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Synthesis of new pyrazolenines and cyclopropenyl alcohols directly from 
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The 1,3-dipolar cycloaddition of 2-diazopropane 1 to propargylic alcohols is regioselective and leads to 3H-pyrazoles 
3 in good yield. The surprising formation of the tetrasubstitued pyrazolenine 4c from HC≡CCH2OH and 1 can be 
explained via the 1,3–dipolar cycloadduct intermediate followed by a second cycloaddition of 1 to the C=C double 
bond and loss of dinitrogen. The photolysis of the antibacterial pyrazolenines 3 and 4 selectively gives α and 
β dimethylcyclopropenyl alcohols 5 and 6.
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We now report the synthesis of new antibacterial pyra-
zolenines by regioselective 1,3-dipolar cycloaddition of the 
versatile 2-diazopropane to non protected propargylalcohols, 
whereas the unsubstituted propargyl alcohol allows the double 
addition of 2-diazopropane and gives a pyrazolenine with 
formal insertion of the dimethylcarbene into a carbon–carbon 
bond. We also show that the photolysis of the 3H-pyrazoles 
leads to new alcohols containing the cyclopropenyl unit.

Results and discussion 

Preparation and properties of pyrazolenines 3 and 4: Whereas 
the Rh2(OAc)4 catalysed addition of diazoalkanes to propargyl 
alcohols readily gives the insertion of the carbene into their 
O-H bond, with only a small amount of cyclopropenation of 
the resulting propargylic ether,18 the 2-diazopropane 1, reacts 
at 0 °C with 1,1-diphenyl-2-propyn-1-ol 2a in dichloromethane 
and exclusively gives, after 10 h of reaction, only one adduct
3a isolated in 75 % yield and corresponding to a regioselective 
1,3-dipolar cycloaddition (Scheme 1). 

The structure of this compound 3a was determined by 1H and 
13C NMR spectroscopy. The 1H NMR spectrum shows singlets 
at 1.45 ppm for to the methyl protons, and at 4.17 ppm and 
6.30 ppm for the hydroxylic and the ethylenic protons. 
The addition regioselectivity in 3a formation was established 
by 1H–13C HMBC 2D- NMR that shows the C5–C4 –C3–Me 
linkages. The ethylenic proton correlates only with three 
carbon atoms C6, C5 and C3. The methyl protons correlate 
with C3 and with the ethylenic carbon C4, consistent with the 
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Scheme 1 Synthesis of pyrazolenines 3.
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Three-membered strained ring systems constitute an attractive 
class of molecules as synthetic intermediates.1-3 Among them 
the rigid, unsaturated cyclopropenes are the key to selective 
useful transformations4,5 such as regioselective additions 
of organometallics6-8 or cycloadditions.9,10 Cyclopropene 
derivatives have also potential biological activity since their 
structural feature is included in valuable natural products 
such as phorbol and chrysanthemic acid.11,12 An approach 
for the synthesis of cyclopropene derivatives is offered via 
the formation of cyclopropenyl lithium, generated from 
1,1–dibromo-2-chlorocyclopropane.13 The metal catalysed 
addition of carbene sources to alkynes constitutes the most 
direct access to cyclopropene derivatives14 most of them 
involving rhodium15,16 and copper17 catalysts. However, 
the metal catalysed addition of diazoalkane is not always 
satisfactory with bulky and functional alkynes. The carbene 
easily inserts into heteroatom-hydrogen bonds18 and the 
insertion of the triple bond into the metal–carbene bond is in 
competition with cyclopropenation.19 When carbene insertion 
into heteroatom–hydrogen bond has to be prevented, the 
initial regioselective 1,3-dipolar addition of diazoalkane to 
functional alkynes, followed by photochemical elimination 
of dinitrogen, constitutes an alternative for the preparation of 
cyclopropenes with an α–functional group. Moreover, when 
the functional group of alkynes controls the regioselectivity of 
diazoalkane 1,3-cycloaddition, this approach allows the simple 
access to functional pyrazolenines with potential biological 
properties.20
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neighbouring C3–C4 connexion. The NOESY spectrum shows 
a nOe cross peak between the ethylenic and the aromatic 
protons. The cycloaddition regiochemistry leading to derivative 
3a, with the linkage of the nitrogen atom with the unsaturated 
carbon connected to the functional group, corresponds to that 
observed for the 1,3-dipolar cycloaddition reaction of simple 
diazoalkanes with α,β-unsaturated ketones 21

Analogously the 1,3-dipolar cycloaddition reaction of 
2-diazopropane with propargyl alcohol 2b, performed at 0 °C in 
dichloromethane, was completed in less then 10 h and led to a 
monoadduct 3b with the same regioselective addition mode of 
1 to the triple bond (Scheme 1). The HMBC spectrum showed 
correlations between the ethylenic proton and the carbons 
C3 and C5 and between the methyl protons and the carbons 
C3 and C4.

