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AMrxt-Some stable thiouromum fluorcnyhdcs and qclopcntadlcnyhdes. prepared b! rrcalmcnr of lhe cor- 
rctpondmg throuronium 41s with non-aqueous base. exi\r as laulomertc mixtures of the fluorcnyhdc and 

fluorcnylirothmurea. bur undergo reactions typical of ylide~. e.g. Wtttig reactton\ wth Jldehydes or nitrosobcn- 
xne; a 2.3.4~nphcnylcyclopcntadienyl~e gave anomalour products. The )Ildc\ also rcacl ulth acids. alkali. bcnzyl 
bromide. and dimcrh~kccr~lcnc dlcarboqlatc M.S’-IXphcn)l-xlcnouromum and ganidmnrm analopucs appear 
to CXISI cnwcly as IRK non.ylidlc tautomers. 

Thiouronium salts arc very commonly used as deriva- 

lives. but thiouronium ylidcs, which might be obtained 
from these salts by 1hc action of bases. have received 

almost no attention. Three rhiouronium ylidcs. all stabil- 
ised by a-carbonyl groups in the ylide moiety. have been 

obtained via thiouronium salts. from 2.bromotetronic 
acid.’ ’ 2-bromodimcdonc,’ and 3-bromo4hydroxy- 
coumarin.’ The dimedone derivalive was also prepared 
by the action of thiourea on the corresponding phenyl- 

iodonium ylide.’ In addition. thiouronium dicyanomc- 

thylidc and i1s N.N’.ethylene and N,h’,N’.N’-te- 
tramethyl-derivatives have been prepared by the ac1ion of 

thiourca or its N-substituted derivatives on I,l-dicyano- 
2.2.bis(trifluoromethyl)ethylene oxide.” and of thioureas 

on tetracyanoethylene oxide.‘ The unsubstirutcd 
rhiouronium ylides were s1able a1 room temperature but 

the tetramcthylthiouronium example” decomposed in a 
few hours. Chher than some examination of the effect of 

acid or base,‘.’ no study has been made of their chc- 
mistry. In the work presently described a number of 
thiouronium tluorenylides and cyclopentadienylidcs have 
been prepared and their properties invesbgated. 

Fluorenylides and cyclopcntadienylides were prepared 
by the action of base on rhiouronium salts; fluorenyl- 

phosphonium,’ -arsonium.’ * -sulphonium”-‘r and -pyri- 

dinium” salts had given ylides on treaiment wi1h 
aqueous base. but when 1hc thiouronium salt Is was 
treated with aqueous sodium hydroxide or with ethanolic 
sodium ethoxide 1he thiol(2) resul1ed. By the use of 
non-aqueous bases the fluorenylides 3r-31 were obtamed 
as crystalline solids. The ylide 3g decomposed ICX, 

rapidly 10 be isolated but its formation was inferred from 
reacrions carried out in siru. Phenyl lithium as base 
provided all these ylides from the salts: the aryl-sub- 
stifutcd ylides 36-f. bu1 not the orhers. could also be 
obtained in high yield using rriethylaminc as base. 

Similarly 1he cyclopentadicnylides 40, 4b and 5 were 

obtained in solu1ion from the corresponding throuronium 

salts by the action of phenyl lithium in 1etrahydrofuran 
or tricrhylamine in mc1hanol. but were not isolable. 

An analogous atrcmpt IO prepare the cyclopen1adieny- 

lide 4c gave instead a compound which could not be 

reconverted into a thiouronium sah by acid. possibly the 

mcrcaptofulvcnc 6s. which could have been formed as 
shown via l.dcyclisation. Formation of this product 

from the yhde must be very rapid because it is formed in 

the presence of pni1robcnzaldehyde ra1hcr than the 
producr from the Wittig reaction. A similar product 6b 
was also obtained from a similar artcmpted preparation 

of the ylide 4d. Kcaction of !.3,4triphenylcyclopen- 
tadienylthiouronium bromide with either aqueous 

hydroxide or wi1h r-butoxide gave 1hc hitherto un- 
reported ?,3.4-triphcnylcyclopcntadienylthiol. 

A variety of ylides has been made by 1he decom- 

position of diazo-compounds in the presence of suitable 
carbcne acceptors.” When 9-diazofluorene was decom- 

posed in the presence of N-phenyl-. NJ’-diphcnyl- or 
N-mclhyl-M’-phenyl-thiourea with copper bronze 
prcscnt as catalyst. only h’,ll’-diphenylthiourea provided 
a trace of the desired ylide. the major products being 

bifluorenyl and/or bitluorcnylidenc. Bifluorenylidene is 
known IO arise from thermal decomposition of 9-diazo- 

fluorenc alone.” while diarocyclopentadienes are known 
IO react with acids whose conjugate bases are of low 
nucleophilici1) IO give dihydrofulvalcncs.” Traces of 
Auorcnonc ketazine were also formed; 1his compound 
has been shown IO be formed in rela1cd rcactrons of 
9diazofluorene. by reaction of ylide which is formed 
ini1ially with unreac1ed diazofluorenc.” 

