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Abstract

New Heteroaromatic Chemistry

The current literature for the synthesis of pyrazole derivatives has been reviewed.

A silver nitrate-induced 5-endo-dig approach to pyrazolines and pyrazoles is discussed. A brief
review of the 5-endo-dig cyclisation is included. The propargylic hydrazine precursors are
synthesized by four different routes. The key step for the first route is a Mitsunobu reaction of
propargylic alcohols with hydrazine derivatives. A short review of the Mitsunobu reaction is
also included. The second route applied is a nucleophilic attack onto imines by lithium
acetylides followed by electrophilic N-amination of the resulting propargylic amine with a
oxaziridine. The third route involves N-nitrosation of a propargylic amine and subsequent
reduction of the nitroso functional group. The final route is a simple nucleophilic substitution of
propargyl bromide with hydrazine. Oxidation of pyrazoline to pyrazole and iodination of
pyrazole have also been briefly studied. Two examples of 5-endo-dig iodocyclisation and one
example of palladium-induced S-endo-dig cyclisation are also reported.

Current literature for pyrrole acylation has been reviewed. Representative 2-aryl-N-
tosylpyrroles were synthesized by Suzuki coupling of 2-bromo-N-tosylpyrrole and arylboronic
acids. A brief review of Suzuki coupling reaction is included. A new method for the acylation
of N-tosylpyrroles using carboxylic acids and trifluoroacetic anhydride is discussed. When
applied to af-unsaturated acids, a in situ Nazarov cyclisation follows acylation to give
cyclopenta[b]pyrrol-6(1 H)-ones. The Nazarov cyclisation is reviewed. N-Detosylation of
acylpyrroles has been briefly examined. A study towards the construction of the macrocyclic

core of roseophilin by the new pyrrole acylation strategy is discussed.
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Chapter 1-Introduction

About this thesis.

The initial idea of the project was to study the syntheses of pyrazole derivatives via a 5-endo-
dig iodocyclization, based on previously successful approaches to iodofurans' and iodopyrroles?
developed by the Knight group. However, it was soon changed to the silver nitrate-induced 5-
endo-dig cyclization approach to such compounds, due to the finding of the remarkably
efficient cyclization of the unprotected propargylic hydrazine 1 (R* = H), Figure 1.1, and the

catalytic usage of the metal.

3
R “N-NHR?
1
R %
R2
1

R'= alkyl, aryl, H; R%’= alkyl, aryl, H; R’ = alkyl, allyl, Ts, BnOCO; R*= H, Boc.
Figure 1.1  propargyl hydrazine
The second part of the thesis, the pyrrole acylation chemistry, was initially planned only to
obtain some more data for a publication. However, due to some excellent results, especially the
formation of cyclopenta[b]pyrrole-6-one 2, Figure 1.2, when the pyrrole acylation was carried
out using a, B-unsaturated acids, this became a central part of the thesis. The chemistry was
further developed to construct the macrocyclic core of roseophilin 3, Figure 1.3.
R2

74 \ R3
1
R N
R 0
2
R =H, Ts, MeO,C; R!= H, Me, Ph; R?= Me, Ph, H; R}= Me, H.

Figure 1.2  cyclopenta[b]pyrrole-6-one

Figure 1.3  roseophilin
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Chapter 1

Introduction

1.1  Importance of pyrazole derivatives.

Until now, only very few naturally occurring pyrazole derivatives® have been discovered. For
example, withasomnine (4)*° was isolated from the roots of Indian medicinal plants, Withania
somnifera and L--pyrazolylalanine (5)° is found in the seeds of many species of cucurbitaceae.
It was subsequently demonstrated® that pyrazole itself is present in watermelon seeds in a
concentration of 280 to 410 pg g™, depending on the variety.

Ph
B @N Q\N

,

N CH,CH(NH,)COOH H
4 5 6
Figure 1.4

It seems that the evolution of organisms has produced few enzymes which can cause formation
of an N-N bond. However, many synthetically produced pyrazoles’ are biologically active.
Celecoxib (7)’*® is a COX-2 inhibitor for the treatment of chronic inflammatory disease like
rheumatoid and osteo-arthritis, while pyrazole 8° was identified as an inhibitor of methionyl-
tRNA synthetase. Recently, pyrazole derivatives such as tris-(pyrazolyl)methane (TPM) 9 and
the isoelectronic tris-(pyrazolyl)borate (TPB) 10 have raised a lot of interest in the field of
coordination chemistry,'® especially as useful ligands in the Suzuki reaction. !

Cl Cl
@E -N
ON,N\ N\\ CO,H
CF3 cl O

H,NO,S
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H

H
= B /=
AR AR
e "N
=N =N
9

Figure 1.5

1.2 Previous syntheses of pyrazole derivatives.

There have been many reviews on the structure, properties, syntheses and chemistry of pyrazole
derivatives,®'? before the appearence of Chapter 3 of Comprehensive Heterocyclic Chemistry
in 1996, dealing with pyrazole chemistry. Since then, hundreds of papers have been published
about the synthesis of pyrazole derivatives, although only very few of these feature really new

éhemistry.
1.2.1 Reaction of hydrazines with f-bifunctional reagents.

This might be the most general approach for the synthesis of pyrazole derivatives. S-Diketones,
p-keto-esters and f-ketonitriles have been utilised as starting reagents for the synthesis of

79,116, 1340 55 shown in Schemes 1.1 - 1.3.

5 Q|
-N

N \
Cl O CO,Et PANHNH, __y—CO,Et

11 12

pyrazole derivatives,

Scheme 1.1
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L,

O O NO,

o
o
Y
o
z
£

13 14
Scheme 1.2
Q NH,NH e
2NH, =
o O /UNH
Ph N
15 16

Scheme 1.3

Armstrong et al. reported a one-pot pyrazole synthesis recently (Scheme 1.4).*' Electrophilic
amination of aniline with an oxaziridine afforded the corresponding N-Boc hydrazine; the
amination reaction mixture was then washed with saturated aqueous sodium bicarbonate and the
aqueous layer removed with a pippet before the sequential addition of solid magnesium sulfate,
trifluoroacetic acid and the 1,3-diketone. Evaporation of the reaction mixture and filtration on

silica then afforded the pyrazole 17 in 59% overall yield.

O-NBoc

©/NH2 a. EtO,C” "CO,Et DCM, rt, 72h Ph,
: > N—-N

b. NaHCO; (aq) then MgSO, \A)\/
c. TFA, 1, 0.5h

(0] O 17
oA e
Scheme 1.4

The reactions reported above are not always so simple and straightforward as they might first
appear. Unless hydrazine itself or symmetrical diketone is used, then more than one isomeric
pyrazole derivative is expected to be formed. However, in many cases only one isomer proved

to be the reaction product. For example, reaction of the 1,3-diketone 18 with (4-sulfamoyl-
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phenyl)hydrazine gave a mixture of the 1,3-diarylpyrazole 19 and 1,5-diarylpyrazole 20, which

could be separated by flash chromatography (Scheme 1.5).¢

SO,NH, HNOLS
0 o Q
N N’N
a -
F
F
18 19 20

Scheme 1.5 Reagents and conditions: (a) (4-sulfamoylphenyl)hydrazine-HCl, EtOH, reflux.

