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Abstract.-a-Diazo phosphonates with a conjugated 1,3-diem unit are syn- 
thesised by the Barnford-Stevens reaction (2 + 4 + 3). They undergo [4+2]- 
cycloadditions with the dienophile 2 to fok tie tztrahydrotriazolopyrid- 
azines S_, which possessmmchanged diazo group. In contrast, diwthyl 
acetylenedicarboxylate (2) reacts exclusively with the diazo dipole of 2 
to yield the 3H-pyrazoles & which rearrange to !! by sigmatropic PO- 
shifts 
pyrazole 

and hydrolyse to form Q. The diazo compound zb, isomerises to the 
!6, when heated in benzene. 

a,&Unsaturated diazo compounds are mostly prepared by the Bamford-Stevens reaction 
2 

or by 

photochemical ring-opening of 3H-pyrazoles 
2 ; the latter starting materials can be regenerated 

by [1,51-cyclisation of the products. 

In contrast, our knowledge of the properties of a,B,r,d-unsaturated diazo compounds is very 

limited 3. With the exception of the thermal iscmerisation of trifluoromethyl-substituted 2,3-di- 

4 
azabicyclo[3.2.0]hepta-2,6-dienes , it appears that only the alkaline cleavage of the correspon- 

ding tosylhydrazones has been employed for the generation of such unsaturated diazo compounds. In 

these products, the r&double bond is often part on an aromatic system; it is generally not 

possible to isolate such compounds as they undergo [1,71-cyclisation to give diazepines (in ana- 

logy to 3 + $2) under the thermal conditions necessary for their generation 3'5. In some indi- 

6 vidual cases, the diazo intermediates can be trapped before ring closure as phosphazines . 

As a-diazo phosphonates are accessible in weakly alkaline media at room temperature by the 

7 Bamford-Stevens reaction , our present studies are concerned with the synthesis of derivatives 

with a conjugdted 1,3-diene unit using the same methodology. In addition, we were interested in 

the question as to whether cycloaddition partners attack the diene or the diazo part of these 

molecules. 

2625 
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RESULTS 

Diazo Comoounds 

The synthesis of the diazo compounds & and b starts from the doubly unsaturated carboxylic 

acid chlorides !e and 9, which are converted to the dimethyl a-oxo phosphonates 22 and k by the 

Michaelis-Arbusov reaction with trimethyl phosphite in benzene. The oils, obtained in analytically 

pure form, are condensed with tosylhydrazide in methanol/hydrochloric acid to give the tosyl- 

hydrazones 4: and p. 

I H 2N- NH -Tos 

-Hz0 

R 
R ,O”e OH0 

w C-P, w II OMe -Hz0 ,-TOSe 

3 $0 Tos-I-IN’ _ 
4 

The anti-configuration of the C/N double bond is indicated by the appearance of the NH-absorp- 

tion in the IR spectra (3425 and 3440 cm-', respectively); this would not be detectable for the 

7 syn-isomers as a result of chelation with the PO group . The NH resonance in the 'H-NMR spectra 

is observed at relatively high field (6 = 8.95 and 9.60, respectively, 20% solution); on dilution 

a diamagnetic shift of about 0.6 ppm, as is known for anti-a-tosylhydrazonophosphonates ', is 

observed. 

Aqueous sodium carbonate solution causes clean tosylhydrazone cleavage and gives the doubly 

unsaturated a-diazo phosphonates 2s and LB; evidence for the constitution is given, among others, 

by the appearance of the diazo valency vibration at 2098 and 2079 cm-', respectively, in the IR 

II spectra . 

Cycloadducts 

Firstly we studied the reaction of 3: and h with 4-phenyl-3H-1.2,4-triazole-3.5(4H)-dione (2). 

It is known that the latter reacts on the one hand with 1,3-dienes in a Diels-Alder reaction 9 

and, on the other hand, with diazo compounds to give azomethineiminedipoles with cleavage of 
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nitrogen lo. In the case of 3, the latter reaction would lead to the formation of 2 through the 

intermediacy of the diazonium triazolide $. 

