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Abstract—Two syntheses of the 1H-3-pyrazoline system 17 are described. The syntheses omke use of the abality of

the azine system 10 act as )
compousads are discussed (IR, 'H NMR and "F NMR).

J-dipolar species in (3 + 2] cycloaddition reactions. The spectra data of the aew

wei Systhesca fir 1H-3-Pyrazoline werden boschricbes. Dic Systhesen basieren saf der

LZamsmenbessung—7
Flbigkeit des Azinsystems in 3 + 2)C:

als 1 3-dipolare Spezies zu fungieren. Die spektralen

ycioadditioasreaktionon
Datea der ncuen Verbindungea werden diskutiert (IR, 'H NMR vad ""F NMR).

mmjahyofthcmonhmm&adulwithtﬂe
12-disubstituted system la.' Examples of 1-unsub-
stituted-1b, 2-unsubstituted-lc, and 1,2-unsubstituted-3-
pyrazolines (1d) are very rare
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Examoples for 2H-3-pyrazolines also are uncommon;®
in fact only Takamizawa and Hayashi®® have syn-
thesized compounds of type §, where X = CN or CO,Et
and Y = NO, or SO;Me. If Y = H, the product exists in

1H-3-Pyrazolines 1b have been proposed as reactive,
not isolated, intermediates.’'* Two 1H-3-pyrazolines of

*Except of course, whoa ia positios S there is 2 CO growp:
anam’rmnwwz-
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type 7' been described, but in both cases
lmbecn thn!he mpounds are in fact 2-
pynm&nu" and 10.*
During the o{tlmsmdy""’ and
'l"m nnple the 1H-3-pyrazol-
ine system 1 stmfromhcnﬂwo.cetoocuine

without giving experimental and spectral data.

RESULTS AND DESCUSEION

The mechanism of the “crisscross” cycloaddition™>*
was uncertain until recently.” Different mechanistic
possibilities like a trimolecular one-step process as well
as a bimolecular two-step process, involving the for-
mﬁonmdhmhumcdouohdmdial:yecmhave
been discussed by Forshaw and Tipping.
mmwywammwwm,
the 1:1 intermediate of the “criss-cross™ cycloaddition.

We have shown unequivocally by chemical reactions
"""”"'ndx-nywucumumlym that the inter-
mediste of the “criss-cross” cyclosddition reaction is a
1,3-dipolar species, namely an azomethine imine.>> The
mwmbdunw?moﬁwo[3+2]cycb-
addition steps (11-+12-+13).'-"™*

These results for the first time thenytothc
mixed “criss-cross” cyclosdditioa’® >’ and to a sim-
ple gemeral synthetic route to 1H-3-pyrazolines”™ ',

mtqbeuhotmnnne(ll)’”’mmoleﬁm

of type R' CH=CHR® 14 !bez-ﬂ,}-bu(mmethyl) .
1 - pyrazotin - 1 - ytio] - Illg - bexafuoro - 2 -
panides (1) initially formed' anbepwclmonol
1.5-diazabicyclo{3.3.0] octanes (16) and/or 1H-3-pyrazol-
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ines (17) depending on the substitution pattern (R'.R?)
chosen for the olefins 14 used."™™ >

Especially in the case of terminal olefins with bulky
groups present (R’ = MeyC-, Meo:CH-, Me;,CHCHy;
R?= H] the yields of 1H-3-pyrazolines (17) are good
because of the competing [3+2) cyclosddition process
(15+16) is slowed down considerably by steric hin-
drance.'*™2'>* While 17a was found to be the exclusive
pmdsctnndathcmcﬁoncooditiommed,l‘fbm
accompanied by 5-20% of the “criss~cross™ cycloadduct
16b, particularly when higher reaction temperatures were
used. With decreasing size of the substituent R' the
reaction rate of the concerted process (15-16) in-
creased.” In the case of ethy ’g?penemdl-lmeoe
no 1H-3-pyrazoline was detected.™* The low yields of
l7coouldbeansedbyudemcnom,probublyoftﬁn-
cal mature.*’ In the cyclaglkene series (cyclopentene,
cyclobexene, cyclobeptene) provided the lowest yiclds
for cyclohexene. The crude material 17d was con-
taminated by a second product, which proved to be a 2:1
adduct of hexafluoroacetone azine and cyclopentene,
obtainable in good yields directly from 17d and 11 in a
sealed tube reaction. The spectroscopic dats are con-
sistent with structure 18.

