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Abstract - The a,B:y,S-unsaturated tosylhydrazone lithium salts (4) undergo 

photolysis at -60°C to give v~nylcyclopropenes (10) and 11,21d~azeto[l,4-al 

pyrroles (11) and/or (12). The formation of (11, X=H) establishes the 

intermediacy of (8, X=H) in the formation of the 3H-1,2-diazeplne (9). 

The dlazoalkene (5, X=Me) showed opposite electroc~clisation periselectlvlty 

to Its thermal cyclisation and gave (11, X=Me) vld (8, X=Me), rather than - 
the pyrazoles (2) and 0). 

We recently reported on the periselectlvlty of the thermal cyclisatron reactions of d range of 

a,3:y,d_unsaturated diazo compounds e.g. (5, X=H) and (5, X-Me), carried out at ca 80°C. 
1 

- 

Reactants such as (5, X=H) which have a ~1s hydrogen atom at the cycllsation site reacted ex- - 

clusrvely by 1,7-ring closure to give the 3H-1,2-diazeplne (9) via the presumed but undetected _ - 

lntermedrate (8, X=H). However similar dlazo compounds e.g. (5, X=Me) having a cis methyl group - 

reacted only via 1,5-ring closure and subsequent vinyl group and hydrogen mlgratlons to give the - 

pyrazoles (2, X=Me) and (3, X=Me). This difference in perlselectivity was attributed to d stet-lc 

effect of the methyl group which raised the actlvatlon enqgy for the 1,7-cycllsatlon. 
2 

This paper 1s concerned with reactions of the same dlazo compounds but in this case generated 

at -6O'C by the photolysis of the tosylhydrazone lithium salts (4; M=Li, X=H or Mel. This was 

undertaken for several reasons: (1) to find out whether the electrocycllsation perlselectlvlty 

shown by (5) would be affected either by the photochemlcal nature of the reaction or by the low 

reactloll temperature, (11) in the hope of findng positive evidence for the lntermedlate (8). and 

(iii) to discover whether (5) would react via a 'l,l-cycloadditlon' - to give (6) at low temperature. 

The last pornt was of particular interest because It has recently been shown that some dlazo com- 

pounds e.g. (13) cycllse at room temperature by a formal l,l-cycloaddltion to give the 1,2-dlaza- 

blcyclo[3,l,Olhcxenes (14). 
3,4 

This product however 1s thermally unstable and undergoes further 

reactlo" at 80°C to give (15). 
3 

It has also been reported that the unsaturated nltrlllwn 

betalnes (16, Y=N or CH) - isoelectronic with (5) - also cyclise by a formal 1,1-process at room 

temperature to give the bridged systems (17). 5,6,7 These are also thermally unstable and re- 

arrange at 8O'C to give the seven-membered heterocycles (18). At present it IS not clear whether 

these highly stereospeclfic l,l-cycloaddltlons involve concerted formation of the two new bonds or 

proceed I" a stepwlse process via an Intermediate. - This notwlthstanding, these results obviously 

raised the questions of whether the dlazo system (5) would also undergo 1,1-cycloaddltlon at low 

temperature and whether this might be the primary process in the thermal cycllsation at OO°C 

1.e. (5) ' (6) * (8) ' (9)? 

An essential element in this study was the knowledge that the 3H-1,2-dlaaeplnes e.g. (9) _ 

undergo rapid and quantitative photolsomerlsatlon to give the diazetoll,4-alpyrroles (12). 8.9 

3113 



3114 I. R. ROBERTSON and J. T. SHARP 

X 

X 

@ 

I ho 

Ph 

hv 

Thus in the low temperature photochemical reactions of the dlazo compounds two distinct and dis- 

tinguishable reaction paths can be envisaged: (1) Direct cyclrsation by 1,7-electrocyclisation to 

give the diazepine (8) - previously postulated as an intermedlate III the 'thermal' cyclisation. 