The two component synthesis is generally conducted in acidic medium and the ratio of the two
regioisomers is affected by different acids and solvents. Singh et al.® studied the reaction
conditions affecting the regioselectivity during the formation of 1,5-diarylpyrazoles 21 from
hydrazines and 1,3-diketones 23 and found that treating the arylhydrazine chlorides with excess
triethylamine could improve the regioselectivity greatly (Scheme 1.6). Thus, heating
arylhydrazine hydrochlorides with 1-aryl-1,3-diketones 23 in ethanol afforded a ~ 60:40 non-
separable mixture of the 1,5-diarylpyrazoles 21 and 1,3-diarylpyrazoles 22; however, basifying
the ethanolic solution of the arylhydrazine hydrochlorides using 3-5 equivalents of
triethylamine before heating it together with the 1,3-diketones gave 1,5-diarylpyrazoles 21 with
excellent regioselectivity. Improved regioselectivity and yield were obtained by using the

arylhydrazine instead of the hydrazine hydrochloride salt.

Arl Arl
N-N N N-N
AN RN\
60% 40%
}
o 0
A#JL\/ﬂ\R
23
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¢ii or iii

Arl Arl
N—w + N—w
21 22
96-99% minor/not detected

Scheme 1.6  Reagents and conditions: (i) ArlNHNHz-HCI, absolute ethanol, 50-60 °C, 4-5 h;
(ii) Ar'NHNH,'HCI, TEA, absolute ethanol, 50-60 °C, 4-5 h; (iii) Ar'NHNHS,, absolute ethanol,
50-60 °C, 4-5 h.

1.2.2 Reactions of hydrazines with Michael acceptor.

A variety of pyrazole derivatives have been synthesized by this method.**” For example,
reaction of hydrazine with a,f-unsaturated nitrile 24 leads to the formation of the 3-

aminopyrazole 25 very efficiently, as shown in Scheme 1.7.

CN HN—N
p— NHNH, S)\NH
EtO CN - 2
CN
24 25
Scheme 1.7

In 1989, Jungheim™ reported the synthesis of pyrazolidinones 27 and 29 by condensing
anhydrous hydrazine with substituted acrylates 26 and 28 (Scheme 1.8).
0]
CO,Et NoH,4 /\&
/\[r 29% i
NH
26 27
OH on 9
CO,Et NoH, NH
73% NH
28 29
Scheme 1.8
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I 75

Later in 2003, Kim et al™” reported the regioselective synthesis of a series of 1,3,4,5-

tetrasubtituted pyrazoles 31 from the reaction of Baylis-Hillman adducts 30 and hydrazine

hydrochlorides.
R .
OH © NI oH N “SNen
R)w)kR, S R&(‘\R, R%R, Rﬁ(\\R'
30 31 32 33

Scheme 1.9  Reagents and conditions: (i) R”’NHNH,-HCI, CICH,CH,Cl, 50-70 °C, 6-72 h,
48-93%.

The results obtained are different from those reported by Jungheim above. The authors reasoned
that the first step of the mechanism involved the formation of the hydrazone derivatives 32,
which is a well accepted intermediate of one of the two possible mechanistic pathways; ®"’

abid-catalyzed cyclization then gave 33, and subsequent 1,3-hydrogen transfer gave the

pyrazoles 31.
1.2.3 Syntheses from hydrazones and hydrazonyl halides.

Haddad and co-workers’®” have reported the synthesis of pyrazoles from reaction of N-arylated
benzophenone hydrazones and 1,3-diketones, fS-ketoester or cyanoketones. Thus, a transhydra-
zonation reaction between hydrazone 34 and 4,4-dimethyl-3-oxopentanenitrile followed by
cyclization lead to the pyrazole 35 (Scheme 1.10). When applied to unsymmetrical diketones,
however, this approach also suffered a regioselectivity problem. For example, a mixture of
pyrazoles 37 and 38 was obtained in 5 : 1 ratio, respectively in 82% total yield from reaction of

hydrazone 36 and 1-phenylbutane-1,3-dione.

0
CN
S N-N=( > NN
| Ph TSOH/EtOH | NH
N 81% yield N> 2
34 35
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0o o Ph
w oo A N=> N=
N-N=( > N N/

Ph TSOH/EtOH +
Reflux, 16 h Ph
82% yield
36 37 38
Scheme 1.10

The reaction of hydrazonyl halides with active methylene reagents was reported long ago to
yield pyrazole derivatives."> Similarly, hydrazonyl halides react with enamines,
organomagnesium compounds and acetylenic compounds to yield pyrazoles. These reactions
have been reported by Shawali et al..}"®> Matsumura et al.*® reported the reactions of the 1,4-
dianion of acetophenone N-ethoxycarbonylhydrazone with carbonyl compounds such as esters,
acyl chlorides and amides to give pyrazole and pyrazoline derivatives in good yield.

Kitane er al® reported the cycloaddition of diphenylnitrilimine with the 1,2-

dihydronaphthalene 39 to give a mixture of compound 40 and 41 (Scheme 1.11).

Oremr D 01
e O - U
EtsN (CgHs) -
R R
40 41

R
39

1) R = H, 40a (80) + 41a (20), 75% yield;
2) R = Me, 40b (84) + 41b (16), 70% yield;
3) R = Ph, 40¢ (80) + 41c (20), 50% yield.

Scheme 1.11
1.2.4 Syntheses from diazo compounds.
The reaction of diazo compounds with olefins and acetylenes is a well established route for the

synthesis of pyrazole derivatives.*'***° Thus, [1,3]-dipolar cycloaddition of tributyl-(3,3,3-

trifluoro-1-propynyl)stannane 42 with diazomethane proceeded smoothly at 0 °C to give the
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pyrazole 43 in 70% yield, which itself could participate in Stille couplings to introduce a

functional group at the 5-position (Scheme 1.12).

FiC

CH,N./ether ( \\
F3C — SnBu3 e > / /N

0°C Bu;Sn H
42 43

Scheme 1.12

90,96

A variety of multiple bond systems have been employed in the same way, as shown in

Scheme 1.13.

