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Abstract—Methyl diazoacetate regioselectively adds to N-substituted imides of itaconic acid to afford
2-pyrazolines, methyl 7-aryl-6,8-dioxo-1,2,7-triazaspiro[4.4]non-2-ene-3-carboxylates that in reaction with
halogens (Cl Br,) yield methyl 5-aryl-1-halo-4,6-dioxo-5-azaspiro[2.4]heptane-1-carboxylates as a mixture
of syn and anti$(2$)-isomers.

We formerly established that reactiobetween of estersllla -f appear doublet signals from the
esters of substituted 7-aryl-6,8-dioxo-2,3,7-triazabiimethylene group protons in the imidag at 3.4 and
cyclo-[3.3.0]-oct-3-ene-4-carboxylic acids prepared2.9 ppm (¢ 18 Hz) and two doublets at 3.2 ppnd (
from alkyl diazoacetates and N-substituted male-18 Hz) corresponding to methylene group protons of
imides and halogens gavese to alkyl 4-halo-2,3,7- the pyrazolinering, asignal from NH group in the
triazabicyclo[3.3.0]oct-2-ene-4-carboxylates. Theregion of 8.8 ppm, andalso signals of aromatic
latter on heating in a vacuum eliminate nitrogenEJrotons and the protons of estgroup. In the
affording alkyl 6-halo-3-azabicyclo[3.1.0]hexane-6-13C NMR spectrum of estelild the signal belonging
carboxylates|[2]. to carbon in5-position is present at 70 ppm indicating

In this study we investigated the reaction of methylthat It is adjacent to zheteroatom.

diazoacetatel J with a series of N-substituted imides In reaction of estersllla-f with chlorine in
of itaconic acid, and the reaction of the resulting 73-87% yield arise methyl 5-aryl-1-chloro-4,6-dioxo-

products with halogens (Gl Br,). 5-azaspiro[2.4]heptane-1-carboxylates as a mixture
of synisomersIVa-f and anti-isomers Va-f. The
o MeO,C 0 reaction was carried out by two procedures: in the

first mode the dry chlorine was passed aCGhrough
N-R +N,CHCO,Me — a solution of a pyrazoline in chloroform; in the
I second procedure the chlorine was passed 4C75

O through a solution of pyrazoline in glaciateticacid.
Ma-e Mla—e The isomer ratiolV:V was in reaction carried out

along first procedure 1:1.9), 1:1.5 @), 1:1.6 ¢),

I, R = GH; (a), 4-CH,CeH, (b), 3-Cl-4-CHCH, 1:1.3 ); along the second procedure 2.5:@),(
(©), 4-CIGH, (d), 4-BrCH, (€), 4-FGH. (f). 12:1 d), 3.9:1 €). The reaction in acetic acid at
75°C afforded prevailingly the thermodynamically

Reaction of methyl diazoacetate with imidis -f
in benzene atroom temperature furnished methyl
7-aryl-6,8-dioxo-1,2,7-triazaspiro[4.4]non-2-ene-3-
carboxylates I{la -f). The composition and structure
of estersllla-f were established fromelemental
analyses (Table 1) and spectral data (Table 2). In the
IR spectra of compounds are observed absorption
bands of C=0 and NH groups in the regions 1700
and 3400 crit respectively. In théH NMR spectra IV, V, Hlg = Cl, R = GHs (a), 4-CH,CH, (b),
- 3-Cl-4-CH,C.H, (c), 4-CICH, (d), 4-BrCH, (e),

IVa-e, VIa-e Va—e, VIla—e

" For communication IV sefd]. 4-FCH, (f); VI, VIl , Hig = Br, R = GH; (a),
The study was carried out under financial supporRagsian 4-CH,CH, (b), 3-Cl-4-CH,CH; (¢), 4-CICH, (d),
Ministry of Education (grant E00-5-263). 4-BrCH, (e), 4-FGH, (f).
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Table 1. Yields, melting points, and elementahalyses of newly synthesized compounds

