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Thermolysis and Photolysis of 6-Diazidomethyl-I ,2,3,4-tetrahydro-2- 
oxopyr i mid i ne- 5-ca r boxy lat es 
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Heinrichstrape 28, A - 80 I0 Graz, Austria 

The thermal decomposition of geminal diazides 1 a, b leading to pyrazolo[4,3-d]pyrimidines 4a, b and 
the photochemical decomposition of 1 a yielding uracil-5-carboxylate 6 is described; the single crystal 
X-ray analysis of 4a is also reported. 

The interest in the chemistry of geminal diazido compounds 
focuses mainly on thermal and photochemical decomposition 
reactions, which usually proceed with loss of molecular nitrogen 
and subsequent rearrangement of further decomposition of the 
so formed a-azidonitrenes to more stable compounds. The 
thermolysis and photolysis of different types of geminal diazides 
have been de~cribed,'-~ however, only a few publications deal 
with diazides having an a-hydrogen atom such as benzyl 
diazides. Thermolysis of substituted benzyl diazides was 
reported to yield either the corresponding tetrazoles 3a or 
nit rile^,^' whereas sensitized photolysis at 77 K was shown 
to furnish carbene~.~'  In a continuation of our studies on the 
reactions of biologically active dihydr~pyrimidines,~ we have 
recently prepared 6-diazidomethyl-l,2,3,4-tetrahydro-2-oxo- 
pyrimidine-5-carboxylates la ,  b.4c In this communication, we 

report on the thermal and photochemical decomposition of 
these compounds. 

Results and Discussion 
Compound l a  was heated at reflux in dry DMF for 20 min, the 
solvent was removed by evaporation and the residue treated 
with cold ethanol to yield 86% of 4a. The structure elucidation 
was initially based on microanalytical data, which showed that 
the thermolysis of la had proceeded with loss of two molecules 
of nitrogen. Earlier studies showed that the elimination of 2 
equiv. of nitrogen upon controlled thermolysis of geminal 
diazides leads to diazo compounds (probably via tetrazoles as 
intermediates).2d In the case of la, the resulting a$-unsaturated 
diazo compound 2a would be expected to undergo spontaneous 
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Fig. 1 ORTEP drawing of the X-ray structure of 4a. Thermal 
ellipsoids are drawn at the 50% probability level 

1,5-electrocyclization to pyrazolopyrimidine 3a. Many examples 
of these vinyldiazomethane-+3H-pyrazole interconversions 
are known in the literature5a and the reaction mechanism has 
been discussed.5b The 13C NMR spectrum * showed, however, 
no signal which could be assigned to the sp3 carbon (C-7a) in 3a; 
instead it featured two signals in the aromatic region at 6 130.1 
and 142.4 consistent with two sp2 carbon atoms (C-3a and C-7a, 
respectively) in isomeric 4a. We therefore concluded that the 
ester group at C-7a in 3a had migrated to one of the nitrogen 
atoms in the pyrazole ring. In fact, at elevated temperatures 3,3- 
disubstituted 3H-pyrazoles (such as 3a) are known to undergo 
rearrangement to 1 H-pyrazoles with migration of a substituent 
from the tetrahedral carbon (C-3) to either the adjacent 
nitrogen (N-2) or, in some cases also to N-1 (thermal van 
Alphen-Hiittel rearrangement).6 To establish unambiguously 
the structure of the thermolysis product, an X-ray analysis of 4a 
was carried out (Fig. l), confirming the pyrazolo[4,3-d]- 
pyrimidine structure and the position of the ester group at N-2. 
The phenyl analogue l b  reacted in a similar way leading to 4b 
in 46% yield (m.p. 190 "C). Removal of the ester group from 
4a, b was achieved in near quantitative yield by treatment 
with aq. NaOH and subsequent acidification with conc. HCI. 
Although there can be no doubt about the structure of the 
thermolysis products 4a, b, the proposed reaction mechanism 
outlined above (Scheme 1) remains speculative and warrants 
further investigation. 

In addition to the thermal decomposition, we also studied the 
photochemical decomposition of geminal diazide la. Irradiation 
of an acetone solution of la  under an inert gas atmosphere for 
several hours afforded a complex mixture of products which 
could not be separated or identified. However, if the reaction 
was carried out in the presence of oxygen (see Experimental 

*All  new compounds gave spectroscopic and analytical data in 
accordance with assigned structures. Data are quoted for compounds 
4a, Sa, 7 and 8. For 4a: m.p. (ethanol) 192-194 "C; v,,,(KBr)/cm-' 1735 
(CO) and 1680 (urea CO); G,[(CD,),SO] 1.34 (t, 3 H, CH,Me), 3.06 (s, 
3 H, NMe), 4.41 (4, 2 H, CH,Me), 4.44 (s, 2 H, 7-H), 7.10 (b, 1 H, 6-H) 
and 7.90 (s, 1 H, 3-H); 6,-[(CD,),SO] 15.6 (Me), 32.1 (4-Me), 40.9 (C-7), 
65.6 (OCH,), 114.2 (C-3), 130.1 (C-3a), 142.4 (C-7a), 150.8 (CO) and 

For 5a: m.p. (methanol) 248-251 "C; v,,,(KBr)/cm-' 1670 (CO); 
G,[(CD,),SO] 3.00 (s, 3 H, NMe), 4.34 (s, 2 H, 7-H), 6.71 (br, 1 H, 6-H), 
7.32 (s, 1 H, 3-H) and 12.25 (br, 1 H, 1-H). 