0 
NA 

y2e 

R-5 
_P/OMe 

3 + Il N-Ph + II \OMe 
N* @:N-N 0 

50 6 6<N&O 

bh 

I 42 

Evidence against the above reaction course is [liven by the fact that the reaction of 1 with 2 

proceeds in dichloromethane at room temperature without the evolution of nitrogen. The elemental- 

composition and the IR spectra of the yellow products show unequivocally the retention of the 

diazo nitrogen atoms (vC=N2 =2090 and 2083 cm-'), respectively). Thus, the products apparently 

have the Diels-Alder structures E and L. 

Final evidence for the structure is 9iven by the chemical shifts and multiplicities in the 

1 
H-NMR spectra. As a representative the spectrum of fi is discussed in detail. As expected, the 

resonance of the methyl group is seen at highest field (6 = 1.61) and, as a result of vicinal 

coupling, is split (J=6.6 Hz). Noteworthy is the resonance of the methoxy groups of the phos- 

phonic ester moiety in the form of 2 doublets (6 = 3.78 and 3.80, respectively, 3JH P 
511.7 Hz). 

9 
This is due to the chirality centre at C-5 which is responsible for the diastereotopy of the two 

11 
methoxy groups . The two olefinic hydrogen atoms H-6 and H-7 together with the tertiary hydro- 

gen atoms H-5 and H-8 comprise an ABXY system 
12 

which has been unambigously analysed by means 

of double resonance experiments. The protons H-6 and H-7 show a cis-coupling of 10.4 Hz. For H-6, 

an additional vicinal coupling with H-5 (3JH H= 4.0 Hz) and a further 
. 

( 4 JH 
3 
H=1.7 Hz) are observed. The corresponding couplings of H-7 with 

with H-5 (4J H H=1.5 Hz) are somewhat smaller. Both tertiary hydrogen . 
show a long-range coupling of 2.2 Hz. The hetem-coupling ofH-5 with 

9.8 Hz, and is. of course, not detectable in the phosphorus decoupled 

allylic coupling with H-8 

H-8 ( 3 JH H=2.6 Hz) and 
. 

atoms H-5 and H-8 also 

phosphorus was found to be 

1 H-NMR spectrum. 



2628 W. THEIS and M. Room 

N2 ‘CLPHoMe s- trans -3 
~\OMe 
0 

81a b 

1-- ~ R Ph Me 

N2 
*CLp,OMe 

II\OMe 
0 

s-cis-3 

0 

The reason why the triazoledione 2 reacts specifically with the 1.3-diene unit of 3 to form 8 

instead of the azoraethine imine dipole is mainly due to the marked dienophilic character 
9 

of 2. 

In addition, however, it must be noted that the phosphoryl group decreases the electron density 

at the diazo carbon atom, thus making the primary step (3 t 2 -( c) lo more difficult, which in- 

directly favours the Oiels-Alder reaction, It can be assumed that the cycloaddition process 

starts from s-cis-2. 

The behaviour of 3 towards dimethyl acetylenedicarboxylate (LJ) is completely different; the 

reaction proceeds solely in the sense of a 1,3-dipolar cycloaddition and no evidence for a 

competitive Diels-Alder reaction can be detected. Thus, the NH-pyrazole AJQ is obtained 

from the reaction of $b with 2 at room temperature. The formation of 1zP can be interpreted with 

certainly by initial formation of the 3H-pyrazole lQb_ which undergoes a [1,51-sigmatropic shift =_- 

of the dimethoxyphosphoryl group to give the thermodynamically more stable isomer i&Q. There is 

no evidence for the theoretically possible sigmatropic shift of the 1,3-diene unit (!Qk + izk). 

The isolation of Ai& is not possible as the traces of water apparently present rapidly solvolyse -__ 

the W/PO bond to give l3b. There are many analogous examples for this last step which are of __= 

preparative importance in phosphorylation 
13 processes. Dimethyl phosphate is solvolytically 

cleaved and has been separated and identified as its tert-butylamnonium salt 
14 . 