Using indene and acenaphthylene as olefinic com-
pounds the 1H-3-pyrazolines (17g and 17h) could be
isolated in high yields. Some electron rich olefins (enol

13

ethers and enamines) also formed 1H-3-pyrazotines (17)
onmchonvnh 11, although sometimes in very low

The structural assignment was based on the spec-
troscopic data. The spectra indicated the presence of a
NH function (3360-3340cm™") and of a carbon dou-
ble bond (1705-1640 cm™"). **F NMR spectra show two
pairs of magnetically equivaleat trifluoromethyl groups.
'Ihen'lﬂmmahylmnpcﬁxedtoC-Sohhepynm
ring resonate at —2.0 to — 4.7 ppm splitted by a loag
range coupling Jpy=1.3-185Hz. The 11,1333
hexaftuoroisopropyl group gives rise to a doublet with
fine structure at — 11.1 to — 11.6 ppm (*Jyer = 6.9-7.8 Hz).
In the 'H NMR spectra a broad signal for a NH proton
(8 = 4.78-6.07 ppm, exchangable with D,O/CF,CO,H), a
septet for the proton of a (CF,);CH-group (8=4.0-
4.7 ppm, *Jyr = 6.9-7.8 Hz) as well as the substituents R’
and R?, placed at a double bond, are observed (Table 1).
Mass spoctrometry ahom the presence of a
bexafiuoroisopropyl group by intense peaks at [M-
(CF:):CH]" and m/e = |§ ‘((CP,),CH]‘ in the degradation
pattern of compounds 17.9 Other likely candidates as 19
therefore can be ruled out.

An azomethine imine (20) with H atoms present both
at C4 and C-S of the beterocyclic system could be
isolated as the stable product of the reaction of 11 with
norbornene.” likewise 11 and cyclopentadiene yielded
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an azomethine imine at low temperatures.* In other
cases the intermediacy of 15 was proved by NMR spec-
troscopy.

The first step of the reaction 11 + 14+ 1S therefore is
clearly established. For the second part of the reaction—
the rearrangement 15—+ 17-——two alternative routes must
be taken into consideration. We could not decide up to
now, whether the rearrangement involves the step of an
azomethine ylide or an azomethine imine represented by
formula 21 and 22, respectively.'”'*

The synthesis  of 1,5«;»:&330)0:&2,&
dienes from azines and acetylenes also passes
thmmhmammuhinemnemwmedntc"”ml}
dipoles 23 having a double bond in the heterocyclic ring
system turned out to be considerably more reactive than
their saturated analogues and therefore readily undergo

“PE NMR spectra of the crude compounds 170-{ aad b show
that sowll amousts (3-5%) of the corresponding pyrazoles 24 are
present when prepared at 80°.

»i

sequently offers a further access to the 1H-3-pyrazotine
system 17. The mew synthetic route is an additional
convincing proof for the structural assignment of 17.
5.5-Bis(trifluoromethyl)- 1H-3-pyrazolines 17 were
transformed into pyrazoles 24 on flow pyrolysis at
450°.2'** We found that this elimination process already
occurs below 200°.° The temperature required for this
aromatization process strongly depends on the nature of
the substituents R' and R*. These findings parallel eartier
results, camely the pyrazole formation fmm 3-hydroxy-
pyrazotines by loss of water and methane.'
thqwot.kogthetucuonbd\avwofnnundu
present investigation.

We have demonstrated that the reaction of
hexafluoroacetone azine with olefins of type
R'CH=CHR? is a general route to 1H-3-pyrazotines. 2-
(3,3-Bis(triffuoromethyl) - | - pyrazolin - | - ylio) -
1.1,133.3 - hexafluoro - 2 - propanides are the inter-
mediates of this reaction. Furthermore we have
developed a second simple synthetic route to the 1H-3-
pynzohne system by LAH-reduction or hydrogenation
of azomethine imines obtained from the reaction of
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R' bexaSuoroacetone azine (11) with alkoxy acetylenes and
oy et - ' CHEF,), ynamines, respectively.