The products hitherto dcscribcd as thiouronium ylides, 
if 1hcy are nor tclra-substitu1cd on nitrogen. mrghhr also 
exist in a tautomcric form. e.g. 7. However their chcmrcal 
reactions. and especially those with aldchydcs and 
nitrosobenzene. require an glide struc1ure. bu1 1hc ylidc 
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and fluorenyl (or cyclopcntadicnyl) isothiourca forms 
might coexist in tautomeric equilibrium. A similar 

situation obtains for guanidinium Ruorenylides.‘b 
Spectroscopic evidence is not conclusive but would 

seem to support the presence of such a tautomcric 

mixture. The electronic spectra of the glides closely 
resemble those of the related salts 1 hut with an additional 
peak at 300-310 nm (see Table I). *htch could arise from 
a small contribution of the ylide form. 

The PMK spectra of the ylidcs are apparently odd in 

that they show two separate NH signals (see Table 2). 
This could be due to restricted rotation in the thiouronium 

group but this is unlikely because the methyl signals of 3t1 

appear as a singlet: it has also been shown that 

multiplication of signals due to restricted rotation is not 
characteristic of simple thiouronium salts.” If however 
the fluorenyl structure 7 is a major contributor to the 

mixture of tautomeric forms then separate one-proton 

signals will be expected. one due to the 9-fluorenyl proton 

and the other due to an NH-proton. Because the 
MeHNC=h’Mc moiety is an amidinc system the two 
nitrogen atoms will be in effect identical and both 
substituent groups will be represented by one signal. 
Furthermore. the chemical shifts of one of the one-proton 

signals for each ylide resemble those for the 9-H in the 
corresponding salts. with the latter being somewhat 

downfield in each case due to the neighbouring positive 

charge in the salt. 

l’abk I. Ekctronic spectra of Ruorcnylides and related ults 

Compound L..tnmHlog cHm methanol) 

Salt (I; R’. R’. R’. R’ 7 H) 
Ylidc 13: R’. R’. R’. R’ - H) 
salt (1; R’. R’ - MC; R’. R’ = H) 
Ylide (3; R’. R’ z MC; R’. R’ - H) 
Sah (I; R:. R’ 7 Ph. R’. R’ A H) 
Ylide(3; R’. R’ - Ph: R’. R’ = H) 
Salt (1. R’. R:. R’. R’ - MC) 
Yhdc (3; R’. R’. R’. R’ - Me) 

?58(4.1!~,~0~4.1?1.?8!sh 
258~4 06). 270(4 II). 283 rh. 2% sh. M6(3.17) 
2% (4.09) 2’0 14.10) ‘82 sh . *- 
!58(4.161.269(4.15). 283 sh. ?96sh. 306t3 ?2) 
27 sh. 269 (4.39). 282 sh. M5 sh 
248 sh. ZE(4.42). 273t4.3Y). 3O4sh. 312 sh 

?M (4.35). 267 (4.34). 2% sh 
?44.?57 sh. 281.392’ 

*log e valucc no1 obtainable; ylidc generated in lifu. 



Prcparatmn and propcrtw of wmc lhmuromum fluorcn)hdc\ ;rnd c~clopcn~~d~cn~l~de\ 

Table !. ‘H N.WR spectra of Auorcnylidcs and rclakd 41s 

Compound 

IMl 

Ylidc (I. R’. R’. R’. R’ - H) 
Yhdc (1; R’. R’ - Me; R’. R’ - H)’ 

Ylide (I. R’. R’= Ph. R’. R’. H)’ 
Ylidc (I: R’ - MC; R’- Ph; R’. R’- HI’ 

Ylidc (1: RI-R’= (CH,):; R’. R’ H)’ 

WI (3. R’. R’. R’. R’ - H) 
Salr (3; R’. K’ = Me: R’. R’ = H)’ 

Sah (3, R’. R’ . . Ph; R’. R’ = H)’ 
Sah (3; RI-R’ 7 (‘lt,CH,. R:. R’ - H) 

.Solvcnt\. ‘[‘H,JDMSO. ‘C’HCI,; ’ [‘H.lp}rldlne 

II is perhaps noteworthy that the one ylidc 3g which 
cannot tautomerise is different from the others m 
properties in that it is markedly less stable (for rhts reason 
its PMR spectrum was nor obtained). and u-hen it is 
formed from the salt there is in this case a real difference in 
the electronic spectra. In accord with the present results 
the previous workers who investigated rhiouronium 
dicyanomerhylides also found their K.N.M’,N’-le- 
Iramclhyl derivative to be strikingly less stable than the 
unsuhstitured or h’.N’-disubsritured analogucs.b 

The dipole moments of thiouronium fluorenyhdcs. 
which will bc discussed more fully in a subsequent paper, 
also conform with this interpretation. for thq are 
markedly smaller than the dipole moments of other 
hcteronium Auorenylidcs (see Table 3). This is explicable 
if the glide is in equilibrium with the rautomeric fluorcnyl 
form. 

Table 3. I)rpolc momcms of fluorcn~Itde\ 

rcDI 
I)lmc~hylsulphonium” 62 
Triphen!Iphosphornum” ‘SF3 
‘I’ri.n-bur~lp~~cphonlum” ‘.3Y 
Tr~phcnylarwnrum~~ ‘UO 
ThIvuronrum 2 15 + 0 I (in dioxan, WV 
.!i.N’~I)lphcn~l~htvuronn~m 2 35 Im txnzcnc. 3(p)+ 

?Kmdly recorded by Prof. H Lumbroto and Mn Ch. Ikgem. 
LnlvcrM Plcrrc.cl-Marie Curie. P:mr. France 

Thus all this evidence accords with the idea that these 
compounds exist as tautomeric mixtures. IO which 
non-ylide forms 7 are the major contributors. but their 
chemical reactions, described below, arc those of the 
ylidc form, which must therefore contribute IO the overall 
equilibrium. The situation thus closely resembles that in 
the only recorded guanidinium fluorenylide,‘6 but is 
different in the case of selenouronium derivatives. also 
mentloned below. In the subsequent discussion the term 
ylide IS used IO refer IO the tautomeric mixture of ylide 
and non-yhde. 