O\ 0
=\ CH2N2 \S/
_/302 _—
— N=N N=N
44 45

Scheme 1.13

Recently, Aggarwal et al.”” have reported a one-pot method for the preparation of pyrazoles by
[1,3]-dipolar cycloaddition of in situ generated diazo compounds. Thus, condensation of
tosylhydrazine with benzaldehyde followed by treatment with an aqueous solution of sodium
hydroxide led to a solution of benzaldehyde tosylhydrazone sodium salt, which upon warming
to 50 °C, gave a reddish solution of phenyldiazomethane. Prior to warming the reaction mixture,
phenylacetylene was added and the desired 3,5-diphenylpyrazole 46 was obtained in 61% yield
as a single regioisomer (Scheme 1.14). Yields were generally between 19% and 67% for the

preparation of other pyrazoles from the corresponding aldehydes and alkynes.

E+ = ) N-NH
50°C,48h Ph/%Ph

46

(i) TSNHNH,
MeCN, it, 3'h_

ph) (iiy 5M NaOH

Ph

Scheme 1.14
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1.2.5 Syntheses via intramolecular cyclization.

One obvious advantage of intramolecular reactions is to avoid the formation of regioisomers.
However, reports of intramolecular approaches to pyrazole derivatives are rare.”® Shen and
Katayama showed that the intramolecular cyclization of aldehyde-hydrazone 47 in the presence

of a Lewis acid led to the pyrazole 48 (Scheme 1.1 5)%.

©\/>-\\ NbCly DMF

N e} >
rll THF, reflux, 1 h N =
ﬁ 63-73% ‘N=
R R
47 48
Scheme 1.15

Tiecco et al.'® ' have studied the phenylselenenyl sulphate-induced 5-endo-trig cyclization of
allylhydrazines as an approach to pyrazole derivatives. Thus, the reaction of cinnamyl
phenylhydrazine 49 with a solution of diphenyl diselenide, ammonium persulfate and

trifluoromethanesulfonic acid in acetonitrile at room temperature afforded pyrazole 50 in 62%

yield (Scheme 1.16).

PhSeSePh
N\ (NH9;8208 {7\
Ph/ \NH2 Ph MeCN = Ph” \N Ph
49 S0
Scheme 1.16

Under the same experimental conditions, however, the reaction of cinnamyl hydrazine 51 gave
a mixture of pyrazolidine 52 (10%), pyrazoline 53 (25%) and pyrazole 54 (33%), respectively
(Scheme 1.17).

PhSeSePh SePh SePh
/ \ (N H4)23208 / S /—S
HN, “MeCN N7 Ph

H2 Ph
51 52 54
Scheme 1.17

10
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1102 reported a selenium-induced S5-exo-trig cyclization of

Similarly, in 2001, Paulmier et a
homoallylhydrazines for the synthesis of pyrazolidine and pyrazoline derivatives. The
homoallylhydrazine substrates were treated with phenylselenenyl bromide (1.5 eq) in
acetonitrile in the presence of sodium carbonate. As indicated in Schemes 1.18 - 1.20, the
composition of the products depended on the homoallylhydrazine substrates used. In the case of
homoallylhydrazines 55 and 58, a mixture of pyrazolidine 56 or 59, pyrazoline 57 or 60 and 10-
50% of the starting substrates were obtained. When homoallylhydrazine 61 was used, 1-phenyl-
2-pyrazoline 62 was the only product obtained, and no trace of the corresponding pyrazolidine

was detected. It was also indicated that treatment of substrates 55 or 58 with an excess of

selenium reagent (3 eq) produced the corresponding pyrazoline 57 or 60 in good yields.

Y SePh SePh
1‘(—/ PhSeBr (1.5eq) [(\ [(\ e
R o N-CcOoOEt + \N'N\COOEt

NHNHCOOEt MeCN, Na,COg, rt R ” R!
55 56 57
Scheme 1.18

/ SePh
R1>(—/ PhSeBr (1.5 eq) _ R1><_(\ R1><_(\Seph
N~COOEt + N

2
R NHNHCOOEt MeCN,Na;COs it RN RN

58 59 60
Scheme 1.19 (R? # H)

/
1-(—/ PhSeBr (1.5 eq) [( SePh
R .
NHNHPh MeCN, Na,CO3, rt R! \N'N\Ph
61 62

Scheme 1.20

11



Chapter 2—Results and discussion

Chapter 2

Results and Discussion — Silver nitrate-induced S-endo-dig cycliza-

tion for the syntheses of pyrazole derivatives.

2.1  Introduction — the 5-endo-dig cyclisation.

In 1976, Baldwin'® reported his empirical rules for predicting the relative facility of ring
forming reactions. He used a simple system to classify cyclisation reactions according to: (1)
the ring size being formed; (2) whether the bond that breaks as the ring formed is inside (endo)
or outside (exo) the new ring; and (3) whether the electrophile is an sp (digonal), sp’ (trigonal)
or sp° (tetrahedral) atom. Thus, a 5-endo-dig cyclisation means that the ring being formed has
five members; the breaking bond is inside the new ring (endo); and the carbon being attacked is

a digonal atom (dig), as indicated in Figure 2.1.

|/\

X

7O

Figure 2.1  5-endo-dig cyclisation

The 5-endo-dig cyclisation is favoured according to Baldwin’s rules, but has scarely been
reported in the literature. In 1996, Bew and Knight'® reported that the 5-endo-dig
iodocyclisation of alk-3-yne-1,2-diols 63, followed by in situ dehydration, gave f-iodofurans 64
in good yield (Scheme 2.1). This work was a logical extension to the work on 5-endo-trig
iodocyclisation of homoallylic alcohols to give iodotetrahydrofurans and of homoallylic
sulfonamides to give iodopyrrolidines previously developed within the group.

I

HO
=—R?

63 64

Scheme 2.1

12



Chapter 2—Results and discussion

Following on from this, the 5-endo-dig methdology was extended to B-iodopyrroles. In 1998,
Knight and Redfern®®% reported that homopropargylic sulfonamides 65 undergo 5-endo-dig
iodocyclisations to give excellent yields of 2,3-dihydropyrroles 66, using three equivalents of
iodine and three equivalents of base (Scheme 2.2). These can then undergo base-induced

elimination to the corresponding f-iodopyrroles 67.

AN | |
A
TSHN ~CO,Me coMe R N COMe
65 66 67

Scheme 2.2 Reagents and conditions: (i) I, K,CO; (3 equiv. Each), dry MeCN, 0-20 °C, 14 h;
(i) DBU (2.1 equiv.), DMF, 20 °C, 14 h.

In 2000, Carreira et al.'® reported a 5-endo-dig cyclisation of propargylic N-hydroxyamines 68
td give 2,3-dihydroisoxazoles 69 (Scheme 2.3). This cyclisation was achieved using 10 mol %
each of zinc iodide and 4-dimethylaminopyridine.

