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Abstract- Thermal decomposition of the cycloadducts 2a,b and
2'a leads to 4-methyl substituted pyrrolincones 4a,b as the main
products, along with mincr amounts of the corresponding
cyclopropane derivative 3a,b and 3'a respectively. However, by
thermolysis of 2'b and photolys:s of 2a,b and 2'a.b the propor-
tions of the products are reversed, the cyclopropane derivative
of the type 3 being the major component. The formation of the
cyclopropane derivative by both thermolysis and photolysis of
the cycloadducts 2 proceeds with retention of stereochemistry.

2,3

Although thermolysis and photolysis of pyrazolines have been widely studied and

used for the synthesis of cyclopropane derivatives, there are relatively few re-

4150607 dealing with bicyclic substrates in which the ring fused to the

ports
pyrazoline nucleus is a heterocycle. In a very recent papere we have described the
synthesis of several pyrrolopyrazoline derivatives of the type 2 by 1,3-dipolar
cycloaddition of diazomethane +to 5-methoxy-3-pyrrolin-2-ones (1). Thus it becanme
of interest te study their thermal and photochemical decomposition which could
provide a convenient route for the synthesis of ring-fused cyclopropane derivatives

of the type 3, as well as 4-alkyl substituted pyrrolincnes 4.
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We have found that pyrrolopyrazoline derivatives 2a,b and their
2'a,b on heataing for 48 h at 130°C in chlorobenzene, lose nitrogen to afford in
esgentially guantitative yield a mixture of the corresponding 3-azabicyclo[3.1.0]-
hexan-2-one (3a,b and 3'a,b, respectively) and the 4-methyl substituted pyrro-

(4a,b). The individual components can be isolated by flash chromatography

As indicated in Table 1,

linone
on silica gel (chloroform-ethyl acetate 1:2). thermal
decomposition of cycloadducts 2a,b and 2"a proceeds with predominant formation of
the 4-methyl substituted pyrrolincne 4a,b. It should be noted that the proportion
of the cyclopropane derivative 3 15 increased by the presence of 6a-methyl or endo-
in the case of 2'b, the

4-methoxy groups.Thus, in which both groups are present,

cyclopropane 3'b becomes the major component.

Formation of cyclopropane derivatives 3 in proportions above 24% contrasts to our

previous results” obtained by thermolysys of furcpyrazolines 6, in which the 4-

methylfuranone 8 1s the sole product and the corresponding cyclopropane derivative

7 is not observed.
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Table 1. Products® from decomposition of cycloadducts 2 and 2°'.
Substrate R Thermolysis Photolysis
2a H 3a (24) 4a (76) 3a (66) 4a (19) la (15)
2'a H 3'a (37) 4a (63) 3'a (53} 4a (23) la (24)
2b Me 3b (40} 4b (60) 3b (50} 4b (26) 1b (24)
2'b Me 3'b (556) 4b (44) 3'b (42) 4b (29) 1b (29}
a

Relative product

distribution (%) determined by lg-nmr.

Photolysis of the cycloadducts 2 has been carried out by irradiation in a pyrex

vessel, in acetonitrile solution, with a medium pressure mercury lamp. In all

cases we have obtained the corresponding cyclopropanes 3 as the major components,
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along with substantial amounts of the 4-methyl substituted pyrrolinones 4 and
pyrrolinones 1. The components can be separated by chromatography on silica gel
{chloroform-ethyl acetate 1:2). As deduced from the results summarized in Table 1,
the proportion of the cycliopropane derivative 3 depends upon the substitution on
the cycloadduct 2, being higher for the exQ epimers 2a,b and when R=H.

The structure of the 3-azabicyclo[3.l.0]hexan-2-ones 3 and 3' is supported by the
spectral data, in particular the lH—nmr. The assignment of the stereochemistry 1is

based mainly on the value of the coupling constant J (Table 2). Thus the presence

4,5

of a ccupling constant J * 5 Hz indicates that H-4 and H-5 must be cis to each

4,5
other (endo- MeQ group, 3'), whereas a coupling constant J4 5 * 1 Hz suggests a
r
trans relaticnship (exo MeO group,3}.
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Table 2. Ir and lH—nmr spectral data of compounds 3 and 3'.
r? lH-Nmrb
Compound c=0 NH -1 H-4 H-5 H-6 OMe J4'5
1700 3200 c c 1.13
3a 1680 3100 1.99 4.77 1.96 0.67 3.36 1.3
' 32190 c c 1.22
3'a 1700 3080 2.12 5.05 1.90 1.04 3.38 5.2
3280 d 0.94
3b 1700 3110 (1.36) 4.73 1.84 0.73 3.32 1.2
. 3210 d 1.28
3'b 17090 3100 (1.32) 5.02 1.91 0.83 3.36 5.1

aNujol. bCDC13. cSignals may be interchanged. dMe signals.
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The formation of cycloprepane derivatives by both thermolysis and photolysis

proceeds with retention of the stereochemistry of the initial cycloadduct.