The mass spectra of the ffuorcnylidcs normally showed 
farrly small molecular ion peaks but large peaks due to 
Auorcnyl fragments and also moderate peaks due IO 
S-fluorenyl. 

rlrefmul decomposition. N-Alkyl substituted 
thiouromum fluorenylides appear IO have decreased 
thermal stability as the number of M-substltuents 

7 

increases. ‘Ihus whereas the unsubstlturcd ylidc 3s could 
bc kept indefinitely at room rcmpcrarurc. the N.N’. 
disubstituted glides 3b. 3c could only be kept for a fcu 
da) s before extensive decomposition uas evident. and the 
terrasubstituted ylidc 3g was loo unstable to allow its 
isolation from solution. even al low lemperatures. A 
similar trend is found with thiouronium dicyanomethy- 
lides.” The diticrencc mutt be connecrcd at least in part 
with the tautomcric equrlibrium discussed above. al- 
though stcric crowding may also contribute. In air 
Ruorcnonc is formed but m the absence of air in an inen 
solvent bifluorcnylidene is rhc main product. presumably 
formed as shown in Scheme I. by a method which has 
been proposed in the case of some other thermall) 
unslablc Ruorcnylidcs. If the solvent is tetrahydrofuran. 
Auorenone is formed even in the absence of air: a possible 
mechanism is proposed in Scheme I. which involves 
transitory formation of an unstable oxomum ylidc which 
in turn decomposes IO give Ruorenone. The .!4~~gl yhdes 
M-31 arc stable indefinitely at room temperature. but 
decompose rapidly above their melting points. In air ;1 
high yreld of Auorcnonc i\ obtained and carbenc 
formation is again probably involved. 

II ma) bc noted that the prcscnt thiouronium flu- 
orenylides shots no tendency to undergo intramolecular 
ring closure IO form thiirans or their breakdown products 
fulvencs. reactions which have been mentioned as 
characteristic properties of unstabihsed rhiouronium 
ylides." . 

Hyfn~lysis. Hhcn the non-ar) I substituted ) lidc\ Jo-k 
were trcarcd with excess merhanohc sodium hydroxldc 
fluorcnonc was formed rapidly and in high yield. II seems 
likely that the hydroxide ion attacks the rhiouroruum 
carbon atom IO give the corresponding urea and 
fluorenethione, which is then rapidly converted into 
fluorenone. The effect of the substitucnts on the rate of 
hydrolysis was noted by monitoring the growth of the 
peak at ?.Mnm in the electronic spectrum due IO 
fluorenone. The resullanr spectra show- good isosbesric 
points and rhe rates were In the order Jo b k ‘z 3b; the 
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differences may be due IO sterlc ease of approach of the 
hydroxide ion to the carbon atom. 

Reaction Grh elecrrophiles 
(i) Profonnfion and hasici1.v. All the yhdcs 3 arc 

protonated in strong acid to form the corresponding 
fluorenyl isothiouronium sahs 1. The N-aryl glides 36-31 
are less basic than the other ylides. This is shown by the 
fact that the salts ld-lf may be converted into ylides by 
triethylaminc, which is nor basic enough IO convert the 
other salts 1 into ylides. 

The pK. for the equilibrium 1 c 3 for the N-alkyl ylides 
must thus exceed I3 (F.t,N. pK. - 13). These glides are 
hence appreciably more basic than dimethylsulphonium 
fluorenylide (pK, of conjugate acid in aq. dioxan = 7.3”). 
II has been suggested that the effectiveness of d-orbital 
overlap of a sulphonium ylide. which in turn causes 
reduced basicity of the ylide. is related to the degree of 
positive charge on the sulphur atom.?’ In the thiouronium 
ylides positive charge is delocaliscd from the sulphur 
atom onro the carbon and nitrogen atoms. which infers 
that they should be more basic than corresponding 
dialkylsulphonium ylides wherein comparable delocaliza- 
bon of the positive charge is not possible. 

(ii) Reaction with benzyl brantide. When an ethereal 
solution of the ylide 3e and benzyl bromide was kept at 
room temperature an almost colourless precipitate se- 
parated out. Attempts to characterisc the product by 
converting it into a perchlorate or picrate failed since 
decomposition took place. but its mass spectrum sug 
gested that it was the benzylfluorcnyl salt 8. since 
there was an intense fragment peak at m/e 254.1 IO. 
corresponding to the fulvene 9 (C-H:, requires m/e 
254.110). whose formation can be best rational&d from 8. 
An analogous reaction has been reported with trimethyl- 
ammonium fluorenylide; in this case the fulvenc 9 was 
isolated by heating the initial reaction product.” 

