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(4.5-Dichloro-6-ox0-6H-pyridazin- L -v])phosphoric acid diethyl ester (3a) are efficient and selective coupling
agents for the amidation of carboxyvlic acids. Amidation of aliphatic and aromatic carboxylic acids with
aliphatic and aromatic amines using 3a under mild condition gave chemoselectively the corresponding amides
in good to excellent vield. Three protected-dipeptides were also synthesized from A-BOC-Phe and O-Me-
amino acid hydrochlondes using 3a under mild condition.
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Introduction

Mild and effective amidation of carboxylic acids with
amines is the most fundamental and important reactions in
organic synthesis.! Common routes to amides mostly
involve the treatment of activated derivatives of carboxylic
acids such as acyl halides. acid anhydrides or esters with
ammonia or amines.~ However. these methods have some
disadvantages such as formation of by-products. extho-
thermic reaction. and complicated conditions.” In order to
overcome the problems. a variety of reagents have been
developed ™ and continuing efforts are being made to find an
ideally selective and effective reagent. For direct amidation
of carboxylic acid under mild conditions. carboxylic acid
must be activated to more reactive species by using an
activator.

In our previous paper.”’ we reported the synthesis of
anhvdrides and esters using 4.5-dichloro-2-[(4-nitrophen-
vl)sulfonyl]pyridazin-3(2H)-one as an activator. However.
this activator requires two equivalents of carboxylic acid for
the esterification ° Therefore. we developed (6-oxo-6H-pyri-
dazin-1-yl)phosphoric acids diethyl ester as more effective
coupling agent® In this paper. we would like to report on
mild and effective amidation of carboxylic acids with
amines, and also synthesis of some dipeptides by using (4.3-
dichloro-6-oxo-6H-pyridazin-1-yDphosphoric acid diethyl
ester in one port.

Results and Discussion

4 5-Disubstituted-pyridazin-3(2H)-ones were readily pre-
pared by the reported methods.” According to the literature *
(4.5-disubstituted-6-oxo-6H-pyridazin-1-yDphosphoric acid
diethyl esters 3 were prepared in 79-96% vields via the
reaction of 4 3-disubstituted-pyridazin-3(2H)-ones (1) with
diethyl chlorophosphate (2) in the presence of triethylamine
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in acetonitrile at room temperature

[nitially. direct amidation of 4-nitrobenzoic acid (4a) with
aniline (5a) using 3a were studied in a variety of repre-
sentative organic solvents and bases (Table 1. entries 1-10).
Exclusive amidation in excellent yields was obtained in
potassium carbonate/THF (or ethyl acetate) and triethyl-
amine/THE Among theses svstems. we selected potassium
carbonate/THF or ethy] acetate system for the direct amida-
tion of carboxylic acid with amine using 3a The efficacy of
3b-3e¢ for amidation was evaluated using 4-nitrobenzoic acid
(42) and aniline (5a) in the presence of potassium carbonate
in THF at room temperature (Table 1. entries 11-14).

Compounds 3a-3d showed similar efficacy for the amida-
tion under this condition. We selected compound 3a as a
novel coupling agent for the amidation of carboxylic acids
with amines because 3b-3d are prepared from 3a.

Amidation of 4-nitrobenzoic acid (4a) with various
amines S using 3a in the presence of potassium carbonate in
THF at room temperature gave the corresponding amides
6b-6w in good to excellent vields except for 6¢ and 6f (Table
2 and 3). When amines Se and 5f are used. 4-nitrobenzoic
anhydride was vielded as the by-product.

Treatment of some aliphatic or aromatic carboxylic acids 4
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Table 1. Amidation of 4-nitrobenzoic acid (4a) with amiline (5a)
using 3 at r.t.

Entry 3 Base Solvent Tume (h) 6a (%)
1 3a KaCOs THF 3 96
2 3a Ka:COs toluene 6 90
3 3a KaCOs EtOAc 33 93
4 3a Ka.COs CH:«CN 6 91
3 3a K:CO; CH:CI: 4 92
6 3a K.CO; (Et»O 34 74
7 3a K: C O; H:O 19 -
8 3a Et:N THF 1 94
9 32  DMAP? THF 1.3 83

10 3a Resin® THF 30 40
11 3b K.CO; THF 6 90
12 3¢ Ka:COs THF 4.3 87
13 3d K.CO; THF 4 94
14 3e KaCOs THF 2.3 83

“Isolated vield. Pvridazin-3(2H)-one derivatives were also isolated.
EDMAP = N N-dimethylaminopyrdine. ‘Resin is Amberite-IRAGG. ¥4~
Nitrobenzoic acid was recovered.
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with an aromatic amine Sa or an aliphatic amine 3g using 3a
under same condition easily gave the corresponding amides
6j-6w in excellent vields (Table 3). Selective amidation of
mixed amines is also often required.

Therefore. we examined the selective amidation for a
mixture of two amines such as 12" amine and aromatic/
aliphatic amine or bifunctional amines such as 2-mercapto-
ethanol and 4-aminophenol (Table 4). The amidation of
benzeic acid (7) with ethylamine/diethylamine gave N-
ethylbenzamide (8a) in excellent selectivity and in excellent
vield (Table 4. entry 1). For the mixed amines such as
cvclohexylamine/aniline  and  aniline/phenethylamine.
aliphatic amine was also coupled with benzoic acid (7)
under our conditions in excellent selectivity in high vield
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Table 2. Amudanon of d4-nitrobenzoic acid (4a) with various
amines 5 using 3a in the presence of potassium carbonate in
tetrahydrofuran at r.t.