This product would be qurckly "trapped" by photoisomerlsation and isolated as the diazetopyrrole 

(11). (ii) Formation of the dlazanorcaradiene (6). This product could however - if thermally 

unstable - undergo ring expansion to give (8) after conclusion of the photolysis, during the 

warming up from -6OOC and work-up at room temperature. In this case therefore either the 

dlazanorcaradiene itself or the diazepine (9) would be isolated (hydrogen shrfts in the 3H-1,2- _ 

diazepine system are known to be fast at room temperature loI . 
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In the event the photolysis of (4, X=H) at -60°C followed by work-up at room temperature 

gave the vinylcyclopropene (10, X=H; 41%) and the two isomerlc dlazetopyrroles (11, X=H; 25%) 

and (12.10%). but no diazanorcaradlene or dlazepines. This 1s consistent with pathway (11 ds 

discussed above. It would appear that at this low temperature the rate of the sigmatroplc 

hydrogen shift is slower than the rdte of photoisomerisation of (8. X=H) so that this previously 

undetected primary product 1s effectively trapped ds (11, X=H). 

The photolysls of the analoque with a cis methyl group (4, X=Me) also failed to qlve any - 

dlazanorcaradiene or dlazepine but intcrestlnqly drd 91~ (11, X=He; 25%) as well ds the cyclo- 

propene (10, X=Me; 37%). The formation of (8, X=Me), as the precursor to (11, X=Me), and not 

the pyrazoles (2 and 3, X=Me) thus shows completely opposite perlselectivlty to that observed 1" 

the thermal reaction at 80°C. 

The success of this photochemlcal 1,7 cycllsation of (5, X=Me) may be due to reaction of the 

dlazo compound ln an excited electronic or vIbrationa state. The hl9h yields of the carbene- 

derived products (10, X=H and X=Me), which were not isolated in the thermal redctlon, 
1 

support 

the suggestlo" that excitation of the diazo group does occur. However the isolation of a 

product from the 1,7 cycllsatlon of (5, X=Me) may also be due in large part to poorer competition 

from 1.5 cyclisatron ds d product forming pathway under the low temperature photochemlcal con- 

dltions. The 1,5-electrocyclisatlon of a,!&unsaturated diazo compounds to 9lve 3H-pyrazoles 

(1) is known to be photochemlcally reversible 
11 

e.g. and I" addition the siqmatroplc vinyl and 

hydrogen shifts which led to (2) and (3) at 80°C will be very slow at -6O'C. 

The structures of the diazcto[l,4-alpyrroles (11) and (12) were assigned by comparison of 

their 
1 
H and 

13 
c n.m.r. spectra, and mdss spectrometry fragmentation patterns with data from 

compounds of the same type prepared by the photoisomerisation of 3H-1,2-drazepines 
8 

and 

lH-2,3-benzodiazcplnes. 
9 

Compound (12) formed in the photochemlcal decomposition of the tosyl- 

hydrazone salt wds ldentlcal with the sample prepared by the photolsomerlsation of d sample of 

the drazeplnc (9) isolated from the thermal cyclisation of (5, X=H) dt 8O'C. The vlnylcyclo- 

1 
propcnes were also identlfled by comparison of their H and 

13 
C n.m.r. spectra with data reported 

for similar compounds.12 Some of the chemical shifts for (10, X=H and X-He) and d comparison 

compound are shown I" structures (19), (201, and (21) td values, carbon In parenthesls). 

(9.31 2.3 6.3 

f2a 

:9.11 

116.71 
m 

2.2 6.d (9.6) 2.3 

125.41 

These results have thus demonstrated the intermediacy of (8, X=H) In the fox-matron of (9) 

and also shown that dlazo compounds (5) with d cis methyl group cdn under-90 1,7-cyclisatlon. - - 

The fallurc to find any evidence for the dlazanorcaradlene (6) 1s also lnterestlng and It must be 

concluded either that such specres dre not formed or are thermally or photochemlcally unstable at 

-6O'C. 