.- 

(iii) Rearrions with aldehydes. The fluorcnylides 3 

reacted readily with p-nitrobenzaldehyde to give a 
fulvene (11, K’ = C,H,NOAp)) and the appropriate urea 
(see Table 4). The N-alkyl ylides are much more reactive 
than the N.N’-diphenyl ylide: this may be due IO cleric 
hindrance. The former arc quite reactive ylides in that 
reaction takes place. albeit more slowly. wrth a less 
reactive aldehyde such as p-anisaldehyde, as well as with 
p-nitrobenzaldehyde, but no product was obtained from 
the reactive ketones p-nitroacelophenone or cyclo- 
hexanone. lhese ylidcs are thus of roughly comparable 
reactivity IO rriphcnylphosphonium fluorenylide.B more 
reactive than dimethylsulphonium Auorenylide” ” and 
less reactive than tributylphosphonium’ or triphcnylar- 
sonium” fluorenylides. 

‘They differ from other sulphonium ylides. however. by 
forming alkenes rather than epoxidcs. The other product. 
isolated in effectively quantitative yield is a urea; 
elemental sulphur is also formed. II is possible that 
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Table 4. Reactions of fluorcnyhdes with aldehydes 
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Reaction Reaction Yield 

Ylldc N.subsrrrucnts Carbonyl compound lrme temp.+ (55) 

h 
3b 
3h 
X 
3d 
k 
X 
X 
3s 
3b 

- 
S.S’-dimerhyl 
.V..V’-dirnerhyl+ 
h’.M’-ethylene 
S..V’-d@tcnyl 

terramethyl+ 
S.N’.crhylcnc 
.V..V’-cthyknc 
N.N’~dimcthyl+ 
S.S’Jrmcthyl+ 

p-NO:C+H,CHO 
p-NO:C.H,CHO 

p~NO:LH,<‘HO 
p~NO:C.H.CHO 
p-KOL’~H.(‘HO 
p-NO.LH.CHO 
p-Mc0C.LCHO 

p-NO,C.H,CO.Wc 

PhCH :CHCHO 
cyclohexarwnc 

16hr 
Xl hr 
I hr 

20 hr 
72 hr 
I hr 

19 days 

28 days 

48 hr 

I3days 

1.1. 90 
r.1. US 
r.l 40 
1.1 119 

b15 I.5 
rl 40 

r.1. 30 

r.l ot 
r.l z8 
r.1. 0 

*Ylide l101 tsolakd; rcacbon in rrru. 
tGave hrflu~xcnylidenc I??TL 
Or 1 - rwm rcmperawrc. 

reaction proceeds by a homo-Wittig mechanism with a 

five atom, instead of the usual four atom, transition stage 
10. This intermediate stage could either collapse directly 
to the alkcnc and urea. or r~a a thiiran which then 

extrudes sulphur. The driving force could bc the 
formation of the very stable ureas. 

N.h”-Dimcthylthiourornum tctraphcnylcyclopcn- 
tadrenylidc 5 also reacted with p-nitrobenzaldehyde to 

give a very small yield of a fulvenc but the triphenyl- 

cyclopcntadrenyltdcs 4a. 4b gave only small amounts of 

the expected fulvencs together with other colourcd 
products which are tentatively assigned the pseudoazu- 

lcnoid structures I2 and 13. both of which can also have 
canonical structures with ten peripheral n-electrons. p- 

Anisaldchyde rcactcd in the same way with 4h to give an 
anisyl analogue of 13. 

Formation of such products involves attack by the 
aldehydc on the free c-position of the cyclopcntadicnide 

ring rather than at the I-position as m a normal Wittrg 
reaction. with concomitant attack at one of the thiourcido 
nrtrogcn atoms. ‘Ihe oxrdation level of the product could 
bc achieved by a hydride transfer to a further aldehyde 
molecule and this would be consistent wrth the oh- 
servation that the highest yield obtainable appeared IO bc 

32%. because half the aldchyde present is required for this 

oxidation process. being itself reduced IO bcnzyl alcohol. 
The structures 12 and 13 are assigned on the basis of 

molecular formulae and PMR spectra. and by the fact that 

13 can be dehydrogenated IO a purple product which has 
the molecular formula and spectrum consistent with 

structure 14. which has a peripheral I4 n-electron system. 
Lkhydrogenation could be brought about by o-chloranil 

or dichlorodicyanobcnzoqquinone but not by bcnzo- 
quinone. 

Also rn accord with the proposed structure. compound 

14 is extraordinarily stable. It does not decompose in air at 
IIS melting point t- 300”) and its mass spectrum shows a 
single peak at m/e 253 (MT). with the absence of any 
significant breakdown. On addition of bromine to 14 in 
methylcnc chloride an intensely purple colourcd solution 
resulted but work-up procedures provided only unreactcd 
starting material. When this purple solution was examined 
by ‘I’1.C using chloroform-methanol as cluant, initially a 
purple spar was seen which lagged behind a spot of 14 on 
a comparative run. but once development of the plate was 
complete. the purple colour had drsappcared and the 
resultant spot and the spot of authentrc 14 had the same Rr 
values. This compound thus appears IO form a molecular 
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complex with bromine instead of undergoing electrophi- 
lit substitution, which is characteristic of very stable 
heterocyclic systems. 