Found, % Calculated, %
Compd. Yield, % mp, °C Formula
no. C H N C H N
llla 72 193-194 | 58.51 4.60 14.51 C,H1:N0O, 58.63 456 | 14.63
b 69 172-174 | 59.80 4.89 14.03 C,H::N;0O, 59.80 5.02 | 13.95
Illc 71 180-183 | 61.01 5.32 13.39 C,eH:5:N;0, 60.95 5.43 | 13.33
d 84 190-197° | 52.14 3.92 13.27 C,,H.,CIN;O, 52.27 3.76 | 13.06
llle 82 180-182 | 45.87 3.41 11.60 C,,H,,BrN;O, 45.92 3.30 | 11.48
[if 66 184-186" | 54.93 4.07 13.90 C,,H,FN;O, 55.08 3.96 | 13.77
IVa+Va 77 164-166 57.23 4.01 4.68 C,,H.,CINO, 57.25 4.12 4.77
IVb+Vb 75 105-108 58.53 4.63 4.49 C,H..CINO, 58.55 4.59 4.55
IVc+Vc 81 205-208 52.51 3.88 4.17 C,H.:CILNQ, 52.65 3.83 4.09
IVd+Vd 73 173-175 51.16 3.29 4.41 C,,H,,CILNO, 51.24 3.38 4.27
IVe+Ve 87 176-178 45.07 3.02 3.80 C,,H,,BrCINQ, 45.13 2.98 3.76
IVi+VTf 82 164-166 54.03 3.41 4.62 C,,H,,CIFNQ, 53.95 3.56 4.49
Via+Vlla 71 173-176 49.59 3.61 4.28 C,,H,,BrNQ, 49.73 3.58 4.14
Vib 69 101-102 51.58 3.93 4.15 C,H,,BrNQO, 51.16 4.01 3.98
Vic+Vlic 63 213-215 46.63 3.51 3.58 C,H,3sBrCINQ, 46.60 3.39 3.62
Vid 65 181-183 45.15 3.07 3.93 C,,H,,BrCINQ, 45.13 2.98 3.76
Vie 73 190-192 40.51 3.07 3.51 C,,H,,Br,NO, 40.32 2.66 3.36
VIf+VIIf 64 206-209 47.27 3.24 3.90 C,,H,,BrFNQ, 47.21 3.11 3.93

&With decomposition.

Table 2. IR and'H NMR spectra of compound#ia -f, IVa-f, Va-f, Vla-f, Vlla, c, f ?

Compd. IR spectrum, crrt 'H NMR spectrum, 3, ppm (, Hz)
no.

llla  |890, 1050, 1130, 1220,380 s,1450, 1510{2.94 d (1H, 18), 3.19 d (1H, 18), 3.22d (1H, 18), 3.41d (1H, 18),

1580, 1720 v.s, 3050, 3390 3.73 s (3H), 7.297.54 (5H), 8.85 s(1H)
b |880, 1060, 1130, 1240380 s,1450, 1520|2.35 s (3H), 2.92 d (1H, 18), 3.17 d (1H, 18), 3.20 d (1H, 18),
1590, 1720 v.s, 3050, 3380 3.36 d (1H, 18), 3.72 s (3H), 7.18 d (2H, 8), 7.31 d (2H, 8),

8.84 s (1H)
lic  |880, 1060, 1140, 1200380 s,1450, 1500|2.38 s (3H), 2.94 d (1H, 18), 3.18 d (1H, 18), 3.20 d (1H, 18),
1580, 1720 v.s, 3050, 3370 3.38 d (1H, 18), 3.73 s (3H), 7.21 d (1H, 8), 7.41 s (1H), 7.51 d

(1H, 8), 8.78 s(1H)
liid >¢ |980, 1080,1130,1240380 s, 1450, 1500|2.94d (1H, 18), 3.18d (1H, 18), 3.20d (1H, 18), 3.39d (1H, 18),
1590, 1720 v.s, 3050, 3380 [3.73 ©(3H), 7.35 d (2H, 9), 7.60 d (2H, 9), 8.80 (&H)
llle  |870, 1020, 1070, 1110,1130,123880 s/2.94 d (2H, 18), 3.18 d (1H, 18), 3.20 (1H, 18), 3.38 d (1H, 18),
1450, 1490, 15901720 v.s, 3050, 3380 | 3.73 s (3H), 7.29 d (2H, 9), 7.73 d (2H, 9), 8.80(%H)
If  |890,1030, 1080, 1140, 1230380 s,1450,/2.95d (1H, 18), 3.18d (1H, 18), 3.20d (1H, 18), 3.39d (1H, 18),

1480, 1590,1720 v.s, 3050, 3390 3.76 s (3H), 7.36 m (4H), 8.83 §lH)

IVa® |980,1110,1170,12901390 s,1500, 1600|2.33 d (1H, 6), 2.37 d (1H, 6), 2.94 d (1H, 19), 3.04 d (1H, 19),
1720 v.s, 3050 3.92 s (3H), 7.287.51 (5H)

