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Abstract - A range of diene-conjugated dlazo compounds has been generated by 

the thermal decomposition of the sodium salts of the tosylhydrazones of l- 
acyl-1,3-dlenes. Those of type (21) with d cls relationship of the diazo - 
qroup and the y,d-double bond and having d cis hydrogen atom at the diene - 
terminus cycllsed only by 1,7 z9 closure to give 3H-1,2-dlazepines (23). 

This mode of cyclisation was InhibIted by the pres&e of cis methyl or - 
phenyl groups at the dlene terminus e9 I" (45). Compounds of this type 
cyclised by the alternative l,S- ring closure to 91ve 3-alkenyl-3H-pyrazoles 

e9 (46) as primary products. These observations are explalned o; the basis 
of a helical transition state (54) for the 8~ electron 1,7-electrocyclisatlon 
reactron. Diene-con]uqated diazo compounds with a trdns y.6 double bond 

e9 (32) also cycllscd predominantly by 1,5-electrocycllsatlon to 91ve 

3-alkenyl-3~-pyrazoles e9 (33!. In most cases the 3H-pyrazoles rearranged 
under the reaction conditions via alkenyl group and hydrogen migrations to 

91"e lH-pyrazoles e9 (34) and (37). - 

INTRODUCTION 

In earlier work we have studied the reactions of con]ugatcd dlazo compounds of types (1) and 
- 

(1) which have an dromatlc double bond as part of the conjugated diene system. Those, e9 (1) - 

QJr$R-[&R]-q 
(2) 
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with the aromatic bond 1" the a.3 posltion cycllse at 80°C excl~~slvely by 1.7 ring closure 
2 

to 

give lH-2,3-benzodlazepines (21. 

T 
_ Srmllar reactions are shown by analoques with u,s thlophene 

rl"gs. On the other hand compounds of type (3) which have the dromatlc bond in the y,& 

positlon qenerally show the opposite periselectivlty and favour 1,5-electrocycllsatlon to qlve 

3-aryl-3~-pyrazoles (4) as tne primary products. However such systems can be Induced to react 

wholly or partly by 1,7 cycllsatlon to give 3K-1,2_benzodiazepi"es, 4,s 
or their thleno analogues, 

6 

by the lncorporatlo" of a fused cyclopcntyl ring, eg I" 12, R1,R2 = (CH2J31 which cycllses to 

give only (2). It can 3, seen from these results that the activation energies for 1.5 and 1,7 

cyclisatlon are not very dlffrrent, and that the periselectlvlty is much affected by the presence 

and posltion of a" aromatic double bond I" the conjugated system. 

This paper describes the further extension of this work to d study of the perselectlvlty of 

cyclisatlon I" systems of type (6) and (7) containing only olefinic unsaturatlon. - - In particular 

it was hoped 

I I 
(6) (7) 

(61 

that the cycllsation of (7) would provide a synthetic route to the interestinq 

monocyclic 3H-1,2-diazeplne system (8) hitherto only acxsslble by the base induced elimination - 

of toluene-e-sulphinlc acid from 3,4-dlhydro-2-tosyl-l,2-dlazeplnes. The intention was to study 

d range of substrates of types (6) and (7) and investigate how the partltloning between 1,5- and - - 

1,7-cycllsation was affected by (1) the stereochemistry of the a.3 double bond, and (ii) the 

presence or absence of ~1s substltutents, R3, on the 5 carbon atom in (1). This last point was - 

of particular interest because It has been show" that the 1,7-cyclisatron of compounds of type 

(1) 1s blocked when the cls hydrogen atom at the olefl" terminus 1s replaced by a methyl or a _ - 

phenyl group; the reactlo" then goes by a" alternative pathway via loss of nitrogen to give - 

carbene-derived products. 

RESULTS AND DISCUSSION 

(1) Synthesis of the Dlazo Compound Precursors 

AS I" the earlier work the dlazo compounds were generated by heatlnq the sodium salts of 

tosylhydrazones at 80°C I" aprotlc solvents. The tosylhydrazones were prepared from the l-acyl- 

1,3-dlenes (12) and (14). Two methods were developed for the synthesis of these aldehydes and - - 

ketones. The first, outllned in Scheme 1 was used in most cases as It is the more efficient and 

uses readily available starting materials. The key 

H 

O [ii] _ 

R-R4 as indxated I" Tables 1 and 2 

Reagents: (1) PBr3/D.M.F., (~11 Ph3;CHRZR3/base, 

(1~) Mg or BuLi, R4CHO: 

(ill) Mg or BuL1, D.M.F., 

oxldatlon by Cr03/pyridine or Ba(Mn0412. 

step is the triple functlonallsatlon of the 

Scheme 1 
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a-methylere ketones (9) by Arnold's brom3formyLatlon reaction. 
7 

The 2-bromo-L-formylalkenes - 

:LO) and (13) were occas~onzlly subject to sudden exothermlc polymerlsatlon during dlstlliatlon - - 

so we generally worked up the reactions by chromatoqraphy. and used the products soon after 

preparation. In the acyclic case (R = Me, Rl = Ph) the isomers (10) and :1_1, were easily - 

separated on a preparative scale by nedlur pressure llquld chromatography. The reactlo" co"- 

dltlons for the metallatlon af (111 were crltlcal in some cases - ?artlcuLarLy when R3 = He since - 

:ne v1nyL lan1or' tended to ~somer~se via a proton mlqratlon If the temperature was too high or - 

If It was keFr too Lonq before t-eactlor with the electroph;le. The redctlons with dlmethyl- 

formamldc Istep (1:1)1 to 91~ the aldehydes CR4 = H) ger.eraLLy gave excellent yields a"t 1;. the 

preparatloz af tt.e ketones [step (1~11 the oxldatlon of tke alcohols was achieved xly ~..n Low 

yield deSFlte cnc "Se of xlld sxldants [CrO /pyr:dlne or Ba(?lr~O~)~l. 

Grlqnard reaqent of (11: R,RL 
23 

The reactlo" of the 

= Ph. R3 - = (CH2j3, R = H) with e-tolaldehyde 9ave both the cx- 

pccced alcon :49%) and the :<etone (12~) (36%) d:rect:y, a recorded8 but relatively rare - 

OccCTrencC. The second general nethod Jtlllsed the reaction between alkcnyl-llthlcm or vinyl 

Grlqnard reaqents and the d:methyl acetals or methyl era1 ethers of U-ketoaldehydes. 
9 

It was 

used for only one example (16) I" this work. - 

Ma 

0 

a CtlOMa 

(‘5) 

[id _ 
Me 

(‘6) 
Reagents: (i) !4eCH=CHLl, (11) H+/H20 

(ill Cyc:lsatlon of C~S-Lllazo Compounds (1) with R3 = H 

Three basic "drlants :171-(19) 3" tbls type of system were studled. In (17) and (18) the - - 

requlrcd ~1s stereochcmlStti kc>, ackleved by usln9 cycloal1<enyL moletIes 1" the a.[! posItian, and - 

1c the acyclic case (;3) by lsoner separation at an early stage 1" the dlenal synttesls. The 

(19) 

R R' R2 R4 , , # as shown I" Table 1 

Scheme 2 

lnltlal work was carried "dt 3" the cyclopentene derlva:lves I" a dellberate attempt to steer the 

reaction towards 1.7-cycllsatlon since lt was known from earlier work on zx,d-unsaturated dlazo 

compounds that the fusion of a cyclopentyl rlna on to the con]uqated system dlsfavours L.5- 

cycllsation. 
4,s 

However :n the event lt was found that tbls devlcc was not required as all of the 

systems showed d cycL1satlon perlselecrlvlty which favoured 1,7 cycllsatlon so stronqly that no 

pyrazoles were Isolated. Thr dlazo conpounds cc), generated from the tosylhydrazone salts 

(201, all reacted by the pdtn show I" Scheme 2 ta give the 3H-L,2-dlazcp1ncs 123) in the yields - 
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Table 1 Cycllsatlons of dlazo compounds (2) derived from carbonyl compounds (2, R3 = H) 
giving 3H-1,2-diazeplnes (23) - 

Dlazo Conpound R Rl R2 R4 
Carbonyl compound 

precursor 
Products (yield) 

21a - lCH2j3 - P?l H 125. (23a) (63%) 

21b - lCH213 - Ph MC 12b (23b) (76%) 

21c - (CH213 - Ph e-Tolyl 12c (23~) (901, (25) (40%) 

21d - (CH2J3 Me H 16 (23d) (65%) 

21e - (CH214 Ph a 12e (231~1 (92%) 

21f - (CH2J4 Ph Me 12f (23f) (56%) 

219 Me Ph Ph H 129 (239) (71%) 

pathway tc give (25). - This characterlstlc has been seen before for dlazo compounds with an aryl 

substltuent on the diazo carbon dtcm. Apparent?y the con]ugation of the arcma~~c ring has a 

strong dlfferentlal effect favocrlnq ttze trazsltlcn state for carbene formatlon. 

The formation of the 3H-1,2-dlaz&plne (23) car. be ratlonallsed as d two-step process: - - 

firstly d 1,7 (8: electron) electrocycllsatlon qlving the primary product (22). which was neither 

detected nor isolated, followed by a [1,51 slgmatrcplc hydrogen shift to give (2). Such 

hydrogen mlgratlcns :n 3H-1,2-dlazeplnes are known tc be fast 
IO,11 

so the formation of (23) must - 

reflect Its higher thcrmodynamrc stability than that of (22). ?Lic factors ccntrlzxte tc this: - 

(1) the R2 group (Ph or MC) is brought into con]uqatlon or hypercon],ugatlon with the con]uqated 

dlene syste3, and (Ii) the double bonds cxocycl~c tc the carbccycilc rings I" cases where 

R,Rl = -(CH2Jn- are moved ta more stable locations. 

The structures of the diazeplnes were esslqned by ccmparlscn of their 
1 
H and 

13 
c n.z.r. 

spectra (see Experlmental section and Table 2),x113 mass cpectronetry fragmentation patterns with 

data frown other 3H-1,2-dlazepines 
10,ll , _ prepared by the ellminatlon of tsluene-e-sulphinlc acid 

from 3,4-dlhydro-2-tosyl-1,2-diazeplnes. lH-2,3-benzodlazeplnes 
2.3 

and 3H-1,2-benzodlaze?ines. 4.5 
- 

In particular they showed the followlnq characteristic features: (1) a11 gave nass spectra 

having small parent 10"s and major fragmentation by loss of N2, (11) the 
13 

C chemical shifts of 

the saturated carbon adlacent tc the azc group (C-3) were 1" the range 66-82 ppm, whereas 

3H-pyrazolcs eq (41 tave chemical shifts of s 94-106 ppm for the azalcqous carbon atcm, 
4,5 

and 

(111) in cases where there were two hydrogen atcms on C-3 they had widely separated chemical 

shifts (ca 3.6 ppm) and gave temperature dependent spectra owing to ring ~nverslcn. 
2.3 1 

The H 

n.m.r. spectrua of (23b) showed chemical shift equivalence of the methyl group on C-3 and Its - 

ad]acent proton, but this was broken by addltlon of a shift reagent and then showed the expected 

coup11ng. 

There was only one exceptlo" tc the isolation of 3H-1,2-dlazeplncs from tosylhydrazone salts 

of this general ty?e. The sodium salt of 1-formyl-2-vlnylcyclchexene tosylhydrazone (26) ander - 

the same reactlcn condltlons gave as the sole Isolable product an unstable colourlrss oil (71%) 

which we have prov~sronally formulated as a cyclohexa[dl[1,3Jdlazepine (27). Work to conflrn - 
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Compound MHZ Chesical shift ($1 

23a 20 

23b 20 

23c 

23d 

23e 

20 

90 

23f 90 

2 39’1 90 

31a” 

3lC.k 

34 

37’ 

47 

g-27 

50 

SU 

90 

20 

20 

90 

50 20 

52a 90 

53a 50 

j2b 

44 

39 

40 

42 

50 

20 

00 

90 

Hydrownatxx 90 
product of 

(471 

Hydroqenattan 90 
F‘roduct of 

(50) 

24.03, 33.30, 35.5f (c-6,C-?,C-81, 67.37 (C-11, 110.40 (C-51. 125.53, 
127.79 (tert.), 127.95, 128.47, 137.30 (tert.), 140.14 (tert.1, 
154.76 ttert.1 

15.98 (Me), 23.50 (C-7), 32.13, 33.48 (c-6,c-81, 72.82 (C-l), 109.96 
(C-S), 125.52, 127.93, 128.44,, 132.77 itert.1, 137.22 (tert.), 138.92 
ttert.11 1’14.44 itert.j 

21.19 (Me), 23,60, 33.52, 33.88 IC-6,C-?,C-8:, 81.91 (C-Ii, 110.19 (C-S), 
125.69, 12il.R, 128.31, 129.05, 129.14, 132.89 itert.), 135.63 (tert.), 
137.16 :tert!, 137.25 <tert.j, 138.96 (tzrt.1, 154.29 (tert.) 

21.14 (Mel, 24.20, 33.17, 35.38 Ic-6,C-?,C-8f, 66.52 (C-11, 112.45 (C-5). 
126.83 (tert.1, 139.42 (tert.). 152.79 (tert.) 