Entry R'NH:. § Tune (h) Product 6 (%)
" 23 OzN—@gNH—QOMe 6b (98)
2 5 35 o hpwt—L )0 6c(92)
3 5d 48 on Honn—( N0, 6d(80)

2 OB N/ 2
4 Se 7 opedd Heowe—d Ge (37
" NO;
5 st 7 OZN—Q—CNH—; T erEn®
& N
6 5¢g 3 ozN—fj_ CNHEt 6g (96)
Q
7 5k 5 opd  ecum 6h (98)
8 5i 2 omed Secre— L L6997

“solated vield. 4.5-Dichlorapyndazin-3(2/)-one was alsa isolated quan-
wutvely. "Ihe cotrenpoading unhy dode wus ssolobed

(Table 4, entries 2 and 3).

Amidation of aniline (5a)/benzenethiol with benzoic acid
(7) gave chemoselectively the corresponding amide 8¢
(82%) as major and thioester 8e (6%) as minor (Table 4,
entry 4). Reaction of 4-ammophenol (5k) with benzoic acid
(7) under same condition also afforded chemoselectively the
corresponding anude 8f in 92% vield (Table 4. entry 3).

On the other hand. we attempted to synthesize dipeptide
using coupling agent 3a at room temperature. N-BOC-L-
phenylalanine (1 equiv)) was coupled with O-methyl L-
isoleucine hydrochloride (1 equiv.) using 3a (1 equiv.) in the
presence of riethvlamine (2. 3 or 4 equiv.) in some organic
solvent such as methylene chloride. acetonitrile. acetone.
toluene and tetrahydrofuran at room temperature to give the
corresponding dipeptides in 53 -81% vields (Table 3 entries
1-7).

From preliminary experiments (Table 3 entries 1-7). we
selected N-BOC-amino acid (9. 1 equiv.)/O-methyl-amino
acid HC1 (140. 1 equiv.)/3a(1 equiv.)/tricthylamine (3 equiv.)/
THF system as the optimum condition at room temperature
for the synthesis of dipeptides. Treatment of N-BOC-L-
phenylalanine (10b. 1 equiv.) was coupled with O-methyl L-
phenylalanine hydrochloride (1 equiv) or O-methyl L-
tryptophan hydrochloride (10c¢. 1 equiv.) using 3a (1 equiv.)
m the presence of triethylamine (3 equiv.) in THF at room
temperature to furnish the corresponding dipeptides 11b
(84%) or 11¢ (70%) vield (Table 3 entries 8 and 9).

The structures of prepared compounds were established by
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Table 3. Amidation of some carboxvlic acids 4 with 5a or g using 3a in the potassium carbonate in THF at r.t.
Entry 4 5  Tme(h) Product 6 (%Y Eniry 4 5 Time (h) Product 6 (%)
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IR. NMR and elemental analysis. In all the reactions
described above. reusable 4.5-dichloropyridazin-3(2H)-one
(1a) and phosphonic acid diethy] ester were also isolated.

On the other hand. acid anhydride as an intermediate was
not defected during the amidation except for Se and 5f by
monitoring using TLC. Really. only one equivalent of
carboxvlic acid required for the amidation under these

reaction condition. This amidation mechamsm 1s different
from it for the reaction using 4.3-dichloro-2-[(4-nitroben-
zenesulfonyl))pyridazin-3(2H)-one® as coupling agent. The
amidation of carboxylic acid using compound 3a may be
proceeded via two steps: the formation of acyl phosphate in
first step and then amine react with acyl phosphate to give
the amide in second step. The reactivity of acyl phosphate

Table 4. Competition reaction of a mixture amines (or bifunctional amine) with 7 in the presence of potassium carbonate in THE at r.t.

QC-OH + Mixed amines

3a
C-NHR
K,COg3, solvent, r.t. -

o] Q
7 8

Entrv Mixed amines (5) Reaction Time Product 8 (%Y
1 EtNH- (5g VEt-NH (5j) lh CsH:CONHELt 8a (90
2 ¢-C¢H; NH: (5h)/CsHsNH- (5a) 05h CsHsCONH-¢-CsH), 8h (78)

CsHsCONHCsHs 8¢ (8 )
3 CsHs(CH:):NH-: (5i)C<H:NH: (5a) 05h CsHsCONH(CHS:).C:Hs 8d (72)
C+H:CONH C¢Hs 8c(12)
4 CsH:«NH: (5a)¥C:H:SH 3h C+H:CONHC:H: 8c(82)

CsH:COSC¢Hs« 8e (6)
5 4-H:NCsH,OH (5k) 25h CsH:CONHC:H.OH-4 8f(92)

“Isolated vield. 4,5-Dichloropyndazin-3(2H)-one was also isolated.
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Table 5. Synthesis of dipeptides 11 using 3a m organic selvent at r.t.”
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R H O
BOCHN OH 4+ Hei HZN)j(OMe —'Ef:l e BOCHN N\:/U\OMe
0 0 e O R
9 10 11
Entry Amuno acid. HC1 10 Et:N (equiv.) Reaction Condition Disulfide 11 ¢vield %)
| O-Me-Leu (10a) 2 CH:Cl,, 48 h N-BOC-Phe-Leu-O-Me (11a, 61)
2 O-Me-Leu (10a) 2 CH:CN. 43 h N-BOC-Phe-Leu-O-Me (11a, 69)
3 O-Me-Leu (10a) 2 Acetone. 33 h N-BOC-Phe-Leu-O-Me (11a, 53)
4 O-Me-Leu (10a) 2 Toluene, 26 h N-BOC-Phe-Leu-O-Me (11a, 66)
3 O-Me-Leu (10a) 2 THF. 24 h N-BOC-Phe-Leu-O-Me (11a, 71)
6 O-Me-Leu (10a) 3 THE, 9h N-BOC-Phe-Leu-O-Me (11a, 81)
7 O-Me-Leu (10a) 4 THE, 9h N-BOC-Phe-Leu-O-Me (11a, 80)
8 (-Me-Phe (10b) 3 THE. 6 h N-BOC-Phe-Phe-O-Me (11b, 84)
9 O-Me-Tip (10¢) 3 THE, 5h N-BOC-Phe-Trp-O-Me (11c¢, 70)

24 5-Dichloropvridazin-3(2H-one was isolated. *Isolated vields.

with amine may be higher then 1t of carboxylate 10on under
our condition. Therefore, (4.5-dichloro-6-ox0-6H-pyridazin-
I-vDphosphonc acid diethyl ester (3a) 1s more effective
coupling agent than 4.5-dichloro-2-[(4-nitrobenzenesulfon-
v])pvridazin-3(2H)-one® for amidation of carboxylic acid.