When the 6-phenyl substituted diazo compound 2~ is reacted with 2 under identical conditions 

and the reaction is stopped after 24 h, the primarily formed 3H-pyrazole lOa_ can be isolated as -=- 

yellow crystals in 66% yield. Work-up of the filtrats after a further 24 h gives, in addition, 
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the NH-pyrazole AZ& in 12% yield. As already mentioned for J&, it is also possible here to 

identify the dimethyl phosphate, formed by hydrolysis of Iha, as its tert-butyla~nium salt 
14 . _-- 

3a,b 
60 Me 

i 

g2 10 
hSl- 

11 

13 

IO-13 1 a b 
R I Ph Me 

The pyrazoles 13% and Q are colourless solids. The IR spectra show broad NH-absorptions (3240 

and 3215 cm 
-1 , respectively); the absence of Wabsorptions confinns the hydrolytic cleavage of 

the phosphoryl groups. In contrast, the IR spectrum of & contains an intensive PO-absorption at 

1225 cm-I and no NH-bands, Evidence for the N=N structural unit in the 3H-pyrazole & is given 

by the UY maximum (CH2C12) at h = 330 nm, which is ascribed to an n -+ n* transition, as has been 

found for other 3H-pyraroles. I H-NMR evidence for the constitution of the primary adduct K& is 

given by the diastereotopy II of the two OCH3 groups of the phosphoryl unit (6 = 3.78 and 3.91 

ppm, respectively, 35" R= 11.5 Hz), which is attributed to the chirality centre at C-3. The 13C- , 
NMR resonance for this carbon atom is observed at 6 = 112.7, i.e., at relatively low field, which 

is to be expected as a result of the substitution pattern, The diastereotopy of the two OCH3 

groups of the phosphoryl unit is also seen in the 13C-t~MR spectrum as a doubling of the signals 

(6 = 52.6 and 56.1 ppm, respectively, 2J , C ,,=6.6 Hz). The other two pyrazole carbon atoms C-4 an 

C-5, in Contrast to the unsaturated side chain, show no C/H coupling and thus can be easily 



2630 W. THEE and M. Reon-z 

identified among the other olefinic carbon atoms. 

Isomerisation of & -- 

When 3i is heated in benzene, the red colour disappears but no evolution of nitrogen is 

detectable; subsequent work up 9ives the NH-pyrazole i$ in 62% yield. The formation of $Q must 

proceed via [1,5]-ring closure to give 14 which aromatises by H-shift. The also possible vinyl- 

shift (14 + V) apparently has no chance of competing with the H-shift. There is also no evidence 

that, in addition to the [1,51-ring closure, Jk can undergo a [1,71-ring closure to form the 

azepine 15, although analogous examples have been reported (see, e.g.. Ref. _- 5). 

- 
“,,e$s-q e+y- 11,51-ring closure 

* 

0. 
N. ‘NI 

3b 
8 

[1,71-ring closure 
(H -shift) 

H-shift 

Me 
/==/ 

Me% lNJ 
MeO’n r 

0 

vinyl-shift 

15 16 17 
Me 

The pyrazole !Q shows signals for the NH group in the IR (3420 cm-') and 'H-NMR spectrum (6 = 

10.95 ppm). The methyl group resonance appears at 6 = 1.88 ppm in the 'H-NMR spectrum and this 

signal is split (J =5.2 Hz). The magnitude of this coupling is only difficultly compatible with 

the isomer 12. The observed vinylic AB-system (6 = 6.30 and 6.42 ppm) with a coupling of 16 Hz, 

which is typical for trans-hydrogen atoms, and the resonance of H-4 in the aromatic region are 

in accord with the suggested structure ii. 

Finally, analysis of the 13C-NMR spectrum conclusively confirms the structure 1: for the iso- 

merisation product. The resonances of the pyrazole carbon atoms C-3, C-4, and C-5 are observed at 

6 = 144.6, 107.9, and 138.1 ppm, respectively, with increasing coupling with phosphorus (11.6, 

23.9, and 230.8 Hz, respectively). The relatively low field resonances for C-3 and C-5 are ex- 

plained by the electronegativity of the ring nitrogen atoms. The resonances for the carbon atoms 

of the vinylic side chain are observed at 6 = 118.7 and 129.8 ppm. 
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EXPERIMENTAL SECTION 

Melting points (not corrected): melting point apparatus Mettler FP 61 (heating rate l'C/min). 