IVb  |980,1110,1170,129039051520,1720v.s,[2.32d (1H, 6), 2.36 d (1H, 6), 2.40s (3H), 2.92d (1H, 19), 3.03d
3050 (1H, 19), 3.92 s (3H), 7.15.27 (4H)

IVc  |880, 980, 1060, 1110, 1170, 1291890 s/2.32d (1H,6), 2.36d (1H, 6), 2.42s (3H), 2.93d (1H, 19), 3.03 d
1510, 1720 v.s, 3050 (1H, 19), 3.92 s (3H), 7.17.38 (3H)

Ivd  [980,1020,1100, 1160, 1290390 s,1500,/2.32 d (1H, 6), 2.37 d (1H, 6), 2.94 d (1H, 19), 3.03 d (1H, 19),
1720 v.s, 3050 3.92 s (3H), 7.267.49 (4H)
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Table 2. (Contd.)

Compd. IR spectrum, crt 'H NMR spectrum, 3, ppm (, Hz)
no.
Ve 980, 1020, 1080, 1100, 1160, 129890 s,2.32 d (1H, 6), 2.37 d (1H, 6), 2.94 d (1H, 19), 3.04 d (1H, 19),

i
Va®
Vb
Vc
vd
Ve
Vf
Via
Vib'
Vic
Vid
Vie
VIf
Vila
Vlic

VIIf

1490, 1720 v.s, 3050
980, 1110, 1160, 1290,390 s,1510, 1600
1720 v.s, 3050

980, 1100, 1160, 1291,390 s,1510, 1600
1720 v.s, 3050
980,1100,1160,1290390¢,1520,1720v.s,
3050

870, 970, 1060, 1100, 1160, 1290380 s,
1500, 1720 v.s, 3050

970, 1020, 1090, 1160, 1290380 s,1500,
1720 V.S, 3050

970, 1020, 1080, 1160, 1290380 s1490,
1720 v.s, 3050

840, 970, 1100, 1160, 1290390 s,1520,
1720 v.s, 3050

3.92 s (3H), 7.26 d (2H, 8), 7.63 d (2H, 8)
2.32 d (1H, 6), 2.37 d (1H, 6), 2.94 d (1H, 19), 3.04 d (1H, 19),
3.92 s (3H), 7.147.32 (4H)

1.71 d (1H, 7), 2.68 d (1H, 7), 2.92 d (1H, 19), 3.44 d (1H, 19),
3.82 s (3H), 7.287.51 (5H)

1.70 d (1H, 7), 2.39 s (3H), 2.67d (1H, 7), 2.91 d (1H, 19), 3.42d
(1H, 19), 3.81 s (3H), 7.15.27 (4H)

1.71d (1H, 7), 2.42 s (3H), 2.67d (1H,7), 2.91d (1H, 19), 3.43d
(1H, 19), 3.82 s (3H), 7.17.38 (3H)

1.72.d (1H, 7), 2.67 d (1H, 7), 2.92 d (1H, 19), 3.44 d (1H, 19),
3.82 s (3H), 7.267.49 (4H)

1.72.d (1H, 7), 2.68 d (1H, 7), 2.92 d (1H, 19), 3.44 d (1H, 19),
3.82 s (3H), 7.21 d (2H, 8), 7.63 d (2H, 8)

1.71 d (1H, 7), 2.68 d (1H, 7), 2.92 d (1H, 19), 3.43 d (1H, 19),
3.82 s (3H), 7.147.32 (4H)

2.26 d (1H, 6), 2.43 d (1H, 6), 2.89 d (1H, 19), 3.04 d (1H, 19),
3.91 s (3H), 7.287.53 (5H)

2.26 d (1H, 6), 2.41 m (4H), 2.87 d (1H, 19), 3.02 d (1H, 19),
3.90 s (3H), 7.22 d (2H, 8), 7.30 d (2H, 8)

2.26 d (1H, 6), 2.43 m (4H), 2.88 d (1H, 19), 3.02 d (1H, 19),
3.91 s (3H), 7.167.39 (3H)

2.26 d (1H, 6), 2.42 d (1H, 6), 2.89 d (1H, 19), 3.03 d (1H, 19),
3.91 s (3H), 7.31 d (2H, 8), 7.48 d (2H, 8), 7.31 d (2H, 8)
2.27 d (1H, 6), 2.43 d (1H, 6), 2.89 d (1H, 19), 3.04 d (1H, 19),