22.42 (C-7,C-5) r 29.13, 31.31 (C-6,C-9), 71.58 (C-I), 116.68 (C-5). 
123.57 (tert.), 125.61, 127.99, 128.50, 134.34 ltert.1, 137.30 (terr.), 
154.10 (tert.) 

15.03 (MC>, 22.34, 22.44, 26.39, 23.72 (C-6,C-7,C-8,C-9), 74.69 (C-11, 
l16.35 (C-S), 125.63, 127.34 ttert.> I 127.99, 128.53, 134.12 (tert.1. 
137.23 (tert.), 153.83 (tert.) 

20.50 (Me), 71.92 (C-31, lL4.70 (olefrnlc), 120.74 Ltett.), 124.81, 
126.61, 127.47, 127.84, 128.75, 135.32 (terr.). 138.29 (cert.], 138.96 
Itert.), 153.76 (tert.) 

IO.6 IWe), 17.S I:@), 20.8 t2 x HF?)~ 24.9 (Me C:, 111.7 (terz.), 121.3 
lolef lnlc), 122.2 (oleflnic), 139.9 ftert.), 3x9.7 ctert.) 

IO.5 (2 x Me), 113.0 ftert.), 119.4, 124.3, 12S.1, 125.7, 127.7, 138.1 
ttert.1 I) 141.2 (tort.1 

8.8 (Mel, 11S.O (tert.), 124.7, 125.4, 127.4, 127.7 (2 x CH), 127.9, 
128.7, 129.2, i29.6 ttert.1, 134.0 (tcrt.), 140.4 (tert,), 140.8 (C-3). 

9.3 (Me), 111.1 (tere.), 126.3, 127.2, 127.4, 127.6, 128.2, 128.5, 128.8, 
137.0 (tert.). 

3.0 (Me), 16.5 (Me), 114.4 (tert.), 123.3, 126.0, 127.3, 128.0, 128.2, 
128.3, 129.5, 130.0 (tert.), 132.8 ltert.), 140.5 (C-3), 141.0 (tert.) 

8.9 <!4e3e), 21.4 (Me), 114.4 ltert.1, 122.2, 126.9, 127.1, 127.2, 127.65, 
127.72, 129.l, 130.0 (tert.), 135.6 (tert.1. 138.4 itert.;, 140.4 (C-31, 
140.6 itert.) 

9.2 (Me), 18.0 (Me), 112.4 (tert.), lIS.3 (oiefinicf, 125.9, 127.4, 
127.5, 128.2, 126.4, 132.3 (tert.1, 139.7 (tert.), 143.1 Iterr.), 143.7 
(cert.:, 146.0 (&ert.) 

16.3 (Me), 21.6, 24.8, 28.6, 41.6 (C-4 to C-71, 95.6 (C-7a), 120.2 
Loleflnic), 125.9, 127.3, 128.1. 137.1 (C-3), 143.3 (tert.:, 143.5 
ctert.1 I 1GL.S ctert.1 

16.6 (Mel, 20.5, 21.6, 22.6, 22.9 (C-4 to C-71, 116.2 (tert..), 121.7 
126.2, 127.5, L28.4, 132.0 (tert.). 138.1 (C-3), 139.2 (tert.!, 141.5 
(cert.) 

17.9 (He), 26.7 (Me), 21.4, 24.9, 28.7, 41.4 (C-4 to C-7), 95.6 (C-Ja), 

117.1 (oleflnic), 136.8 (C-31, 140.7 ttert.), 161.5 (tert.) 

8.5 IMi?) I 26.3 <1*-$22, 34.7 12’~CH21, 114.7 (cert.), 124.4, 126.0, 
127.6, 128.2 12 x CHI, 128.8, 139.0 (tert.), 140.1 itert.), 140.3 ic-31. 

9.3 IMe), 36.9 t2’-C_H2), 53.3 fl’-1~21, 113.1 (tert.), 126.4, 126.9, 
127.2, 128.2 I2 x CH), 128.3, 125.6, :29.9, 134.2 (tert.), 138.1 (tert.), 
149.6 ltert.) 

a.7 we), 36.7 t;‘-_C22, 50.8 (l’+i2), 114.3 ftert.l, 126.4, 126.1, 
128.3, 128.4, 129.7, 130.4 (tert.). 138.3 fter:.), 133.1 (C-3). 141.1 
(tert.). 

8.5 (Me), 27.6 (I’-CH2), 35.2 (2’~cH2), 110.5 (ter:.), 126.0, 127.3, 127.5, 
120.3 (2 x CH), litl:S, 1!2.,1 (tert.), 141.3 lfert.1, 145.2 (tort.), 146.9 
ctert. 1 
8.7 I,%), 18.0 (Me), 40.4 IZ’-CH), 56.4 t”‘-cH2), 114.1 (tert.), 126.4. 
127.0, 128.0, 125.2, 125.3, 129.8, 130.5 :tert.l a 139.0 ;C-31, 141.3 
ctert.1, 143.4 (tert.) 

8.7 (Me), 21.2 (Me), 34.3 11’-CH2). 39.9 L2’-CH), 111.7 (tert.), 126.3, 
126.9, 127,3, 127.5, 128.4, 12Ei.S, 132.8 (tert.), 145.4 ftert.). 146.3 
(tert.) 

.:. 10 perdcuterloacetone * In perdeuteriodlmethyl sulphcxide 
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the structure of this compound, and on the factors which lead to the operation of this apparently 

new rearrangement 1s still rn progress and ~111 be reported in full later. 

(1~11 Cyclisations of trans-Dlazo Compounds (6) _ 

Systems with a trans arrangement af the diazo grocp and the Y.5-double bond eg (28) and 

(2) were studied for two reasons (1) to find o\lt whether any trans * cis isomerlsation of the -- 

a,%double bond would occur under the reaction condltlons and so allow dlazeprne formation, and 

(11) in the expectation that I,5 cyclisatloc would occur, wltb the lntentlon of preparing d 

sample of the 3-vinyl-3H-pyrazole (2) which would re%lt from the 1.5 cyc!lsatlon of 1%). - 

This compound was required to allow d posltlve cneck to be made for its presence as a minor 

product in the cycllsatlon of (219). 

Two types of trans diazo compounds were studied: those with a substltuent on the a-carbon 

atom eg ('121, and those wlthaut eg (g). Each gave a different reactlo" path but in neither 

case was the primary product - the 3-vinyl-3H-pyrazole (291 or (33) - Isolated. _ - - 

(28a)-(31.a): R* = He, R4 = PY1 (28b)-(31bl; R2 = Ph, R4 = ?lc 

Scheme 3 

The tosylhydrazone precursors for the dlazo compounds (28al dnd (28bl had been prepared in - - 

earlier work for the study of their acid catalysed cycllsatlon redctlons. 
11,12 

The decomposition 

of their sodl,xm salts at RO'C, Schex 3, gave the Ii-pyrazoles (21, as the only Isolable products. 

The yields are qlven in Table 3. Their formatlox requires 1,5-electrocycllsation to give the 

Table 3 Cycllsatlon of dlazo compourds to gl"e pyrazoles 

D~azo coepound Carbonyl compound precursor Trodccts (yield) 

2El.a 

28b 
32(8O"C) 

32(110°Cl 

45 
Sla 
51b 

ref 11 
ref 12 

149 

121 
12j 

12k 

(31a) (62%) 

(31bll550) 

<23gl(130), (34) 03%). (37) (20%) 
(239) (6%). (34) (701, (37) (61%) 

(47) (32%) + 5 isomer (50), (50) (30%) 

(52a) (420), (53.a) (901 
l52b) (11%) 

3H-pyraz~le (22) foliowed by successive ll,S]-vinyl, and hydrogen mlqratlons. This 3H- to 4H- - - 

to li-pyrazole rearrangement sequence has been observed before, in the thermal decomposltlon of 

?H-1,2-diazeplnes, 
13 

- and was discussed ln that paper. The absence of any 3X-1,2-dlazeplnes in 

the products suggests that the a,l? trans dlazo compound does not isoxrlse erther by bond 
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rotation in the delocallsed system or by retro-cyclisatlon of (29). - 

The structures of the pyrazoles (31) were assigned by comparison of their spectra with data 

from compounds of the same type. 
4.5 - 

In particular the 
1 

H “.m.t-. spectra clearly showed the 

presence of the Intact alkenyl qroup,and the ‘H and “C n.m.r. spectra of (z) showed the 

expected chemical shift equivalence of the two methyl groups. 

N - 

y=J/ ._p -“$” 
H m 

(2W 
(35) (36) 

Scheme 4 

The cycllsatlon redctlons of the diazo compound (z), which has a methyl substltuent on the 

a-carbon, were more complex and gave three products, Scheme 4 and Table 3, the 3H-1,2-dlazepine _ 

(3) and the two IIJ-pyrazoles (34) and (2). It 1s suggested that the pyrazoles dre formed 1” 

competing rearrangement processes from the primary product (33). The l-styryl-lH-pyrazole (34) - 

is formed by d Il.51 C l N mlqration of the alkenyl group. It 1s notable that a shift of this 

type wds “at observed in the rearranqement of (s).13 The other pyrazole (37) 1s produced via - - 

a sequence of three miqratlons. The first d [I,51 c - C shift of the styryl group parallels the 

(2) to (01 rearrangement III Scheme 3 and qlves the 4H-pyrazole (III. This compound differs 

from (30) I” that it lacks a hydrogen atom on the saturated carbon and cannot dromdtlse directly. 

Instead It undergoes d further 11,51 nlqration which takes the styryl group on to d hydrogen 

bearinq carbon atom and gives the 3H-pyrazole (36). This compound as is well known for such 

species then aromatises by d hydrogen shift to give the isolated product (37).- In this - 

sequence It seens likely that the formatlo” of (36) from 05) ~111 be slow since It 1s known that - - 

3H- dre less thermodynamically stable than 4!-pyrazoles and the equilibrium must therefore fayour 

12,. However the reaction sequence is driven towards 137) by the final irreversible - 

aromatisation step. The slowness of the (35) l - (36) conversion probably accounts for the 

occurrence of the C + N styryl shift qlvinq (34). - Both C * C and C * N [I,51 siqmatropic 

mlqrat1ons dre well known in 3lJ-pyrazole chemistry but groups of low or moderate mlqratinq 

ability normally show only the shift to carbon eq (29) l (30). - - It seems likely that the shift 

to nltroqen has become kinetically competltlve I” this case because the rate of formatlo” of 

(II) 1s much reduced [cf that of (1_1)1 by the relative slowness of the conversion of (35) into 

(6,. In this context It is interesting that (37) becomes the major product (61%) and the - 

yield of (4) drops to (7%) when the cycllsation is carried out at llO°C rather than 80°C. A 

control experunent showed that (3) does not lsomerise to give (37) at this temperature. The 

greater tendency toward the C ’ N shift 1” (2) than I” (2) may also be due to some activatlnq 

effect of the 3-phenyl group, ds 3.3-diphenyl-3H-pyrazoles are known to underqs both types of 

migration. 
15 

. 
The pyrazole (37) could be formed vrd d similar migration sequence involvlnq shifts of the 

phenyl rather thanthe styryl group. - 
II,51 shifts 1” five-membered r1nqs14 

Unsaturated groups are known to mlqrate rapldly I” 
but data on the relative mobility of phenyl and vinyl groups 

are Scdrce. 
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The formation of a low yield of the 3H-1,2-dlazepine (2) from the lsomerically pure - 

tosylhydrazone precursor to (ZZ, must lndlcate either the isomerlsatlon of (32) by bond rotation - 

or the formation of the cls diazo compound by the electrocyclic ring opening of the 3H-pyrazole - _ 

The formulations of the pyrazole products as (E) and (x_Z, 1s supported by their 1.r.. and 

1 
Ii and L3 C ".m.r. spectra (see Experimental section and Table 2). Their structures were con- 

firmed by hydrogenation to glvc products which were identical with the 'authentic' samples (40) 

and (42) prepared by standard routes as shown 1" Schemes 5 and 6. The 5-phenethyl derrvative 

‘;” 
(38) Ph~CHCHO 

0 l 

m I”, 
CH*CH,Ph 

- 
c MO\ 

“CH2CHzPh + fi > G 
Ph CH,CH,NHNH, H il 

Scheme 5 

y (41) 
“T CHiCHICH,m 

m “\ 
0 0 

-cY 
H 

PhCHICH,;CHCHO 
/“\ 

. O -L 
“Ph 

MO\ Lb. 
l NH,NHI CH,CH,Ph 

PhNHNH, 
CH,CIi, Ph 

(42) (441 

Scheme 6 Scheme 7 

(42) was prepared unambiquously, Scheme 6, by the reactlon of hydrazine hydrate with the 1,3- 

diketone (41). The route to (40). Scheme 5, by the reactlo" of the &ketoaldehyde (38) with - 

phenethylhydrazine however gave the expected two products. The dlfflculty L" differentiatlnq 

between pairs of isomers of this type 1s well documented 
16 

but I" thrs case we were able to do 

so by "sing the nuclear Overhauser effect. The effect on peak enhancement of the pyrazole ring 

proton of lrradlation at the resonance frequencies of the phenethyl 1' and 2' protons was 

measured. One isomer gave enhancements of 7% and 10 respectively while the other gave 10 and 

0.5%. Thus the former was assigned structure ('91 wrth the closer proxlmlty of the lnteractinq 

nuclei. Isomer (40) was identical with the hydroqenatlon product of (34). The isomrr (44) was - - - 

also syntheslsed for comparlso", by the route shown I” Scheme 7. but corresponded to neither of 

the hydrogenated cyclisatlon products. 

