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Abstract — The cycloadditions of diazoacetic ester and diazome-
thane to tetracyanoethylene and ethylenetetracarboxylic ester,

as well as reactions of the pyrazclines formed were investigated.
In contrast to an earlier report, diazoacetic ester adds to the

CC double bond cof tetracyanoethylene.

a,Bf-Unsaturated nitriles accept diazoalkanes at the CC double bond.1 However, the
structure of the triazole 1 was assigned to the 1:1-adduct of tetracyanocethylene
(TCNE) and ethyl diazoacetate by Scribner, Sausen, and Prichard 2 an the basis of
IR evidence. Diazomethane combrines with activated nitriles R-CN, R = C02CH3, CN, Ts,
Hal, OC Ho to yield 1,2,3—triazoles:1 phenyl cyanate slowly adds ethyl diazoaceta-
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In fact, diazoacetic ester does not constitute an exception to the rule. The additi-

on of methyl diazoacetate to TCNE in THF at 25°C (3 h) furnished 97% of 2-pyrazoli-

4

ne 2 in yellow crystals, mp 120-121°C." The IR spectrum (XBr) shows N-H at 3370 (st,

free) and 3120 (broad, ass.), C=N at 2250 {(w), C=0 at 1745 (st, shoulder 1720), and

1 13

C=N at 1596 cm = ({st). The C NMR shifts ([DS]acetone/CDcl3 1:1} decide against a

triazole formula and in favor of the 2-pyrazoline 2: 25 at § 52.2 and 64.0 for C-4
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and C-5, 2 s at 108.0 and 109.5 for 4 CN groups, s at 132.2 for C-3 and s at 158.4
for CO. The mass spectrum with m/z 228 (M+, 6%), 201 (M+— HCN, 9%), 135 (16%;,

H3C02C—C:C(CN)2+), and 128 (TCNE+, 15%) is consistent with 2, but not with 1.

Tetraethyl ethylenatetrgcarboxylate is a less active dipolarcphile than TCNE due to
steric hindrance of resonance. Its reaction with methyl diazoacetate (3 d at 80°C

without solvent) afforded 98% of the celorless 2-pyrazoline 3, mp 80°C. The 1H NMR
spectrum (CDC13) exhibits four identical OCHZCH3 at 6 1.26 (t) and 4.26 (gq), by co-
incidence, whereas the 13C—NMR signals indicate pairwise different ester CH, groups
at ¢ 62.6 and 62.0 (2 t}, and ¢ CH3 groups absorb at 13.7 (g). €-4 and C-5, & 73.3

and 80.7 (2 s), appear in 3 at higher field than in 2, in accordance with known sub-

stituent increments;5 C02C2H5 deshields more strongly than CN., The C-3 (& 138.9)

differs less, and the 13C NMR spectra of 2 and 3 underline the structural analegy.
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Scribner et al.2 observed N, evolution when ethereal diazomethane was added to TCNE
in THF; 38% of tetracvanocyclopropane (8} were isolated. On the other hand, Bastis
and Castells 6 quoted IR-spectroscopic arguments for the cccurrence of three mcno-
adducts of TCNE and diazomethane to which structures 4, 5, and 7 were assigned. The
crystals of the 1-pyrazoline 4 were stated to lose N, in 16 d at 25°C to give 8;
zllegedly, the bicyclic compound 7 isomerized to the 2-pyrazcline 5 under the influ-
ence of TCNE in ether and reverted to 7 in the presence of a trace of HCl. In our

hands, only the 2-pyrazoline 5 was obtained as a pure product,

We added 1 equiv of diazcmethane in THF to the suspension of TCNE in dry THF stirred
at -78°C; the yellow color was rapidly consumed resembling a titration. The brown-
vellow 5 precipitated from the clear solution at room temperature in 63% yield, when
four volumes of pentane and some acetic acid were added. 2-Pyrazoline 5, mp 125-127°C
(dec., 126°C 6) after recrystallization from ether, showed TH NMR singlets {[DG]ace-

tone} at & 7.65 {3-H) and 9.40 (br., NE) as well as '3

C NMR signals at & 108.0 and
110.0 {equal intensity) for 2 x 2 CN, 132.9 {dd, c-3, splitting by NH, d with DZO),

62.7 (s, C-5), and 52.8 (s, C-4).
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When 5 was dissolved in [DG]DMSO, the solution turned dark-brown and slow N2 evo-

lution started. After 72 h, the 1H NMR spectrum indicated only the cyclopropane §

(s, & 3.50}; isclaticn and sublimation at 1320-140°C/0.1 Torr afforded 87% of 1light-
yellew 8, mp 212-213°C (dec., 223-225°C 2). Probably an equilibrium with the 1-py-
razcline 4 is established with the latter eliminating N, . Interestingly enough,

1

30 min after dissolving 5 in DM30, new H NMR signals which disappeared later, sug-

gest a reversible HCN elimination (s 6.23) from 4 or 5.