Microanalyses: Perkin-Elmer Analyzer 240. IR spectra: Beckman IR-20A. W spectra: Zeiss CMR 10. 
1 
H-NMR spectra: Varian EM 390 and Bruker UP 200 (tetramethylsilane as internal standard). 13C-NMR 

spectra: Bruker WP 200 (tetranrthylsilane as internal standard). All solvents were anhydrous and 

destilled before use. 

Synthesis of the Diazo Compounds 2s and b, 

Dimethyl I-oxo-5_phenyl-2,4_pentadienephosphonate (b). To 38.52 g (0.20 ~1) of ia_ 
16 

in 

120 ml of benzene is added dropwise at room temperature with starring during 30 min 26.10 g (0.21 

mol) of trimethyl phosphite. The clear solution rapidly acquires a yellow colour. After 1 h, the 

solution is evaporated at 30°C/20 torr to give 47.92 g (90%) of 2_a_ as a yellow oil which is used 

for further reactions without purification.- IR(film): 1570, 1611, 1717, 1750 (C-O/C-C), 1265 

(P=O, broad), 1040 cm-' (POC, broad).- 'H-NMR (CDC13): 6 - 3.80 (d, 3JH p-l2.O Hz, 6H, OCH3), 

5.85-7.10, 7.70-0.05 (2m. 4H, olefinic H), 7.20-7.50 (m, SH, aromatic Hi.- C,3H1504P (266.23) 

talc. C, 58.65; H, 5.68. Found C, 59.0; H, 5.58%. 

1 (Lb). Starting from 26.12 g (0.20 wl) of Lb, l7 in 

120 ml of benzene and 26.10 g (0.21 mol) of trimethyl phosphite as described above for ia,, 35.90 g 

(88%) of zb are obtained as a yellow oil,- IR(film): 1580, 1620, 1664 (C¶/C=C), 1270 (Plo), 1040 

cm -I (POC).- 'H-NMR (CDC13): 6 = 1.88 (d, 3JH H -6.2 Hz, 3H. CH3), 3.82 (d, 3JH p -12.0 Ha, 68. 

OCH3). 6.00-6.57, 7.50-7.86 (2m, 4H, olefinic'H).- C8H1304P (204.16) talc. C. 4;.07; H, 6.42. 

Found C, 46.8; H, 6.21%. 

Dimethyl anti-l-tosylhydrazono-S-phenyl-2,4-pentadienephosphonate (ia,). A suspension of 26.62 g 

(0.10 mol) of 2_a_ and 18.62 g (0.10 mol) of tosylhydraaide I8 in 100 ml methanol/IO ml concentrated 

hydrochloria acid is stirred for 26 h at room temperature. Filtration and recrystallisation of the 

residue from methanol gives 32.60 g (75%) of ia_ as colourless crystals with mp 140°C.- IR(KBr): 

3425 (broad. NH), -' 1594. 1613 (C-C), 1167, 1350 (S02), 1231 (P-O), 1026, 1072 cm (POC).- 'H-NMR 

(CDC13): 6 = 2.42 (3, 3H. CH3), 3.78 (d, 3JH p -12.0 Ha, 6H, 0CH3), 6.00-7.20 (m, 4H. olefinic H), 

7.22-7.85 (m. 9H. aromatic H), 8.95 (3. broad, Ill, NH, disappears on addition of D20).- 

C20H23N20,3PS (434.45) talc. C, 55.29; H. 5.34; N. 6.45. Found C. 55.0; H, 5.35; N, 6.4%. 

Dimethyl anti-I-tosylhydrasono-2,4_haxadienephosphonate (4:). Starting from 20.42 g (0.10 mol) 

of ?b and 18.62 g (0.10 mol) of tosylhydraeide 
18 

in 100 ml methanol/l0 ml concentrated hydro- 

chloric acid as described above for 4a. 29.80 g (80%) of 4b are obtained ascoIourIesscrystals _I 

with mp 168'C.- IR(KBr): 3440 (broad, NH), 
-1 

1610, 1650 (C-C). 1179, 1360 (S02), 1244 (P=O,), 1032, 

1060. 1080 cm (POC).- Ill-NMR (CDC13): 6 - 1.77 (d. 3JH "~6.2 Ha, 

CH3), 3.71 (d, 3JH p 

3H, CH3), 2.39 (3, 3H. tosyl- 

-12.0 Hz. 6H. OCH3). 5.90-7.15 (m. ill, olefinic H), 7.55 (AA'KK' system, 4H. 

aromatic H). 9.60 is, broad, IH, NH. disappears on addition of D20).- C,5H2,N205PS (372.38) 

talc. C, 48.38; H. 5.68; N, 7.52. Found C, 48.1; H, 5.69; N. 7.5%). 