(1v) Cyclisatlons of cis-Dlazo Compounds (7) with IX3 = Me or Ph 

Three dlazo compounds of this type were studled: (5). (c), and (51b). ALL are - 

structural analoques of the dlazo compounds (2) 1" Scheme 2, but modified by the replacement of 

the cls hydrogen atom at the dlene terminus by a methyl or phenyl group. This had the remarkable - 

effect of completely lnhibltrnq the 1,7 mode of cycllsation - the exclusive ring closure path in 

(21) - so that "one of this group gave any isolable dlazepines and all cyclised instead via - 

1,5 ring closure. Thus (51, which contalned a cd 3 : 1 mixture of the E and Z ~sc~mcrs of the - - - 

y,& double bond, gave only the lfi-pyrazoles (5) and (so,, Scheme 8 (only the E,E isomer shown) -- 

The yields are shown in Table 3. These are formed via the same reactlo" paths as prev~~sly - 

observed 1" the cyclisation of the trdns diazo compound (z), Scheme 4. They were rdentlfied 

by cosparlso" of their ".m.r. and mdss spectra and those of their hydrogenated derivatives with 

the spectra of (2). (3J,, (40) and (42). 

The reactions of the cyclohexene derivatives (s), Scheme 9, similarly gave no dlazepines, 

but moderate to low yields of the pentahydrolndazoles (52) and/or (53). 1he accountance 1" 

these reactions was Low. Several other products which could not be obtalned pure were formed 

in low yields together with much polymeric material. Compound (52.a) is formulated as d 3H- - - 

pyrarole derlvatlve on spectroscopic evidence. Its 
1 
H ".m.r. spectrum showed the presence of 
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Scheme 0 

fftlal-(53al: R2 = PI? (51bl-C52bl : R2 = ne 

Scheme 9 

the intact Z-phenylpropenyl group and the 13C n m r . . . spectrum showed the C-?a absorption at 

95.6 ppm, a position similar to that in the ?a-phenyl analague (99.8 ppmf prepared previously,’ 

and typical for 3H_-pyrazotes. 485 R control experiment showed that (53al was formed by the - 
thermal rearranqement of (52a). - Its spectra were similar to those of the other N-alkenylpyrazoles 

obtained above. 

(VI mechanisms of the Cyclisatron Reactions 

The results of the cyclisations of diazo compounds of type (21. Scheme 2, show that 1,7- 

is very strongly favoured over 1,5-cyciisation. This situation is however reversed in compounds 

of type (451, Scheme 8 and Cs1, Scheme 9, which have a crs methyl group at the diem termrnus. - 
The presence of a substituent at this position apparently raises the activation energy for I,? 

ring closure so much that 1,5 cycirsatron becomes the preferred reaction path. This result 

therefore paraltels the earlier observation that l,? ring closure in t&j is blocked by cis - 
methyl or phenyl substituents, but in that ease the reactron I$ diverted to give only carbene- 

derived products. 17 

It has been shown that the f,5 ring closure of a,&unsaturated diazo compounds - like that 

of many other conjugated 1,3-dipolar rntermediates - is a concerted electroCyclisation process. 18 

The formation of the 3H-1,2-drazepines in Scheme 2, can be most simply rationalised as a similar 

8n electron pericyclic process. The experimental observations summarised above can then be 

accommodated by a transition State geometry for l,Y-electrocyclisation as shown in Csl. 

Wasumznq that the ROM0 Of the system has the nodal properties of $4 Of a heptatrienyl anion (the 

isoeiectronzc hydrocarbon analoquet then it formally requires a coorotatory rinq closure in the 

planar delocalised system. However the whole conjugated system cannot lie coplanar without 
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H 

(55) 

(54) 

considerable distortion of the 120" bond angles at the trigonal carbon atoms and it seems much 

more lrkely that it will adopt the helical transition state shown. This has an easily 

accessible geometry which brings the terminal atoms into a bonding overlap and requires only the 

minimum angular distortion of the diazo group from its preferred linear geometry (see below). 

As the terminal atoms approach each other by bond rotation of the C-C srngle bonds this will 

reduce the pitch of the helix and so increase the conjugation around the system. This 

stablllslng effect ~111 assist the development of the transition state. In this transition 

state the sterlc interaction [ccl" (5411 between the cs hydrogen atom and N 
t 
of the dlazo 

group is small and wrll not impede the approach of the terminal atoms. However models show that 

d methyl group at that positlo" [as in (45) and (211 comes Into a slgnlficant steric lnteractlon 
t 

with N . This would raise the activation energy for 1,7-electrocyclisatlon either by inhibiting 

orbltal overlap between the terminal atoms or by twlstinq the y.6 double bond out of con]ugatlon. 

The N terminus in (54) rules out any dlfferentlatron between dis- and con-rotation but it is of - 

interest to note that Eberbach has shown that the analogous dlene-conjugated cat-bony1 ylide 

system (561 does undergo conrotatory closure. 
19 

It also appears from his results that cis - 

substrtuents at the dlene terminus disfavour b,ut do not prevent 1,7 cyclisatlon in systems of 

this type 
20 

eq (60). - 

(56) " 
(6') 

‘\ P I’ 
CH-kCPh 

Ph 

. 

The other question of interest 1s why 1,7- 1s preferred over l,S-electrocycllsatlon in the 

unhindered dlazo compounds of type (2J). Huisgen has analysed the range of possible stereo- 

electronic pathways for 1.5 cycllsatlon 18 and one of these is depicted in (55). irrespective of 

the detail it would appear that 1.5 cyclisation will require consrderable ln-plane bending of the 

dlazo group at an early stage in the development of the transition state, before C/N orbital 

overlap can provide much stabllising effect. Calculations have shown that there is d sub- 

stantial energy barrier to the in-plane bending of the C-N-N angle for diazomethane 
21,22 

and it 
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thus seems likely that this is a major contribution to the higher dctlvdtlon energy for the 1,s 

cyc11sat10n. In this context it is interesting to note the report by Padwa 
23 

that the nltrlle 

ylide (58) - which has an orthogonal double bond like the diazo group 
24 

- also cyclises ex- 

clusrvely by the 1,7 mode. In contrast carbonyl ylides such as (601. which belong to the bent 

ally1 type of 1,3-dipole, undergo both 1,s and 1,7 ring closure. 
20 
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EXPERIMENTAL. 

N.m.r. spectra were obtained on the following instruments: var1an HA100 (l", loo MHZ), 

Bruker W200 (lH, 200 MHz; l3c, 50 MHZ), Bruker WH360 (lH, 360 MHz; 13C, 90 MHz), Varian CFT20 

(l3C, 20 MHZ). All samples were run as solution in deuterlochloroform unless otherwIse stated. 

Chemical shifts are recorded as 6 values. In the 13C spectra carbon multlpllcity was establlshed 

by single frequency off resonance decouplng or by dlstortionless enhancement by polarisation 

transfer (DEPT). Mass spectra were obtained using an AEI MS902 spectrometer with electron 

ionisation at 70 eV unless otherwise stated. Preparative chromatography on silica was carried 

out by the medium pressure technique25 (<lo0 p.s.i.) using either loo0 x 15 or loo0 x 25 mm 

columns packed with Merck Kieselgel 60. Elutinq solvents were based on petroleum ether b.p. 

40-6O'C. referred to as 'petroleum'. Chromatography on alumina used material from Laporte 

Industries (Grade H, lCW200 mesh) deactivated to Grade III, and gravity elution. 'Evaporation' 

of solvents indicates evapuratlon under reduced pressure using d rotary evaporator. 

Phosphonium salts. Benzyltriphenylphosphonium bromide, 26 isopropyltriphenylphosphonrum bromlde2'l 

and methyltriphenylphosphonium Iodide28 were prepared by literature routes. 1-Phenylethyltrl- 

phenylphosphonium bromide. A mixture of 1-phenylethyl bromlde29 (20.2 g, 0.11 mol) and 

triphenylphosphine (28.7 g, 0.11 mol) I" benzene (100 ml) was bolled under reflux for 24 h. The 

precipitated salt was recrystallised from ethanol (39.2 g, 80%). m.p. 230-232OC (Found: C, 69.55; 

H, 5.5. C26H24BrP requires C, 69.8 ; H, 5.4%); 6” (LOO MHz) 1.78 (3 H, dd J 19 and 7 HZ, CH3), 
6.53 (1 H, m, CH), 7.0-7.28 (5 H, m, aromatic), 
26.76. 

7.41-7.92 (15 H, m, aromatic); 6, (24.2 MHz) 

Preparation of a,B:y,6-Unsaturated Aldehydes and Ketones and their Tosylhydrazones. 

1-Bromo-2-formylalkenes (IO). 1-Bronx?2-formylcyclopentene (54%) and 1-bromo-2-formylcyclohexene 

(27%) were prepared as described by Arnold.7 

E- and Z-3-Bromo-2-phenylbut-2-enal. Phosphorus tribromlde (50.7 9, 0.186 mall was added over 

30 min with stirring and ice cool1n9 to a solution of dimethylformamlde (16.4 9, 0.220 mol) in dry 

chloroform (60 ml). After 30 min a white precipitate formed. Benzyl methyl ketone (10.0 9, 

0.075 mol) in dry chloroform (30 ml) was added dropwise and the mixture was stlrred for 24 h at 
room temperature. After evaporation of the solvent the residue was cooled in ice and ice 

(2ooO 9) was added. Solid sodium bicarbonate was then added until the mixture was neutral. EX- 

traction with ether (3 x 500 ml), washinq with sodium bicarbonate solution and then water, drylnq, 

and evaporation gave a viscous black oil. Short column chromatography on silica to remove the 

tar followed by m.p.1.c. (silica, 25 vol 0 ether in petroleum) gave (a) Z-3-bromo-2-phenylbut-2- 

enal as a yellow 011 (4.72 g, 28%) (Found: m/z 223.983310. 

urnaX (film) 1675 (C=O) and 1605 cm-l (C=C); 
C10"9 79Br0 requires m/z 223.983726); 

5, 2.43 (3 H, s, Me), 6.98-7.47 (5 H, m, phenyl), 

10.25 (1 H, s, CHO); m/z 226 (21%), 224 (21), 145 (12), 117 (loo), 115 (96). The 2,4-dinitro- 

phenylhydrazone derivative had m.p. 153-155°C (Found: C. 47.2; H, 3.2; N, 13.6 C16H13BrN404 
requires C, 47.4; H, 3.2; N, 13.891, (bE-s&o-2-phenylbut-2-enal as a yellow 011 0.36 9, 

20%) (Found: m/z 223.982653. ClOH9 79Br0 requires m/z 223.983726; umdX (llquid) 1670 (C=O) and 

1615 cm-1 (C=C); 6, 2.93 (3 H, s, He), 7.07-7.48 (5 H, m, phenyl), 10.06 (1 H, s, CHO); m/z 226 

(32%). 224 (32), 145 (23). 144 (201, 117 ClOO), 115 (73). The 2,4-dlnltro hen lh drazone derl- 

vative had m.p. 147-149'C (Found: C, 47.2; H, 3.3; N, 13.9. C16Hl3BrN4:4 &";res C, 47.4; 
H, 3.2; N, 13.8%). 