Conclusions

In conclusion, compound 3a is an efficient and selective
coupling agent for amidation of carboxylic acids with
amines under the basic condition. It also has some advan-
tages: 1) the reaction condition 15 mild and basic, 11) this
method shows good selectivity for pnmary or aliphatic
anunes in the presence of secondary or aromatic amines with
high vields. ii1) the coupling agent is easy to prepare, and 1v)
compound 1 can be recovered quantitatively for reuse. We
also believe that these coupling agents should be particularly
applicable to solid-phase synthesis. amidation of carboxylic
acid and synthesis of peptides.

Experimental Section

General. Melting points were determined with a capillary
apparatus and uncorrected. 'H and ""C NMR spectra were
recorded on a 300 MHz spectrophotometer with chemical
shift values reported in d units (ppm) relative to an internal
standard (TMS). IR spectra were obtained on a IR
spectrophotometer. Elemental analyses were performed with
a CHNS-932 (Leco). Open-bed chromatography was carried
out on silica gel (70-230 mesh. Merck) using gravity flow.
The column was packed as slurries with the elution solvent.
The specific rotation values were detenmined by a Digital
polarimeter (DIP-1000, Jasco). (4.53-Disubstituted-6-oxo-
6H-pyridazin-1-yl)phosphoric acid diethyl esters 3 were
synthesized by the literature method.*

Typical procedure for amidation of carboxylic acid. A
solution of carboxylic acid 4 (1 equiv.). amine 3 (1.1 equiv.).

base (1.1 equiv.). coupling agent 3 (1.5 equiv.) and solvent
(30 mL) was stured at room temperature until carboxylic
acid disappeared by TLC monitoring. After filtering the
mixture. the filtrate was evaporated under reduced pressure.
The resulting residue was applied to the top of an open-bed
silica gel column (2.5 x 11 em). The column was eluted with
methylene chlorde or #-hexane/EtQAc (1:1, v/v). Fractions
contaiming the amide were combined. and evaporated under
reduced presswe to give the anmude 6. And fractions
contaming pyridazinone derivative were combined. and
evaporated under reduced pressure to give pyridazinone
dervative.

N-Phenyl-4-nitrobenzamide (6a). Mp 213-214 °C (lit."
mp 211-212°C). IR (KBr) 3350. 1660. 1600, 1540, 1500,
1440. 1360. 1330. 1270. 1110, 1020, 880. 860, 760 cm™'. 'H
NMR (DMSO-di): 67.15 (t, IH.J=73 Hz). 739 (t, 2H.J =
80 H2). 779 (d. 2H. J=83 Hz). 819 (d. 2H. J = 8.8 Hz).
838 (d. 2H.J = 8 8 Hz). 10.57 ppm (s. NH. D-O exchange-
able). C NMR (DMSO-dy): 6 121.0. 124.0. 124.6, 129.2,
129.7. 1392, 141.1. 149.6. 1643 ppm. Elemetal analysis
caled. for CiaHoN-Qs: C 64,46, H 4.16, N 11.56; found C
64.37. H425. N 11.49.

N-(4-Methoxyphenyl)-4-nitrobenzamide (6b). Mp 196-
197 °C (lit."' mp 193-196°C). IR (KBr) 3320, 1630, 1600,
1540. 1520, 1470. 1420. 1360. 1320. 1310. 1250. 1180,
1030. 830 cm™. 'H NMR (DMSO-ds): §3.76 (s, 3H). 6.96
(d.2H,/=9.0Hz). 769 (d. 2H./=9.0 Hz). 8.18 (d. 2H.J =
88 Hz). 837 (d. 2H. J = 88 Hz). 10.45 ppm (s. NH. D-O
exchangeable). ’C NMR (DMSO-ds): §55.7. 114.3, 122.5,
124.0. 129.5, 132.2. 141.2. 149.5, 156.3. 163.8 ppm. Elemental
analvsis caled. for C4HiaN=O4: C 61.76, H 4.44. N 10.29.
found C 61.87. H 4.35, N 10.38.

N-(4-Chlorophenyl)-4-nitrobenzamide (6¢). Mp 228-
229 °C (lit."" mp 227°C) IR (KBr) 3450, 3150, 1690, 1610,
1540. 1520, 1500. 1400. 1360, 1340, 1310, 1250, 1090,
1010. 860, 840 cm™. "H NMR (DMSO-ds): 6 7.44 (d, 2H, J
=88 Hz). 7.84 (d. 2H, /=88 Hz), 8.19 (d, 2H, /= 8.8 Hz),
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8.38 (d. 2H..J = 8.8 Hz), 10.68 ppm (s, NH, D-O exchange-
able). ®*C NMR (DMSO-ds): & 122.4, 124.0, 128.3. 129.1.
129.7. 138.1, 140.7. 149.7. 164.4 ppm. Elemental analvsis
caled. for Ci:HsN-ClOs: C 56,43, H3.28, N 10.13: found C
56.32. H3.37,N 10.30.