By contrast the unsubstituted propargylic alcohol 2c 
reacts with an excess of 2-diazopropane and was completely 
transformed after 10 h at 0 °C to surprisingly give the tetrasubsti-
tuted pyrazolenine 4c isolated in 73 % yield (Scheme 2). 
The 1H NMR spectra of 4c showed the presence of three 
methyl groups: two equivalents (a,b) and two enantiotopic 
(c,d) groups and singlets at δ 4.01 ppm for the OH group, 
δ 4.86 ppm for the methylenic and δ 6.70 ppm for the ethylenic 
protons. The formation of 4c which includes the incorpora-
tion of two CMe2 groups arising from the diazoalkane can 
be explained via the formation of the expected cycloadduct 
intermediate (I), followed by a second cycloaddition of 
diazoalkane to the remaining double C=C bond to give the 
intermediate (II). The later is not stable at room temperature, 
loses dinitrogen and undergoes rearrangement of the carbon 
skeleton leading to 4c.

The addition of an excess of the 2-diazopropane to the 
alkynes 2a–b did not give the corresponding bisadduct of 
diazoalkane. It is likely that the bulkyness of the CR1R2OH 
group, close to the C=C bond in the intermediate (I), prevents 
the second addition of diazopropane, that is allowed by the 
smaller propargyl alcohol CH2OH group.

The antibacterial activity of the obtained pyrazolenines 
3a, b and 4c has been studied. They have been tested 
opposite a pathogenic bacterial stump and have shown anti-
bacterial activity against the original staphyloccocus aureus. 
The pyrazolenine 3b offers the strongest antibacterial activity.22

Photochemical transformation of the obtained pyrazolenines 
into cyclopropene derivatives 
The photochemical study of 3H-pyrazoles has been attempted 
in the search for a route to cyclopropenyl tertiary alcohols. 
Irradiation of 3a in dry dichloromethane at 300 nm and at 
room temperature for 0.5 h led to the exclusive formation of 
the gem-dimethylcyclopropene 5. (Scheme 3). The formation 
of cyclopropene 5 arises from the loss of N2 and cyclisation of 
the vinylcarbene intermediate (III). 

The structure of 5 was determined via a detailed mono and 
bidimensional NMR study. In 13C NMR a signal at 20.3 ppm 
corresponds to the methyl groups and the carbon nucleus 
=C2-H carbon appeared at 142.3 ppm. The gem-dimethyl-
cyclopropene structure of 5 was consistent with an analysis of 
the 1H–13C HMBC spectrum. 

The analogous photochemical reaction (300 nm) of 
pyrazolenine 4c in dichloromethane at room temperature led 
to cyclopropene derivative 6 possessing a β-hydroxy group 
isolated in 70% yield. (Scheme 4).

The above two consecutive transformations give a straight-
forward access, from propargyl alcohols, to cyclopropene 
derivatives with an α or β-hydroxy group directly. This simple 
method is complementary of the access to 3-hydroxymethyl-
cyclopropenes, via Rh2(OAc)4 catalysed addition of diazo-
acetate to alkynes followed by reduction, a route restricted 
to the access of primary cyclopropenyl alcohols,23 and is an 
alternative to the use of 1,1–dibromo-2-chlorocyclopropane 
via cyclopropenyl lithium.13

Conclusion 

This study demonstrates that the regiochemistry of the 
addition of the 2-diazopropane with the triple bond of 
propargyl alcohols is completely controlled by the nature of 
the CR2OH group and diazoalkane, and selectively affords 
new antibacterial 3H-pyrazoles. The photochemical reaction 
of these 3H-pyrazoles selectively leads to α- and β-hydroxy 
cyclopropenes. The overall transformation constitutes a simple 
straightforward route to substituted cyclopropenyl alcohols. 

Experimental 

NMR spectra were recorded at room temperature on a AC 300 MHz 
in CDCl3. Chemical shifts are expressed in ppm downfield from 

HOH2C
Me

Me
N N

CH2Cl2

Me

Me

Me

N

N

N

N

Me

CH2OH

H

Me

CH2OH

H

Me

+
0°C r.t.

2c

( I )

-  N2
1

2

3

4

5 6

Me

Me
N N

HOH2C

(II)

N

N

N

N

H

4c
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SiMe4 (1H and 13C). The IR spectra were recorded on a Bruker FT-IR 
IFS 28 in the region between 4000 and 400 cm-1, (KBr).

Mass spectra were obtained with a Hewlett- Packard 5880 
A Spectrometer. In this case electron impact techniques were 
employed. Melting points were determined on a Buchi apparatus and 
were uncorrected. TLC was performed on aluminum–backed plates 
coated with silica gel 60 with F254 indicator. Column chromatogra-
phy was carried out on a silica gel 60. 