These bromoaldehydes were unstable and were stored at low temperature and used as soon as 

possible after preparation. 

l-Bromo-1,3-dlenes Ill) 
(a) 1-Bromo-2-(2-phenylethenyl)cyclopentene. A solution of sodium ethoxide, prepared from 
sodium (0.950 g, 41.4 rmnol) I" dry ethanol (50 ml1 was added dropwlse to a stirred suspensron of 

benzyltrlphenylphosphonium bromide (17.9 g, 41.4 mmol) in dry ethanol (200 ml). This mixture 

was stirred for 1 h at room temperature and then 1-bromo-2-formylcyclopentene (7.24 9, 41.4 mmol) 
was added dropwise to the mixture at 0°C. The reaction nnxture was stirred at room temperature 
for 12 h and then heated under reflux for 5 min. The preclpltate of sodium bromide was removed 
by filtration and the solvent was evaporated to leave a brown 011. Trlphenylphosphlne oxide was 
removed by gravity chromatography (alumina, petroleum) to give 1-bromo-2-(2-phenylethenyl)cyclo- 
pentene (8.48 g) as a mixture of E/Z isomers (2:l). -- The two isomers were separated by m.p.1.c. 
(silica, petroleum) to give: (1) E-1-bromo-2-(2-phenylethenyl)cyclopentene (5.5 9, 5301, as 
white cfystals, m.p. 61-62OC (from petroleum) (Found: C, 62.5; H, 5.42. 
C, 62.7; H, 5.3%); 5, 

Cl3Hl3Br requires 
1.6-2.75 (6 H, m, cyclopentyl), 6.41 and 7.09 (2 H, AB, J 16 Hz, oleflnic), 

7.15-7.65 (5 H, m, phenyl); m/z 250 (79%). 248 (79). 169 (76). 141 (100), 91 (37). (2) Z-l-bromo- 
2-(2-phenylethenyl)cyclopentene (2.6 9, 25%) as white crystals, m.p. 35-40°C (from petroleum) 
(Found: C, 62.85; H. 5.3. C13H13Br requires C, 62.7; H, 5.3%): 6H 1.6-2.3 and 2.5-2.75 (6 H, 
m, cyclopentyl), 6.34 and 6.64 (2 H, AB, .I 12 Hz, olefinlc), 7.05-7.4 (5 H, m, phenyl); m/z 250 
(63%), 248 (631, 169 (67). 141 (1001, 91 (52). 
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(b) l-Bromo-2-(2-phenylethenyl)cyclohexene. A reaction similar to (a) above but using l-bromo- 
2-formylcyclohexene gave the bromodiene (30.6 g, 84%) as d cd 2:l mixture of E and Z isomers 
(Found: m/z 262.036093. C14H157gBr requires m/z 262.035760): bH 1.4-1.85 and 2.1-2.75 [8 H, 
m, cycloheryl (E and 2 isomers)], 7.05-7.5 16 H, m, phenyl (E and z isomers)l, 6.51 (d, J 16 Hz, 
E CH= ), 6.16 and 6.43 (d, J 12 Hz, 5 CH=CH); m/z 264 (3lb). 262 (331, 183 (23). 141 (lCO), 
91 (28). 
(c) E-1-Bromo-2-(2-phenylpropenyl)cyclohexene. To a stirred suspension of l-phenylethyltri- 
phenylphosphonium bromide (22 g, 49.2 mm011 in dry ether (500 ml) at O°C was added n-butyl 
lithium (1.50 M in hexane, 32.8 ml , 49.2 mmol). The mixture was stirred for 1 h-at room 
temperature to generate the ylid, cooled to O'C and 1-bromo-2-formylcyclohexene (9.3 g, 49.2 
mmol) I" dry ether was added dropwlse. The resulting mixture was stirred for 1 h at O°C, 2 h 
at room temperature and heated under reflux for 1 h. The reactIon was allowed to cool before 
the addition of water (200 ml). The aqueous layer was separated, extracted with ether (2 x 
200 ml) and the combined organic layer dried. Evaporation of the solvent gave d yellow 011. 
Triphenylphosphine oxide was removed by chromatography (alumina, petroleum) to give 1-bromo-2- 
(2-phenylpropenyl)cyclohexene as an E/Z mixture (9.9 g, 73%). -- M.p.1.c. (sllrca, petroleum) of 
the mixture gave E-1-bromo-2-(2-phenylprope nyl)cyclohexene (9.7 g, 718) as an oil, b.p. 17O'C 
at 0.1 mmHg (Found: C, 66.1; H, 6.3. C15H17Br requires C, 65.0, H, 6.2%); 6, 1.62-1.82, 
2.11-2.40 and 2.48-2.78 (8 H, m, cyclohexyl), 2.03 (3 H, d, 1 Hz, Me), 6.21 (1 H, m, olefinlc), 
7.12-7.63 (5 H, m, phenyl); m/z 278 (25%). 276 (25), 19' (97). 155 (100). 
(d) 1-Brow-2-(2-methylpropenyl)cyclohexene. A reaction similar to (cl was carried out using 
isopropyltriphenylphosphoniu bromide (20.4 g, 53 mmol), ether (500 ml), n-butyl-lithium (1.5 M 
in hexane, 35.3 ml, 53 mmoll, stlrred for 2 h at room temperature, followed by the addition of 
1-bromo-2-formylcyclohexene (10.0 g, 53 mmol) in ether (50 ml). The mixture was stirred for 
2 h at room temperature and heated under reflux for 2 h. The usual work-up I(c) above] gave 
1-bromo-2-(2-methylpropenyl)cyclohexene (9.0 g, 79%) as an oil b.p. 8O'C at 1.0 mmHg (Found: 
m/z, 214.033547. C10H15'YBr requires m/z 214.035670); 6H 1.5-1.91, 2.0-2.31, and 2.42-2.63 
(8 H, m, cyclohexyl), 1.63 (3 H, d, J 1 Hz, Me), 1.78 (3 H, d, J 1 Hz, Me), 5.60 (1 H, m, 
olefinic); m/z 216 (45%), 214 (45). 135 (103). 
(e) 1-Bromo-2-vlnylcyclohexene. Llthlum di-isopropylamide was generated at 0°C from di-lso- 
propylamine (11.8 g, 0.116 mol), N,N,N',N'-tetramethylethylenediamine (13.5 g, 0.116 mol) and 
n-butyl-lithium (1.4 M in hexane.82.8 ml, 0.116 mol), and added, under nitrogen, to methyltri- 
phenylphosphonium rodlde (51.2 g, 0.126 mol) in dry ether (600 ml) vld a direct transfer needle. 
The resulting mixture was stirred 1 h at room temperature and then l-brow-2-formylcyclohexene 
(20.0 g, 0.106 mol) in dry ether (100 ml) was added dropwise and strrred for 4 h. The 
usual work-up [(c) above1 gave 1-bromo-2-vlnylcyclohexene as dn oil (11.4 g, 58%). b.p. 9O'C 
at 1 uunHg (Found: m/z, 186.004563. C8Hll'yBr requires m/z 186.004461); vmdX (liquid) 
1630 cm-1 (C=C); 6H 1.42-1.86 and 2.08-2.71 (8 H, m, cyclohexyl), 5.0-5.42 (2 H, m, =CH2), 
6.91 (1 H, d of d, J 17 and 10 Hz =CHl: m/z 188 (50%) 186 (SO), 107 (65), 91 (451, 79 (100). 
(f) E,-E-4-Bromo-1,3-dlphenylpenta-l~3-diene. To a stirred suspensron of benzyltriphenyl- 
phosphonium bromide (8.42 g, 19.5 mm011 in dry ether (200 ml) at O'C was added fl-butyl-lithium 
(1.2 M in hexane, 16.2 ml, 19.5 mmol) and stirred for 1 h at room temperature to generate the 
ylid. The mixture was cooled to O'C and z-3-bromo-2-phenylbut-2-enal (4.38 g, 19.5 mmol) in 
dry ether (25 ml) added dropwlse. The mixture was stirred for 1 h at room temperature, heated 
under reflux for 1 h, cooled to O°C. and hydrolysed by the dropwise addition of a solution of 
ammonium chloride (lo%, w/v, 100 ml). The usual work-up [cc) above1 gave E,E-4-brow-1,3- 
diphenylpenta-1,3-drew (4.89 g, 84%), m.p. 51-54OC (from pentane) (Found: C, 68.1; H, 5.3 
C17Hl5Br requires C, 68.2; H, 5.05%); 6H 2.20 (3 H. s, Me), 5.97 and 7.55 (2 H, AB, J 16 Hz, 
olefinlc), 7.0-7.45 (10 H, m, phenyl); m/z 300 (79%), 298 (79). 219 (100). 204 (94). 141 (26), 
115 (40). 
(g) E,E-2-Bromo-3,5-diphenylhexa-2,4-dlene. A reaction similar to (c) using l-phenylethyltri- 
phenylphosphonium bromide (17.5 g, 39.1 mmol) and g-3-bromo-2-phenyl-2-butenal (8.00 g, 35.5 
nmol) gave, after the usual work-up and chromatography, E,E-2-bromo-3,5-dlphenylhexa-2,4-diene 
(9.95 g, 89%). m.p. 58.5-59.5"C (Found: C, 69.2; H, 5.3 C18Hl7Br requires C, 69.0; H, 5.5%); 
sH 1.69 0 H, d, 3 2 Hz, =CPhE), 2.37 (3 H, d, J 1 Hz, =CEeBr), 6.67 (1 H, m, olefinlc), 7.11- 
7.57 (10 H, m. phenyl): m/z 314 (32%). 312 (32). 233 (100). 218 !98), 115 (45), 91 (68). 
(h) 4-Bromo-1,3-diphenylpenta-1,3-dlene as an E,Z and Z,Z mixture. A reaction similar to (d) -- 
using benzytrlphenylphosphonium bromide (18.0 g, 41.5 mm011 and E-3-bromo-2-phenyl-2-butenal 
(8.48 g, 37.7 mmol) gave. after the usual work up and chromatography, d 3:l mixture of E,Z- and 
Z,Z -4-bromo-1,3-diphenylpenta-1,3-dlene as an 011 (10.3 g, 9101 (Found: m/z. 298.034470. 
C17Hl5'Grequlres m/z, 298.035760); -91 2.12 (3 H, s, Z,Z Me), 2.63 (3 H, s, E,Z Me), 6.05 and 
6.46 (2 H, AB, J 12 Hz, Z.2 olefinicl, 6.01 (1 H, one haifof AB, J 16 Hz, E,&olefinlc), 7.07- 
7.60 (21 H, m, phenyl an2 I,? olefinic); m/z 300 (59U), 298 (59). 219 (1001, 204 (68). 141 (18). 
115 (271, 91 (25). 

Q,&y,6-Unsaturated carbonyl compounds and their tosylhydrazones 
unless stated otherwlse the tosylhydrazones were prepared by mixing equlmolar warm (35-4O"C), 
ethanolic solutions of the carbonyl compound and p-toluenesulphonylhydrazide and addlnq d few 
drops of concentrated hydrochloric acid. The tosylhydrazone was usually deposited on standing 
but I" some cases evaporation of the solvent and chromatography were required. The tosylhydra- 
zones all gave lH n.m.r. spectra consistent with their structures. 

1-w-2-alkenylcyclopentenes. (1) E-1-Formyl-2-(2-phenylethenyl)cyclopentene (12a). A 
Grlqnard reagent was prepared by the addition of a solution of E-1-bromo-2-(2_phenylethenylI- 
cyciopentene (1.4 g, 5.6i mmol).in dry T.H.F. (60 ml) to a stir-Fed suspension of magnesium 
(0.1.3 g, 5.62 mmol) in refluxing T.H.F. over 2 h, and then stirred for a further 4 h. This was 
cooled to O'C in an ice bath and dry dimcthylformamlde (0.62 g, 8.4 mm011 in dry T.H.F. (20 ml) 
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WAS added dropwIse. The reaction mixture was stirred overnlght at room temperature, heated 
under reflux for 1 h, and cooled before the addition of a solution of ammonium chloride (25% w/v. 
50 ml). Most of the solvent was removed at reduced pressure, ether (100 ml) was added and the 
organic phase was separated. The aqueous layer was extracted with ether (3 x 100 ml). The 
combined organic layers were washed wrth water (2 x 100 ml) and dried. Evaporation of the 
solvent gave a dark orange solid (0.76 g). Recrystallisation from ethanol ylelded yellow 
;";;a;' of E-l-formyl-2-(2- hen lethen 1)~ clo entene (0.69 g, 62%) m.p. 103-104'C (Found: 

, .I H, 7.25. C14H140preqEires C': 84Y8; 'H, 7.10); Vmax (Nu]ol) 1640 cm-' (C=O): 6H 
1.75-2.1 and 2.55-2.95 (6 H, m, cyclopentyl), 6.80 and 7.62 (2 H, AB, J 16 Hz, oleflnrcs), 7.2- 
7.6 (5 H, m, phenyll, 10.30 (1 H, s, CHO). Tos lh drazone (58%) m.p. 147'C (from ethanol) 
(Found: c, 68.6: H, 6.2; N, 7.5. C21H22N202z r:quires C, 68.8: H, 6.05: N, 7.6%); Vmax 
(Nujol) 3210 cm-1 (NH). 
(ii) E-l-Acetyl-2-(2-phenylethenyl)cyclopentene (12b). Acetaldehyde (5.0 g, 113 mm011 in ether 
(50 ml) was added dropwise to a Grignard reagent at O°C prepared from E-1-bromo-2-(2-phenyl- 
ethenyl)cyclopentene (14.0 g, 56.2 mmol) and magnesium (1.37 g, 56.4 mnol) in ether (175 ml). 
The mixture was stirred for 5 h at 0°C and 1 h at room temperature. The usual work-up gave a 
brown oil which was chromatographed (alumina, 30 vol 0 ether in petroleum) to give E-l-(1- 
hydroxyethyl)-2-(2-phenylethenyl)cyclopentene (9.86 g, 82%) as yellow crystals m.p. 50-52°C 
(from light petroleum/ethanol) (Found: C, 83.9; H, 8.4. Cl5Hl80 requires C, 84.1; H, 8.5%); 
Vmdx (melt) 3380 cm-' (OH); 6, 1.33 (3 H, d, J 6 Hz, Me), 1.70-2.80 (7 H, m, cyclopentyl and OH), 
5.00 (1 H, q, .I 6 Hz, CH-Me), 6.48 (1 H, d, J 16 Hz, oleflnic), 7.06-7.6 (6 H, m, phenyl and one 
oleflnic). Chromium trioxlde (24.6 g, 0.246 mol) was added over 15 tn~n with stirring and ice 
cooling to dry pyrldlne (200 ml). The alcohol prepared above (7.54 g, 0.035 mol) in pyridlne 
(30 ml) was added with cooling, the mixture was stirred for 3 h at 0°C and then 18 h at room 
temperature, ether (1000 ml) added and the dark preclpltate was filtered off and washed with 
ether (3 x 2001~1). Water (500 ml) was added to the combined ether layers, the aqueous layer Was 
separated and extracted with ether (2 x 200 ml). The combined ether layers were washed with a 
solution of 1 M hydrochloric acid (3 x 300 ml), d solution of sodium bicarbonate (20% w/v, 3 x 
250 ml), water (2 x 500 ml) and dried. Theether was evaporated under reduced pressure to give a 
brown 011. T.1.c. indicated one major product and extensive polymerlsatlon. The product was 
isolated by chromatography (m.p.l.c., silica, ether:petrol 40/60, 1:)) to give a dark yellow oil 
which was dlstllled by Kugelrohr apparatus to give E-1-acetyl-2-(2-phenylethenyl)cyclopentene 
(1.13 g. 15%), b.p. 190' at 0.6 nmHg (Found: m/z 212.118566. C15Hl60 requires m/z 212.120109; 
V mdX (liquid) 1670 cm-l (C=O); 5, 1.90 (2 H, quintet, J 7 Hz, cyclopentyl), 2.25 (3 H, s, Me), 
2.78 (4 H, t, J 7 Hz, cyclopentyl), 6.77 (1 H, d, J 17 Hz, oleflnlc), 7.1-7.65 I5 H, m, phenyl), 
7.95 (1 H, d, J 17 Hz, olefinlc). Other methods of oxldatlon gave similar low yields of the 
ketone. The tosylhydrazone was prepared by the usual method and purified by chromatography 
(silica, 25 vol 0 ether in petroleum) to give white crystals (5201, m.p. 
(Found: 