3.90 s (3H), 7.26 d (2H, 8) 7.63 d (2H, 8)

2.27 d (1H, 6), 2.43 d (1H, 6), 2.89 d (1H, 19), 3.03 d (1H, 19),
3.91 s (3H), 7.177.37 (4H)

1.73 d (1H, 7), 2.72 d (1H, 7), 2.96 d (1H, 19), 3.46 d (1H, 19),
3.81 s (3H), 7.287.53 (5H)

1.73d (1H, 7), 2.71 d (1H, 7), 3.45 d (1H, 19), 3.81 s (3H), 7.16
7.39 (3H)

1.74 d (1H, 7), 2.72 d (1H, 7), 2.96 d (1H, 19), 3.45 d (1H, 19),
3.81 s (3H), 7.177.37 (4H)

2 14 NMR spectra of compound$ia —f were registered iDMSO-d,, of the other compounds i@DCl.,.

® 14 NMR spectrum, (CD),CO, 8, ppm @, Hz): 3.16 d (1H, 19), 3.31 d (1H, 18), 3.33 d (1H, 19), 3.61 d (1H, 18), 3.78 ©(3H),
7.39 d (1H, 9), 7.62 d (1H, 9), 8.18 © (1H).

¢ 3C NMR spectrum,3, ppm: 42.0 (€), 43.7 (C), 52.5 (CHe), 69.4 (€), 129.6, 129.9, 131.9133.8 (C arom), 138.9 (¥,

162.9,

174.3,177.3 (C=e).

4 13C NMR spectrum 8, ppm: 28.2 (&), 32.9 (C), 35.9 (C), 49.0 (C), 54.9 (CHgee), 126.7, 126.8, 129.2,32.1 (C arom),

162.9,

173.5,174.2 (C=z).

® ¥ NMR spectrump, ppm: 26.6 (€), 32.9 (G), 34.8 (C), 49.0 (C), 54.0 (CHae), 126.7, 126.8, 129.2, 1295632.1 (C arom),

162.9,

173.5,174.2 (C=z).

F 13C NMR spectrum,8, ppm: 21.6 (CH), 28.2 (&), 33.6 (C), 34.7 (C), 35.4 (C), 54.7 (CH), 126.5, 129.8, 130.2139.6
(C arom), 167.8, 172.5173.9 (C=z).

more stablasomer. Mixture of isomer$Va and Va
was also obtained on treating pyrazolifiéa with

In the IR spectra of estel¥a-f, Va-f is present
an absorption band in the region of 17207¢nin the

ICI. The structure and composition of compoundsH NMR spectra the signals from thenethylene
obtained were established fromlemental analyses group proton of cyclopropane ring icis-position to
and spectral data.

ester group (Ain IVa-f at 2.4 ppm, and Hin Va-f
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at 2.7 ppm) appear downfield with respect to signalsnersVlla, ¢, f inaratio 1.5:14), 7.8:1¢), 1.4:1
of protons (H in IVa-f at 2.3 ppm and Bin Va-f)  (f). IsomersVIb, d, ande were isolated as the only
at 1.7 ppm) locatedis to chlorineatom. Thesignals reaction products. Theomposition and structure of
from themethylene group proton of the imiding H*  compounds obtained were established frelemental
[IVa-f, 3.1 ppm (d,J 19 Hz), Va-f, 3.4 ppm (d, analyses and spectrdhta. In the'H NMR spectra of
J 19 Hz)] are present downfield with respect toestersVl, VIl are observed the signals from methyl-
signals from H proton [Va-f, 2.93 ppm (d,J ene group protons of cyclopropane ring fVla-f,
19 Hz), Va-f, 2.91 ppm (d,J 19 Hz)] due to the 2.4 ppm {, J6 Hz),Vlla, c, f, 1.7 ppm ¢, J 7 Hz)]
through-space influence of theynlocated electron- and H [Vlia-f, 2.3 ppm ¢, J 6 Hz), Vlla, c, f,
withdrawing substituent at the cyclopropane ring2.7 ppm ¢, J 7 Hz)]; from methylene group protons
(chlorine atom in theanti-isomer, methoxycarbonyl of imide ring H* [Vla-f, 3.05 ppm ¢, J 19 Hz),
group in thesynisomer). The strongedeshielding (Vlla, c, f, 3.4 ppm ¢, J 19 Hz)] and H [Viaf,
effect of theester group results in largefownfield 2.9 ppm ¢, J 19 Hz), Vlla, c, f, 3.0 ppm ¢, J
shift of signal from proton B-C’ in anti-isomers 19 Hz)], andalso signals of protons belonging to
Va-f compared to the signal of similar proton of the aromatic fragment and to estgroup.