Dimthyl I-diaao-5-phenyl-2,4-pentadienephosphonate (2%). 2.17 g (5.00 rmwl) of 4: and 0.60 g 

(6.00 assol) of sodium carbonate in 40 ml of water are covered with ICC ml of ether and the mixture 

is stirred at room temperature for 8 h. The ether phase is separated, the aqueous phase is re- 

extracted with 50 ml of ether, the combined organic phases are dried with magnesium sulphate, and 

concentrated at 30 'C/20 torr. Recrystallisation of the residue from ether at -2O'C gives 1.20 g 

(86%) of 2% as red crystals with mp 68 'C.- 

-' 

IR(KBr): 2098 (C-N2), 1600. 1630 (C-C). 1255 (P-O), 

1034 cm (POC).- 'H-NMR (CDC13): 6 - 3.80 (d, 3JH p- 12.0 Hz, 

olefinic H/aromatic H).- C13H15N203P (278.25) talc: 

6H. 0CH3), 5.50-7.48 (m, 9H. 

C, 56.12; H. 5.43; N, 10.07. Found C, 56.2; 

H. 5.45; N, 9.9%. 
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Dimethyl I-diaso-2,4-hexadienephosphonate (?k). Starting from 1.86 g (5.00 -1) of $b, and 

0.60 g (6.00 -1) of sodium carbonate as described above for k, 0.91 g (84%) of 2b, is obtained 

as a red oil which could not be induced to crystallise.- 

-’ 1258 (P=O), 1022 cm 

(d. 3J 

(broad, POC).- ‘H-NMR (CDCl3): 6 - 

IR(film): 2079 (C-N2), 1600. 1630 (C-C), 

1.76 (d, 3.TH D-6.2 Hz, xl, CH3), 3.77 

H p-l2.O Hz, 6H, OCH3), 5.25-6.20 (m, 4H, olefinic H).- C8H13N;03P (216.18) talc. c, 44.45; 

8, 6.06; N, 12.96. Found C, 43.9; H, 5.98; N, 9.5%. 

Cycloadducts i and !2 

Dimethyl diazo-{l.3-dioxo-2,8-diphenyl-2,3,5,8-tetrahydro-lH-[l,2,4]triasolo[l,2-a]pyridazin- 

5-yl}-methanephosphonate (!a). To a solution of 2.78 g (10.00 assol) of 28, in 50 ml of dichlorome- 

thane is added dropwise at room temperature 1.75 g (10.00 mooI) of 5, 19 
in 50 ml of the same 

solvent, whereupon the solution looses its colour. The rate of addition should be so adjusted that 

an excess of the triasoledione in the reaction mixture is avoided. Concentration of the reaction 

mixture at 30 ‘C/20 torr andrecryrtallisationofthe residuefromethyIaCetate affords 3.26 g (72%) 

of 8_p as light yellow crystals with mp 178 ‘C.- IR(KBr): 2945-3087 (CH), 2090 (C-N2), 1713, 1777 

(C¶), 1490 (NPh), 1411 (OC-N), 1261 (P-O), 1010, 1050 cm-’ (POC).- ‘H-NMR (CDc13): 6 = 3.83, 3.85 

(2d, 3J H p-l1.7 Hz, 6H. oCH3), 5.16 (Y part of an ABXY system, 3J 3 

Ill, i-5). 5.47 (X part of an ABXY system, 3 
H-5, H-6 -4.2 Ha, ‘H-5, P - 10.5 

Ha, ‘H-8,H-7 -1.7 Hz, IH, H-8). 6.07 (AB part of an 

ABXY system, 2H, H-6/H-7), 7.27-7.46 (m, IOH, aromatic H).- C21H20N505P (453.40) talc. C, 55.63; 

H, 4.45; N 15.45. Found C, 55.5; H, 4.50; N, 15.5%. 