N-(4-Nitrophenyl)-4-nitrobenzamide (6d). Mp 268-270
°C (lit.”* mp 264-266°C). IR (KBr) 3400, 3150, 1700, 1630.
1610. 1560, 1540, 1510, 1420, 1360. 1350. 1320. 1260.
1190. 1120, 860 cmi™'. '"H NMR (DMSO-ds): 58.06 (d. 2H. J
=9.2 Hz),822 (d, 2H,.J=8.8 Hz), 830 (d, 2H. /= 9.2 Hz).
8.40 (d. 2H..J = 8.8 Hz). 11.10 ppm (s. NH, D-O exchange-
able). ®*C NMR (DMSO-ds): & 120.6, 124.1, 125.3. 130.0.
140.3. 143.3, 1454 151.4. 165.2 ppm. Elemental analvsis
caled. for Ci:HoN;Os: C 54.36. H 3.16. N 14.63: found C
54.48. H3.08, N 14.54.

N-(3-Nitrophenyl)-4-nitrobenzamide (6e). Mp 227-228
°C. IR (KBr) 3400. 3010, 3090. 1680, 1620. 1600, [550.
1540, 1520. 1420, 1340, 1320. 1280, 1240, 1080. 1000 cm™.
"H NMR (DMSO-ds): §7.69 (t, 1H,.J=8.2 Hz), 8.00 (d. 2H.
J=282Hz). 8 18-8.24 (m. 3H),8.40 (d. 2H,/=88 Hz). 879
(d. 1H. /= 1.9 Hz). 11.0 ppm{s. NH. D:O exchangeable).
BC NMR (DMSO-dg): §115.0. 119.1. 124.1, 1267, 129.8.
130.6. 140.2, 140.3, 148.3. [49.6. 164.8 ppmi. Elemental
analvsis caled. for Ci;HeN3;Os: C 34.36. H 3.16. N 14.63:
found C 54.48, H 3.08. N 14.54.

N-(Pyridin-3-y])-4-nitrobenzamide (6f). Mp 137-138
°C. IR (KBr) 3200. 3140, 3100. 3000, 1680. 1590, [540.
1520. 1470, 1440. 1350, 1320. 1150. 1090, 1000. 880 cm ™.
"H NMR (DMSO-ds); §7.19-7.23 (n. LH). 7.88 (. 1H. J =
8.5 Hz), 8.19 (d. |H. /=84 Hz). 819 (d, IH, /=84 Hz).
8.23 (d. 2H,J = 8.8 Hz). 8.34 (d, 2H..J = 88 Hz), 8.42 (d.
1H. /= 4.8 Hz). 11.16 ppm (s. NH. D-O exchangeable). *C
NMR (DMSO-dg): & 115.3. 120.7,. 1239, 130.0. 138.7.
140.4. 148.5, 149.8. 152.3. 165.0 ppm. Elemental analvsis
caled. for Ci:HoN;Os: C 59.26. H 3.73. N 17.28: found C
5934.H3R1,N 17.15.

N-Ethyl-4-nitrobenzamide (6g). Mp 148-149 °C (lit."?
mp 140-142 °C). IR (KBr) 3300. 3010, 3000, 2950. 2900.
1650, 1610, 1560, 1530, 1480, 1350, 1320, 1300, 1160.
1140. 1110 em™". "H NMR (CDCl;): 671.28 (t, 3H, /=73
Hz). 3.48-3.537 (m. 2H). 6.43 (s. NH. D-O exchangeable).
793 (d. 2H. J = 8.8 Hz). 8.26 ppm (d. 2H. J = 8.8 Hz). °C
NMR (CDCly): §14.7,353,123.7. 128 1. 140.4, 149.5. 165.4
ppm. Elemental analvsis caled. for CoH)N-Os: C 5567 H
519, N 14.43: found C 55.61. H5.31, N 14.30.

N-Cyclohexyl-4-nitrobenzamide (6h). Mp 203-206 °C
(lit." mp 207°C). IR (KBr) 3350. 3150, 3100. 2970, 2890.
1650. 1610, 1560, 1530, 1470, 1360, 1340. 1330. 1300.
1160. 1120 em™. '"H NMR (CDCly): & 1.20-1.33 (m, 3H).
1.31-1.48 (m. 2H), 1.66-1.71 (n. LH). 1.75-1.81 (m. 2H).
2.03-2.08 (m. 2H). 3.94-4.04 (m. 1H). 6.03 (s. NH. D-O
exchangeable). 7.91 (d, 2H, /=89 Hz). 827 ppm (d. 2H. J
= 89 Hz). °C NMR (CDCls): § 24.8. 25.5. 33.1, 49.2.
123.8. 128.0, 140.7. 149.5. 164.6 ppm. Elemental analvsis
caled. for Ci5HigN~Os: C 62.89. H 6.50. N 11.28: found C
63.02.H6.61,N 11.33.

N-Phenylethyl-4-nitrobenzamide (6i). Mp 213-214 °C
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IR (KBr) 3350, 3100, 1660, 1610. 1540. 1520. 1500. 1450
1360. 1330, 1270. 1180, 1120, 1080, 1020. 920 em™. 'H
NMR (DMSQO-d;): §2.95(t. 2H,J=75Hz). 3.73 (q. 2H, J
= 6.0, 6.8 Hz), 6.43 (s. NH, D-O exchangeable). 7.21-7.35
(m, 5H). 7.83 (d. 2H, J = 8.8 Hz). 8.23 ppm (d. 2H, J =88
Hz). ’C NMR (DMSO-ds): §35.5. 41.4.123.8. 126.8. 128 1,
128.7, 128.8. 138.5. 140.2, 149.5, 1655 ppm. Elemental
analysis caled. for CsHiaN:Os: € 66.66, H 5.22. N 10.36;
found C 66.54. H 3.32, N 10.42.