For 7: m.p. (propan- 1-01) 227-228; v,,,(KBr)/cm-' 1750 (ester CO), 
1725-1700 (amide CO) and 1685 (urea CO); G,[(CD,),SO] 1.37 (t,  3 H, 
CH,Me), 3.20 (s, 3 H, NMe), 4.48 (q, 2 H, CH,Me), 8.51 (s 1 H, 3-H) and 
11.40 (br, 1 H, 6-H); G,-[(CD,),SO] 14.0 (Me), 31.6 (4-Me), 65.6 
(OCH,), 116.2 (C-3), 131.1 (C-3a), 136.3 (C-7a), 149.0 (CO), 150.8 (C-5) 
and 157.9 (C-7). 

For 8: 88% yield; m.p. (acetic acid) > 390 "C; v,,,(KBr)/cm-' 1700 
(amide CO) and I665 (urea CO); G,[(CD,),SO] 3.32 (s, 3 H, NMe), 7.86 
(s, 1 H, 3-H), 11.16 (br, 1 H, 6-H) and 12.35 (br, 1 H, 1-H). 

154.7 (C-5). 
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Scheme 1 Reagents and conditions: i, DMF, reflux; ii, NaOH; iii, HCl 

section), uracil derivative 6 was obtained in 48% yield. 
Surprisingly, in addition to the oxidation of the CH, group, the 
6-diazidomethyl function was completely lost during the 
reaction, which was confirmed by microanalytical and mass 
spectroscopic data. In the 'H NMR spectrum the C(6)H 
appears as a singlet at 6 8.14, whereas the 13C NMR spectrum 
featured 3 carbonyl resonances (6, 152.5, 161.1 and 164.7) in 
excellent agreement with the previously reported values ' for 
similar uracil-5-carboxylates. This novel type of photooxidation 
of dihydropyrimidines was successfully applied to pyrazolo- 
pyrimidine 4a which, under similar conditions, was converted 
into 7 in 41% yield. Hydrolysis of the ester group led to xanthine 
analogue 8. 
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The synthetic utility and mechanistic details of the thermal 
and photochemical decomposition of this type of geminal 
diazides are currently being explored. 

Experimental 
Ethyl 1,2,3,4- Tetrahydro- 1 -methyl-2,4-dioxopyrimidine-5-car- 

boxylate 6.-A solution of diazide la 4c (200 mg, 0.71 mmol) in 
acetone (100 cm3) was irradiated with a Hanau high-pressure 
mercury lamp (TQ 150 at 365 nm) while a gentle stream of 
oxygen was passed through the solution. After 1.5 h, the 
solution was evaporated and the oily residue treated with cold 
ethanol to give 6 (67 mg, 48%). An analytical sample was 
obtained on crystallization from ethanol, m.p. 233 "C (lit.,8 
237 "C) (Found: C, 48.52; H, 5.07; N, 14.02%. Calc. for 
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C&Il,N204: C, 48.49; H, 5.09; N, 14.14%); v,,,(KBr)/cm-' 1745 
(ester CO), 1700 (amide CO) and 1655 (urea CO); 
&[(CD3),SO] 1.25 (t, 3 H, CH2Me), 3.12 (s, 3 H, NMe), 4.19 (9, 
2 H, CH2Me), 8.14 (s, 1 H, 6-H) and 11.83 (br, 1 H, 3-H); 
Gc[(CD3),SO] 15.4 (Me), 28.5 (Me), 61.8 (CH,), 104.3 (C-5), 
149.3 (C-6), 152.5 (C-2), 161.1 (C-4) and 164.7 (ester CO); mjz 
(CI, CH4) 199 (M + 1) and 227 (M + 29). 

X-Ray Analysis of 4a.-Crystals of C9H, 2N403 were 
obtained from dioxane, M = 224.22, triclinic, a = 4.126(1), 

y = 81.28(3)", V = 587.1(3) A3 (cell parameters obtained by a 
least-squares fit to the diffractometer setting angles of 43 
reflections with 10" < 28 < 26"), space group P-1, 2 = 2, 
Dobs = 1.42 g ~ m - ~  (flotation method, CCl,/cyclohexane, T = 
295 K), Dcalc = 1.44 g ~ m - ~  (disordered solvent included), p = 
1 .O cm-'. Investigated crystal specimen: colourless, prismatic, 
0.18 x 0.26 x 0.36 mm3. Diffraction data were collected on a 
modified STOE diffractometer at 93(2) K, using Mo-KZ 
radiation (A = 0.710 69 A, graphite monochromator, o-scan 
with variable speed, width = 1.5"), leading to a total of 5523 
reflections and 5178 unique reflections with 5.5" < 28 < 70" 
(R, = 0.0167), 2085 of them with F > 4a(F). The structure was 
solved by direct methods; after several refinement cycles, an 
empirical absorption correction was applied, with all non- 
hydrogen-atoms of the molecule and four disordered solvent 
atoms included at this stage (Walker/Stuart, Program 
DIFABS). Three low-order reflections were excluded due to 
supposed extinction. Finally all non-hydrogen atoms of the 
molecule were refined anisotropically, the hydrogens iso- 
tropically, all of them at observed positions. Disordered solvent 
(dioxane) was found in the crystal and accounted for by 3 
oxygen and 6 carbon atoms per asymmetric unit, with refined 
site occupation factors and a common refined Uiso. Final R and 
R, are 0.061 and 0.056 for 2083 observations and 230 

b = 11.180(3), c = 13.512(5) A, = 72.43(2), /? = 89.08(3), 

parameters [weighting scheme l/a2(F)]. The final difference 
electron density map shows features up to 0.38 and down to 
-0.33 e A-3. Atomic co-ordinates, bond lengths and angles, and 
thermal parameters have been desposited at the Cambridge 
Crystallographic Data Centre. See 'Instructions for Authors', 
J. Chem. SOC., Perkin Trans. I, 1991, issue 1 .  
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