(iv) Reacrions MI nirrosobenrene. The tluorenylides 
react with nitrosobenzene, but instead of giving flu- 
orenone anil, as might be expected by analogy with their 
reactions with aldehydes. they give the anil oxide 15 and a 
thiourea. The formation of anil oxides in reactions of 
ylides with nitrosobcnzene is thought to derive from 
spontaneous ringopening of an oxaziran. formed 
analogously to an epoxide in the reaction of an ylide with 
a carbonyl compound.% The reason for the different mode 
of reaction of these fluorenylides with aldehydes and with 
nitrosobenzene is not obvious, but it is possible that a five 
atom transition stage comparable to 10 is again involved 
but that this then fragments in a different way to give an 
oxaziran and a thiourea. As with aldehydes the N,N’- 
dialkyl ylides reacted faster than the N,N’-diphenyl ylide. 
The tetraphenylcyclopentadienylide 5 provided both 
fluorenone anil and anil oxide, while the triphenyl- 
cyclopentadienylide 6b again provided an unexpected 
product. which was dark blue and had a moleculear 
weight and formula corresponding IO a dimer of 
triphenylcyclopentadienone anil less MO hydrogen atoms. 
Its NMR spectrum showed only phenyl resonances and 
the structure is unknown. 

Dipolar addition reocrions. If the reactions of 
thiouronium fluorenylides with aldehydes or nitrosoben- 
zene proceed as suggested via a S-membered ring 
transition stage then it seemed likely that these ylides 
might also undergo other 1.3dipolar cycloaddition reac- 
tions. When the ylide 3c was heated with dimethyl 
acerylenedicarboxylate in chloroform a product was 

isolated whose molecular formula and PMR spectrum 
corresponded with those expected for the cycloadduct 16. 

Atfempfed prepararion of an unsuhstituted cyclopen. 
fodien.v/ide. Cyclopentadienylides unsubstituted in the 
S-membered ring 17 have been prepared by the action of 
base on cyclopentene-hisheteronium salts 18.p Trealmenl 
of the salr 19 with triethylamine provided the bisiso- 
thioureido compound 28 instead of a cyclopemadienylide. 
No trace of ylide could be found although the mass 
spectrum of the product showed an imense peak at m/e 
166 corresponding to the molecular formula of the ylide or 
a tautomer. presumably formed by elimination of a 
thiourea moiety. 

Affempfed preporofion of n selenouronium glide. 
9-Bromofluorene reacted readily with N,N’-diphenyl- 
selenourea IO give the selenouronium sah 21. and when 
this salt was treated with triethylamine a free base was 
liberated. Like the corresponding thiourea derivatives this 
might have either an ylide structure 22 or a fluorenyl- 
selenourea suucture 23 or exist as an equilibrium mixture 
of the IWO specres. All the available evidence suggests 
that only structure 23 contributes. 

The failure of this compound to react with nitrosoben- 
zene indicates the absence of an ylide form, for the 
sulphur analogue 3d reacts readily with this reagent, yet 
selenonium ylides are normally more reactive towards 
aldehydes than are sulphonium ylides.S Treatment of rhe 
salt 21 with base provides no change in the electronic 
spectrum and there is no additional peak at longer 
wavelength as appears when fluorenylthiouronium salts 
are treated with base. In the PMR spectrum, in addition IO 
signals due to aryl protons, two signals each due to one 
proton appear, again consistent with structure 23. 

21 22 23 
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Attempted preparation of guanidinium ylides. Trcat- 
men1 of N.N’cthylene-N’-(9-fluorenyl)guanidinium 
iodide with base gave a product which, from its molecular 
formula and properties. appeared IO be a taulomeric 
mixture of fluorenylguanidine and guanidinium flu- 
orcnylidc [to. RR = +CH:),-I.‘” The guanidinium salt was 
prepared by the reaction between 9aminoffuorene and 
S-methyl-N.N’cthylencisothiouronium iodide but si- 

milar attempted reactions using either N,N’,S-trimethyl- 
or S-methyl-NJ’-diphcnylisothiouronium salts gave 
none of the desired products. 

An alternative approach IO guanidinium Ruorenylides 
was therefore investigated involving thermal decom- 
position of 9diazofiuorene in the presence of a guanidine. 
When diazofluorene and .V,N’diphenylguanidine were 
melted together a high yield of fluorenone kctazinc was 
obtained but if copper bronze was added to the mixture a 
product (25: see later) was obtained in low yield (22%) 
whose composition corresponded with that of the ylidc or 
fluorcnyl compound (24, R = Ph). together with some 
fluorenonc kctaz&tc and bifluorcnylidcnc. Fluorenonc 
ketazine is known” IO be formed by reaction of 

quantities of bifluorenylidcne as the reaction temperature 
was raised. The very low temperature at which reaction 
ensues suggests that at any rate in this instance. carbenic 
decomposition of the diazo-compound is not the first step. 
Diazofluorene reacts with triphenylphosphine at room 
temperature IO give a phosphinazinc.’ and it seems 
possible that it reacts similarly with the letramelhyl- 
guanidine IO give an unstable adne 26 which decomposes 
IO give nitrogen plus the ylide which in turn either reacts 
with more diazocompound IO form the ketazinc. or 
decomposes IO give bifluorenylidene, with the latter 

reaction contributing more with increased temperature. 
Phosphinarjncs decompose when heated and in some 
cases phosphonium ylides have been isolated.g”’ 

Compound (24, R = Ph) showed no ylide-like proper- 
ties. for example it was decomposed by acid and did not 
undergo a Wittig-type reaction with nitrosobenzene. 
Cnlikc (24. RR = -(CHz)I-).” and the diphenyl- 
thiouronium analoguc 3d but like the selenium analogue 
23, this aryl derivative (U. R = Ph) thus apparently 
effectively exists entirely in the non-ylide tautomeric 
form. 