N-Phenyl-4-methylbenzamide (6j). Mp l44-145 °C
(it."” mp 145-147°C). IR (KBr) 3370, 3070. 3050. 2970,
2930. 1660. 1620. 1600. 1530, 1520, 1450, 1380, 1330,
1300. 1270. 1250. 1200. 1120. 920. 890, 850. 840, 760. 700,
660 cm™. "H NMR (CDCls): §2.41 (s. 3H). 7.13 (t. IH.J =
7.4 Hz). 7.26 (d. 2H, J = 7.9 Hz). 7.35 (t. 2H, J = 7.6 Hz),
7.63(d, 2H.J=82Hz). 7.76 (d. 2H. /= 8.2 Hz), 7.86 ppm
(s. NH. D-O exchangeable). *C NMR (CDCls): & 21.5.
120.2, 124.4. 127.1. 129.1. 129.4. 132.2, 138.1, 142.3, 165.7
ppm. Elemental analysis caled. for C3Hj:NO: C 79.59, H
6.20. N 6.63: found C 79.71. H 6.28, N 6.54.

N-Ethyl-4-methylbenzamide (6k). Mp 90-92 °C (lit.?
mp 90-93 °C). IR (KBr) 3290, 3100. 3000. 2950. 2900.
1640. 1560. 1520. 1480. 1360, 1310, 1290, 1270, 1200,
1150, 950 cm™. 'H NMR (CDCls): §1.23 (t, 3H. J = 7.3
Hz), 2.38 (s, 3H). 3.43-3.33 (m. 2H), 6.24 (s, NH, D:O
exchangeable), 7.20 (d, 2H. J = 8.2 Hz). 7.66 ppm (d. 2H, J
= 8.2 Hz). "C NMR (CDCly): & 14.9. 21.4. 34.9, 1269.
129.1, 132.0, 141.6, 167.5 ppm. Elemental analysis caled.
for C1pHi:NO: € 73.59. H 8.03: N 8.58: found C 73.48. H
8.10. N 8.49.

N-Phenylcyclohexanamide (61). Mp 145-146 °C. IR
(KBr) 3260, 3200. 3150, 3100. 2950. 2870. 1670. 1600,
1560. 1510. 1500. 1460. 1350, 1330, 1300, 1260, 1210.
1190 em™. '"H NMR (CDCl3): & 1.20-1.31 (m, 3H). 1.47-
1.60 (m, 2H). 1.66-1.70 (m, 1H), 1.79-1.83 (m. ZH). 191-
1.95 (m. 2H). 2.18-2.29 (m, LH). 7.07 (t, 1H, J = 7.4 Hz),
728 (t, 2H, J = 8.3 Hz). 7.49 (s. NH, D-Q exchangeable),
7.33 ppm (d. 2H.J = 78 Hz) . *C NMR (CDCls): §25.6.
23.7.297. 465, 1199, 1241, 1289, 1382, 174.6 ppm.
Elemental analysis calcd. for CiaH,;sNO: C 76.81, H8.43. N
6.89: found C 76 .92. H 8.32. 6.97.

N-Ethyleyclohexaneamide (6m). Mp 96-97 °C (lit."* mp
84-88 °C). IR (KBr) 3330. 2950. 2880, 1630, 1560, 1460,
1400. 1340. 1270, 1230, 1160, 950. 920, 680 cm™. "H NMR
(CDCl3): 61.13 (t, 3H,J= 7.3 Hz). 1.18-1.32 (m, 3H). 1.37-
1.49 (m, 2H), 1.65-1.68 (m, LH). 1.76-1.87 (m. 4H). 2.00 -
2.11 (m. 1H). 3.23-3.32 (m. 2H). 53.39 ppm (D-O exchange-
able). *C NMR (CDCla): §14.9.25.7.258.29.7. 34.1. 45.6,
175.9 ppm. Elemental analysis caled. for CoH;70N: C 69.93,
H 11.04, N 9.02: found C 69.57, H 10.96, N 9.10.

N-Phenyl-2,2-diphenylacetamide (6n). Mp 166-168 °C.
IR (KBr) 3310, 3210, 3150, 3100. 3070. 1660. 1600. 1560.
1300, 1430, 1360, 1320, 1260. 1180. 1080, 1040 cm™'. 'H
NMR (CDCla): 63.07 (s, LH). 7.08 (t, |lH. J =74 Hz). 7.23-
7.37 (m. 12H), 7.40 (D-O exchangeable), 7.44 ppm (d. 2H. J
= 7.9 Hz). *C NMR (CDCl3): 660.1. 119.9, 124.5, 127.5,
128.9, 129.0. 137.2. 137.7, 139.1, 170.1 ppm. Elemental
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analvsis caled. for CapHisNO: C 83.59. H 5.96. N 4.87.
found C 83.61, H 6.01, N 4.90.

N-Ethyl-2,2-diphenylacetamide (60). Mp 134-135 °C [R
(KBr) 3330. 3060, 3040, 2990. 2890, 1640. 1600, 1530.
1490. 1480. 1450. 1360. 1320, 1220, 1060, 1020 cm™. 'H
NMR (CDCls): & 1.75(t. 3H. /= 7.2 Hz), 3.24-3.37 (n, 2H).
4.89 (s. 1H), 5.73 (s. NH, D-O exchangeable). 7.21-7.33
ppm (m, 10H). °C NMR (CDCls): §14.8, 34.7. 59.2. 127.2.
128.7. 128.9. 139.7. 171.7 ppm. Elemental analyvsis calcd.
for CioH7ON: C 80.30. H 7.16, N 5.85; found C 80.35. H
7.24,N 593,

N-Phenyloctaneamide (6p). Mp 50-31 °C IR (KBr) 3350.
3100. 2950, 2870, 1670, 1610, 1550, 1510. [480. 1460.
1400, 1320, 1310. 1260. 1200, 1120, 1080, 970, 900 cm™.
'H NMR (CDCl;): §0.88 (t, 3H,.J = 7.0 Hz). 1.22-1.38 (m.
8H), 1.70-1.77 (m, 2H), 2.34 (t. ZH..J=7.7 Hz), 7.28 (s. NH.
D-O exchangeabale), 7.30 (t, 3H../ = 83 Hz). 7.51 ppm (d.
2H,J=7.9 Hz). ®C NMR (CDCl;): §14.0. 22.6, 25.6, 29.0.
292, 31.7. 37.8. 119.8. 124.1, 129.0, 138.0, 171.4 ppm.
Elemental analysis caled. for CuH:ON: C 76.67. H9.65, N
6.39: found C 76.81, H 9.73, N 6.45.