0,
Bn. _OH Znl, (10 mol%)

N DMAP (10 mol%) B“\N_o
1 CH,CI
R J\Rz 2vi2 R1/V\R2
68 69

Scheme 2.3

So, can we use a 5-endo-dig iodocyclisation on substrates 70 to give compounds 71 as shown in

Scheme 2.4?
X/Y—H ) X_Y
— y
R1)\ | R1J\)\R2
\ 2
R ' X,Y=NH, O
70 71

Scheme 2.4

13
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Other groups have used related ring closing reactions and in 1993 Marshall and Dubay'?
reported a base-catalysed cyclisation of f-alkynyl allylic alcohols 72, with subsequent
isomerization to form furans 73 (Scheme 2.5).
R1 Rz R2
N _tBuOK [(
t-BuOH R o R
HO™ “R3 18-C-6
72 73

Scheme 2.5

McDonald ef al.'® reported a molybdenum pentacarbonyl-trimethylamine promoted cyclisation
of 1-alkyn-4-ols 74 to the isomeric 2,3-dihydrofurans 75 in 1993 (Scheme 2.6); the catalyst was

formed by reaction of molybdenum hexacarbonyl, triethylamine N-oxide (TMNO) and

triethylamine.
OH Mo(CO)s, TMNO_ ¢ o
R _ ., E6N.ELo U
74 75
Scheme 2.6

Rutjes ef al.'”" reported that pyrroline 77 could be obtained in 51% isolated yield, by exposing
the cyclisation precursor 76 to bis-(acetonitrile)-dichloropalladium(Il) in refluxing acetonitrile

for two hours (Scheme 2.7).

y PACIp(MeCN), / o
MeCN, reflux, 2 h #s Me
MeO,C~ NHTs
76 77
Scheme 2.7

In 1994, Overhand and Hecht'® reported a S-endo-dig mercury-induced cyclisation to
synthesise the natural product (+)-preussin 80 (Scheme 2.8). The cyclisation of the ynone 78

was achieved with mercuric acetate in nitromethane to give a good yield of the intermediate 79.
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O. HgCl HO

]

1. Hg(OAc),

Y ONL T Aoaam o o L)

AN 2. NaCl N CgH19 N CQH19
NHBoc CgHiq CeHs éoc |

78 79 80

Scheme 2.8

Knight and Sharland'® surveyed a range of transition metal salts for catalysing the cyclisation
of ynoates 81 (Scheme 2.9). These were carried out by heating the ynoates 81 with a
stoichiometric amount of a metal salt in a 1:1 mixture of ether and pyridine in sealed tubes at 90
°C. Copper(I) acetate, dichloro-bis(triphenylphosphine)palladium(II), palladium(II) acetate and
mercury(II) acetate had been employed, and copper(I) acetate was found to be the best catalyst
for the formation of hydroxyl-dihydropyrroles 82 from ynoates 81 by comparing the efficiency,

cost and toxicity. In each case, a small amount of the pyrrole 83 was also formed.

Ho_ R? (,).:1;2 R?
R! NHTs R' ¥ ‘CO,Et R °N CO,Et
s Ts
81 82 83
Scheme 2.9

When silver nitrate was applied, the result was amazing - the cyclisation could be carried out at
ambient temperature with sub-stoichiometric amounts of the catalyst to give the products 82 in

excellent yields.''® The high efficiency of the silver-catalyst was also reported by Marshall''!

for the synthesis of furan derivatives and Rutjes for the synthesis of proline derivatives.''?
Inspired by this, we wondered if a metal catalysed S-endo-dig cyclisation of propargylic
hydrazine 1 could give dihydropyrazole 84 (R* # H) or 85 (R* = H) as shown in Scheme 2.10.

The remarkable efficiency of these silver-catalysed cyclisations also caused postponement of

the planned iodocyclisation research.
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y o ? R® R4
Mitsunobu N—N
R1J\ —_— (R*=H)
R‘N—NHR“ Ag*
—_—
or other metals or
3 R! A
iy NR o=—r2 NHR Npe R{N \
R1 R1 % 1 /K)\ (R4=H)
R2 R1 R2
85
Scheme 2.10

2.2  The use of the Mitsunobu reaction as a key step to form the propargylic hydrazine

precursors.

As shown in Scheme 2.10, the propargylic hydrazine precursors 1 could be prepared by a
Mitsunobu reaction of the corresponding propargylic alcohol with a suitable acidic component.
The acidic component could be an amide, and subsequent N-amination of the Mitsunobu
products would give the propargylic hydrazine precursors 1; or it might be a substituted

hydrazine derivative, which would give compound 1 directly.
2.2.1 Introduction - The Mitsunobu reaction.

The Mitsunobu reaction refers to the condensation reaction of alcohols using the redox coupling
of a triaryl- or trialkylphosphine and a dialkyl azodicarboxylate. 113,114 The overall reaction is
summarized in Scheme 2.11, wherein the alcohol (R'OH) and an acidic compound (H-Nu) are
condensed to form product (R'-Nu), while triphenylphosphine is oxidized to triphenylphosphine
oxide and the azodicarboxylate is reduced to the hydrazine.
PPh; + RO,CN=NCO,R + R'OH + H-Nu—> O=PPh; + RO,CNHNHCO,R + R'-Nu
Scheme 2.11
The reaction is generally limited to primary and secondary alcohols, although tertiary alcohols

react in a few intramolecular and intermolecular reactions. For secondary alcohols, the reaction
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usually proceeds with clean Sn2 inversion of stereochemistry. The acidic component of the
reaction generally has an aqueous pK, < 13, with intramolecular reactions providing the
exceptions. Examples of the acidic component include oxygen nucleophiles such as carboxylic
acids and phenols, nitrogen nucleophiles such as imides, hydroxamates and heterocycles and
sulfur nucleophiles such as thiols and thioamides. Even carbon can act as a nucleophile as in the
case of -ketoesters and related structures having ‘doubly-activated’ C-H bonds.

In his 1981 review, Mitsunobu proposed that this overall dehydration reaction using diethyl
azodicarboxylate (DEAD) and triphenylphosphine proceeds in three steps: (1) reaction of
triphenylphosphine with diethyl azodicarboxylate in the presence of the acidic component to
form a salt wherein a phosphorus-nitrogen bond is formed; (2) reaction of the DEAD-
triphenylphosphine adduct 86 with the alcohol to form an activated oxyphosphonium ion
intermediate 87; and (3) displacement via an Sy2 process to form the inverted product 88 and
the phosphine oxide, as shown in Scheme 2.12.

Step 1: Adduct formation.