Cycloaddition reaction of 2-diazopropane with propargylalcohols 
2a-c. Synthesis of pyrazolenines 3a–b and 4c: To a stirred solution 
containing (1g) of alkynes 2a–c in 40 ml of anhydrous dichloro-
methane at 0 °C were added, in small fractions, 10 ml of a 2.6 M 
etheral solution of 2-diazopropane freshly prepared at –60 °C. 
The reaction was followed by TLC (hexane-ethylacetate 1/1 as elutant) 
and the reaction was maintained till the alkynes 2a–c had totally reacted. 
The solution was allowed to react for 10 hours at 0 °C and the solvent 
was evaporated under reduced pressure. The obtained pyrazolenine 
was purified according to the case by filtration on a column of silica 
or by recrystallisation in a mixture of dichloromethane–petroleum 
ether to afford 3a, b and 4c with the following characteristics: 

3a: Yield: 75 %; m.p = 163°C; Anal. Calcd for C18H18ON2 
C:77,69%, H: 6,47%, N: 10,07%, O: 5,77%, found: C: 73,3%, 
H: 6,4%, N: 10,4%, O: 9,90%; ms: 261 ( (M+.)–OH, 41.5%); 1H NMR 
(300 MHz, CDCl3) δ: 1.45 (s, 6H, CH3 ); 4.17 (s, 1H, OH), 6.35 

(s, 1H, =C-H); 7.28–7.38 (m,10 H, Harom).13C NMR (75.47 MHz, 
CDCl3) δ: 20.3 (CH3), 77.3 (C6), 93.7 (C3), 142.4 (C5), 127.1–144.3 
(Carom), 160.4 (C4). IR νcm-1 (KBr ): νOH = 3293, νC=C = 1599.

3b: Yield: 75%; Anal. Calcd for C13H16ON2 C:72,22% H: 7,40%, 
N: 12,96%, O: 7,41%, found: C: 72,1%, H: 7,2%, N: 12,8%, 
O: 7,3%; ms: 199 ( (M+.)-OH, 13.2 % ). 1H NMR (300 MHz, CDCl3) 
δ: 1.39 (s, 6H, CH3 ); 1.90 (s, 3H, CH3 ); 3.93 (s, 1H, OH), 6.61 (s, 1H, 
=C–H); 7.24–7.33 (m,10H, Harom). 13C NMR (75.47 MHz, CDCl3) 
δ: 20.2 (CH3), 29.2 (CH3), 87.5 (C6), 93.5 (C3), 145.3 (C5), 124.8–
159.8 (Carom), 161.4 (C4). IR νcm-1(KBr ): νOH = 3397, νC=C = 1492.

4c: Yield: 73 %; Anal. Calcd for C9H16ON2 C: 64,28% H: 9,52%, 
N: 16,66%, O: 9,53%, found: C: 64,1%, H: 9,4%, N: 16,5%, 
O: 9,4%; ms: 168 ([M]+., 19,8%). 1H NMR (300 MHz, CDCl3) δ:1.30 
(6H, s, Me(a,b)),1.80 (3H, s, Me (c)),1.90 (3H, s, Me (d)), 4.81(CH2), 
4.0 (1H, s,OH), 6.70 (1H, s,CH). 13C NMR (75.47MHz, CDCl3) 
δ: 20.4 (CH3(a,b)),25.2(CH3(c,d)),31.25(C1’),57.9 (CH2OH), 93.8 (C3), 
141.5 (CH), 160.5 (C4). IR νcm-1 (KBr ): νOH = 3280, νC=C = 1580.

Typical procedure for the synthesis of cyclopropenyl alcohols 
5 and 6: 500 mg of 3H-pyrazole 3 or 4c was diluted in 100 ml of dry 
dichloromethane, and was irradiated at 300 nm in a Rayonet apparatus 
for 30 min. The starting colourless solution became dark red during 
the reaction. The solvent was removed under reduced pressure and 
the crude product was purified by column chromatography on silica 
with dichloromethane as eluant to provide derivative 5 or 6. 
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5: Yield: 75 %; mp: 145°C. Anal. Calcd for C18H18O: C: 86,4%, 
H: 7,2%, O: 6,4%, found: C: 86,2%, H: 7,1%, O: 6,2%; ms: 250 
((M+), 74,3), 13,2%). 1H NMR (300 MHz, CDCl3) δ: 1.47 (s, 6H, 
CH3(a,b)); 3.93 (s, 1H, OH), 6.33 (s, 1H, =C-H); 7.28-7.38 (m, 10 H, 
Harom). 13C NMR ( 75.47 MHz, CDCl3) δ: 20.30 (CH3,127.0–144.2 
(Carom), 93.80 (C1),142.3 (C2 ), 77.30 (C6), 93.7 (C3). IR νcm-1(KBr): 
νOH = 3381, νC=C = 1499.

6: Yield: 70 %. Anal. Calcd for C9H16O: C: 77,14%, H: 11,42%, O: 
11,42%, found: C: 77,1%, H: 11,3%, O: 11,4%; ms: 140 ((M+), 83,3) 
1H NMR (300 MHz, CDCl3) δ: 1.30 (6H, s, CH3 (a,b)), 1.79 (s, 3H, 
CH3(c,d)),6.40 (s, 1H, OH), 4.82 (s, 2H, CH2), 6.70 (1H, CH), 1.92 
(s, 3H, CH3(c,d). IR νcm-1 (KBr ): νOH = 3418,νC=C =1443.
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