

aHBg TRk 28 A7 =47 TAof] Z3kE
o} ghefof ¥h-g-o] B=Adol2 SHAIE AA ZPEThd
QS ST AL y=hk/k+ b2 YEd 5= ok (Scheme
2). 9 HARES wAUZANA 28A7E S=84 A
(ky<<k.)2tH BF-§ SEA2 kv = b/ 2 & 5 Utk &
A3 2 A o] thsho] 1a9} 29] ki3 kg L2 o]E 7o
Alglo] Aol AT 3k 7HE Aolth ¥l 1a9] khtt
A28t o w2, by @Al A 9] |77t 57
Stoll whet ag Aojth A B = 1a9] k/k, e X9
Ao} A7 F7kel oA 25§ S4lo|th o] A=
FH 1a8] ¥hg-& =7k 25 o 1104 S7FeE 2 2-A o
Al o]ek7] 9] ojEzE o] F7HE Y] tlim o' A7t Hoh
9l 22 a0 A ¥H-g& = AAGA = A 9 d7]9

Table 4. Transition state parameters for reactions of ArC(O)OY with RoNH/R,.NH," in 20 mol% DMSO(aq) at 25.0 C

Y= 4-N02-C(,H4a

Y= 2,4-(N02)C(,H3

Ar = Furyl(2) Ar=Furyl(1a) Ar= Thienyl’(3) Ar=Phenyl‘(4)
pK.! (ArCOOH) 3.16 3.163.514.20
Relative rate® 1 110 35 47
Buue 0.84 +0.05 - - -
B - 0.27+0.03 0.28+0.04 0.40
B2 - 0.99+0.13 0.91+0.08 0.66
B - 0.69+0.05 0.63+0.01 0.28
Bronsted plot linear downward curve

“Reference 13.°Reference 14. ‘Reference 7f. “Reference 26. ‘R;NH = morpholine.
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elo] B71ksi] U4E0.2 A, T, vlole IS
FLo| 4 Holopd WMEAALS 1 pRre BE vt
A e B s g S A TAS] ol Aol A
A2 obvle] 54 B4 HEo} o7 g HES
AT 4 Sl ARl WoIH1 S Aol Alofd
A WalA 7] A} B 0.4000 A 0.27-0.28E
A e, o 1S 066014 091-099 L2151 b G
028011 062092 22t ZI1eH e 91 Ak vlol
712 HD@elA FEAa) Aolobd ) ML 1
A7140] AL AA Y AL B okwe] @7]Ee] of
o 2 WRES Rolm, 7=k 2 WA o] Ap)s
RS ET & 2 e dolgeol
4o} 7h g o) whagbel] Agto] vl o] ¥
CFERo] el e By 212 o5 ke] Aol
g ojujgth. o2 Zrlstth 1AW A
Ao} @727k kel wheta Wk AY
S WE] SRR o WS B
A& ojn)s= 30141 B2 Bronsted ploto]
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s 10 oo ox it = rlo
1
32
tllo
il

J_

o

rﬂ
_|z

& I
i 1-5
rr

P

R ooN R ol ox 2

(0
t)
52
T

2 B

2,4-Dinitrophenyl 5-substituted-2-furoates(2)2} Ro;NH/R,NH, -
20 mol% DMSO(aq)2] oFql ZHA 2] eHeH-8-2 A 9
A71A17] ket FA BHg-& = AT A7 ks O
WS- o= Y ik E3, vlo|E V]S Hd @)l Al
(1a)x} #olopd )= WA RS wf Al ¥H-3- == %_QHXJH
F71=7h Hgto] meka] HhgHAYES] S=A A
H37E et = oA B AU S o R AP E A
on|sh= #loXl F 2] Bronsted ploto] 2= At} o]

Ao A 71 Su| 22 AI= 4-nitrophenyl 5-substituted-
2-furoates(2)2} RyNH/R;NH," - 20 mol% DMSO(aq)2] HH%-
S 29 A7E &= A FAIQ F7AA WS- W A
2 AP v, g2 2704 ol 7] ¢ olEsHol F
7Hel 18] ¥h-g-oll A= A & G771 = A7) 7t W] wh
A Hh-S-& = A A 7L 2 A oA IHA = Wt

A wrg oAU Z o2 A

4 ¥

=3

2,4-Dinitrophenyl 5-substituted-2-furoates 1-> £31 2] 4}

1 O 2 methylene chlorideo] Et;NS -2 TaFg =91
ol 01] 5-2] 2A)|-2-furoyl chloride®} 2,4-dinitrophenol 3 7}k

SREAIA AP BeEe] BgehE B Aue A

rE 2ot 2 A A 2L =Y F52(%),
IR (KBr, C=0, cm™"), '"H NMR(400 MHz, CDCl;, J values are
in Hz), "C NMR(100 MHz) & A g&4] Avh= ofg3h 2ot

C4H3(0)C(0)OCsH3-2,4-(NO»), (1a). =58 85%; IR 1540,
1735 em™; '"H NMR § 6.65 (dd, J=1.36, 2.54, 1H), 7.49 (d, J
=2.54, 1H), 7.64 (d, J=5.96, 1H), 7.74 (d, J = 1.36, 1H), 8.54-
8.56 (dd, 1H, J=2.29, 5.96, 1H), 8.98 (d, /=229, 1H); *C NMR
6 112.8, 121.7, 122.0, 126.7, 129.0, 141.8, 142.0, 145.1, 147.9,
148.7, 154.5; HRMS-ESI(m/z): [M+Na'] calcd for C;;HN,NaO5,
301.1641; found, 301.0069.