EXPERIMENTAL
IR spectra were measured oa & Perkin-Flmer 237

'H NMR spectra were taken with a Varian A 60, "F NMR
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Tadle 1. '"H NMR and ""F NMR dats of $,5-Bis (trifsoromethyl)-2-{2,2.2-triflworo - | - trilworomethyi-cthy(}- 1 H-
3-pyrazolines 170§
1 22 as) b b
J1 R, R (cPy),C-H N-H c(crs), ) ~CH(CLy), )
1.27 (s) 9H 4.63 (h, J = 6.9) 5.15 (broad) -2.0 6P -11.,5 (4, J = 6.9) 6P
4.72 (8) 1H
§  (cRy),CHCH,, H
0.99 (d, J = 6.0) 6H 4,20 (h, J = 7.0) 5.12 (broad) -2,0 6P -11,1 (4, J = 7.0) 6rF
1.50 - 2,25 (m) 3H
4.72 (8) 1H
< CH,. CH
1,80 (s, dbroad) 6H 4.17 (h, J = 7.0) 4.96 (dbroad) -4.7 6P =11.5 (4, J = 7.0) 6P
g -(CHy),-
2.15 - 2.65 (w) 6H 4.02 (h, J = 7.0) 5.60 (broad) -4.2 6P -11.5 (4, J = 7.0) 6P
g -(CHy),-
1,50 - 2.40 (m) 8H 4.12 (b, J = 7.0) 5.02 (broad) -4.5 6F -11.3 (4, J =» 7.0) 6P
£ -(OH)e-
1,28 - 1.92 (m) 8M 4,22 (h, J = 7.1) 4.99 {broad) -4.7 6P -11.5 (d, J = 7.1) 6P
2.05 - 2.55 (m) 4H
€ ~CqMg-
3.48 (broad) 2H 4.67 (h, J = 6.9) 5,86 (broad) =-4.3 6P -11.2 (4, J = 6.9) 6P
7.13 - 7.72 (m) 4H
B -CopMg-
7.36 - 8.08 (m) 6H 4.7 (h, J = 6.9) 6,07 (broad) =-4.7 6P -11.6 (4, J = 6.9) 6P
i 0C,Hg, CHy
1.34 (¢, J = T7.1) 3H 4,36 (h, J = 7.5) 4,86 (broad) =-4.0 6P  -11.2 (4, J = 7.5) 6P
4,11 (q, J = 7.1) 2H
1.78 (broad) 3H
1 M(CoHg),, CH
1.07 (t, J = 7.0) 6H 4.65 (h, J = 7.8) 4,78 (broad) =-4.2 6P =11,3 (4, J = 7.8) 67
3.04 (q, J = 7.0) 4H

1.78 (dbroad) 3H

'H ¥MR spoctra recorded in coel,

19? NMR spectra recorded in CHC].,

with THS as internal standard;
with CP’OOZ,K a0 external standard;

chezical shifts in J-valuoa. coupling constants in Hs;

a) exchangeable with D,0/CP,CO,H;
b)

spectra with a Jeol C 60 HL instrumest. TMS was used a3
internal, triffuoro-acetic acid as external standard, respectively
Mass spectra were obtained on a AEI MS 9 spectrometer at
70¢V. M.ps were determined in a Bchi capiliary m.p. apparatus
and are uncorrected.

$.5-Bis(trifimoromethyl)-2-{2,22 - trifiworo - | - triflmoromethyi-
ethyl] - 1H - 3 - pyrazolines 179-h from hexafmoroecetone azine
11 and olefins 14
General procedure. Equimolar amounts of 11 aad of the cor-
ing olefia 14 were beated with or without a solveot (Table
2) in a2 sealed gines tube or stirred at room temp. 0 & giass vessel.
mmammmwmww
distillation, solids by recrystaliization from o-bexane. In some
(mumrms)ummm
wymmnwmwyﬁalymm

2,6-Diisobutyi-4 4 3.8- tetrakis(trifimoromethyl) - 1.5 - diazabicy-
clo[3.3.0)octane (168)

signals show additional long-range coupling

Tipp = 1.30 = 1.85 Hs.

4 Methyl-1-pestese (1.68g: 20 mmol) and 11 (9.84¢; 30 meol)
were beated 10 80-90° in & scaled giass twbe for 3 days The
excess of 11 aad compound 17 formed during the reaction were
distilled off ip vacoum. The remaining solid consisted of a 90:10
mixture of two compounds. Column chromasography (silica gol,
m)mmmmmm.
(15%) 18 (with the two i-Bu gromps most trans in
respect to the bicyclic systom ®-1%4), 9. 'H NMR
(CDCh): §=0.75-1.10m (12H), 1.10-1.87 m (6H), 2.10-30!
(4H), 3.32-4.00 m (2H). ""F NMR (CHCly): 8= -55q, J= 10Hz
(6P), - 11.6q, ] = 10 Hz (6F). (Fownd: C, 43.60; H, 4.09; N, 5.79.
C,¢HF 13N, requires: C, 43.55; H, 4.87; N, 5.66%). Mass spec-
trum: M* = 496,

24{222- Trifiworo-1-trifiworomethyl - ethyl] - 3 - [5.5.5-trifimoro -
1,14 - tris(trifuoromethyl) - 23 - diaza - pent - 3 - enyl] - 44 -
bis(trifmoromethyl) - 2,3 - diazabicycio[3.3.0)oct - 8 - ene (18)
Compound 17d (3.96 g 10 mmol) and 11 (328 g; 10 mmol) were
heated to 120° in a sealed tube for 12 hr, yield 1.75 g (24%); m.p.



