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Communications

1,4-Bridged Pyrazolin-5-ones from Thermal Ring
Enlargement of Spiro Pyrazolium Ylides

Summary: Spiro pyrazolium ylides 5 obtained by flow
pyrolysis of hydrazinopropenoate derivatives 4 undergo a
thermally induced ring enlargement by a [1,4] sigmatropic
shift leading to 1,4-bridged pyrazolin-5-ones 6; in some
cases a competing reaction is the intramolecular elimina-
tion which affords N-alkenyl-5-hydroxypyrazoles 7.

Sir: During the past few years, a few examples of rear-
rangements of endocyclic unsaturated ylides of type 1 have
been reported. The three main pathways postulated to
account for the formation of isolated products (Scheme
I) can be regarded as (i) the Stevens [1,2] rearrangement,!
(ii) the [1,4] migration of a substituent R,? and (iii) the A-B
bond cleavage reaction.® Moreover, it has been shown in
some cases that two or more of these processes can com-
pete.

We have recently reported the clean thermal rear-
rangement of pyrazolium ylides le¢ to pyrazolinones 3¢,
implying a [1,4] methyl shift from nitrogen to carbon (path
ii). We anticipated that this new intramolecular rear-
rangement which formally involves a 67 electron system
might be extended to spiro cyclic derivatives such as 5. We
report here a simple and efficient synthesis of 1,4-bridged
pyrazolinones 6, a new class of diazabicyclo compounds
now available from hydrazinopropenoate derivatives 4
(Scheme II).

Diesters 4a—d were obtained in high yields (>95%) by
condensation in methanol of the appropriate N-amino
heterocycle with diethyl ethoxymethylenemalonate.?
When solutions of compounds 4a-d in toluene were sub-
mitted to flow pyrolysis® at relatively low temperatures
(325-350 °C), spirocyclic pyrazolium ylides 5a—d,’ resulting
from successive [1,4] elimination of ethanol and 6 = elec-
trocyclization of the intermediate ketene,® were obtained
in fair yields (56-74%) after recrystallization. In this
temperature range, small amounts of the expected bridged
pyrazolinones were formed and could be isolated by flash
column chromatography® of the mother liquors (see Table
I).

In preliminary experiments, we observed the facile in-
tramolecular thermal rearrangement of ylides 5 to bicyclic
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%a, A= S, B= N (ref1, 2);b, A= NMe, B= CH (ref 3);
¢, A= NMe, B= N (ref 4).
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Table I. Flow Pyrolysis® of Hydrazinopropenoates 4

product distribution,

starting %
compounds® temp, °C 5be 6° 7

da 335 63 10
4a 400 27 47
4b 360 73 15
4b 400 16 44/
4c 355 74 20
4c 400 25 36/ 168
4c 420 23 38
4d 325 56°
4d 390 48/ 158

¢ Typical procedure is given in ref 6a. °Satisfactory analytical
data (£0.2% for C, H, N). *mp (°C) of ylides 5 recrystallized from
Et,0: 5a (90-92), 5b (138), 5¢ (83), 5d (103). 920% recovered
starting material. ¢15% recovered starting material. /mp (°C) of
pyrazolinones crystallized from light petroleum: 6b (62), 6c (45),
6d (36). £Estimated yield by 'H NMR of crude products.

derivatives 6. However, for preparative purposes, it was
not necessary to isolate intermediate ylides 5 since better
overall yields were obtained when starting diesters 4 were
directly submitted to thermolysxs at higher temperatures.!®
Under these experimental conditions, compounds 4a,b led
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to pyrazolinones 6a,b together with ylides 5a,b as minor
products. Bridged 2-pyrazolin-5-ones 6a,b, whose struc-
tures are supported by 'H and 3C NMR spectroscopy,
show two strong infrared absorption bands in the 1700~
1800-cm™ range. The first band (1740 ¢cm™) is assigned
to the ester carbonyl while we attribute the second one
(1765 cm™ for 6a and 1760 cm™ for 6b) to the amide
carbonyl. These abnormal high values for an amide band
reveal, in accordance with Bredt’s rule, an important in-
hibition of the N—C=0 resonance in these N-bridgehead
lactams.!!

On the other hand, 'H NMR spectra of the crude ma-
terials obtained from diesters 4¢,d at 390-400 °C showed
the characteristic signals of a terminal vinyl group sug-
gesting that an elimination reaction follows or competes
with the [1,4] migration. Flash column chromatography
of the mixture resulting from the thermolysis of the pi-
peridine derivative 4c afforded besides the pyrazolinone
6¢!? an isomeric N-alkenyl compound whose spectroscopi¢
data!® support the hydroxy-5-pyrazole structure 7c. The
analogous elimination product 7d formed in lower yield
(15% estimation on the basis of 'H NMR spectra) could
not be isolated.

Pyrazolinone 6¢ submitted to flow pyrolysis at 400 °C
was recovered unchanged. Thus hydroxy-5-pyrazoles 7¢,d
result from an intramolecular elimination reaction of ylides
5¢,d (Scheme III), either by a six-center mechanism in-
volving the negative charge delocalized on the carbonyl
oxygen (path a) or by a Cope-type elimination* (path b)
and subsequent isomerization (8 — 7) to the stable tau-
tomer in aprotic media.!® We believe that the elimination
takes place according to the latter pathway since crys-
tallographic analyses of analogous ylidic compounds reveal
a very short C=0 bond distance.!®
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As observed, the limited ring deformations of the five-
membered pyrrolidinium ylide 5a do not permit an in-
tramolecular elimination reaction. The unexpected be-
havior of the six-membered morpholinium ylide 5b, un-
reactive toward elimination in contrast with the isosteric
piperidinium derivative 5¢, should be rationalized in terms
of stereoelectronic effects which need further investigation.

We have demonstrated that the flow pyrolysis of the
readily available hydrazinopropenoates 4 offers a conven-
ient method for the preparation in one experimental step
of a new class of diazabicyclo compounds 6. Studies are
now underway toward the extension to other systems of
this novel ring enlargement methodology.
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Allylzinc Reagent Additions in Aqueous Media

Summary: Homoallylic alcohols are obtained when allylic
halides, zinc, and aldehydes or ketones in aqueous media
are subjected to ultrasonic waves.

Sir: Organometalllc compounds, among the most useful
reagents in organic chemistry, usually must be prepared
in anhydrous solvents due to the rapidity of protonolysis.
The presence of water is also known in some cases, e.g.,
reactions involving magnesium and zinc, to inhibit the
formation of the reagent.!

We reported some years ago that ultrasonic waves are
able to promote the formation of Grignard reagents even
in the presence of unusually high concentrations of water.?
We now report. that allylation of aldehydes and ketones
can be easily effected in aqueous media in a Barbier-type
reaction using zinc as the metal.

(1) Kharasch, H. S.; Reinmuth, O. “Grignard Reactions of Non-
Metallic Substances”; Prentice Hall: New York, 1954; pp 14-15. Nutzel,
K. “Methoden der organischer Chemie”, Houben Weyl; 4th ed., Muller,
E., Ed.; Georg Thieme Verlag: Stuttgart, 1973; Vol 13/2a; pp 553-858.

(2) Luche, J. L.; Damiano, J. C. J. Am. Chem. Soc. 1980, 102,
7926-7927. See also: Sprich, J. D.; Lewandos, G. S. Inorg. Chim. Acta
1983, 76, 1.241-242.

0022-3263/85/1950-0910$01.50/0 © 1985 American Chemical Society