24 25 

Pdiazofluorenc with some Ruorenylides so it seems likely Again the totally different properties of the N.N.N’.N’- 
that in the absence of catalyst, as soon as any ylide is tetramethyl derivative 27, which must perforce have an 
formed it reacts further with undecomposed diazoflu- ylide structure, may be noted; this difference is in 
orene. In accord with this suggestion, if product 25 was complete accord with the previously mentioned difference 
kept with diazofluorene at room lemperature for several between tetra-N-substituted and N.N’-disubstituted 
weeks, fluorenone ketadne was formed. thiouronium ylidcs. 

Because of the low yield of 25 an alternative mode of 
preparation, by the reaction of 9aminofluorene with 
N.N’diphenylcarbodiimide. generated in situ by reaction 
of S-methyl-N.N’diphenyliJothiourea with silver ni- 

lratc,m was investigated. This gave a good yield of a 
product which also analysed correctly for (24, R = Ph) but 
which was different from product 25 Its mode of 
formation made it likely that it indeed had a structure 24, 
which in turn suggests that the product got from 
diazoftuorene had the isomeric structure 25. Evidence to 
support this comes from the mass spectra of the two 
compounds, for 25 shows a fragment peak corresponding 
IO N-phenyL9aminoguanidine. while no such peak 
occurs in the spectrum of 24. II is surprising that reaction 
should take place at the more hindered and less 
nucleophilic nitrogen atom IO give 2!? but attack on such a 
nitrogen atom is evidently feasible since 9-diazofluorene 
reacts similarly with sym-triphenylguanidine. 

-AL 

Li& petroleum refers IO alkane fraction b p @MO’ unkss 
othenurse stated. Column chromatography was carried OUI on either 
actrvated alumina, rypc H (1001200 mesh) or on silica gel. grade 
MO. Thin-layer chromatograms (TLC) were run on sihca coarcd 
plates. MS Kieselgel G. .Sampks anafyscd by means of molecular 
werght determinatrons were pure (TLC. spectra) unkss othenvisc 
indicated. Electronic spectra were recorded in methanolic solution 
unless stated otherwise. AU m.ps are uncorrcc~cd. Tctrahydrofuran 
was distilled from LiAIH,. 

When diazofluorene is heated with guanidine in the 
presence of copper bronze fluorenone ketazine alone was 
isolated. probably formed via the ylide: in the absence of 
catalyst reaction proceeded explosively. 

With N.N.N’.N’-tetramethylguanidine in the presence 
of copper bronze reaction took place even at -20”. 
Fluorenonc ketazine was again formed, in almost 
quantitative yield at - 20”. and accompanied by increasing 

S-@Ruorrnyl)iwthiouroniYm rohr. Equimolar amounts of 9. 
bromofluorene and the appropriate thiourea in ethanol (co. 15 ml 
solvent/O.01 mol of reactants) were heated under rcflux for the 
times indicated below. If the thiouronium salt did no1 precipitate 
on cooling the solution was concentrated in c4cuo. The prc- 
crpitated bromide was filtered off. washed well with ether, and 
recrystahiscd from rr~rhanol or ethanol. Perchlorates were pre. 
pared by adding an equimolar amount of pcrchloti acid (70%) to 
a slurry of the bromide m methanol. The mixture was lkn 
warmed until the solid had dissolved. If the perchlorate did not 
separate OUI when Ihe mixture was cooled a small amount of 
water was added IO assist 11s prccipiMon. Perchlorates were 
rccrystalhscd from methanol. By this means the following flu- 
orcnylbothiouronium salts were wepared: h’-un~ubrfirufed 
b&idc 11 (I5 min) m.p. 216219’ f96Jb)‘fFcund: C. 52.3; H. 4.0; 
N. 8.7. C,,H,,BrN$ requues: C. 52.3; H. 4.0: N. R.755); h’- 
unrubrriufed prrchlomrc. m.p. IU-147 (47%) (Found: C. 49.0; 
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H. 3.9; N. 8.2. C,.H,,CIN,O,S requires: C. 49.3; H. 3.8; S. 8 2%). 

S.N’-dimethyl bromide lb (1 h). mp. 9%IlW (86%); S.S’- 

dimethyl perch/orate. m.p. 65-72 (56%) (Found: C. 51.6: H. 4.8. 
Ei. 7.~. C,.H,,ClN,O.S requires: C. 52.1; H. 4.6: N. 7.6%); 

M.N’-nhyfmr bromide Ic (15 min). m.p. 232-2W (%%); N.N’. 

rrhykru prrrhlorare. m.p. 202-2W (86%) (ylide analysed): N.N’- 
diphmyl bmmidt Id (30 min; prccipirarcd by excess ether). m.p. 
167-169’ (89%) (Found: C. 65.5: H. 4.7; K. 5.7. CrHI,BrS,S 

requires: C. 6S.9; H. 4.4; P;. 5.9%): N-phnyl bromide Ic (30 min). 
m.p 164-M’ (79%) (ylide analysed); N-methyl-N’-pknyl 

bromide If (3Omin). m.p. 197-2W (95%) (Found: C. 61.2; H. 4.9; 
N. 6.9 C,,H,.BrNJ requires. C 61 3; H. 4.7; N. 6.8%): 
N.N.N’.S’-mramnhyl bromide I# (9Omin). converted in siru 

mto pcrrhlurafr. m.p. 167-16Y (64%) (Found: C. 54.3: H. 5.4; N. 
7.2. C,.H,,CIN,O.S requires: C. 54.5; H. 5.3; S. 7.1%). Specrra 
are listed in Tables 1 and 2. Yields for perchlorates are overall 
yields from bromofluorene. 