EXPERIMENTAL 

N.m.r. spectra were obtalned using the following Instruments: Bruker WP80 (lH, 80 MHz) and, 

Bruker WP2OD (lH, 200 MHz; 13C, 50 MHz), and dre recorded ds 6 values for solutrons in 

deuterrochloroform unless othcrwlse stated. Merck Kieselgel 60 was used for flash chromatogra- 

phy. Tetrahydrofuran (T.H.F.) wds dried and distilled over calcium hydride. 

The photolyses were carried out under nitrogen through pyrex using d 100 watt medium 

pressure lamp (Applied Photophysics). The reactor wds of the irmnerslon type and In the low 

temperature experiments the reaction vessel was kept In a bath of the coolant, and ethanol at the 

reaction temperature wds circulated through the annular jacket around the lamp,. The preparation 

of the tosylhydrazones 1s described elsewhere. 

Photolytic decompositron of tosylhydrazone lithium salts 

(iI E,E-3,5-Diphenyl-2-methylpenta-2,4-dlenal tosylhydrazone (4,X=H). Hethylllthlum (1.5M In 
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etiwr, 0.94 ml, 1.41 mm011 was added with stirring, under dry nitrogen to a solution of 

E,E-3,5-d~phenyl-2-methylpenta-2,4,dienal tosylhydrazone (534 "g, -- 1.28 mmol) In dry T.H.F. (70 ml) 
at -6O'C in a pyrex photochemlcal reactor. The resulting solution was stlrred for 1 h and then 
irradiated under dry nitrogen at -60°C for 4 h. The mixture was allowed to war" to room tempera- 
ture and water (25 ml) added. Host of the T.H.F. was removed under reduced pressure and di- 
chloromethane (100 ml) added. The aqueous layer was separated, extracted with dlchloromethane 
(2 x 25 ml) and the combined organic layers were washed with water (2 x 20 ml) and dried. 
Evaporation of the solvent under reduced pressure gave a brown 011 which was purified by flash 
chromatoqraphy (slllca, ether:petrol, I:91 to give: (a) E-1-Methyl-3-phenyl-3-(Z-phenylethenylj- 
cyclopropene (10, X=H) as a clear 011 (121 mg, 41%), (Found: m/z. 232.123215. CI8~16 requires 
m/z, 232.125194; +, (200 MHZ) 2.26(3H, d, J 1.3 HZ, l-Me), 6.27(1H, d, J 16 HZ, L--H), 6.92(18, 
d, J 16 Hz, 2'-HI, 6.90(1H, br, q, J 1.3 HZ, l-H), 7.18-7.62(10H, m, aromatic); 6, (50 MHZ) 
9.25 (He), 31.75 (C-31, 102.78, 121.40 (quat), 125.34, 125.83, 126.57, 127.10, 128.06, 128.37, 
128.68, 137.45, 137.94 (quatl, 146.88 (quat), (b) 4,6a-D~hydro-6a-methyl-4,6-dlphenyl[l,2ld~azeto- 
I1,4-alpyrrole (11, X=Hl as an 011 (84 "g, 25%). (Found: m/z 260.132386. Cl8Hl6N2 requires "/Z 
260.131342); 6, (80 MHZ) 1.67(3H, s, 6a-Me), 5.24(1~, d, J 2.5 HZ, 4-H). 6.04(1H, d, J 2.5 HZ, 
5-H), 7.19-7.43(10H, m, aromatic). 8.61(1H, s, 1-H); b, (50 MHz) 18.03 (Mel, 69.69 (C-4), 91.89 
(quat) (C-6al. 126.22, 126.71, 127.00, 127.27, 128.11, 128.58, 133.57 (quat), 141.81 (quat), 

143.31 (quat), 177.15 (C-1); m/z 260 (12). 233 (100), 192 (49). 157 (48), 156 (281, 115 (4501, 

(c) 4,6a-Dihydro-~-methyl-l,~-d~phenylIl,2JdiazetoIl,4-aJpyrrolc (12. X-H) 02 mg. 10%). Tn1s 

was identical by t.1.c. and H n.".r. to the product formed by the photolysis of 4-methyl-5,7- 
dlphenyl-3H-1,2-diazeplne (9). 
(Ii1 E,E-3~5-Diphenyl-2-"ethylhexa-2,4-dlenal tosylhydrazone. 
0.46 ,1; 