142-145OC (from ethanol) 
C, 69.2; H, 6.6; N, 7.2. C22H24N202S requires C, 69.4; H, 6.4; N, 7.4%); VmdX 

(~uj011 3240 cm-1 (NH). 
(1111 E-1-(p-Toluoyl)-2-(2-phenylethenyl)cyclopentenc (12~). A similar redctlon to (il) using 
the halide (6.5 g, 26.1 mmol), magnesrum (0.63 g, 26.1 mmol) and e-tolualdehyde (4.6 g, 38.0 mm011 
gave a brown oil which was chromatographed (alumina, 25 vol % ether in petroleum) to give (a) E- 
1-(p-toluoyl)-2-(2-phenyle,thenyl)cyclopentene (2.7 g, 36%) as yellow crystals m.p. 56-57OC (from 
ethanol/light petroleum) (Found: C, 87.4; H. 7.1. C21H2~0 requires C, 87.5; H, 7.0%); 
(melt) 1640 cm-1 (C=Ol; 6, 

%ax 
1.94-2.22 (2 H, m, cyclopentyl), 2.43 (3 H, s, Me), 2.77-3.12 (4 H, 

m, cyclopentyl), 6.65 and 7.07 (2 H, AB, J 16 Hz), 7.15-7.40 (7 H, m, aromatic), 7.77 (2 H, one 

half of AB, J 8 Hz, tosyl ArH). The 2,4-dinltrophenylhydrazone derivative had m.p. 195-198'C 
(Found: C, 69.0; H, 5.15; N, 11.8. C27H24N404 requires C, 69.2; H, 5.2; N, 12.00). and 
(b) E(l-hydroxy-l-phenylethyl)-2-(2-phenylethenyl)cyclopentene (3.3 g, 49%) as white crystals 
m.p. 102-103°C (from ethanol/pentane) (Found: C, 86.7; H, 7.7 
H, 7.6%); ‘Jmax (melt) 3380 cm-l (O-H); 6, 1.42-2.0 (2 H, m, cyclopentyl), 2.05-2.80 (5 H, m, 

C21H220 requrres C, 86.85; 

cyclopentyl and OH), 2.28 (3 H, s, Me), 5.87 (1 H, s, CH-OH), 6.51 (1 H, one half of AB, J 16 Hz, 
oleflnic), 6.93-7.50 (10 H, m, aromatic). 

- 

The tosylhydrazone was prepared by warming the usual reaction mixture at 50°C for 1 h. 
Evaporation of the solvent, addition of dlchloromethanc, washing with water, drylnq and 
evaporation gave a brown solid. Chromatoqraphy IsilIca, 25 ~01% ether I" petroleum) gave the 
tosylhydrazone (71%), m.p. 178-18O'C (from ethanol/petroleum) (Found: C, 73.6; H, 6.3; N, 5.8. 
C28H2SN202S requires C, 73.65; H, 6.2; N, 6.101; Vmax (Nujol) 3175 cm-l (NH). 
(1~) E-1-Formyl-2-(2-propenyl)cyclopentene (16). A lithium reagent was prepared from l-bromo- 
propene (5.33 g, 44 mmol) and lithium (0.616 g, 88 nmol) in dry ether (50 ml). The lrthlum 
reagent was decanted and then added dropwlse to a rapidly stirred solution of 2-methoxy 
enecyclopentanoneg (3.70 g, 30 mm011 I" dry ether (50 ml) at -5O'C. After the addition was 
complete the mixture was allowed to warm to room temperature and stlrred for a further 12 h. 
Hydrolysis was carried out by the careful addition of hydrochloric acid (100, 100 ml) at OOC after 
which the reaction micture was stlrred for a further 8 h. The aqueous layer was washed with 
ether 0 x 30 ml), the ether extracts were combined with the organic layer, dried and the solvent 
was evaporated to glvc d brown 011. Chromatography (silica, ether:petrol 40/60, 1:4) gave E- 
l-formyl-2-(2-propenyl)-cyclopentene as a colourless llquld (1.27 g, 31.801, b.p. 83-84Oc at 1.5 
mmHq (Found: 
6 

m/z 136.087861. CgH120 requires m/z 136.088810); Vmax (fllrn) 1710 cm-1 (C=O); 
H 1.7-2.1 and 2.5-2.9 (9 H, m. cyclopentyl lncludlng Me at 1.91, d, J 6 Hz), 6.1 (1 H, dq, J 16 

HZ, J' 6 Hz, CH=CHMe), 7.0 (1 H, d, J 16 Hz, CH=CHHe), 10.17 (1 H, s, CHO). 
phenylhydrazone d&lvatlve had m.p. 187-188OC TFound: 

The 2,4-dlnltro- 
C, 57.2; H, 5.0; N, 17.8. 

requires C, 57.0; H, 5.10; N, 17.7%). 
C15H16N404 

Tosylhydrazone. The aldehyde (0.22 g, 1.62 mmol) and p-toluenesulphonyl hydrazlde (0.30 g, 1.62 
nunol) were stirred in ethanol (20 ml) contalnlnq concentrated hydrochloric acid (1 drop) for 2 h. 
The reaction mixture was neutrallsed by the addition of solid sodium bicarbonate and most of the 
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solvent removed at reduced pressure. Dlchloromethane (50 ml1 was added, and the organic phase 

separated, washed with water (25 ml) and dried. The solvent was evaporated and the resulting 

brown 011 chromatoqraphed (silica, ether:petrol 40/60, 1:4) to give E-l-formyl-2-(2-propenylj- 
cyclopentene tosylhydrazone as a white solid (0.27 g, 54%). m.p. lll-113°C (from ethanol) 

(Found: C, 63.1; H, 6.8; N, 9.3. 

(Nujol) 3180 cm-l (N-H). 

C16H20N202S requires C, 63.1; H, 6.6; N, 9.2%); Umdx 

1-Acyl-2-alkenylcyclohexenes. (v) l-Formyl-2-(2-phenylethenyl)cyclohexene (12e). A 

reaction sun~lar to (1) was carrled out using 1-brow-2-(2-phenylethenyl)cyclohexene (as a 

mixture of E and z Isomers) (28.5 g, 0.108 mol), magnesium (2.62 g, 0.108 ~1). and dimethyl- 

formamlde (11.8 g, 0.162 mol). The reaction mixture was stlrred at room temperature for 12 h 

and then worked up I" the usual way. Chromatography (silica, 25 vol 0 ether in petroleum) gave 

1-formyl-2-(2-phenylethenyl)cyclohexene (14.0 g, 610) as yellow crystals m.p. 82-83°C (from 

ethanol) (Found: m/z 212.120366. Cl5H160 requires m/z 212.120109; vmax (Nu)ol) 1645 cm-l (C=O); 
1 H n.rn.r. showed the presence of 5 and Z isomers in the ratio z 9:l. E isomer; 1.5-1.85 and 

2.25-2.65 (8 H, m, cyclohexyl), 6.81 an;i 7.72 (2 H, AB, J 16 Hz, olefl&l, 7.2-7.55 (SH, m, 

aromatic), 10.38 (1 H, s, CHOI. The 2,4-dlnltrophenylhydrazone derlvatlve had m.p. 215-218OC 

(Found: C, 64.1; H, 5.05; N, 14.0. C21H2$r404 requires C, 64.3: H, 5.1; N, 14.3%). The 
tosylhydrazone was prepared by the usual method. Chromatography (silica; petroleum 40 vol m, 

dlchloromethane 40 vol 0, ether 20 vol 0) gave the E-tosylhydrazone (92%). m.p. 125-126°C (from 

ethanol) (Found: C, 69.2; H, 6.2; N, 7.1. 

“mdX (Nu)ol) 3210 cm-l (NH). 

C22H2iN202S requires C, 69.4; H, 6.4; N. 7.4%); 

(VI) E-1-Formyl-2-(2-phenylpropenyl)cyclohexene (12~). n-Butyl-llthlum (1.5 M in hexane, 26 ml, 

39.0 mmol) was added to a solution of E-1-bromo-2-(2-phenylpropenyl)cyclohexene (10.7 g, 38.6 

mmol) in anhydrous T.H.F. (150 ml) under N2, at -78°C. After stirring for 30 ran, anhydrous 

dimethylformamlde (8.5 g, 116 nmol) I" dry T.H.F. (30 ml) was added dropwise with stirrrng. The 
reactlon was stirred at -78'C for 4 h, hydrolysed with ammonium chloride solutron (25%, w/v, 50 

ml) and the mixture allowed to warm to room temperature. Most of the solvent was removed at 

reduced pressure, ether (200 ml) was added and the aqueous layer separated, extracted with ether 

(2 x 100 ml) and the combined ether layer washed with water (50 ml) and dried. Evaporation of 

the solvent gave a brown oil which was chromatographed (silica, ether:petrol 40/60, 1:4) to give 

E-1-formyl-2-(2-phenylpropenyl)cyclohexene (5.0 g, 58%) as a pale yellow oil (Found: m/z 
226.134625. Cl6Hl80 requires m/z 226.135758); Vmax (film) 1660 cm-l (C=O); 6, 1.6-1.8 and 2.1- 
2.5 (8 H, m, cyclohexyl), 2.00 (3 H, d, .I 1 Hz, Me), 6.42 (1 H, br q, olefinlc), 7.22-7.58 (5 H, 

in, phenyl), 9.80 (1 H, S, CHO). The 2,4-dinitrophenylh drazone derivative had m.p. 195-196'C 

(from ethanol) (Found: C, 64.9; H, 5.4: N, 13.8. 

N, 13.8%). 
C2:"s2N~~~g~eq~~~~~4c. ;;.;;. H, 5.45; 

Tosylhydrazone (84%) m.p. 135-136°C (Found: 

requires C, 70.0; H, 6.6; N, 7.1%); Vmx (Nu~ol) 3175 cm 11 (N-;). ’ ’ . . C23H26N202S 

(VII) l-Formyl-2-l2-methylpropenyl)cyclohexene (12k). A reactIon srmilar to (~1) but at -60°C 
was carried out using 1-bromo-2-(2-methylpropenyl)cyclohexene (6.1 g, 28 mmol) and dxethyl- 

formamlde (3.2 g, 44 mmol). The reaction mixture was stirred for 3 h at -6O'C and worked up as 

described above. Chromatography (slllca, 16 vol 0 ether in petroleum) gave (a) recovered 

bromodwne (3.2 g, 52%) and Ib) 1-formyl-2-(2-methylpropenyl)cyclohexene as a" 011 (1.6 g, 35%) 

(Found: m/z 164.120407. Cl1Hl60 requires m/z 164.120109; UrnaX (film) 1670 Cm-' (C=O); 6, 
1.45-1.8 and 2.05-2.5 (8 H, m, cyclohexyl), 1.59 I3 H, d, J 1 Hz, Me), 1.83 (3 H, d, .I 1 Hz, Mel, 
5.74 (1 H, br m, olefinic, 9.65 (1 H, s, CHO). The 2,4_drnltrophenylhydrazone derivative had 
m.p. 167-169V (Found: m/z 344.147723. C17H20N404 requLrcs m/z 344.148445). 

e-Toluenesulphonylhydra+ide (0.77 g, 4.15 nmol) in ethanol (20 ml) was added to 1-formyl-2- 

(2-methylpropenyl)cyclohexene (0.68 g, 4.15 mmol) in ethanol (20 ml) and concentrated 

hydrochloric acid (1 drop) added. After 2 h t.1.c. indicated the reactlon had gone to corn- 

pletlon, but no crystals were deposIted after 20 h. The solvent was removed at reduced pressure 

and dlchloromethane (100 ml) was added. The organlc layer was separated, washed with water 

(2 x 50 ml), dried, and evaporated to give a brown oil. Chromatography (silica, 25 vol 0 ether 

in petroleum) gave 1-formyl-2-(2-methylpropenyl)cyclohexene tosylhydrazone as unstable white 

crvstals (obtained on concentration of chromatoqraphv fractions to a reduced volume), m.p. lO3- 

104'C (Found: C, 64.8; H, 7.2: N, 8.3 

v,,,~~ lNu]ol) 3180 cm-l (N-H). 