S~(?.3,4~Triphcny/c~c/vpcnradun~/)~sorh1ouronium salrr. Fqui- 

molar quanriGcs of khlore (0~ 5-bromo-) 2.3.4tnphcnyl- 
cyclopentadienc’” and the rhiourea in ethanol (60-70ml sol- 
ven~10.01 mol of reactants) were healed under reflux for the 
times specikd. The bar solution was dIrered and cooled. If the 
rhmuronium sah did nof precipitate rhe solution was concen. 
trared in cacuo. ether was added and rhc mixture was stirred IO 
prccipctak the salr. When necessary the halide salrs were purikd 
hy rtprtcipilallon from clhalnok solution hy elher. Picrales were 
prepared by addition of an cqtumolar quantity of a saturated 
mcthanolic solution of pkric acid IO a hot saturated solurlon of 
~hc chlor+dc in m&and. When lc solutions cooled the picrarcs 
separated and were recrysrallised from methanol. A perchlorarc 
was prepared rimdarly ukg perchI& acid (70%). The following 
UIIS were prepared in this way: S-unsubsfirurtd rhlotidc (6 
days). m.p. I!.(’ (dccomp) (74%): N.unrubrfiruftd bromidr (30 
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mitt). m.p. 170-185’ (71%) (Found: C. 63.7; H. 4.8; K. 6 I 
C,H,,BrN,S requires: C. 64.1; H. 4.7: N. 6.2%): N-unrubJrifufrd 

pirmlr. m.p. 1~2Ql”. A,. 235. 341. 410 (sh) nm flog c = 4 48. 

4.53. -). r([‘H.]DMSO) 0.92 (s. 2H). 2.82 fm. l!H). 5.93 (m. IH). 
6.48 (m. IH) (Found: C. 59.9; H. 3.7: S. 11.5. C.,H,,h’,O,S 
requires: C. 60.3; H. 3.8; N. 11.7%); N.S’-dimethyl rhlotidc (6 

days). m.p. 2Q4-2Dp (70%) I ([‘H.]DMSO) 2.80 (m. l6H). 5.92 (I. 
IH). 6.61 (s. 2H). 7.0s (m. 6H); N.N’.dimefhy/ pirmrr. m.p. 
ICS-IV?. A,. 235 sh. 347. 410 (sh) nm (loge = -. 4.32. -1. 
r(C’HCI,) 1.24 fs. 2H). 2.90 (m. l6H). 6.05 fs. IH). 65% fs. 2H). 
6.91 (m. 6H). light untirivc. (Found: N. 10.7. C,,HdJGS 
requires: N. 11.2%); N.h”cfhy/cnr rhlotidt (3 days). m.p. 2l& 

22C (96%) r([‘H.]DMSO) 2.84 (m. l6H). S.R (s. 2H). 6.13 (s. 
4H); P;.N’+fhy/mr picraft. m p. lU2-l84o. A,. 232 sh. 344 nm 
(loge = -. 4.37). (Found: C. 61.3; H. 4.0; N. 10.9. C,,H,,N,OJ 
requues: C. 61.6; H. 4.0; S. II.2%); S.S.N’.S’-wrmmtihy/ 

chloride (S days). m p 163-169” (64%); ti.N.N’.S’-/tfmmnhy/ 
perrhlomtr. m.p. 22&223’ (54% overall) A,.. 245. 262 sh. 340 nm 
loge = 4.32, -. 3.92). r(C’HCI,) 2 83 (m. I!H). 6.14 (5. 2H). 6.81 

(s. IZH) (Found: C. 63.8; H. 5.6: N. 5.2 C,H,.ClN,O.S requires, 

C. 64.1; H. !.?; h’. 5.3%) 
N.N’ . fXmrfhy/ . S . (2.3.4.5 - rrlrophtny/ryc/opnfadicny/)lso- 

rhiouronium bromide Prepared a\ the mphenylcyclopenradrenyl 
calls this pale yellow bromide (93%) had m.p. IS7-l7(P (from 
mcthanokther). A,. (ether) 247. 335 nm. r(C’HCI,) 2.82 (m. 

2OH). 3.89 (s. IH). 7 2 (m. 6H) 
RractionJ of S-~uortnyliwrhiouronium salfr wfh phenyl li- 

thium. (For spectra of products see Tables I and 2). 
(a) S-Fluorcnylborhiouronium pcrchlorate (R.IU g. 24 mmol) 

was dtssolved in dry rerrahydrofuran @I ml) A freshly prepared 
ethereal solution of phcnyl lithium fO.‘XM 26.6 ml. 24 mmol) w-a\ 
added with stirring and under a qlream of nitrogen The solulion 
was stirred for a further 20min. Solvent was then removed in 



Preparatmn and propertics of some Ihlouronmm fluorcnylides and cyclopent.sdIcnylrdcs 1387 

I’OCW and rhc resdue was cxtrac~cd with mcthylenc chloride 

(lOOmI) The extract was sashed with water (5 x lOOmI). dried 

(&SO,) and evaporated in cocuo. tiecdles (1.161) which 
precipitated were fdtcrcd off and washed with ether. Further 

removal of solvent and rrituration of [he residue with ether 

provided a further crop (I. I! g) whrch was filtered OR and washed 
wrth light pcrrol tb.p. 40-609 and then ether-light pc~rol (b.p 
40-W). To~al ywld of rhrouronium ~Yrronrryl~t k was 4Wi. m.p. 
120-12?” (Found: C. 698: H. 4.9; S. I1.X. C,,H,,N,S requires: C. 