Synthesis of 1H-3-pyrazoliscs »
Tabile 2. 3,5-Bis(triflmoromethy!)-2-{2.2.2-triflworo- 1 -triflsoromethyl - ethyf] - 1H - 3 - pyrazolines 170-2

] 2

17 R, R reaction reaction solvent yield b.p./torr IR (ca")
tenperature time |.p.
p  (eaggc, w3 80 % 94d nexane 19 53 °c 3345, 1640
g (CHy),CHCH,, H 80 -90°% 34 1l 57 20 °c/0.01 3342, 1655 °
§  CHy, CHy 80 - 90 °% 214 hexane 20 52 °¢c/12 1348, 169C °
g -(CHy)y- 30 %2 1 hexane 51 71 %¢/12 3355, 1705 °
35-36 °c
g -(cHy),- 80 °c 54 hexane 32 45 °c/0.2 3350, 1695 °
{ -(CHy) - 80 -90 % 104 hexane 65 41 °c/0.01 3350, 1675
35 %
€ Coig-e 8o °c 4d hexane 93.5 75 % 3350, 1645
B -CypHg oo 80 °c 10 ¢ bensene 80 121 % 3355, 1605,
1565 &
Recorded in KBr *, as film °;
® from indene, °° from acenaphthylene.
Table 3. Analytical data of compounds 17a-}
comp. formulas Mwt c H ) ]
118 CyoByoP oM, O 4122 Pound: 34.84 3.01 7.26
required: 34.96 2.93 6.80
11} CyoH PN, 412.2 Pound: 34.98 2.95 6.86
required: 34.96 2.93 6.80
115 °1o“e’12’2 384.2 Pound: 31,18 2,19 6.90¢
required: 31.26 2,10 7.29
128 CyyHg?y X, 396.2 Pound; 33,24 2.05 7.33
required: 33.35 2,05 17.07
128 CyoHo?q2% 410.2 Pound: 35.25 2.65 6,87
required: 35.14 2.46 6.83
1L My Y 438.3 Pound: 38.61 3.45 6.40
required: 38.37 3.22 6.39
118 CqgHg?y oM, 444.2 Pound: 40.72 1.91 6.11°
required: 40,56 1.82 6.3
ln c18“8’12'2 480.3 Pound: 45.43 1.73 5.80°
required: 45.02 1,68 5.83
ut
114 c‘3H15P‘2l’ 441,3 Pound: 35.25 3.46 9.44

required: 35.39 3.43 9.52

®* Column chromatography on silica gel / chlorofors - carbon
tetrachloride (1:1) was necessary to get analytically pure
samples.

+ Experiments to purify 171 by distillation falled. Column
chromatography caused decomposition; 173 therefore was
characterised analytically after transformation into 24b.
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9 (from o-hexane). IR (KBr): 3350 (»NH), 1700 (#C=C),
1630cm™" (»C=N). 'H NMR (Dy-acetone): & = 2.30-3.10 m (4H),
353-4.40 broad (1H), 4.70h, J =69Hz (1H), 6.97s (I1H), 9.05
broad (1H). "F NMR (Dy-acetone): 8=-43m (3F), -73m
(3F), -82q, J=85Hz OF), ~108m (6P), -127m (3P), -
135q. J=835Hz (3P). (Found: C, 27.74; H, 147; N, 795.
C»HeFuN; requires: C, 28.19; H, L.11: N, 7.73%). Mass spec-
trum: M* =724,

Reaction of 11 with sorbornene. A mixture of 11 (6.56g;
20 mmol) and morbornene (1.885: 20 mmol) was kept ia SOml
a-hexane at room temp. for 2 days, yield 7.1g (85%); m.p. 67

[ J
(from m-hexanc). IR (KBr) 1530 cm”’ (-NS-N-C(). 'H NMR

(CDCL): 8=088-1.98m (6H), 240-298m (3H). 5.07d, )=
65Hz (JH). "F NMR (CHCY): 8=—-4.1q, J=112Hz (P,
-1165q. J=112Hz (3P), -125q, J=7.1Hz 3P), -2524,
brosd (3P). (Found: C, 37.39: H, 2.84; N, 636 C;;H\FiuN;
requires: C, 36.98; H, 2.39: N, 6.63%). Mass spectrum: M* = 422,