C18H;4N;O;S requires C, 65.0; H, 7.3; N, 8.4%); 

(vlil) 1-Formyl-2-vlnylcyclohexene. n-Butyl-lrthlum (1.5 M, 33 ml, 49.5 ~1) was added under 

dry nitrogen to a solution of 1-bromo-T-vnylcyclohexene (6.25 g, 33.4 mmol) in dry T.H.F. (LOO 
ml) at -1lO'C and stirred for 3 ml". Dry dimethylformamlde (7.30 g, 100 nmol) in dry T.H.F. 

(30 ml) was added and the reaction allowed to warm to -78OC before stirring for 3 h. The ;sual work 

up gave an oil shown by t.1.c. and h.p.1.c. to consist mainly of the desired product. Extensive 

decomposition however occurred durlnq preparative chromatography (silica, 20 vol 0 ether in 
petroleum) which gave 1-formyl-2-vinylcyclohexene as an oil (1.38 g, 30%) (Found: m/z 

136.088254. CgH120 requires m/z 136.088810); vmax (llqurd) 1665 cm-l (C=O); 6, 1.5-1.9 and 

2.15-2.7 (8 H, cyclohexyl), 5.55 (2 H, m, =CH2), 7.39 I1 H, d of d, J 17 and 11 HZ, =C-HI, 10.4 

(1 H, s, CHO). In subsequent preparations thrs aldehyde was converted to the tosylhydrazone 

wlthout prior purification. 

(1.1 ;- 

Toluenesulphonylhydrazide (1.5 g, 8.1 mmol) I" ethanol (40 ml) was added to the aldehyde 

, 8.1 mmol) I" ethanol (40 ml) and reaction stirred for 2 h when t.1.c. Indicated that the 

reactux ~a.5 complete. The solvent was removed under reduced pressure and the resulting solld 

was recrystallLsed from ethanol to give 1-formyl-2-vinylcyclohexene tosylhydrarone as unstable, 

liaht sensltlve uhlte crvstals (1.61 a, 65%), m.p. lll-113°C (Found: C, 63.3; H, 6.4; N, 9.2. 

C16H2ON202S requires C, 63.1; H, 6.61 N, 9.2%); Vmax (Nujol) 3170 cm-l (N-HI. 
(ix) E-1-Acetyl-2-(2-phenylethenyl)cyclohexene (12f). A reaction sunilar to (ii) was carried 

out in T.H.F. using E-1-brow-2-l2-phenylethenyl)cyclohexene (5.8 g, 22.2 mmol), magnesium 

(0.54 g, 22.2 mmol) and acetaldehyde (2.9 g, 66.6 mmol). The usual work up and chromatography 

(alumina, 25 vol % ether in petroleum) gave E-l-(l-hydroxyet~~_)-2-(2-~enylethenyl)c~ohexene _-- -- __.-- - 
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as an 011 (3.07 q, 610) (Found: m/z 228.151044. ~1~~~~0 requires m/z 228.151407; Vmax (lIquidI 
3380 cm-l (O-H); 6, 1.23 (3 H, d. J 7 Hz. Me), 1.46-1.80 and 2.08-2.80 (9 H, m, OH and cyclo- 

hexyl). 5.11 (1 H, q, J 7 Hz. CH-Mel. 6.45 (1 H, one half of AB, J 16 Hz, 0lefi"lC). 7.1-7.48 
(6 H, m. aromatic and 0lefl"iC); m/z 228 (420). 213 (67), 91 (100). A mixture of this alcohol 
(3.9 9, 17.1 nmol) and barium manqanate (76 g. 0.297 mol) I" dlchloromethane (250 ml) was heated 
under reflux for 14 days when t.1.c. Indicated complete reactlo". The solld was flltered off 
through magnesium sulphate and washed with dlchloromethane. The filtrate and washlnqs were 
combined and evaporated to qlve a brow" 011 which was chromatoqraphed (SlllCd, 25 VOl 0 ether 1” 

petroleum) to give E-1-acetyl-2-(2-phenylethenyl)cyclohexene (1.21 q, 31%) ds yellow crystals 
m.p. 32-34'C (from etha"ol/penta"e) (Found: C, 85.2; H, 7.8. Cl6Hl80 requires C, 84.9; H, 
8.001; urnaX (melt) 1675 cm-l (c=o); 5, 1.59-1.89 (4 H, m, cyclohexyl), 2.28 (3 H. s, Me). 
2.17-2.58 (4 H, m, cyclohexyl). 6.64 (1 H, one half of AB, J 16 Hz, oleflnlcl, 7.0-7.47 (6 H. m. 
phenyl and oleflnlc). Oxldatlon uslnq chromium trloxlde 1" pyrldine 1c.f. (li)] gave the same 
product I" 110 yield. Preparatlo" of the tosylhydrazone by the usual method gave a low yield 
but evaporator, of the mother liquor and chromatoqraphy (srllca, 25 vol 0 ether in petroleum) 
gave a total yield of 75%. m.p. 140-142OC (from ethanol) (Found: C. 70.2; H, 6.6; N, 7.3. 
C23H26N202S requires C, 70.0; H, 6.6; N, 7.1%); VmdX (Nu~oll 3180 cm-l (NH). 

Acyclic a,a:u,5 unsaturated aldehydes. (x) E,E-3,5-Dlphenyl-2-methylpenta-2,4-dlenal (1291. 
n-Butyl-lithium (1.5 M 1" hexane. 8.3 ml, 12.5 mm011 w.s added under dry nitroqen. to d solution 
of E,E-4-bromo-1,3-diphenylpenta-1,3-dlene (3.4 4, 11.4 nun011 in dry T.H.F. (100 ml) at -1lO'C. 
The mixture was allowed to warm to -80°C over lo ml” and stlrred 40 ml". Dry dlmethylformamlde 

(3.7 q, 50.0 m01) I" dry T.H.F. (10 ml) was added and the mixture stlrred for 5 h at -8OOC. 
The usual work up and chromatography (slllca, 20 vol 0 ether 1" petroleum) gave E,E-3,5-dlphenyl- 
2-methylpenta-2,4-dlenal (3.9 q, 81%). m.p. 116-119°C (from ethanol/pentane) (Found: c, 86.8; 
H, 6.5. c18H160 requires C, 87.1; H. 6.50); V,,,dX (Nu~oll 1645 cm-l (C=O): AH 1.70 (3 H, s, 

He), 6.32 and 7.92 (2 H, AB, J 16 HZ. oleflnlc), 7.1-7.6 (10 H, m, phenyl), 10.57 (1 H, s CHOI. 
Tosylhydrazone (79%), m.p. 130-131'C (Found: C, 72.3; H, 5.9; N, 6.6. C25H24N202S requires 
C, 72.1; H, 5.8; N, 6.7%); Vmax (Nu]ol) 3190 cm-l (N-H). 
(XI) E,E-3,5-Dlphenyl-2-methylhexa-2,4-dlenal (121). n-Butyl-lithium (1.5 M I" hexane, 10.2 ml, 
15.4 mm011 was added under dry nltroqen to d solution o? E,E-2-bromo-3,5-dphe"ylhexa-2,4-dle"e -- 
(4.37 q, 14.0 mmol) I" dry T.H.F. (100 ml1 at -llo°C, stlrred for 30 seconds and dry dlmethyl- 
formamIde (6.11 q, 84.0 mmol) in dry T.H.F. (20 ml) added. The mixture was stirred for 4 h at 
-1lO'C and the reactIOn hydrolysed by the addltlon of d solution of dmmon~um chloride (10% w/v, 
100 ml), warmed to TOOT temperature and ether (250 ml) added. Extractlo", drylnq, evaporati0" 
and chromatoqraphy (silica, 25 vol m ether 1" petroleum) gave E,E-3,5-dlphenyl-2-methylhexa-2.4- 
dienal as a yellow oil (2.75 q, 75%) (Found: m/z 262.135403. 
WmdX (llquld) 1670 cm-l (C=O): 

ClgH180 requires m/z 262.135758); 
6, 1.92 (3 H, d, J 2 Hz, Me), 2.03 (3 H, d, J 1 HZ, MC), 6.58 

(1 H, m, olefinlc), 7.09-7.59 (10 H, m, phenyl), 9.95 (1 H, s, CHO). The 2,4-dlnltrophenyl- 
hydrazone derlvatlvc had m.p. 172-173'C (Found: C, 67.9; H, 5.10; N, 12.7. C25H22N404 
requires C, 67.9; H, 5.0; N, 12.7%). Tosylhydrazone (77%). m.p. 160-162°C (from ethanol) 
(Found: c. 72.3; H, 6.0; N, 6.8. C26H26N202S requires C, 72.5: H, 6.1; N, 6.5%): VmdX 
(Nujol) 3180 cm-l (N-H). 
(XII) Z,E-3,5-Dl?henyl-2-methylpenta-2,4-dlenal (1491. n-Butyl-llthlum (1.5 M 1" hexane, 
13.6 ml, 20.4 mmol) was added under dry nltroqen to a solution of E,Z- and Z,Z-4-bromo-1.3- -- 
dlphenylpenta-1,3-dlene (E,Z:Z,Z, 3:l) (6.11 q, 20.4 mm011 in dry T.H.F. (150 ml) at -110°C. ---- 
The mixture was allowed to warm to -78"~ over 10 ml" and dry dlmethylformamlde (4.47 q. 61.3 mm011 
I" dry T.H.F. (20 ml) added and stirred for 5 h. Work up as 1" (XI) and chromatography (s~llca, 
20 vol $ ether I" petroleum) qavc Z,E-3,5-dlphenyl-2-methylpenta-2,4-dlenal (2.71 q. 5301, m.p. 
62-63°C (from ethanol/pentane) (Found: C, 86.85; H, 6.30. 
VmdX (melt) 1660 cm-l (C=Ol; ‘& 2.11 I3 H, s, Mel, 

C18H160 requires C. 87.1; H, 6.5%); 
6.42 and 7.58 (2 H, AB, J 16 Hz, oleflnicl, 

7.0-7.48 I10 H, m, phcnyl I, 9.38 (1 H, s, CHO). Tosylhydrazone (69%). m.p. 162-163°C (from 
ethanol) (Found: C, 72.3; H, 5.80; N, 6.9. 
Vmax (Nujol) 3140 cm-l (N-H). 

C25H24N202S requires C, 72.1: H, 5.8; N, 6.7%); 

Thermal Decompos1tlon of the Sodium Salts of the Tosylhydrazones. - The sodium salts were prepared 
by the addition of the solid tosylhydrazone (cd 5% molar excess) to d solution of sodium ethoxlde 
I" dry ethanol. The solution was then stirred in the dark for 0.5 h. In some cases, the sodium 
salt preclpltated out at this stage. The ethanol was evaporated under reduced pressure, under 
anhydrous condltlons, and with a temperature below 45OC. The sodium salt was then dried under 
hlqh vacuum wer phosphorus pentoxide for at least 12 h in the dark. 

Freshly dlstilled dry solvent was added and the reactlO" mixture bolled under reflux. with 
stlrrinq, under dry nitrogen I" the dark. Dur1n9 the decomposltlon, small samples of the 
reactlon mixture were withdrawn and shaken with water to hydrolyse any residual sodium salt, and 
extracted with ether. The ether layer was analysed for unreacted tosylhydrazone by t.l.c., and 
the redctlon contlnucd until no tosylhydrazone remained. After coollnq the sodium p-toluene- 
sulphlnate was removed by filtration through Celite and the filtrate was evaporated to qive the 
crude product. Chromatography columns were wrapped in foil to exclude light. 