N-Ethyloctaneamide (6q). Liquid. IR (KBr) 3330. 3120.
2960, 2900. 1660. 1560, 1480, 1390, 1280. 1160 cm™. 'H
NMR (CDCl;): 50.88(t,3H.J=69Hz), .13 (t. 3H./=73
Hz), 1.28-1.33 (m, 8H), 1.57-1.66 (m. 2H), 2.17 (t, 2H, /=
7.9 Hz), 3.23-3.32 (m. 2H). 6.27 ppm (s, NH, D-O exchange-
able). °C NMR (CDCly): §13.9, 14.7,22.5. 25.8.29.0. 29.2.
31.6, 34.2. 36.7, 173.3 ppm. Elemental analvsis caled. for
CwH;ON: C 70.12. H 12.36. N 8.18: found C 70.04. H
12.23. N 8.26.

N-Phenyl-2,2-dimethylcyclopropanecarboxamide (6r).
Mp 98-100 °C. IR (KBr) 3300, 3200. 3150. 3100. 3020.
2970. 2950, 2900, 1660, 1600, [540. 1500. [450. 1410.
1380. 1320, 1280. 1260. 1200, 1120, 1100. 1050. 990 cm™.
"HNMR (CDCls): §1.19-1.27 (m. 2H), 1.16 (s. 3H). 1.23 (s.
3H), 1.40-1.45 (m, 1H), 7.05 (t, IH,.J=7.0 Hz). 7.27 (t, 2H.
J=78Hz), 751 (d. 2H..J = 6.7 Hz), 7.67 ppm (s. NH, D.O
exchangeable). *C NMR (CDCls): & 18.7. 20.7, 22.7. 27.1.
300, 119.7. 123.8. 1289, 1384, 170.1 ppm. Elemental
analysis caled. for CiaH:NO: C 76.16. H 7.99. N 7.40:
found C 76.22. H8 08 N 7.51.

N-Ethyl-2,2-dimethyleycloproanecarboxamide  (65).
Liquid. IR (KBr) 3340, 3100, 2980. 2900, 1660. 1560. 1460,
1390, 1290, 1240. 1160. 1130. 1100. 980. 880 e¢m™. 'H
NMR (CDCls): §0.67-0.72 (m, 1H). 1.12 (s, 3H), L.11-1.16
(t, 3H. /=73 Hz), 1.17 (s, 3H). 1.21-1.27 (m, 1H), 3.25-
3.34 (m. 2H). 5.82 (s. NH. D-O exchangeable). °C NMR
(CDClLs): & 15.1, 187, 199. 21.1, 27.1. 29.0. 345, 1713
ppm. Elemental analvsis caled. for C:H;sON: C 68.04. H
10.71. N 9.92: found C 68.11. H 10.64. 10.10.

N-Phenylfuran-2-carboxamide (6t), Mp 122-123 °C
(lit.'"® mp 123-124 °C). IR (KBr) 3280, 3150, 3050. 1660.
1600. 1580, 1520, 1500, 1480, [440. 1380. [320. 1310.
1270. 1230, 1170. 1120. 1080. 1010. 940. 910 ¢m™. 'H
NMR (CDCls): §6.51-6.53 (in, 1H), 7.13 (t. LH. /=74 Hz).
7.21 (d, lH./=3.5Hz). 734 (t, 2H. /= 84 Hz), 7.47-7.48
(m. 1H). 7.65 (d. 2H. J = 8.7 Hz). 8.19 (s. NH. D:O ex-
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changeable). *C NMR (CDCls): §112.6, 115.3, 120.0. 124.6,
129.1, 1374, 144.3, 147.8. 156.2 ppm. Elemental analysis
caled. for C11HoON: C 70.58, H 4.85. N 7.48; found C 70.67,
H4.79. N 7.53.

N-Ethylfuran-2-carboxamide (6u). Liquid. IR (KBr)
3350. 3150. 3100. 3020. 2970, 2900, 1660, 1600, 1590,
1540. 1490. 1460. 1400. 1320. 1240. 1200 cm™'. '"H NMR
(CDClz): 61.23 (t, 3H,J = 7.3 Hz). 3.41-3.530 (m, 2H). 6.47-
6.48 (m, 1H). 6.60 (s, NH, D:O exchangeable). 7.09 (d. 1H,
J =335 Hz), 742 ppm (t. IH. J = 1.0 Hz). '’C NMR
(CDClz): 6 14.8, 34.0. 112.0. 113.8. 1437, 148.1, 1584
ppmt. Elemental analysis caled. for C;HoON: C 6042, H
6.52. N 10.07; found C 60.37. H 6.59. 10.16.

N-Phenylferrocene-2-carboxamide (6v). Mp 206-207
°C. IR (KBr) 3300, 3100. 1640, 1600. 1520, 1460, 1430.
1380. 1310, 1300, 1260. 1240, 1130, 1020. 1000, 900 cm™’.
'"HNMR (CDCl3): 64.25(t, SH.J=4.0Hz). 442 (t. 2H,J =
1.9 Hz), 4.78 (t, 2H. /= 1.9 Hz). 7.12 (t. 1H, J = 4.7 Hz),
7.36 (t, 2H, J = 8.3 Hz). 7.39 (s. NH, D-Q exchangeable),
7.59 ppm (d. 2H, J = 7.6 Hz). '>°C NMR (CDCl;): §68.3.
69.9, 708, 76.3. 1198, 124.0, 129.1, 138.2. 168.5 ppm.
Elemental analysis caled. for CisH:NQFe: C 66.91. H 4.95,
N 4.59; found C 67.02. H 5.02. N 4.64.