5-MeOCH,(0)C(0)OCsH;-2,4-(NO,) (1b). =58 82%;
IR 1539, 1753 cm™'; "H NMR § 4.04 (s, 3H), 5,52 (d, 1H, J =
2.52, 1H), 7.49 (d, 1H, J = 2.52, 1H), 7.64 (d, J = 5.96, 1H),
8.54-8.56 (dd, J = 1.80, 5.96, 1H), 8.97 (d, J = 1.80, 1H); *C
NMR 6 58.2, 85.3, 121.7, 126.5, 126.7, 128.8, 132.0, 141.9,
144.8, 148.3, 153.9, 165.4. HRMS-ESI(m/z): [M+Na'] calcd
for C1,HgN;NaOQg, 331.1900 ; found, 331.0175.

5-MeCH,(0)C(0)OC¢H;3-2,4-(NO,); (1¢). 58 86%;
IR 1540, 1752 cm™; '"H NMR & 2.47 (s, 3H), 6.29 (d, J =
2.30, 1H), 7.43 (d, J = 2.30, 1H), 7.65 (d, J = 5.96), 8.56 (dd,
J= 184,596, 1H), 8.99 (d, J = 1.84, 1H); *C NMR 5 14.2,
109.7, 121.7, 123.8, 126.7, 128.9, 140.4, 141.9, 145.0, 148.2,
154.5, 160.2; HRMS-ESI(m/z): [M+Na'] caled for C;;HsN>NaO5,
315.1906; found, 315.0224.

5-BrC,H,(0)C(0)OCsH3-2,4-(NO,), (1d). =58 81%;
IR 1542, 1754 cm’'; '"H NMR § 6.60 (d, J = 2.28, 1H), 7.24
(d, /=228, 1H), 7.62 (d, J=5.94, 1H), 8.55 (d, J = 5.94, 1H),
8.98 (s, IH); 3C NMR § 114.9, 121.8, 124.0, 126.6, 129.1, 1307,
141.6, 143.6, 145.2, 147.7, 153.5; HRMS-ESI(m/z): [M+Na']
caled for C1;HsBrN>NaO;, 380.0180; found, 380.9158.
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RoNH/R>NH,*-20 mol% DMSO(aq)2] Z 710l A4] 2,4-dinitrophenyl 5-substituted-2-furoates®] o}4 o]EHF-2-of th3lh vh-5-<

Methylene chloride®?} dimethyl sulfoxide(DMSO)+ Sigma-
Aldrich company(99.9% purity)AF2] A]9F-S A A glo] A&
sk} o] 2} ohule AF-5}7] Aol Cal & Wi Bz
2 ga|stel ALgarlth. A o] 549l 20 mol%
DMSO(aq)ol o9lat Z17 o] B4 F=n|7} LR Hi=
= Azt

UHSEE
la-de} ofql o] vhg& = A 9] F=7} 108 o] 4
A E FARRS é7d. |4 Ao 23715 o]-&5te] o]
=2719] [t F 331 426 nmof| A Al 7o)l 'IJrE FEE
o] F7H5 S35t ?Lﬁk‘iiﬁ}- SN o ¢
ol 7lthe] G o] Ytz o =3t
o} 2= Whgof s Al w2 In(A, - A) G J%Ol
80% o]Ar A3 E w7t & A TAS
o] 449 7| &7 2 HE FAF YA} BES H I ks T 3}
A S DR WSS E A kD 7‘5_6‘4 19 5= wat
off A3 Ak AsAe} 7] Ae] Fmof Zhzh 1xhel A7

A
- o

Hhe A7k 22191 S Aub= AAdo] dojflew, 1
7I&71 2 FE o hbeS e A kv 33T

oS M= =l

UVNVIS £33 FEAR W22 71822 F3=9
W3S ARG 23} 280-287 nmoj| Al = wES-EO] AT}

TEE 131, 426 nmof| A= AY A 2,4-dinitrophenoxide®] &

W o) Zrh2M S5kt ladol fstel 5547l

325-330 nmofl M LFeksteh. HE3- 4582 24-dinitrophenoxide

T FHEE ST I (e = 426 nm)Z 7 Shof -

B BUE ASE MSEE AN Fu 24

dinitrophenoxide®] 33T Zholl A-&35lo] AAl 5o,
olF A A3k F+5E-2 97-98% o] T

LSy =

W82 la-de] QPHAE UVVIS 28|29 S 7] 40
2 2%sto] 2Ashelet. 1820 oEYEY gole
20 CoflA 155 o] kA5
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