HOX
EtO,CN=NCOZEt ——— Et0,CN-NHCO,£t
*PPhy X’
‘PPhs,
86
Step 2: Alcohol activation.
EtOgCI?JJ—NHCOzEt
*PPh, X + OPPh:*X"
? _H, *7 4 EtO,CNHNHCO,E
:OH +H R "R?
R1J\R2
87
Step 3: SN2 reaction.
OPPh3*X" X
+ =p
R1”R2 roge T 0N
87 88
Scheme 2.12
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The manipulation of the alcohol functional group is a synthetic goal which has been approached
through a wide variety of methods. Most of these rely on activation of the hydroxyl group
followed by displacement with an appropriate nucleophile. In the Mitsunobu reaction, the
alcohol activation is accomplished via an oxyphosphonium salt. In general terms, the
advantages of the Mitsunobu method include the following: (1) generally good yields with high
stereoselectivity (inversion); (2) experimental ease, since the alcohol activation and
displacement reactions take place in one pot, often at room temperature; (3) compatibility with a
wide range of functional groups. However, one of the major drawbacks of the Mitsunobu
reaction is the difficulty of removing the redox by-products, typically triphenylphosphine oxide
and di-(ethoxycarbonyl)-hydrazine. This becomes a major concern in large-scale applications,

where product purification by chromatography is not feasible.

2.2.2 The use of oxaziridine to form the N-N bond.

In 2000, Foot and Knight'" reported that the N-Boc-3-trichloromethyloxaziridine 89 reacted
smoothly with lithium alkoxides, derived from a representative range of alcohols, transferring
an NHBoc function to the oxygen to provide N-Boc-0-alkylhydroxylamines, such as 90 and 91,
as shown in Figure 2.2. This approach is more efficient than the Mitsunobu displacement using
N-hydroxyphthalimide as the nucleophile, and thus provided a new entry into isoxazolidines

and isoxazolines via 5-endo-trig and 5-endo-dig cyclisations of the resulting hydroxylamines

[e.g. 91].
_NHBoc o~ NHBoe
B> _cal ?
0 : )\/\ A
89 90 91

Figure 2.2
Oxaziridines are more widely used for the electrophilic amination of amines, as well as carbon
nucleophiles.""®'"” Qur first idea of making a propargylic hydrazine precursor was the

amination of sulfonamide 94 with oxaziridine 89; the sulfonamide itself was synthesized by a

18



Chapter 2—Results and discussion

Mitsunobu reaction with N-Boc-tosylamide as the acidic component, followed by removal of
the Boc group (Scheme 2.13). The alcohol 92, which is a known compound,' '8 was synthesized
by nucleophilic addition of 1-hexynyl lithium to isobutyraldehyde. Mitsunobu displacement of
alcohol 92 with N-Boc-tosylamide gave compound 93 in 74% isolated yield, which was
deprotected with trifluoroacetic acid (TFA) to give the sulfonamide 94 in 92% isolated yield.
The data obtained for compound 94 were in accord with those previously reported by Sisko and
Weinreb.'"” The amination reaction was first carried out in a NMR tube. A mixture of the
sulfonamide 94 and oxaziridine 89 in CDCl; was left for 16 hours, but the 'H NMR spectrum
showed no change. Pyridine was then added, and the mixture left for 4 hours. Again, the 'H
NMR spectrum stayed unchanged. The sulfonamide was then treated with n-butyllithium, either
at 0 °C or -78 °C, before the addition of oxaziridine 89, and the resulting mixture stirred for 24
hours before working-up. The crude product was purified by column chromatography. However,
thé desired product 95 was not detected, with some unknown by-products and a small amount

of the starting sulfonamide being recovered.

o OH Boc~NTs NHTSs
i, i i
Y N , S - Q
92 93 94
: TsN—NHBoc
Ivorv
X
95

Scheme 2.13 Reagents and conditions: (i) 1-hexyne, n-BuLi, THF, 0 °C, 0.5 h, then add
isobutyraldehyde, 1.5 h, 85%; (ii) 92, BocNHTs, PPh;, THF, 0 °C, 10 mins, then add DEAD,
r.t., 16 h, 74%; (iii) TFA, DCM, 0 °C, 5 mins, then r.t., 2 h, 92%; (iv) 89, CDCls, 16 h; (v) 94,
n-BuLi, 0 °C, THF, 15 mins, then add 89, -78 °C —r.t., 24 h.

Clearly, an alternative strategy was required for introduction of an N-N bond, such as N-
nitrosation-reduction method, or an alternative version of the Mitsunobu chemistry. Based on a

very recent literature precedent, the latter idea was first examined.
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2.2.3 The use of Mitsunobu reaction to introduce a hydrazine functional group directly.

At the stage, when we were studying the N-amination using an oxaziridine, we also noticed that
Jamart-Grégoire and co-workers reported a synthesis of 1,1-substituted hydrazines by aikylation
of N-acyl or N-alkyloxy-carbonylaminophthalimides using the Mitsunobu protocol.'? Although
these chemists chose only a range of simple primary and secondary alcohols for this Mitsunobu
reaction, we wondered if this method could be used with our propargylic alcohols. Fortunately,

following the chemistry, we were able obtain the Mitsunobu adduct 99 (Scheme 2.14).

0]
0 0
0]
Q : Q i P i B”OJ(N/N
oo 1 ———Bn0” “N-N —
BnO~ CI BnO NHNH, H 0
0 N
96 97 98 99
Scheme 2.14 Reagents and conditions: (i) hydrazine monohydrate, ether, -2 - -5 °C, adding 96
over 0.5 h, then r.t., 1 h; add H,O, then etheral hydrogen chloride; then Et;NH, 50%,; (ii)
phthalic anhydride, THF, r.t., 10 mins, then add DCC, 1h; then CH3CO,H and Et;N, reflux, 1 h,

85%; (iii) 98, PPh; and 92, THF, 0 °C, then add DEAD, 0 °C, 2 h, then r.t., 1 h, 73%.

121 it was obtained

Benzyl carbazate 97 is a known compound. Following a literature procedure,
in 50% yield as a crystalline solid, following recrystallization from diethyl ether (Scheme 2.14).
It was fully characterized by IR, 'H, *C NMR, mass spectrometry, microanalysis and melting
point, as the only data given in the literature was a melting point and an incorrect microanalysis.
Compound 98 is also a known compound, and its preparation involved the formation of two

intermediates, compounds 100 and 101, which have both been isolated and characterized

(Scheme 2.15).'%
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o)
0 0 0
0 . OH ) Ji§
L —— H —— o — N-N" “OBn
BnO™ NHNH, N~NHCO0BN H
0 L NNHCOOB| 0
97 100 101 98

Scheme 2.15 Reagents and conditions: (i) phthalic anhydride, THF; (it) DCC, THF; (iii)

CH;CO,H, Et;N, THF, reflux.