Dimethyl diazo-{l,3-dioxo-8-methyl-2-phenyl-2,3,5,8-tetrahydro-1H-[l,2,4]triazolo[l,2-a]pyrid- 

azin-5-yl}methanephosphonate (i&b_). Starting from 2.16 g (10.00 -1) of zb, and 1.75 g (10.00 mnol) 

of 5, 19, as described above for &, 3.13 g (80%) of & are obtained as light yellow crystals with 

mp 132 ‘C.- IR(KBr): 2840-3075 (CH), 

1270 (P-O), 1021, 1046 cm -’ (POC).- 

2083 (C=N2), 1710, 1770 (C-O), 1485 (NPh), 1405 (OC-N), 1252, 

3.80 (2d, 3J 

‘H-NMR (CDC13): 6 - 1.61 (d, 3JH H-6.6 Hz. 3H, CH3), 3.78. 

H p-11.7 Hz, 6H, 0CH3). 4.46 (Y part of an ABXY system, ‘3 

4 JH-8’H-6 - 1.7 Hz, 5JH-8,H-5 

JH_8,CH3-6.6 Hs, 3JH-8 H-7 = 
2.6 Hz, 

4.0 Hz. 3JH_5’p -9.8 Hz, 4 JR_5,H_7 - 

-2.2 Hz, lH, H-8). 5.13 (X part of an ALMY system, 3JH_5’H-6- 

I*5 Hz, “H-5 -2.2 Hz, IH, H-S), 5.88, 5.99 (AB Af 
, H-8 3 

part 
’ 3 an ABXY system, JH-6,H-7 * 10.4 Hz, 

4JH-7 H-5 

3JH-6 -4.0 Hz, 4JH-6 - 1.7 Hz, JH-7,H-8 -2.6 Hz, H-5 H-8 
-1.5 Hz, 2H, H-6/H-7), 7.38-7.5; (m, SH, aromatic A) 

49.11; H, 4.64; N, 17.90. Found C, 49.1; H, 4.66; N, 17.6%. 

.- C16H18N505P (391.32) talc. C, 

Reaction of 25 with Dimethyl acetylenedicarboxylate (2). A solution of 0.78 g (2.80 assol) of 

2~ and 0.40 g (2.80 renal) of dimethyl acetylenedicarboxylate 4 in 20 ml of ether is stirred at 

room temperature for 24 h whereupon a precipiate forms. Suction filtration and recrystallisation 

from ethyl acetate affords 0.78 g (66%) of dimethyl 3-dimethoxyphosphoryl-3-(4-phenyl-1,3-buta- 

dienyl)-3H-pyrazole-4,5-dicarboxylate (!O_g) as pale yellow crystals with mp 140 ‘C.- IR(KBr): 

1720 (C-O), 1615, 1625 (N-N/C-C), 1225 (P-O), lODO, 1010, 1040 cm -’ 

= 330 nm (2.3).- l&l-NMR (CDC13): 6 - 3.78, 3.91 (2d, 3J 

(POC).- w (CH2C12): kmax(logc) 

- 11.5 Hz, 61, P-0~~3). 3.90, 3.93 (28, 

6H, C-OCH3), 6.70-7.55 (m, 9H. olefinic H/aromatic H).- “G 

52.6, 56.1 (2d. 2Jc P 

C-NMR (CDC13): 6 - 51.9, 55.6 (C+H3), 

-6.6 He, P-OG3), 112.7 (d, ‘Jc P - 182.6 Hz, C-3). 116.4-139.3 olefinic C-2, 

-3, and -4). 127.0-i28.8 (aromatic C), 136.5 (C-5). 127.2 (d, 2Jc p - 12.7 Hz, olefinic C-l), 

148.6 (d, 2Jc p- 12.5 Hz, C-4). 161.9, 164.0 (CO).- ClgH21N207P (220.36) talc. C, 54.29; H, 5.04; 

N, 6.66. Foun: C, 53.9; H, 5.07; N, 6.6%. 