Acetic anhydride and a catalytic amount of pyridine converted 5 into the ¥N-acetyl
derivative 6, mp 220°C (dec.) after sublimation at 160°C/0.1 Torr. TH NMR singlets

in [DG]DMSO occurred at & 8.86 (3-H) and 2.63 {CH3), whereas IR (KBr} bands appea-
1

red at 2260 (w, CZN) and 1715 em = (st, C=0}.
Hy +
JCN=N
w N\\N (H3C02C);C\C_C/OH H, y 3/N\NH
[H3C02C); % c0,CHy, HiCo,  0CH;  [MC0,C1—C0,CHy),  (HaCOCI—2IC0,CHy);
9 10 1 12

The reaction of tetramethyl ethylenetetracarboxylate with dizazomethane in ether at
20°C provided 79% of the colorless 1-pyrazeoline 2, mp 86-8B°C. The NMR (CDClB) data
confirm a plane of symmetry. 1H NMR: & 5.15 (s, 5—H2), 3.80 and 3.68 (2s, 2 x 2
OCH3); 73C NMR: § 167.9 and 164.5 (2s, 2 x 2 CO), 106.3 (s, C-3), 85.8 (t, C-5),
61.7 (s, C~4). 9 evolved N, at 140°C in bromobenzene with t1/2 = 39 min; the cyclo-
propane 11 appeared to the extent of 60% in the multi-product mixture. Steric hin-
drance of resonance is probably responsible for this astonishing stability of the

1-pyrazoline 9 with respect to N2 elimination. The incipient trimethylene species

does not sufficiently profit from the resonance with the twisted ester groups.

In 0.090 M triflucroacetic acid in 1,1,2,2~tetrachloroethane at 25°C, the N, evolu-

2
tion from 9 followed the first order with a half-life of 31.3 h; 105k2 amounted to
6.8 M_1s_1- After removal of acid and solvent, 95% of tetramethyl cycleopropane-

1,1,2,2-tetracarboxylate (11) distilled at 100-110°C/0.001 Torr; from ether/pentane,

1

mp §9.5-70.5°C. 'H NMR (CDC13): 8§ 2.15 (s, 3—H2), 3.70 (s, 4 OCHB). The acid-cata-

lyzed extrusion of N2 from 1-pyrazolines has occasicnally been applied to the prepa-
ration of steroidal cyclopropanes; HClO4 in acetone 7 or BF, etherate in acetone 8

served as catalysts. A cationic chain reaction of 9 via 10 is conceivable.
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The tautomerization of 1- to 2-pyrazolines, forbidden by orbital control as a con-

certed sigmatropic process, takes place by deprotonation via an anionic intermedia-
te or through ¥-protonation. Whereas the tautomerization 4 - 5 proceeded in situ,
we attribute the resistance of t-pyrazoline 9 to the steric shielding of 5—CH2 by
two 4-COZCH3. The interaction of 9 with a catalytic amount of aqueous conc. HC1 in
[DE]DMSO, however, lead in 90 min to 84% of 12 and in 24 h to a 98% vield. The co-

lerless 2-pyrazoline 12, mp 113-115°C (dec.)}, showed 1H NMR (CDC13} singlets at

3 coincided at 3.78. The 13C NMR

§ 6.78 {3-B) and 6.61 (br., NH}; those of 2 x 2 OCH
shifts distinguish between the ester groups in 4- and S5-position: & 165.5, 167.C
{2s, 2 x 2 CO}, 139.2 (4, C-3), 78.2 (s, C-5), 74.1 {s, C-4). Strangely enough, 9

was resistant to trifluorcacetic acid in DMSO.

Thus, the cycloadditions of diazomethane to TCNE and ethylenetetracarboxylic ester
proceed normally, i.e., at the CC double bond. The addition of diazomethane to di-
methyl 2,3-dicyancfumarate, the "mixed dipolarophile”, likewise starts with pyrazo-

line formation, but is followed by a surprising seguence of events.9

ACKNOWLEDGMENT
A.M. expresses his thanks to the Alexander von Humboldt Foundation for a fellow-
ship, and J.R.M. is grateful to the Stiftung Maximilianeuwm, Minchen, for a stipend.

The investigation was supported by the Fonds der Chemicchen Industrie.

REFERENCES

1. M. Regitz and H. Heydt, Diazoalkanes, in "1,3-Dipolar Cycleocaddition Chemistry"
{a. Padwa, Ed.}, Vol. I, p. 393, 533, J. Wiley & Sons, New York, 1984.

2. R.M. Scribner, G.N. Sausen, and W.W. Prichard, J.0rg.Chem., 25, 1440 (1960} .

3. Dp. Martin and A. Weise, Chem.EBer. 33, 317 (1966).

4. Satisfactory elemental analyses have been obtained for all new compounds de-
scribed in this paper.

5. E. Pretsch, T. Clerc, J. Seibl, and W. Simon, "Tabellen zur Strukturaufklarung
Organischer Verbindungen", Springer-Verlag, Berlin, 1876, p. C10, C70.

6. J. Bastfis and J. Castells, Proe.Chem.Soc., 1962, 216.

7. R. Wiechert and E. Kaspar, Chem.Ber., 93, 1710 (1360}).

§. V. Gheorgian and N. Xundu, Chem. and Ind., 1962, 1755; G. Nominé and D. Bertin,
Bull.Soc¢.Chim.Fr., 1960, 550.

9. R. Huisgen, A. Mitra, and J.R. Moran, submitted to Heterceycles.

Received, 28Bth May, 1986

—132 —