The formation of the pyrrolinones la,b suggests the presence of a competing cycloe-
reversion of the adducts 2a,b or 2'a,b. The presence of cycloreversion products
has previously been repcrted in the photodecomposition of pyrazolines and bicyclie

2:3:% 4hd has recently been observed by uslO in the photeolysis of

pyrazolines
furopyrazolines of the type 6.

11 in favour cof the formation of carbene

Evidence has previously been presented
species in the photolysis of pyrazolines. It was therefore suggested that a
considerable fraction of the cyclopropane formation might result from cycloaddition
of the carbene to the clefin originated by cycloreversion. The clear stereospecific-
ity observed by us in the photolysis of the cycloadducts 2a,b and 2'a,b seems to

rule cut the carbene pathway 1n the present case.

EXPERIMENTAL

Mps are uncorrected. Ir spectra were recorded on a Perkin-Elmer model 681 grating
spectrometer, v wvalues in cm_l. lH~—Nmr spectra were cbtained on a Varian EM-390 or
on a Bruker WM-200-5Y spectrometer for CDCl3 gsolutions (unless otherwise stated)
and the chemical shifts are reported in § (ppm from internal TMS). Mass spectra
were determined on a VG-12-250 spectrometer. Silica gel Merck &0 (70-230 mesh),
60 (230-400 mesh) and DC-Alufolien 60 Focy

chromatography and analytical tlec, respectively.

were used for conventional, flash column

Thermal Decomposition of the Cycloadducts 2 or 2'. General Procedure.

A solution of the adduct (10 mmol) in chlorobenzene (20 ml) was heated under reflux
for 48 h. The solvent was removed 1in vacuo and the residue was analyzed by 1H—nmr
{Table 1). The crude mixture was chromatographed on silica gel under pressure
{chloroform-ethyl acetate 1:2).

Thermolysis of 2a. Chromatography of the residue afforded 4-exo-methoxy-3-azabicyclo-
[3.1.0)hexan-2-cne (3a) in 15% yield and 4-methyl-S5-methoxy-3-pyrrolin-2-one (4a)
(mp 83°C, 1lit.'? 83°C) in 65% yield.

3a. Mp 82-83°C {(from chlorcform-hexane). (Found: C, 56.40; H, 7.29:; N, 10.70.
+
CGH902N requires, €, 56.69; H, 7.09; N, 11.02). Ms, m/z: 127 (M), 96 (100%), 84,
78, 68.
Thermolysis of 2'a. Chromatography of the residue afforded 4-endo-methoxy-3-aza-

bicyclo[3.1.0]hexan-2-one (3'a) in 25% yield and pyrrclinone 4a in 55% yield.

3'a. Mp 78-81°C (from chloroform-hexane). (Found: C, 56.52; H, 7.26; N, 10.86.

C6H902N requires, ¢, 56.6%; H, 7.09; N, 11.02). Ms, m/2: 127 (M+), 96 (1900%), 78, &8.

Thermelysis of 2b. chromatography of the residue afforded l-methyl-4-exo-methoxy-3-
azabicyclof3.1.0]hexan-2-one (3b) 1in 30% yield and 3,4-dimethyl-5-methoxy-3-pyrrolin-
2-one {(4b) in 50% yield.
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3b. Mp 82-83°C (from cyclohexane). {Found: C, 59.64; H, 7.68; N, 10.27. CTHllDZN
requires, C, 59.57; H, 7.80; N, 9.92). Ms, m/z: 141 (M3, 127, 110 (100%), 92, 82, 67.