N-Ethylferrocene-2-carboxamide (6w). Mp 157-159 °C.
IR (KBr) 3310, 3120, 3000, 2960. 1640. 1560. 1480. 1430.
1400. 1320, 1240, 1200. 1160, 1120, 1070. 1040 cm™. 'H
NMR (CDCls): §1.23 (t, 3H.J= 7.2 Hz), 3.42 (m. 2H), 4.20
(s, SH). 433 (t, 2H, J = 7.2 Hz). 4.66 (t, 2H. J = 19 Hz),
5.72 ppmt (s. NH. D-O exchangeable). '*C NMR (CDCly): 8
15.3. 344, 68.0. 69.7. 70.3, 76.4. 170.1 ppm. Elemental
analysis caled. for C);HisONFe: C 60.73, H 5.88, N 5.45;
found C 60.82. H 5.94, 5.52.

Typical procedure for amidation of carboxylic acid
with a mixed amines {or bifunctional amine). A solution
of benzoic acid (7, 1 equiv.). a mixed amine (1:1 equiv.),
potassium carbonate (1.1 equiv.), coupling agent 3a (1.5
equiv.) and THF (30 mL) was stirred at room temperature
until carboxylic acid disappeared by TLC monitoring. After
filtering the mixture. the solvent was evaporated under
reduced pressure. The resulting residue was applied to the
top of an open-bed silica gel column (2.3 X 10 ¢cm). The
column was eluted with ethyl acetate/methylene chloride
(L:4. v/v). Fractions containing the amide were combined.
and evaporated under reduced pressure to give the amide.
And fractions containing pyridazinone derivative were
combined. and evaporated under reduced pressure to give
pyridazinone derivative.

N-Ethylbenzamide (8a). Liquid. IR (KBr) 3330, 3100,
3000, 2950, 2900, 1650, 1620, 1560, 1300. 1460. 1390,
1370, 1320. 1060. 1120, 1040 ¢cm™. '"H NMR (CDCla). &
1.89(t.2H,J=73Hz).3.42(q.2H,J=7.1. 7.0Hz), 7.33 (1,
2H.J=7.1Hz), 743 (t. IH, J= 7.3 Hz). 749 (s. NH, D-O
exchangeable). 7.77 ppm (d. 2H. J = 7.2 Hz). “C NMR
(CDCls): 614.6.35.1.127.1. 128 4, 131.4. 134.1. 168.2 ppm.
Elemental analysis caled. for CoHi(ON: C 72.46. H 743. N
9.39; found C 72.56. H 7.38, N 9.43.

N-Cyclohexylbenzamide (8b). Liquid. IR (KBr) 3350.
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1660. 1600, 1530. 1500, 1440. 1320. 1260, 750. 720. 690
em™'. 'H NMR (CDCl;): &1.14-1.42 (m. 5H). 1.60 (1.65 (m.
1H), 1.70-1.77 (m, 2H), 1.99 (d, 2H. J = 12.0 Hz), 3.90-4.00
(m, LH). 6.35 (D-O exchangeable), 7.35-7.48 (m. 3H), 7.76
ppm (d, 2H, J = 7.9 Hz). '°C NMR (CDCly): §25.0, 25.5.
331,487, 1269, 128.4. 131.2, 135.1, 166.7 ppm. Elemental
analvsis caled. for Ci:HjmON: C 76.81. H 843, N 6.89:
found C 76.90, , H8.49, N 6.82.

N-Phenylbenzamide (8c). Mp 144-145 °C (lit."” mp 134-
135 °C). IR (KBr) 3270. 3100. 2970, 2900, 1640, [580.
1500. 1470. 1350, 1320, 1280. 1100, 720 cm™. 'H NMR
(CDCls): 67.15 (t. IH,J= 7.4 Hz), 736 (t. 2H..J = 8.3 Hz).
7.44-7.54 (m. 3H). 7.64 (d. 2H. J=7.6 Hz), 789 (d, 2H,/ =
6.9 Hz). 7.92 ppm (s. NH. D-O exchangeable). *C NMR
(CDCl:): §120.3, 124.6. 127.1, 1288, 129.1. 131.8, 135.0.
137.9. 165.8 ppm. Elemental analvsis caled. for Ci;HiON:
C79.16. H3.62, N 7.10: found C 79.09, H 5.68, 7.17.

N-Phenylethylbenzamide (8d). Mp 118-120 °C (lit.” mp
119-120°C) IR (KBr) 3360, 3070, 3050, 2950, 1650, 1610,
1380. 1550. 1500, 1490. 1460, 1320. 1300, 1200. 760. 720
em™. 'H NMR (CDCls): §2.93 (t. 2H. /= 6.9 Hz), 3.71 (q.
2H.J/J=6.1, 6.1 Hz). 6.24 (s. NH, D-O exchangeable),. 7.22-
7.26 (m, 3H). 7.30-7.42 (m, 4H). 7.47 (t. |H, J =7.2 Hz).
7.79 ppm (d. 2H. J =6.9 Hz) . *C NMR (CDCL); §35.7.
41.2, 126.6. 126.8, 128.6. 128.7. 1288, 131.4. 134.7, 138.9.
167.5 ppm. Elemental analvsis caled. for CsHisON: C
79.97. H6.71, N 6.22; found C 80.06, H 6.67. N 6.28.

S-Phenyl benzothiate (8e). Mp 63-65 °C (lit."” mp 64-66
°C). IR (KBr) 3090, 1740, 1680. 1600. 1490, 1440, 1260.
1200. 1180, 1060. 1040, 900. 760. 690 cm™. '"H NMR
(CDClz): 67.43-7.54 (m. 7H). 7.60 (t. 1H.J= 7.3 Hz). 8.03
ppm (d. 2H..J = 7.1 Hz). "C NMR (CDCl:): §127.5. 128.6.
128.8. 1293, 1296, 130.2. 1337, 1351, 190.2 ppm.
Elemental analysis caled. for C;HiSO: C 72.87. H 4.70:
found C 72.95, H4.76.