In the first step, the reaction of benzyl carbazate 97 with phthalic anhydride at room
temperature in THF yielded compound 100. The addition of DCC to the reaction mixture, upon
the completion of the first step, induced cyclization of compound 100 to the corresponding
isophthalimide 101. The final step is the isomerization of compound 101 into the corresponding
N-substituted aminophthalimide 98. Thus, following a rapid filtration to remove dicyclohexyl-
urea, the filtrate was then refluxed in the presence of two equivalents of triethylammonium
acetate to obtain compound 98. In our hands, we did not separate intermediates 100 and 101,
but instead obtained the phthalimide 98 in a one-pot reaction in 85% isolated yield, directly
from benzyl carbazate 97.

The Mitsunobu reaction was carried out using a typical procedure: 1.5 equivalents of diethyl
azodicarboxylate were added to a solution of 1.5 equivalents of the alcohol 92, 1.0 equivalent of
the acidic component 98 and 1.5 equivalents of triphenylphosphine in dry THF, and | the
resulting mixture stirred at 0 °C for 2 h, then at ambient temperature for 1 h to give compound
99 in 73% yield after chromatography, as an oil (Scheme 2.14). It was characterized by IR, 'H
and C NMR, and high resolution mass spectrometry. The IR spectrum showed absorbances
characteristic of coupled carbonyl groups at 1799 and 1747 cm™,'® with the latter broadened,
due to overlap with the third carbonyl group. The 'H NMR signals were all broadened, slightly
less so when the spectrum was run at 50 °C, resulting from hindered rotation about the nitrogen

to carbonyl bond and the N-N bond, but the chemical shifts and integrations all fitted well with

the structure. Some of the >C NMR signals were also broadened, with the benzyl CH, showing
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two sets of resonances at 69.5 and 68.7 ppm. Again, the chemical shifts fitted perfectly well
with the structure.

Dephthaloylation of compound 99 was first carried out using methylamine. With this reagent,
compound 102, instead of the fully deprotected amine, was formed, resulting from the opening

of the phthaloyl ring (Scheme 2.16). Similar results have been reported in the literature.'>

o Q MeHN—~°
0/4 0
o N’N;(—C MeNH, J
— e > BnO” ON-
0 THF
N rt, 19 h 0
98% N
99 102
Scheme 2.16

The IR spectrum of the partially deprotected hydrazine 102 showed NH stretching at 3288 cm™;
the 'H and ">C NMR spectra showed the appearance of the new methyl group at 2.66 and 27.3
ppm respectively; the mass spectrum showed a base peak at m/z 464 and the high resolution
data further confirmed the molecular composition of compound 102.

However, dephthaloylation of phthalimide 99 with one equivalent of hydrazine hydrate in
refluxing ethanol proceeded smoothly to give hydrazine 103 in 68% yield after chromatography
(Scheme 2.17). The IR spectrum of compound 103 showed slightly broadened absorption at
3336 cm'l, characteristic for NH; stretching, consistent with those reported in the literature'?°
and a strong absorption at 1704 cm™. The 'H NMR spectrum showed a broadened singlet at

3.82 ppm which integrated for two protons, indicating a NH; group.

o Q
BnO/QN/N j\ 0
i BnO~ ~N-NH2 ” M
0 ! —_, BnO” "N-N
N D U
99 103 104

Scheme 2.17 Reagents and conditions.: (i) NH;NHy'H,0, Co;HsOH, reflux, 2 h, 68%; (ii)
AgNOs/Si0O,, CH,Cl,, 1 h, 57%.
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The key cyclisation was carried out as follows: a mixture of hydrazine 103 and 0.1 equivalents
of 10% w/w silver nitrate on silica gel in dichloromethane was stirred at ambient temperature in
the dark for one hour to give, after filtration, >90% yield of the 4,5-dihydropyrazole 104
(Scheme 2.17). The crude product of the dihydropyrazole 104 was very pure. However, as this
was the first time the cyclisation was done, the crude product was further purified by column
chromatography, which caused great loss and gave the dihydropyrazole 104 in 57% yield. The
spectroscopic data obtained for the dihydropyrazole 104 were consistent with those reported for
related compounds in the literature.”®'°*!"> The IR spectrum clearly showed the disappearance
of the NH; stretching. The '"H NMR spectrum (Figure 2.3) showed two new signals, one at 2.67
ppm as a double doublet with coupling constants of 18.1 and 11.4 Hz, the other one at 2.45 ppm
also as a double doublet with coupling constants of 18.1 and 4.9 Hz. These clearly came from
the 4-CH; ring protons, and formed a nice ABX coupling system with the 5-H ring proton. This
S;H ring proton resonated at 4.18 ppm and appeared as apparent double triplet with coupling
constants of 11.4 and 4.4 Hz, due to additional coupling with the isopropyl proton. The two
protons of the benzyl CH, group were diastereotopic and appeared as two doublets at 5.21 and
5.16 ppm respectively with a coupling constant of 12.4 Hz, with one of them being slightly
broadened. Not surprisingly, the two isopropyl methyl groups were clearly distinguished as two
doublets at 0.76 and 0.64 ppm respectively, with coupling constants of 6.9 Hz. The evidence for
the proposed structure in the *C NMR spectrum was the disappearance of the C=C signals and
the appearance of the new CH, group at 34.0 ppm; it also showed two quaternary carbons at
158.4 and 151.9 ppm, with one of them arising from the new ring C=N bond. The high
resolution mass spectrum also indicated it to be the right molecule, in providing agreement

between the calculated and found molecular weights for the proposed structure 104.
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'"H NMR Spectrum

Benzyl 3-butyl-4,5-dihydro-5-isopropylpyrazole-1-carboxylate (104)
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Figure 2.3
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2.2.4 Conclusion.

We have shown our first example of silver nitrate-induced 5-endo-dig cyclisation of propargylic
hydrazine 103 for the synthesis of dihydropyrazole 104. A key step for the synthesis of the
propargylic hydrazine precursor was a Mitsunobu reaction and this route could give chiral
products. Clearly, some of the reaction conditions need to be optimized. The main drawbacks of
this route are the lengthy reaction steps and the difficulties of purifying the products in most
steps. Because some alternative routes for the synthesis of the propargylic hydrazine precursors
in the following sections took over, we did not pursue any more examples using this route.

Despite all this, we are delighted to see that this new strategy worked so well. Clearly a lot of
chemistry could be carried out on the dihydropyrazole 104: other functional groups could be
introduced to the 1-position, following the removal of the benzyloxycarbonyl protecting group;
réduction of the C=N double bond and subsequent cleavage of the N-N bond would give 1,3-
diamines; oxidation of 104 would give the corresponding pyrazole and a Diels-Alder reaction

with a suitable diene would give a new ring system.

2.3 Nucleophilic addition to imines with lithium acetylides followed by electrophilic
amination with oxaziridine to form the propargylic hydrazine precursors.