4b. Mp l4l°C (from hexane). (Found: C, 59.29; H, 7.66; N, 9.57. C7H1102N requires,
C, 59.57; H, 7.80; N, 9.92. Ir (nujol): 3260 NH, 1700 C=0. ‘H-Nmr (cDCly): 6.5 (br,
1H, HN); 5.15 (s, lH, B-5)}; 3.12 (s, 3H, OCH;); 1.82 (s, 3H, CHy); 1.78 (s, 3,
CH,). Ms, m/z: 141 (M*y, 126, 110 (l00%), 94, 82, 67.

Pyrrolinone 4b was alsc obtained by ammonolysis of 3,4-dimethyl-5-methoxyfuran-
2(5H)~one (8, R=Me), followed by acid catalyzed treatment with methanol according

to the method previocusly described by usla.

Thermolysis of 2'b. Chromatography of the residue afforded l-methyl-4-endo-methoxy-
3-azabicyclo[3.1.0]hexan-2-one (3'b) in 45% yield and the pyrrolinone 4b in 35%
yield.

3'b. Mp 104-105°C (from cyclohexane). (Found: C, 59.50; H, 8.10; N, 9.86. CTHllOZN

requires, C, 59.57; H, 7.80; N, 9.92). Ms, m/z: 141 (M+), 127, 110 {(1lo0%), B2, &7.

Photolysis of the Cycloadducts 2 or 2'b. General Procedure.

A solution of the adduct (10 mmol) in acetonitrile {300 ml) was irradiated with a

Osram HQL 125 W lamp, in a pyrex rmmersion well reactor, until the starting adduct
was consumed (monitored by tlec; 48-72 h). The solvent was removed in vacuo and the
residue was analyzed by lHnnmr {Table 1). The crude mixture was chromatographed on

silica gel under pressure (chloroform-ethyl acetate 1:2).

Photolysis of 2a. Chromatography of the residue afforded cyclopropane 3a in 55%
yield, pyrrolinone 4a in 10% yield and 5-methoxy-3-pyrrolin-2-one (la) (mp 38° C,
1ie.13 38ec) in 8% yield.

Photolysis of 2'a. Chromatography of the residue afforded cyclopropane 3'a in 42%
yield and the pyrrolinones 4a in 15% yield and la in 15% yield.

Photolysis of 2b. Chromatography of the residue afforded cyclopropane 3b in 40%
yield and the pyrrolincnes 4b in 16% yield and 3-methyl-5-methoxy-3-pyrrolin-2-
one (Ib) (mp 50°C, lit.'? 50°C) in 14% yield.

Photolysis of 2'b. Chromatography of the residue afforded cyclopropane 3°b in 34%
yield and the pyrrolinones 4b in 17% yield and 1b in 17% yield.
ACKNOWLEDGEMENT

We thank the Comisién Asesora de Investigacidn Cientifica y Técnica for financial

support and Mr. J.A. Esteban for technical assistance.

REFERENCES

1. Part XXvI: F. Farifia, M.{. Maestro, M.V. Martin, and M.L. Soria, Tetrahedron,

in press.

2. T.V. van Auken and K.L. Rinehart Jr., J. Am. Chem. Soc., 1962, 84, 3736.

3. P.S5. Engel, Chem. Rev., 1980, 80, 99.

4. M. Franck-Neumann, Angew. Chem. Int. Ed., 1968, 7, 65.

—369—



10.

1i.

12.

13.

P.B. Condit and P.G. Bergman, Chem. Comm., 1971, 4.

5.W. Pelletier, Z. Djarmati, §.D. Lajsic, I.V. Micovic, and D.T.C. Yang,
Tetrahedron, 1975, 31, 1659.

M.W. Majchrazk and A. Kotelko, J. Heterocyclic Chem., 1985, 22, 1475.

F. Farifia, M.V. Martin, M.C. Paredes, and A. Tito, J. Heterocyclic Chem., in

press.
F. Farifia, M.V. Martin, and F. Sanchez, Heterocycles, 1986, 24, 2587.

F. Farifia, M.V. Martin, and M.L. Soria, X Reunidn Bienal Grupe Es. Quim. Org.,
{R.S5.E.Q.), Caceres, Spain, 1983, Abstracts of scientific papers, pp. 29.

S.L. Buchwalter and G.L. Closs, J. Org. Chem., 1575 40, 2549.

F. Farifia, M.V. Martin, M.C. Paredes, M.C. Ortega, and A. Tito, Heterocycles,
1984, 22, 1733.

F. Parifia, M.V. Martin, and M.C. Paredes, Synthesis, 1973, 167.

Received, 7th August, 1987

—370—