3-Diethylamino4-methyl-5.5 - bis(triflmoromethyl) - 2 - 222 -
triflworo - 1-trifuoromethyl - ethyl) - |H - 3 - pyrazoline (17])

To a stirred sola of 11 (3.28g: 10 mmol) in 10 mJ abs. hexane at
~-30° 2 sola of |-diethylamino-propyne (1.11g: 10 mmol), ia
10 mi hexane was added dropwise snder N;. After 2hr at - 30°,
LAH (0.4g: 10.5 mmol), in 10 mi ether was added. The mixture
was allowed 10 warm up slowly to 0%2-3br). On bydrolytic
work-up the 1H-3-pyrazoline 17] was isolated from a mixture of
products as a crystallime s0did, yield: 0.64 g (14.5%); m.p. 60.5-61°
(hexane). IR (KBr): 3350 (»NH), 1675 cm™' (»C=C). '"H NMR and
"F NMR: Table |; amalytical data: Table 3. Mass spectrum:
M* =441,

Thermolysis of 1Th. Compound 17h (2.4 g: S mmol) was heated
10 190-195%, the course of the reaction was followed by ""F NMR
spectrmcopy. The crystalline material obtained was purified by

columa chromatograpby (sdica gel/CCl), yield: 1.2g (58.9%)
2Ua. mp. 111° (hexane/chioroform). IR (KBr): 1584cm™!. 'H
NMR (CDCYy): 8=580h, J=THz (IH), 740-8.15m (&Q e
NMR (CDCly): 8=-10.5d, J =7 Hz (6P), - 163 s 3F). (Found:
C.49.65: H, 1.73; N, 6.71. C\;H,FyN; requires: C, 49.77: H, 1.72;
N. 6.839%). Mass spectrum: M* = 410.

S-Ethoxy-4-methyl-3-trifworomethyl - 1 - (222 - trifimoro - |
trifimoromethyl - ethyl] - pyrazol (UB)

To a stirred soin of 11 (6.56 g; 20 mmol) in 20 m! abs. hexane at
- 10° a soin of l-ethoxy-propyne (3.36; 40 mmol) in 10 ml bex-
ane. was sdded dropwise under N;. The mixture was kept 3 days
at 0-5° and 2 days at room temp. before being treated with 0.5 g
(13 mmol) LAH, in 10 m) ether, for 4hr at 0°. On hydrolytic
work-up the crude 171 was obtained (NMR data: Table 1).

For pyrazol formation 171 was heated to 150-160° for 18 hr. 24
mwﬁdbyw&mwy(lﬁapﬂmm
chloride—under water free coaditions) and distillation i vac,
yield: 1.75g (26%): b.p. 6712 torr., IR (fim): 1605cm™".. 'H
NMR (CDCly): 8§=143%, J=72Hz (OH), 214 (broad) (3H),
433q,J=7.2Hz (2H), 5.36 h, ] = 6.8 Hz (1H). "°F NMR (CDCh):
8=-965d, ] =68Hz (6P, -14.93 3P). (Found: C, 35.03; H,
2351: N, 8.64. C,yHoFyN,O requires: C, 34.90; H, 2.64: N, 8.14%).
Mass spectrum: M* = 344,

Thermolysis of 17). Compound 17) (0.88 3; 2 mmol) was beated
10 150° for Shr. The resulting liquid was purifed by colunm
chromatography asd subsequent distillation, yield: 0.74 g (100%)
Uc; b.p. 10217 t0er. IR (Rim): 1585 cm™'. 'H NMR (CDCh):
8§=1.051, J=72Hz (6H), 117 (broad) (3H), 3.10q, J=72H2
(4H), S&7h, J=67SHI(IH). "F NMR (CDCl,): 8=-10.0d,
J=675Hz (6P, —153s (3F). (Found: C, 3895. H, 391. N,
11.18. Ci;H FeN, requires: C, 38.82; H, 3.80; N, 11.32%). Mass
spectrum: M* = 371,

“The minor compound gives rise (0 s st -60q. J=9%9H2
(6F) and - 11.1q, J =9 Hz (6F) in the NMR spectrun and
probably is the “criss-cross™ cycloadduct with both the isobuty!
groups placed cis in respect to the bicyclic riag system
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