41.11 . g
LUSNT Jt was clear that oxaziridines were used as N-

By a careful study of the literature,
amination reagents only for secondary and primary alkyl amines, occasionally for aromatic
amines, but have never been used for the amination of amides or sulfonamides. Hence, we

wondered if oxaziridine 89 could be used for the amination of propargylic amines to form

propargylic hydrazine precursors.
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2.3.1 Syntheses of propargylic amines.

Imines 105'2** and 106'*** were easily made in excellent yield by condensation of benzaldehyde

with the corresponding amines (Figure 2.4).

I 7
) )
Ph) Ph)
105 106

Figure 2.4

Nucleophilic addition to imines'*>’?® 105 and 106 by the corresponding alkynyl or
arynyllithium, in the presence of the Lewis acid boron trifluoride diethyl etherate, gave the

propargylic amines 107-109 (Figure 2.5). Yields were typically in the range 65% to 75%.

\ It h

NH NH NH
Ph)\/\/ Ph)\ Ph Ph/\/\/
107 108 109
Figure 2.5

2.3.2 Electrophilic amination of the propargylic amines with oxaziridine 89.

Oxaziridine 89 was synthesized following a literature procedure.''’ Thus, an aza-Wittig reaction
of compound 110 with chloral, followed by oxone oxidation of the resulting imine 111,

afforded oxaziridine 89 in almost quantitative yield (Scheme 2.18).

PhsP=N—-Boc ——» . —N"Boc__1 C,3C/%,NBOC

ClsC
110 111 89
Scheme 2.18 Reagents and conditions: (i) ClzCCHO, toluene, reflux, 1.5 h, 99%; (ii) oxone,

K,CO;, CHCIy/H,0, 0 °C, 99%.
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Electrophilic amination of the propargylic amines 107-109 with a slight excess of oxaziridine
89 proceeded very smoothly to give the propargylic hydrazines 112-114 (Figure 2.6). The
typical yields were in the range 73% to 80%. The IR spectrums of the propargylic hydrazines
112-114 showed NH absorbances at around 3335 cm™ and absorbances at around 1700 cm’
characteristic of carbonyl groups. The 'H and some of the 13C NMR signals were broadened,
but the chemical shifts and integrations all fit well with the structures. The high resolution mass
spectra all provided agreement between the calculated and found molecular weights for the

proposed structures.

\ | hl

N—NHBoc N—NHBoc N—NHBoc
P Ph" " o AN
112 113 114
Figure 2.6

2.3.3 Deprotection of Boc group.

Free hydrazines 115-117 could be obtained by simply stirring a solution of compounds 112-114

in formic acid at ambient temperature for 20 hours (Figure 2.7).

It Lo L on

N—NH, N—NH, A /L\\\\
Ph X
Ph/L\\\\ X
Ph)\/\/ AN on ph)\/\/ Ph
115 116 117 118
Figure 2.7

These free hydrazines were not stable and attempted purification by column chromatography
resulted in the formation of by-products and extensive loss. Hence, they were used directly in
the next step without further purification and were characterized by their "H NMR spectra only.

The crude yields for 115 and 117 were excellent, with only around 55% for compound 116, due
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to its sensitive structure, especially given the acidic conditions. The main by-product was the

1,3-diphenylprop-2-yn-1-ol 118.
2.3.4 Silver nitrate-induced cyclisation.

The silver nitrate-induced cyclisations were carried out as described in Section 2.2.3. Treatment
of the crude hydrazine 115 with 0.2 equivalents of 10% w/w silver nitrate on silica gel gave a
mixture of the 4,5-dihydropyrazole 119 and the pyrazole 120, which could be separated by
column chromatography (Scheme 2.19). Starting from the Boc protected hydrazine 112, the
isolated yields for dihydropyrazole 119 and 120 were 48% and 9% respectively, which were
excellent for two steps. Presumably, the pyrazole 120 resulted from oxidation of the
dihydropyrazole 119 by Ag’. The silver nitrate on silica gel turned black as soon as it was
added to the solution of the hydrazine 115 in hexane, indicating the formation of Ag(0). This
was not observed for the silver nitrate-induced cyclisation of the hydrazine 103 in Section 2.2.3,
probably due to the difference of the benzyloxycarbonyl and propyl substituents on the nitrogen,
hence the different electron density of nitrogen. Further investigations of the reasons for

oxidation will be discussed later.

> N-N N—N
hexane +
Ph/\/\/ rt,1h Ph/K)\/\/ vPh/K)\/\/
115 119 120
Scheme 2.19

Treatment of the crude hydrazine 116 with 0.1 equivalents of 10% w/w silver nitrate on silica
gel gave the pyrazole 121 exclusively; the corresponding 4,5-dihydropyrazole 122 was not
detected (Scheme 2.20). The dihydropyrazole 122 might be formed at the initial stage of the
cyclisation, but was easily oxidized to the pyrazole 121 because it is highly sensitive to

oxidation. From the fact that only 0.1 equivalents of 10% AgNO;-SiO, were used, we assume
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that oxidation of the dihydropyrazoles by Ag™ was catalytic, although we are not sure about the

N—NH, AgNO,/SiO, \k \L

mechanism.

A bt b’ N N—N N—N
hexane \ \
Ph" " rt 1h PhMPh PhMPh
Ph 84%
116 121 122
Scheme 2.20

Hydrazine 117 was potentially a tricky one, as competitive 5-endo-trig, 4-exo-trig, S-endo-dig
and 4-exo-dig cyclisations might occur. However, treatment of the crude hydrazine 117 with 0.2
equivalents of 10% w/w silver nitrate on silica gel as above gave 5-endo-dig cyclisation
products, the 4,5-dihydropyrazole 123 and pyrazole 124 (Scheme 2.21). None of the 5-endo-trig,
4-exo-trig and 4-exo-dig cyclisation products were detected. Starting from the Boc protected

hydrazine 114, the isolated yields for dihydropyrazole 123 and pyrazole 124 were 25% and 22%

X
\L S
N—NH, AgNO,/SIO,
hexane /2')':‘\/\/ + N—r;l
N rt, 1h o o NN~

117 123 124

respectively.
hl

Ph

Scheme 2.21

The spectroscopic data obtained for dihydropyrazoles 119 and 123 were consistent with those of
dihydropyrazole 104. For example, the '"H NMR spectrum of dihydropyrazole 119 showed the
characteristic resonance for the 5-H ring proton at 3.90 ppm and appeared as a double doublet
with coupling constants of 14.6 and 9.6 Hz, and formed a typical ABX coupling system with
the 4-CH, ring protons. One of the 4-CHj; ring protons resonated at 2.84 ppm and appeared as a
double doublet with coupling constants of 16.0 and 9.6 Hz; the other resonated at 2.50 ppm and
also appeared as a double doublet with coupling constants of 16.0 and 14.6 Hz. The two protons

of the a-CH; of the propyl group were inequivalent with one of them resonating at 2.66 ppm
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and appearing as a double double doublet with coupling constants of 12.3, 9.2 and 5.2 Hz, and
the other resonating at 2.59 ppm and also appearing as a double double doublet with coupling
constants of 12.3, 9.2 and 6.7 Hz.