The filtrate from above is stirred at room temperature for a further 24 h, concentrated at 

30 OC/20 torr. and the pale yellow residual oil taken up in a small amount of benzene. Cooling at 

-7 ‘C for several hours affords 0.10 g (12%) of dimethyl 3-(4-phenyl-1,3-butadienyl)-pyrazole- 

4,5-dicarboxylate (L25) as colourless crystals with mp 182 OC.- IR(KBr): 3240 (broad, NH), 1720 

(C-3,). 1620, 1641 cm-l (C-C/C=N).- ‘H-NMR (CDC13): 6 - 3.89, 3.91 (2s. 6H, 0CH3). 6.68-7.46 (m, 10 

H,olefinicH/aromaticH/NH).-C,7H16N204 (312.33) talc. C,65.38;H,5.16;N, 8.97. PoundC,64.3; 
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H, 5.11; N, 8.9%. 

The mother liquor from & is concentrated at 30 ‘C/20 torr and the residue treated with 0.20 g 

(2.80 ml) of tert-butylamine to give tert-butyl-nium dimethyl phosphate as colourless crystals 

with m.p. 137 OC (Lit. 14: 136 ‘C).- IR(KBr): 3015 (NH3+), 1269 (P-O), 1041 cm -* (POC). 

Dimethyl 3-(1,3-pentadienyl)-pyrazole-4,%dicarboxylate (!?k). A solution of 0.61 g (2.8Omm01) 

of ?b, and 0.40 g (2.80 -1) of dimethyl acetylenedicarboxylate (0) in 20 ml of ether is stirred 

at room temperature for 48 h whereupon a precipitate forms. Suction filtration and recrystalli- 

sation from ethyl acetate affords 0.36 g (522) of !zb, as colourless crystals with mp 151 ‘C.- 

IR(KBr): 3215 (broad, NH), -’ 1700, 1717 (C-O), 1618, 1635 cm 

(d, 3JH “=6.0 Hz, 

(C-C/C-N).- ‘H-NMR (CDC13): 6 - 1.80 

3”. CH3), 3.82, 3.84 (29, 6”. 0CH3), 5.58-7.00 (m, 4H, olefinic H). 10.14 (8, 

broad, ;H, NH, disappears on addition of D20).- C12H14N204 (250.25) talc. C, 57.60; H, 5.64; N. 

11.19. Found C, 57.2; H, 5.56; N, 11.2%. 

The filtrate from 12b, is treated with 0.20 g (2.80 mool) tert-butylamine as described above to 

give 0.42 g (75%) of tert-butylaurnonium dimethyl phosphate as colourless crystals with mp 137 ‘C 

(Lit.‘4: 136 ‘C). 

Isomerisation of 3b * 16 x_ I_ 

Dimthyl 3-(I-propenyl)-pyrazole-5-phosphonate (16_). A solution of 1.08 g (5.00 -1) of ?b_ in 

40 ml of benzene is heated under reflux for 90 min during which time the colour lightens. Gwen- 

tration at 30 ‘c/20 torr and recrystallisation of the residue from ethyl acetate affords 0.68 g 

(62X) of 16, as colourless crystals with mp 100 ‘C.- IR(KBr): 3420 (broad, NH), 2955-3150 (CH), 

-I 1660 (C=C/C-N), 1230 (P-O), 1015, 1054 cm 

:H, CH3). 3.81 (d. 3J” p 

(POC).- ‘H-NMR (CDc13): 6 - 1.88 (d, 3JH “-5.2 Hz. 

-11.5 Hz, 6H, OCH3), 6.30 (part of an AB system, ,’ 16.0 Hz, 

J”.H 
-5.2 Hz, 1”. oleiinic H-2). 6.42 (part of an AB system, 

3 
3JH-1 H-2 . 

- 16.0 Hz, lH, olefinicH-I), 

6.71 (d. 3J” p = 1.7 Hz. lH, H-4). 10.95 (8, broad, 
J”-l ,“-2 

’ 3c_ 

NMR (CDC13) :‘6 - 18.5 (CH3). 53.3 (d. *Jc p 

IH, NH, disappears on addition of D20).- 

-5.4 Hz, 0CH3), 107.9 (d. 