N-(4-Hydroxyphenyl)benzamide (8f). Mp 222-224 °C
(lit>" mp 223-225°C. IR (KBr) 3410. 3350. 1660. 1620.
1600. 1360, 1530, 1450. 1340, 1260, 12401120, 840 cm ™",
"H NMR (CDCls): §3.27 (t. 2H. J = 6.3 Hz). 3.34 (5. OH.
D-O exchangeable). 3.84 (t, 2H,.J=6.2 Hz). 741 (t. 2H, /=
74 Hz). 734 (t. IH. J=75Hz). 795 ppm (d. 2H.J=7.1
Hz). ¥C NMR (CDCL): §31.7. 61.6. 127.3, 128.6, 133.6.
136.8. 192.3 ppm. Elemental analysis caled. for C,3H;;NO-:
C7323.H3520,N6.57:. found C 73.31, H5.24, N 6.62.

Typical procedure for synthesis of dipeptides. A solu-
tion of N-BOC-L-phenylalanine (9. 2.3 mmol. 1 equiv.).
coupling agent 3a (3.75 mmol. 1:3 equiv.). triethylamine
(7.5 mmol. 3 equiv)). O-methyl-a-aminocarboxylate hydro-
chloride 10 (2.8 mmol, 1.1 equiv.) and methanol (30 mL)
was stirred at room temperature until compound 9 dis-
appeared by TLC monitoring. After filtering the mixture, the
solvent was evaporated under reduced pressure. The result-
ing residue was applied to the fop of an open-bed silica gel
column (3.3 x 16 cm). The column was eluted with ethyl
acetate/m-hexane (1:1. v/v). Fractions containing the di-
peptide were combined. and evaporated wnder reduced
pressure to give the peptide 11. And fractions containing
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pyridazinone derivative were combined. and evaporated
under reduced pressure to give pyridazinone denvative.

N-BOC-Phe-Leu-O-Me (11a). Mp 91-93 °C. [dp =
+ 42.85% IR (KBr) 3345, 3340, 3100. 2990. 2900, 1760,
1700. 1660. 1550. 1460. 1440, 1400, 1380, 1280, 1260,
1180 em™. '"H NMR (CDCls): d 0.90 (t. 6H. J = 5.6 Hz).
141 (s, 9H), 1.44-1.61 (m. 3H). 3.07 (d. ZH. J = 6.7 Hz),
3.69 (s, 3H), 435 (d. IH, J = 7.0 Hz), 4.53-4.6] (m, 1H),
5.02 (bs, NH. D:O exchangeable). 6.29 (d, NH. D:O
exchangeable). 7.20-7.32 ppm (m. 5H). *C NMR (CDCl;):
621.7,227,24.5.282. 38.1. 41.5, 50.7, 32.2. 80.2. 126.9.
128.6, 1294. 136.6. 1554, 171.0, 172.8 ppm. Elemental
analysis caled. for CojH:N-Qs: C 64.26, H 8.22. N 7.14:
found C 64.33. H 829, N 7.21.

N-BOC-Phe-Phe-O-Me (11h). Mp 119-121 °C. [a]p =
—7.10° IR (KBr) 3350. 3340, 3080, 3050. 3000. 1750, 1700.
1670. 1530. 1500. 1450. 1390, 1370, 1350, 1300, 1250,
1220. 1170. 1040. 1020. 1010, 860. 750, 700 cm™. "H NMR
(CDClz): 6 1.39 (s. 9H). 2.98-3.09 (m, 4H), 3.66 (s, 3H),
4.33 (s. NH. D:O exchangeable), 4.78 (q. lH. J = 6.9. 6.1
Hz), 5.00 (s. NH. D-O exchangeable). 6.37 (d, |H.J =74
Hz). 6.97-7.00 (m. 2H). 7.17-7.31 ppm (m. 8H). *C NMR
(CDClz): 6 28.2, 38.0. 38.3. 32.3. 53.3. 53.7, 802, 127.0,
127.1, 128.7. 129.2. 129.4. 135.7. 136.6, 1533, 1708, 171 4
ppm. Elemental analysis caled. for C23H:oNxOs: C 67.59. H
7.90.N 6.57. found C 67.69. H7.84, N 6.61.

N-BOC-Phe-Tip-O-Me (11c). Mp 160-162 °C. [dp =
—8.30° IR (KBr) 3420. 3400, 3280, 1750. 1690. 1670, 1520.
1490. 1450, 1440, 1300. 1240. 1160, 640 cm™. "H NMR
(CDClz): 61.34 (s, 9H). 3.02 (m. 2H). 3.23 (m. 2H), 3.59 (s,
3H). 4.37 (s. NH. D-0O exchangeable), 4.86 (q. |H. /=74
Hz). 5.04 (d, |H.J =79 Hz), 6.54 (d, |H. J= 7.8 Hz), 6.84
(d. IH. J =74 Hz). 7.04 (t, |H. J=7.5 Hz), 7.12-7.30 (m,
7H). 7.36 (d, NH, D:Q exchangeable). 8.30 ppm (s. NH,
D-0 exchangeable). *C NMR (CDCls): §27.7. 28.2. 384,
523, 53.1. 604, 80.1. 109.5. 1114, 1184, 1195, 122.1,
123.1. 1269, 127.5. 128.6, 1294. 1362, 136.6. 155.3, 171.0.
171.9 ppm. Elemental analysis caled. for CxHaN3;Os: C
67.08. H6.71. N 9.03: fond C 67.17. H 6.79. N 8.97.
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