AC lc clo entene tos lh drazoneo. E-1-Formyl-2-(2-propenyl)cyclopentene tosylhydrazone 
(21d)* The tosylhydrazone (0.31 4, 1.02 mmol) salt was boiled under reflux for 1 h I" cyclo- 
hexane (50 ml). Chronatoqraphy (alumina, 20 vol 8 ether I" petroleum) gave 6,7,8-trlhydro-4- 
methyl-lH-cyclopentaIdl[1,2ldiazepine (23d) as a yellow 011 (98 mq, 65%), b.p. BO'C at 0.3 mmHq 
(Found: c, 72.9; H, 8.3; N, 18.8. CgH12N2 requires C, 72.9: H, 8.2, N, 18.9% 1; 6, 
1.80-1.97 (3 H, m, cyclopentyl CH2 and ax l-H), 2.32 (3 H, s, He), 2.34-2.69 (4 H, m, cyclopentyl 
CH2). 5.84 (1 H, d, J 8 Hz, 9 1-H). 5.86 (1 H, s, 5-H). 

l The number in parenthesis after each tosylhydrazone refers to the structure of the dlazo compound 
being generated. 
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E-l-Formyl-2-(2-phenylethenyl)cyclopentene tosylhydrazone (21a). The tosylhydrazone (0.34 g, 

0.93 mmol) salt was boiled under reflux for 1 h in cyclohexane (100 ml); chromatography (alumina, 

20 vol 0 ether in petroleum) gave 6,7,8-trihydro-4-phenyl-lH-cyclopenta~dl~1,2ldiazepine (23a) 

(123 mg, 630). as an oil (Found: n/z 210.116074. C14H14N2 requires m/z 210.115693); dH 1.75- 

2.39 (3 H, m, cyclopentyl CH2 and dx 1-H). 2.40-3.10 (4 H, m, cyclopentyl CH2), 6.08 (1 H, d, 

J 9 Hz, l-H), 6.38 (1 H, s, 5-H), 7.13-7.53 (3 H, m, aromatrc), 7.65-7.85 (2 H, m, aromatic). 

E-1-Acetyl-2-(2-phenylethenyl)cyclopentene tosylhydrazone (21bl. The tosylhydrazone (0.53 g, 

1.40 mmol) in cyclohexane (100 ml) was bolled under reflux for 1.5 h; chromatography (alumina, 

100 ether in petroleum) gave 6,7,8-trihydro-l-methyl-4-phenyl-lH-cyclopenta~dl[1,2ldiazep~ne 

(23b) (0.23 g, 7601, as a yellow oil (Found: m/z 224.130249. 

6, 060 MHz) 1.93-2.12 (2 H, m, cyclopentyl CH2). 

C15H16N2 requires m/z 224.1313421; 

2.52-2.83 (4 H, m, cyclopentyl CH21 with a 

2.11 (4 H, 5, Me and ax 1-H) superlmposed (the addltlon of Eu(fod)3 shifted the peaks at 62.11 

to higher frequencies% the expected d and 3, J = 7 Hz), 6.39 (1 H, s, 5-H), 7.30-7.44 (3 H, 

m, aromatic), 7.77-7.81 (2 H, m, aromatic). 

E-1-(p-Toluoyl)-2-(2-phenylethenyl)cyclopentene tosylhydrazone (21~). The tosylhydrazone 

(0.50 g, 1.08 mmol) in cyclohexane (100 ml) was boiled under reflux for 1 h; chromatography 

(silica, 10 vol 0 ether I" petroleum) gave (a) 3H-4,5,6-trihydro-2-phenyl-3-p-tolylpentalene 

(25) (118 mg, 40%) as a" 011 (Found: m/z 272.155653. C21H20 requires m/z 272.156493; 6H 

2.12-2.82 (6 H, m, cyclopentyl), 2.28 (3 H, s, Me), 3.26 (1 H, br, s, CH), 6.68-7.50 (10 H, m, 

aromatic and oleflnlc); hc (90 MHz) 20.9 (Me), 28.2 (C-5), 29.6 (C-41, 40.2 (C-6), 64.8 (C-3). 

125.8 (C-l), 127.6 (aromatic CH), 128.0 (aromatlc CH), 128.4 (aromatic CH), 128.9 (aromatic CH). 

134.0 (tert.1, 136.2 (tert.), 137.9 (tert.), 142.0 (tert.), 147.9 (tert.), 152.1 (tert.); 

m/z 272 (1000). 105 (20). 91 (15). (b) 6,7,8-tr~hydro-4-phenyl-l-p-tolyl-lH-cyclopenta~dlI1,2l- 

dlazeplne (23~) (24 mg, 9%) as d yellow 011 (Found: m/z 300.164265. C2lH20N2 requires m/z 

300.162641); 6 (100 MHz) 1.81-3.08 (7 H, m, cyclopentyl CH2 and dx 1-H) with 2.39 (3 H, s, 

tolyl Me) superrmposed, 6.50 (1 H, br, s, 5-H), 6.85-7.90 (9 H, m, aromatic). 

Acylcyclohexene tosylhydrazones. E-1-Formyl-2-(2-phenylethenyl)cyclohexene toshylhydrazone 

(21e). The tosylhydrazone (1.05 g, 2.76 rmnol) salt in cyclohexane (100 ml) was bolled under 

reflux for 1 h, filtered through Celite and the filtrate evaporated to give 6,7,8,9-tetrahvdro- 

4-phenyl-lH-cyclohexaldl Il,Zldlazeplne (23e) (0.57 g. 920). m.p. lll-113°C (from ethanol/pentane) 

(Found: C, 80.1; H, 7.3 ; N, 12.4. C15H16N2 requires C, 80.3: H, 7.2; N, 12.50); 6, 
1.60-1.95 (4H. m, cyclohexyl), 2.15-2.90 (5 H, m, cyclohexyl and dx 1-H). 5.82 (1 H. d, J 8 Hz. 

3 1-H). 6.28 (1 H, s, S-H), 7.10-7.52 (3 H, m, aromatic), 7.62-7.90 (2 H, m, aromatlcl. 

E-1-Acetyl-2-(2-phenylethenyl)cyclohexene tosylhydrazone (21f). The tosylhydrazone (0.50 g, 

1.28 rrunol) salt in cyclohexane (100 ml) was bolled under reflux for 2.5 h; chromatography 

(alumina, 250 ether in petroleum) gave 6,7,8,9-tetrahydro-l-methyl-4-phenyl-lH-cyclohexa~dl11,2l- 

drazepine (23f) as a yellow oil (168 mg, 56%) (Found: m/z 238.145250. C16H18N2 requires 

m/z 238.145250; 5H (360 MHz) 1.37-1.87 (4 H, m, cyclohexyl), 2.32-2.54 (4 H, m, cyclohexyl), 

2.02 (3 H, d, J 6.4 Hz, He), 2.12 (1 H, br, q, J 6.4 Hz, l-H), 6.30 (1 H, s, 5-H), 7.30-7.43 

(3 H, m, eromatic), 7.78-7.81 I2 H, m, aromatic). 

E-1-Formyl-2-(2-phenylproffnyl)cyclohexene tosylhydrazone (5la). The tosylhydrazone (3.37 g, 

8.56 mmol) salt in cyclohexane (120 ml) was heated under reflux. A red colour was generated 

due to the d~azo compound and the reaction was monltored by I.R. (2060 cm-l) until the diazo 

compound had been consumed (2 h). Filtration and evaporation of the filtrate gave a black 011 

shown by t.1.c. to contain two major components, many minor products and polymeric materlal. 

Chromatography (alumina, 20 ~010 ether in petroleum) gave (a) E-4,5,6,7-tetrahydro-1-(2-phenyl- 

propenyl)lndazole (53a) as a pale yellow oil (191 mq, 9.401 (Found: m/z 238.145712. C16H18N2 
requires m/z 238.146991); ,SH 1.25-1.90 (4 H, m, cyclohexyl), 2.34 (3 H, d, .I 1.5 Hz), 2.45-2.65 

(4 H, m, cyclohexylj, 6.84 (1 H, q, J 1.5 Hz. olefinic), 7.20-7.54 (6 H, m, ar$xnatic); m/z 238 

(650), 237 00). 136 (251, 135 (100). This product was identical by t.l.c., H n.m.r. and 13C 

n.m.r. to the product obtained from thermolysis of E-4,5,6,7-tetrahydro-7a-(2-phenylpropenyl)- 

lndazole in 1,2-dimethoxyethane, (b) E-4,5,6,7-tetr~hydro-7a-(2-phenylpropenyl)lndazole (52a) 

(0.865 g, 42%). m.p. 71-72OC (from dlchloromcthane/pentane) (Found: C, 80.9; H, 7.4; N, 11.7. 

C16H18N2 req":r~~-~:2~;~'~,H;,]i.~'61PI; 76 (2 H, rn,y 2 03-2 29 (2 H, m) 

11.750); 6 (360 MHz) [0.52-0.60 (1 H, d of t, J 12.9 

and 4.2 Hz), . . . . . , 2.90 (1 H, d of d, J 

13.1 and 3 Hz.), 2.99-3.04 (1 H, m)., cyclohexyll, 1.64 (3 H, d, J 1.2 Hz, Me), 5.82 (1 H. br, q, 

J 1.2 HZ, oleflnlc), 7.21-7.36 (5 H, m, aromatIc), 7.46 (1 H, d, J 1.1 Hz, 3-H). 

1-Formyl-2-(2-methylpropenyl)cyclohexane tosylhydrazone (51b). The tosylhydrazone (0.92 g, 

2.77 nunol) salt in cyclohexane (100 ml) was boiled under reflux for 2 h; flash chromatography 

(silica, 20 vol 0 ether in petroleum) gave E-4,5,6,7-tetrahydro-7a-(2-methylpropenyl)indazole 

(52b) as a yellow oil (54 mg, 110) (Found: m/z 176.131342. C11H16N2 requires m/z 176.130457). 

as the only isolable product, 6, (80 MHZ) [0.40X1.60 (1 H, ml, 0.80-2.03 (5 H, m), 2.73-2.92 

(2 H. m), cyclohexyll, 1.69 (3 H, d, 1.3 Hz, Mel, 1.75 0 H, d, 1.1 Hz, Me), 5.29 (1 H, br. m. 

olefinicl, 7.34 (1 H, d, 1.5 HZ, 3-H). 

Acyclic dienal tosylhydrazones. E,E-3,5-Diphenyl-2-methylpenta-2,4-dlenal tosylhydrazone 

(21q). The tosylhydrazone (0.67 g, 1.62 mmol) calt in cyclohexane was boiled under reflux for 

1 h. Work up and chromatography (alumina, 200 ether in petroleum) gave 4-methyl-5,7-dlphenyl- 

3H-1,2-dlazepne (239). (0.30 g. 71%) as a yellow oil (Found: m/z 260.129349. Cl8H16N2 
requires m/z 260.131342); 6, (100 MHz) 2.11 0 H, s, Me), 2.35 (1 H. d of d, J 8 and 1 HZ. 

ax 3-H). 6.09 (1 H, d, J Q HIL, q ~-HI, 6.49 (1 H, s, 6-H), 7.05-7.50 (8 H, m, aromatic), 7.62- 

788 (2 H, m, aromatic). 
Z,E-3,5-D~phenyl-2-methylpenta-2,4-dlenal tosylhydrazone (32). The tosylhydrazone (0.60 g. 

1.44 mm011 salt in cyclohexane (100 ml) was boiled under reflux for 1 h. Work up and 

chromatography (sl1~c.a. 250 ether rn petroleum) gave: (a) 4-Methyl-5,7-diphenyl-3H-l,2-diazeprne 

(239) (50 mg, 130), ldentlcal with tkat obtalned above, (b) E-4-Methyl-5-phenyl-1-(2-phenyl- 

ethenyll-lH-pyrazole (34) as a yellow oil (122 mg, 330) (Found: m/z 260.129863. C18H16N2 
requires m/z 260.131342); 5, 2.06 0 H, s, 4-Me), 6.26 (1 H, d,J 11 HZ, 2'-H). 6.66 (1 He d, 

J 11 Hz, l'-H), 6.81-7.75 (10 H, m, aromatic), 7.50 (1 H, s, 3-H): m/z 260 (100). 259 (100). 



A study of pcrisclcctivity in the thermal cyclisation reactions 3111 

183 (57), 158 (98). 130 (5501. Hydrogenation of this pyrazole (35 mg) in methanol (25 ml) at 
atmospheric pressure "srng 109 palladium on charcoal (34 mg) as catalyst gave 4-methyl-S-phenyl- 
1-phenethyl-lH-pyrazole (24 mg, 6901 as sn oil (Found: m/z 262.145682. C18H1eN2 requires 
m/z 262.146991) with identical spectra and physlcal characteristics to dn authentic sample (see 
later), (c) E-4-Methyl-3-phenyl-5-(2-phenylethenyl)-lH- razole (37) (74 mg, 2001, m.p. 193-194°C 
(from ethanol) (Found: C, 82.8; H, 5.9; N, 10.6. CfiH16N2 requires C, 83.0; H, 6.2; N, 
10.80); f,H (LOO MHz) (C$@,) 2.28 (3 H, s, 4-M.?), 7.10-7.80 (12 H, m, aromatic and oleflnic), 
12.96 I1 H, br, NH): m/z 260 (100). 259 (87). 156 (14). 130 (18). 77 (19%). Hydrogenation of 
this pyrazole (52 mg) in methanol (30 ml) at atmospheric pressure for 20 mln using 10% palladium 
on charcoal (40 mg) ds catalyst gave d brown 011 which wds purified by preparative t.1.c. (silica. 
33% ether in petroleum) to give 4-methyl-3-phenyl-5-pheneth 1 razole (30 m9, 57%). m.p. 102-103°C 
(from ethanol) (Found: C, 82.3; H, 6.90; N, 10.6. Cl8H:$: requires C, 82.4; H, 6.90; N. 
10.70) with identical spectral and physical characteristics to dn authentrc sample (See later). 