129.8 (olefinic C-2). 138Il (d, ‘Jc p 
2Jc P 

-23.9 Hz, C-4). 118.7 

(olefinic C-l), -230.8 Hz, C-5), 14t.6 (d. 3Jc p - 11.6 Hz, 

C-3). - C8H13N203P (216.18) talc. C, 44.45; H, 6.06;‘N. 12.96. Found C, 44.4; H, 5.94; N, 12.6%. 

Acknowledgements-We thank the Ponds der Chemischen Industrie for financial support.- We are 

grateful to Ms. M. Alester for performance of the microanalyses and to Mr. K. Kurtz for ex- 

perimental help. 

REFERENCES AND FOOTNOTES 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Part LXI: H. Heydt, P. Eisenbarth, K. Feith and M. Regite, J. Heterocycl. Chem. 22 (1985). in 
press. 

Review: H. Regitz, Diazoalkane - Eigenschaften und Synthesen, 1st. Edn., p.125 and p.228, 
Thieme, Stuttgart 1977. 

Latest review: M. Regitz and G. Maas, Diazo Compounds - Properties and Syntheses, 1st. Edn., 
Academic Press, San Francisco 1985 (in press). 

E. D. Laganis and D. M. Lemal, J. Am. Chem. Sot. LO,;, 6634 (1980). 

This ring closure has been intensively studies by J. T. Sharp and co-rrorkers; latest report: 
J. R. Robertson and J. T. Sharp, Tetrahedron 4_0,. 3095 (1984); further references to earlier 
publications are given therein. 

R. H. Findlay and J. T. Sharp, J. Chem. Sot.. Chem. Conmun. !O$Q, 909; K. L. M. Stanley, 
J. Dingwall, J. T. Sharp and T. W. Naisby. J. Chem. Sot., Perkln Trans. 1 !9,14, 1434. 

M. Regitz, W. AnschUtz and A. Liedhegener. Chem. Ber. LQi. 3734 (1968); H. Scherer, A. Hart- 
mann, M. Regitz, B. D. Tungall and H. Cilnther. Chem. Ber. !QS_. 3357 (1972). 

We assume that & and b as well as the subsequent products all have trans configurations of 
both carbon-carbon double bonds, as we started from the appropriate carboxylic acids: see 
J. H. McMillan and S. S. Washburne, J. Org. Chem. 28, 2982 (1973) as well as S. Kashino and 



2634 W. THEIS and M. RJmm 

9. 

10. 

Il. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

M. Haisa, Acta Cryst. B %, 346 (1980). 

R. C. Cookson, S. S. H. Gilani and J. D. R. Stevens, 
L9_6_!, 1905. 

Tetrahedron Lett. !pS,2, 615; J. Chem. Sot. C 

W. Bethlluser, M. Regitz and W. l’heis, Tetrahedron Lett. 1221. 2535; W. Tbeis, W. Bethluser and 
M. Regitz. Chem. Ber. !lS, (1985). in press; W. Theis, W. Bethlluser and M. Regitz, Tetrahedron 
41 (1985). in press. 

H. Gtlnther, NMR-Spektroskopie. 2nd. Rdn.. p.192, Thieve, Stuttgart 1983. 

c.f. L. M. Jackman and S. Stemhell. Applications of Nuclear Magnetic Resonance Spectroscopy 
in Organic Chemistry, 2nd. Edn., p.134, Pergawni Press, New York 1969. 

U. Felcht and M. Regitz, An ew. Chem. 88, 
(1976); U. Pelcht and H. Regitz, +m. ‘Lr 

377 (1976); Angeu. Chem., Int. Ed. Engl. !5_, 378 
. !0,9,, 3675 (1976). 

M. Regitz. G. Weise and U. Felcht, Liebigs Ann. Chem. !9,29, 1232. 

G. L. Gloss and W. A. BB11, Angew. Chem. X, 640 (1983); Angew. Chem., Int. Ed. Engl. 2, 399 
(1963). 

H. Staudinger and 

0. Doebner and A. 

W. Borsche and R. 

H. War&off and K. 

H. Schneider, Ber. Dtsch. Chem. Ges. %, 699 (1923). 

Wolff, Ber. Dtsch. Chem. Ges. $3, 2221 (1901). 

Frank, Liebigs Ann. Chem. i!p, 75 (1926). 

Wald, Org. Prep. and Proc. Int. I, 251 (1975). 