synisomers [Va-f. The scheme of halocyclopropanes formation

The reaction between pyrazolinedla -f with  includes electrophilic substitution at nitrogen giving
bromine in acetic acid at 7& afforded methyl rise to pyrazolineVlll followed by rearrangement
1-bromo-4,6-dioxo-5-azaspiro[2.4]heptane-1-carboxyinto 1-pyrazolinelX that eliminates nitrogen yielding
lates as mixtures of syn-isome¥da-f and anti-iso- cyclopropaneslV -VII .

MeO,C o
/
— N\ —
11} N R V-Vl
Hilg O
A% 111
EXPERIMENTAL lized from methanol. Yield of esteiva+ Va 0.32 g

(77%). EsterslVb, d, f andVb, d, f were prepared

IR spectra were recorded on spectrophotometeih the sameway.
UR-20 from 2% solutions of compounds in chloro- . :
form. *H NMR spectra were registered on spectrom-  (P) T0 a solution of 0.2 ¢0.7 mmol) of pyrazoline

eter Bruker DPX-300 (300 MHzjrom 2% solutions llla in 10 ml of anhydrous C.hIOf'Oform waadded
in CDCl; or DMSO<,. 0.34 g (2.1mmol of ICI. The mixture was stirred for

_ _ _ 2 h at room temperatureyashed with N55,0; solu-
Methyl 6,8-dioxo-7-phenyl-1,2,7-triazaspiro- tion, and dried with MgSQ. The solvent was
[4.4]non-2-ene-3-carboxylate (llla).To a solution of  eyaporated, the residue was recrystallized from

0.5 g (2.6mmol) of itaconic acidN-phenylimide (la)  methanol. Yield of esteiva+ Va 0.15 g (71%).
in 10 ml of anhydrous benzene was added 0.5 g

(5 mmol) of methyl diazoacetaté)( The mixture was Methyl 4,6-dioxo-1-chloro-5-(4-chlorophenyl)-5-
kept atroom temperature till separated a precipitateazaspiro[2.4]heptane-3-carboxylate (IVd+ Vd).
(72 h). The precipitate was filtered off and recrystal-Through a solution of 0.3 ¢0.9 mmol) of pyrazoline
lized from methanol. Yield of pyrazolindlla 0.54 g llle in 10 ml of glacial acetic acid was passed a flow
(72%).Estersllib -f were obtainecimilarly. of dry chlorine for 1min. The solvent was distilled
off in a vacuum, the residue was recrystallized from
methanol. Yield of esterl{yd + Vd) 0.22 g (73%).
Similarly were obtained estet¥b, e andVc, e

Methyl 4,6-dioxo-5-phenyl-1-chloro-5-azaspiro-
[2.4]heptane-3-carboxylate (IVa+Va). (a) Through
a solution of 0.4 g(1.4 mmol) of pyrazolinellla in
15 ml of anhydrous chloroform at’G was passed a Methyl 1-bromo-4,6-dioxo-5-(4-tolyl)-5-azaspiro-
flow of dry chlorine to saturation (1min). The [2.4]heptane-3-carboxylateVib. A mixture of0.24g
chloroform was evaporated, the residue was recrysta{0.8mmol) of pyrazolinelllb and 0.15 ml obromine
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in 10 ml of glacial acetic acid was heated for 30 min REFERENCES

to 8C°C. The solvent and excess bromine were dis-

tiled off in a vacuum, to the residue waadded 1. Molchanov, A.P., Diev, V.V., Kostikov, R.R.,
methanol, and the solvent wataced intorefrigerator Zh. Org.Khim., 2002, vol. 38, no. 2, pp. 28285.

till separated a precipitate. The precipitate was2. MolchanovA.P.,StepakovA.V., Kostikov,R.R., and
filtered off and recrystallized from methanol. Yield of  Baird, M.S., Synlett,2000, no. 2, pp. 21220; Mol-
ester VIb 0.19 g (69%). Esters Vla, c-f, and chanov, A.P., Stepakov,A.V., and Kostikov, R.R.,
Vlla, c, f were prepared in analogousy. Zh. Org. Khim., 2001, vol. 37, no. 1, pp. 13143.
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