In d similar experiment carrred aut in refluxing toluene the yields were: 4-methyl-5,7- 
dlphenyl-3H-[1,21-diazepine (601, E-4-methyl-5-phenyl-l-~2-phenylethenyl~-lH-pyra~ale (7%), - 
E-4-methyl-3-phenyl-5-~2-phenylethenyl~-lH-pyrazole (61%). 
E,E-3,5-Diphenyl-2-methylhexa-2,4-dienal &sylhydrazone (45). The tosylhydrazone (3.39 g, 7.88 
mmal) salt in cyclohexane (200 ml1 wds boiled under reflux for 1 h. Work up and chromatography 
(alumina, 25% ether in petroleum) gave: (a) E-4-Methyl-5-phenyl-l-~2-phenylprapenyl~-lH-pyraZale 
(47) (0.67 g, 3201, as d yellow 011 (Found: m/z 274.145588. C19H18N2 requires m/z 274.146991); 
AH (360 MHz) 2.09 (3 H, s,4-Me), 2.21 (3 H, d, J 2 Hz, =CEPh), 6.81 (1 H, br, q, J 2 Hz. l'-H), 
7.15-7.45 (10 H, m, aromatic), 7.55 (1 H, S, 3-H); m/z 274 (27), 273 (15). 171 (100). 125 (24%). 
This pyrazole (84 mq, 0.32 mmol) I" methanol (25 ml) WIS hydrogenated for 20 min at atmospheric 
pressure using 100 palladium on charcoal (48 mg) as catalyst. Filtration, evaporation and 
preparative t.1.c. (slllca, 200 ether in petroleum) gave 4-methyl-5-m-1-(2-phenylpropyll-lH- 
pyrazole (64 mg, 76%) ds dn 011 (Found: m/z 276.162641. ClgH2oN2 requires m/z 276.160337); 
bH 1.12 (3 H, d, J 7 Hz, 2'-Me), 1.88 (3 H, s, 4-Me), 3.34 (1 H, Sextet, J 7 Hz, 2'-H), 4.08 
(2 H, d, J 7 Hz, l'-HZ), 6.80-7.50 (11 H, m, aromatic and 3-H). 
(b) Z-4-Methyl-5-phenyl-l-~2-phenylpropenyl~-lH-pyrazole (0.11 9, 50) as an oil (Found: m/z 
274.145852. ClgH18N2 requires m/z 274.146991); 6, (360 MHz) 1.94 (3 H, s, 4-Me), 2.01 (3 H, 
d, J 1.5 Hz, 2'-Me), 6.78 (1 H, br, q, J 1.5 HZ, l'-H), 6.58-6.62 and 6.87-7.24 (10 H, m, aromatic), 
7.43 (1 H, s, 3-H). Hydrogenation gave a saturated pyrazole identical with that prepared rn (a) 
above. 
(c) E-4-Methyl-3-phenyl-5-(2-phenylpropenyl)-lH-~yrazole (501 (0.62 9, 300). m.p. 145-146Y (from 
ethanol/pentanel (Found: C, 83.25; H, 6.6; N, 10.3. ClgH18N2 requires C, 83.2; H, 6.6: 
N, 10.2%); “mx (NuJo~) 3260 cm-' (NH) : 6, (100 MHz) 2.19 (3 H, S, 4-Me), 2.34 (3 H, d, J 2 

Hz, 2’-Me), 6.54 (1 H, br, q, J 2 HZ, l'-H), 7.15-7.63 (10 H, m, aromatic), 9.60 (1 H, br, NH); 
m/z 274 (100). 273 (98), 259 (121, 115 (361, 105 (35). 91 (30%). Hydrogenation of this pyrazole 
(37 m9, 0.14 mm011 as described above and purification by preparative t.1.c. (silica, 50 vol 0 
ether ln petroleum) gave 4-methyl-3-phenyl-5-(2-phenylpropyl)-lH-pyrazole (23 m9, 62%) as an oil 
(Found: m/z 276.161921. ClgH2$J2 requires m/z 276.162641); WmdX (Nujol) 3180 cm-l (NH); 6, 
(360 MHz) 1.30 (3 H, d, J 7 Hz, 2'-He), 2.00 (3 H, s, 4-l&), 2.86 (2 H, m, l'-H2). 3.09 (1 H, 
sextet, J 7 Hz, 2*-H), 6.26 (1 H, br, NH), 7.18-7.56 (10 H, m, aromatic). 
E,E-2,5-Dimethylocta-4,6-dien-3-one tosylhydrazone (28s). The tosylhydrazone (0.44 g, 1.38 mmol) 
salt in cyclohexane (60 ml) WIS boiled under reflux for 11 h; chromatography (alumina, 500 
ether in petroleum) gave E-3-isopropyL-5-methyl-4-propenyl-lH-pyrazole (31a) (0.14 g, 6201, m.p. 
56-59°C (Found: m/z 164.129099. CioH16N2 requires m/z 164.131342); urnax INujol) 3160 cm-l 
br (NH); 5, (80 MHz) 1.25 (6 H, d, J 7 HZ, CH%), 1.80 (3 H, d of d, .J 6.2 and 1.4 HZ, 2'-He), 
2.21 (3 H, s, 5-Me), 3.07 (1 H, septet, J 7 Hz, CH.\le2), 5.70 (1 H, d of q, J 16 and 6.2 Hz, 
2'-H). 6.27 (1 H. d of a. .I 16 and 1.4 Hz. l'-H). 8.56 tl H. br. NH). 
4-Me;hyl-6-pheny;hexa-):;-dlen-2-one tosyihydrazone (28b). The tosylhydrazone (0.56 9, 1.58 
mmol) salt ln cyclohexane (60 ml) was bailed under reflux for 30 min. Flash chromatography 
(silica, 330 ether in petroleum) gave E-3,5-dimethyl-4-(2-phenylethenylj-lH-pyrazole (31b) (0.17 
9, 550), m.p. 179-180°C (Found: C, 78.6; H, 6.9; N, 14.30. 
H, 7.1; N, 14.10); 'JmdX (N"]oll 3160 cm-l, br (NH); 

C13H14N2 requires C, 78.75; 
.s, (80 MHz) 2.39 (6 H, s, 3- and S-Me), 

6.69 (1 H, d, J 17 HZ, 2'-H), 6.93 (1 H, d, J 17 Hz, l'-H), 7.21-7.48 (6 H, m, aromatic and NH). 
, 

Preparation of Pyrazoles 
4-Methyl-5-phenethyl-1-phenyl-lH- (1) 2-Methyl-3-oxo-5-phenylpentaml. A 
solution of 1-phenylpentan-3-one 31 mm011 and ethyl formate (2.29 g, 31 mmal) I" ether 
(50 ml) wds added dropwise ta dry sodium ethoxide powder (2.1 g, 31 mnal) in ether (25 ml) at O'C. 
After stirrlnq for 7 h at raam temperature, the mixture was cooled to O'C, and hydrolysed by the 
addition of hydrochloric acid (2 M, 25 ml). The aqueous layer wds separated, extracted with 
ether (2 x 2OOml) and the organic layer washed withsodium bicarbonate solution (100 w/v, 2 x 50 ml), 
water (2 x 50 ml), and dried aver anhydrous sodium sulphate. The solvent wds evaporated and the 
resulting brown oil dlstllled to give 2-methyl-3-oxo-5-phenylpentanal (3.1 9, 540), b.p. 98-100°C 
dt 0.4 mmH9 as a clear 011 which solidlfled and wascrystallised from pentane/ethanol, m.p. 60- 
62'C (Found: C, 76.0 ; H, 7.1. 
(OH), 1670 and 1605 cm-l 

Cl2Hl4O requires C, 75.8; H, 7.40); urnax (Nujol) 3150 cm-' 

7 65 (1 H d, J :;:'; 
6H 1.70 (3 H, s, Me), 2.59-3.10 (4 H, m), 7.00-7.47 (5 H, m, 

phenyl), . 
’ 85 (98). 

, =CH-OH), 14.60 (1 H, d, J 9 HZ, O-HI; m/z 190 (86%). 162 (21), 
105 (87). 91 (loo), (iT) 4-Methyl-5-phenethyl-1-phenyl-lH-pyrazole. A solution of 
2-methyl-3-oxo-5-phenylpentanal (0.71 9, 3.72 mm011 and phenylhydrazine hydrochloride (0.54 9, 
3.72 nmol) in methanol (30 ml) was boiled under reflux for 40 min. The solvent was evaporated, 
dichloromethane (100 ml) added and the solutron wds washed with water (2 x 30 ml). The organic 
layer wds separated, dried and evaporated ta give an oil which on chromatography (silica, 50 vol 
0 ether in petroleum) gave 4-methyl-5-phenethyl-1-phenyl-lH-pyrazole (0.45 g, 46%) ds an oil 
(Found: m/z 262.146967. CI~HIQN-, reauires m/z 262.146991); 6" 1.97 (3 H, s, 4-t+?), 2.5-2.73 

I” I” L 

(2 H, m, l'-H2). 2.8-3.1 (2 H, m, 2'-H;), 6.80-7.05 (2 H, m, aro;l;atlc), 7.10-7150 (9 H, m. 
aromatic and NH). 
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4-Methyl-3- hen l-l-phenethyl-lH-py 
-1 

razole (39) and 4-methyl-5-phenyl-1-phenethyl-lH-pyrazole (401. 

2-Benzoylpropanal (1.0 g, 6.2 mm011 and 2-phe&iethylhydrazineJL (0.84 g, 6.2 mm011 in ethanol 

(50 ml) containing cont. hydrochloric acid (1 drop) were heated under reflux for 8 h. The 

mixture was worked up as described in the previous experiment. Chromatography (silica, 258 ether 

in petroleum) gave (a) 4-methyl-3-phenyl-1-phenethyl-lH-pyrazole (39) (0.27 g, 17%) as an oil 

(Found: m/z 262.145168. c18~18~2 requires m/z 262.1469911: 6, (200 MHz) 2.22 (3 H, d, 0.8 Hz, 

4+lel, 3.22 (2 H, t, J 7.3 Hz, 2'-H21, 4.33 (2 H, t, .J 7.3 Jz, l'-H21, 7.06 (1 H, br, q, J 0.1 Hz, 

5-H). 7.14-7.50 (8 H, m, aromatic), 7.73-7.78 (2 H, m, aromatic), (bl 4-Methyl-5-phenyl-l- 

phenethyl-lH-pyrazole (401 (0.58 g, 36%) as an oil (Found: m/z 262.146967. C18H18N2 requires 

m/z 262.1469911; a;;-(200 MHz) 1.97 (3 H, s, 4-Me), 3.08 (2 H, t, J 7.5 Hz, 2'-H2), 4.20 (2 H, 

t, J 7.5 HZ, l'-Ha), 7.47 (1 H, s, 3-H). 6.92-7.39 (10 H, m, aromatic). 

4-Methyl-3-phenyl-5-phenethyl-lH- 
=a-=?:":',, 

(il 1,5-Diphenyl-2-methylpenta-1,3_dione. A 

mixture of 1,5-diphenylpenta-1,3-drone 5.6 mmol), methyl iodide (0.97 g, 6.84 mm011 and 

anhydrous potassium carbonate (0.76 g, 5.6 mm011 in dry acetone (60 ml1 was boiled under reflux 

for 24 h. Most of the solvent was evaporated and dichloromethane (60 ml) and water (60 ml) were 

added. The aqueous layer was separated, extracted with dichloromethane (2 x 30 ml) and the 

combrned organic layers were dried and evaporated to give a yellow oil. Chromatography (silica, 
25% ether in petroleum) gave 1,5-diphenyl-2-methylpenta-1,3-dione (1.20 g, 81%) as an oil 
(Found: m/z 266.129778. 
1675 cm-l 

C18H1802 requires m/z 266.1306721; urnax (film) 1720 (C=Ol and 

(C=Ol; 6, 1.38 (3 H, d, J 7 Hz, Mel, 2.55-2.30 (4 H, m, 2 x CH31, 4.43 (1 H, q, H 7 Hz, 

CHl, 6.95-7.95 (10 H, m, aromatic). (ii) 4-Methyl-3-phenyl-5-phenethyl-iH-pyrazole. A mixture 
of 1,5-diphenyl-2-methylpenta-1,3-dione (0.89 g, 3.35 mm011 and hydrazine hydrate (0.17 g, 3.35 
mm011 in methanol (15 ml) was boiled under reflux for 1 h. The usual work up and chromatography 

(silica, 33% ether in petroleum) gave 4-methyl-3-phenyl-5-phenethylpyrazole CO.%3 g, 66%). m.p. 
103-104°C (Found: C, 82.3; H, 6.8; N, 10.6. 
VmdX (Nujoll 3240 cm-1 (NH); 

ClaHleN2 requires C, 82.4; H, 6.9; N, 10.7%); 

6, (100 MHz) 2.02 0 H, s, 4-He), 2.87 (4 H, s, CH2CH21, 7.05-7.60 

(10 H, m, aromatic), 7.65 (1 H, br, NH). 
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