Hethyllithlum (1.5M In ether, 
0.69 m-01) was added with stirring. under dry nitrogen to a solution of E,E-3,5-diphenyl- 

2-methylhexa-2,4-dlenal tosylhydrazone (235 "g, 0.69 mm011 In T.H.F. (70 ml1 at -CO% In a pyrex 
photochemlcal reactor. The resulting solution was stlrred for 1 h and then Irradiated under dry 
nitrogen at -60°c for 6 h. The mixture was allowed to war" to 100" temperature and water (20 ml) 
added. A work-up slmllar to that above followed by preparative t.1.c. (alumina, 10 vol % ether 
In petroleum) gave: (a) E-l-Methyl-3-~henyl-3-~2-~henylpropenyllcyclopropene (10, X=Mel as an 
011 (62 "g, 37%). (Found: m/z 246.140302. ClgH18 requires m/z 246.140844); 6, (200 MHZ) 2.02 
OH, d, J 1 HZ, 2'-Me), 2.21(3H, d, J i HZ, ~-MC?). 6.23(1~, br, q, J 1 HZ. II-H), 6.82(1~, br, q, 
3-H), 7.21-7.51(10H, m, aromatic); 6, (50 MHZ) 9.09 (C-l He), 16.69 (Me). 28.8 (C-3). 103.87, 
120.10 (quat), 124.74, 125.52, 126.27, 126.62, 127.86, 128.07, 131.22, 137.33 (quat), 143.56 
(quat), 147.91 (quat), (b) 4,6a-Dihydro-4,6a-d~methyl-4,6-diphenylll,2ldiazeto[1,4alpyrrole 
(11, X=Me) (48mq. 25%) as an 011 (Found: m/z 274.144532. Cl9Hl8N2 requires m/z 274.146991; 6H 
(200 MHz) 1.65(3~, s, 6a-Me), 1.73(3H, s, ~-MC), 6.26(1H, s, S-H), 7.20.7.61(10~, m, aromatic), 
8.48(1H, s, 1-H); 6~ (50 MHZ) 17.57 (Me), 31.62 (C-4 Me), 70.52 (quat, C-4), 90.99 (quat, C-6a). 
126.61, 126.70, 127.51, 127.99, 128.21, 128.65, 130.77, 133.76 (quat), 139.35 (quat), 143.25 

(quat1. 175.98 (C-1); m/z 274 (8). 259 (1001. 232 (81). 247 (47%). 
Photolysis of 4-"ethyl-5,7-dlphenyi-3H- 1,2-diazeplne (91 

A solution of 4-methyl-5.7.dipheny1_3H- 1,2-dlazepine (371 "a. 1.43 mm011 In drv T.H.F. 
(70 ml) was photolysed at--70°C fo; 30-mlnT T.1.c. showed only one product and this was isolated 
by flash chromatoqraphy (silica, ether:petrol 40/60, 1:l) to give 4,6a-dlhydro-5-methyl-1,6- 
d~phenyl[l,2ld~azeto[1,4-alpyrrole (12) I 310 "g, 83%) ".p. 86-87°C (from ethanol/pentane) 
(Found: C, 82.85; H, 6.0; N, 11.0. C18H16N2 requires C, 83.0; H, 6.2; N, 10.8%): EH 
(200 MHz) 1.76(3~, d, .I 1.5 HZ, S-Me), 4.11 (2H, br, s, 4-H2). 6.16 (lH, br, m, bd-HI, 7.13-7.43 

(lOH, m, phenyl); bC (20 MHZ) 12.96 (Me), 62.33 (C-41, 85.59 (C-6a). 124.48, 127.37, 128.05, 
128.21, 128.40, 129.31, 130.20, 131.27 (quatl, 134.01 (quatl, 134.73 (quatl, 182.74 (quat, C-1); 
m/z 260 (10 I, 157 (loo), 156 (471, 116 (161, 115 (25). 103 (22%). 
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