The spectroscopic data obtained for pyrazoles 120, 121 and 124 were consistent with those
reported for related compounds in the literature."®®'” The 'H NMR spectrum showed the
characteristic resonance for the 4-ring protons between 6.0 and 6.5 ppm and appeared as a
singlet (Figure 2.8). The chemical shifts of the 4-ring carbons were between 100 and 105 ppm.
One of the quaternary carbons resonated at around 145 ppm, while the other resonated between

150 and 155 ppm.
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NMR Spectrum

1-Allyl-3-butyl-5-phenyl-1//-pyrazole (124)

Figure 2.8
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Direct cyclisation of hydrazines 112 and 113 was possible, and gave 2,3-dihydropyrazoles 125
and 126 respectively (Scheme 2.22, 2.23). However, slightly longer reaction times were needed.
The crude product of dihydropyrazole 125 was very pure and the yield was excellent. However,
as this was the first example that the cyclisation was carried out on a Boc protected propargylic
hydrazine, it was further purified by column chromatography which caused great loss and gave
dihydropyrazole 125 in 69% yield. The crude yield for dihydropyrazole 126 was 91% and there

was no need to purify the crude product any further.

\L AgNO,/SIO, \L

N—NHBoc
hexane N—NBoc
Ph X rt,3h Y
N 69% Ph
112 125
Scheme 2.22

It

N-NHBoc  AgNO,/SIO, \L

N—NBoc
hexane
Ph" " rt,3h A pn
Ph 9% Ph
113 126

Scheme 2.23

The IR spectrums of dihydropyrazoles 125 and 126 showed the disappearance of the NH
absorptions. The 'H NMR spectrums showed that the proton a to the phenyl group appeared as
a doublet, which coupled to an adjacent proton with a small coupling constant. For example, the
'"H NMR spectrum of dihydropyrazole 126 (Figure 2.9) showed that the proton a to the phenyl
group resonated at 4.52 ppm and appeared as a doublet with coupling constant of 3.2 Hz. The
'H-'H cOSY spectrum showed it coupled to the 4-ring proton which resonated at 5.63 ppm and
appeared as a doublet with the same coupling constant. The two protons of the a-CH, of the
propyl group were diastereotopic, and resonated at 2.92 and 2.83 ppm respectively and both
appeared as double double doublets with coupling constants of 11.6, 9.5 and 5.9 Hz. The *C

NMR spectrums showed resonance of the 4-ring tertiary carbon at 108.4 and 112.0 ppm
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tert-Butyl 2,3-dihydro-3,5-diphenyl-2-propylpyrazole-1-carboxylate (126)

Ph

N-NBoc
Ph

Figure 2.9

2336.08
2252.33
-t~ —2249.13
2163.57
2160.32
212425
— ——2077.60
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respectively for dihydropyrazoles 125 and 126, while the 5-ring quaternary carbon falled in the
region 140-145 ppm.

Direct cyclisation of hydrazine 114 was also possible, and gave 2,3-dihydropyrazole 127 in
85% yield (Scheme 2.24). Compound 127 was highly unstable and large amounts of by-
products formed when a 3C NMR was run, so only a 'H NMR spectrum was obtained for this
compound and no further characterization. However, following a quick filtration after the
cyclisation reaction was finished according to tlc analysis, the filtrate was treated with

trifluoroacetic acid to give the 4,5-dihydropyrazole 123 in 96% yield (Scheme 2.24).

3 1

N—NBoc -1 N=NHBoc il 403
ph NS Ph"
127 114

Scheme 2.24 Reagents and conditions: (i) AgNOs3/SiO;, hexane, r.t., 1h, 85%; (i)
AgNO;/Si0,, CH,Cly, r.t., 1h; (iii) TFA, r.t., 1h, 96%.

24  N-Nitrosation of propargylic amines followed by reduction to form the propargylic

hydrazine precursor.

From the examples above, we can conclude that the silver nitrate-induced 5-endo-dig
cyclisation is a very mild, highly efficiency method for the preparation of pyrazole derivatives.
However, the use of oxaziridine 89 as an amination reagent is very expensive and time-
consuming. It also suffers from a subsequent deprotection step. So a more economic and

practical N-amination method needed to be sorted out.

34



Chapter 2—Results and discussion

2.4.1 Other N-amination methods.

a) Direct N-amination.
Klotzer'® reported the use of O-(diphenylphosphinyl)hydroxylamine (DPH) as a N-amination
reagent. Thus, treatment of the potassium salt of phthalimide 128 with DPH in N,N-

dimethylformamide gave the N-aminophthalimide 129 in excellent yield (Scheme 2.25).

0
__DPHIDMF__
N—
@fi""‘ 92% @ NH,
o)

Scheme 2.25

This method, as well as the method of Somei, with hydroxylamine-O-sulfonic acid and
potassium hydroxide in anhydrous dimethylformamide, was also used for the N-amination of

indole 130 (Scheme 2.26)."!

CO,Et CO,Et
/@ _aorb /@
NH,
130 131

Scheme 2.26 Reagents and conditions: (a) NH;OSO3H, KOH/K,COs;, DMF, r.t., 21%; (b)
Ph,P(O)ONH,, LiIHMDS, NMP, -10 °C —r.t., 80%.

Subsequent work by Knight employed these methods in the synthesis of 1-aminobenzotriazole
133. However, both methods gave very poor yields (Scheme 2.27).

N
N\\N NH,0SO;H N

/ KOH ’

H DMF/H,0 N

\

<5% NH,
132 133

Scheme 2.27
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b) N-Nitrosation (nitration)-reduction.
N-Nitration of secondary amines with nitrogen dioxide, nitryl chloride, nitrogen pentoxide,

nitryl fluoride, nitronium fluoroborate, tetranitromethane and nitrate esters gives the

132133 subsequent reduction of which then gives the corresponding

corresponding N-nitramines,
hydrazines.'** However, these methods suffer from the inconvenience of handling, potential
explosion hazard of N-nitramines and cleavage of the N-N bond during the reduction step.

An alternative and more widely used method is the N-nitrosation-reduction approach. The N-
nitrosation reaction can be carried out by treating secondary amines [e.g. 134] with sodium
nitrite in acidic media."*>"*” Subsequent reduction of the resulting N-nitroso compounds [e.g.
135] then gives the hydrazines [e.g. 136] (Scheme 2.28). Suitable reducing reagents have been

138

ext