700; H. 5.0; S. II 74). 
(bl N.N’-l)mrrh~lrhiovruninm @rortnylidc 3b tR3Ql. m.p. 

I I I-I 1” [from methykne chlondt-light pc~rol 1b.p. 49-60’)) was 
prepared In [he same way from the NJ’-dimethylthiouronium 

perchlorate (Found. C. 71 5; H. 6.1; N. 10.4. C,.H,.S,S requires: 
C. 71.6. H. 60: S. IO.JB). II was stored at -do”. 

(c) N.N’-Efh~lmnhiouwnium fluonnylidr k (68%). m.p 

101-101” was prepared similarly from Ihc .W’-cthykne- 
thiouronium perchlorate. (Fourv.l: C. 71.5: H. 5.0; N. 10.9 

C,.H,.NrS requires: C. 72 I; H. 5.2; N. 10.5%). II was stored a1 
-40” 

(dl N.S’-Diphtnylfhiouronivm fluonnrlidr 36 t839b) prepared 

similarly from rhc .V.N’dIphcnylIhtouronium bromide had m.p 
125-12~ (Found: C. 79 3; H. 5.0: K. 7.3 C,H,N$ requires: C. 
79.6, H. 5.1: N. 7.14). 

RearlIons o/ S-puonn!_/i\ofhir~un~nrum solfr with rnrrhylomtnr. 

(For spectra of products WC Tables I and 2). 

(a) Triethylaminc (0.3 ml. 2.2 mmol) was added IO a solulion of 
S-Ruorenyl-N.iV’-diphenylthiouronrum bromtde 19-W mg. 2 mmol) 

in methanol (7 ml). The precipated sohd was filtered OR 
immediately and washed with methanol (730 mg. 949). II had m.p. 

I?(LlW and tias identical to [he ylidc 3d prepared by [he use of 
phcnyl lithium. 

(b) Tnethylamine (I ? ml. co. I I mmol) was added lo a slurry of 

S-flul)rcnyl-.~-phenylrcoth~ouronium bromide t3.97 g. IO mmol) In 
merhanol (IO ml) A Iransienf ckar solution resulted but t-6 
phmylfhtouwnium fluonnylrdt k soon prccipuatcd and was 
filtered off and washed with a small amount of methanol (2.9g. 

m). m.p I20-l2P (from methanol) tFcntnd: C. 75.8: H. 5.3: N. 
90. C,H,.N,F requires: C. 76.0. H. 5.1. K. 9.m). 

tc) Tncthylammc (I.5 ml. co II mmol) was added IO a warm 
roluuon of S~Ruorenyl-h’~meIhyl~.~‘~phcnylthmuronium bromide 

(4 II g. IOmmol) in rarm methanol 13Oml). When the solulmn 
cooled nccdle~ of S.mefhvl-N’-phnylfhil~uwntum ~uortnylidt W 

formed and were filrcrcd otT and washed with methanol (2 8 g. 
U!R). m.p I45-I4P (Found: C. 76.4. H. 5.7; N. 8.4. C,,H,,N,S 

requires: C. 76.3. tf. !.C. N. 8.5sC). 
(‘ycloptnnraditnylidts. The yldcs C. 4b and 5 were prepared by 

addmon of an ethtrcal solutmn of phcnyl hthium (co. I-l.3M. 
2 2 mmol) IO a ~urpcnsion of the appropriate thiouronium sah 
(!mmol) In dry Ietrahvdrofuran and [he solutions were used 
Immediately. 

!.3.J-Tnphtnylrycbpcnnradi~ylfhi~~l. S-~2.3.4~Tnphenylcyclo- 
pcnIadIcnyl)Ihiuoronrum hromide (400 mg. I mmoll uas dis- 
solved In I-butanol (70ml) and a solution of potassium 

I.butorIde (O.!g porasrium in I ml t.butanoll was added The 
throl separated as a yellow solid (90 mp. 2%x). m.p. 19~l%‘(from 

benzene-hghr pctrokum (1: I)]. A kss pure product t4456) was 
obtamcd when aqueous sodium hydroxide was used as base. 
(Found (‘. 83.5: H. !.4. h’. 00 (‘,,H,.S requires C. II4 6; H. 

5 5: N.O.O?f). 
.Qrtmprcd prrporationr of ylidts C. 4d. (a) .Si2.3.4Tri- 

phenylcyclopentadIenyl~.~.~~.~~‘,.~’-IeIramethylthiouronIum pcr- 
chlorate Il.05 g, 2 mmol) was trcatcd wuh an efhtrcal coluuon of 
phcnyl lithrum II.06 MI. 2.05 ml. ?.?mmol). A red sohd was 
obtained on tnturarion with ether. II was washed with ether and 
reprccIpitated from methyknc chlonde by ether IO grve a product 
possibly (r. (22Omg. 26%) m.p. 146155’ Idecomp.1. r (C’HCI,) 
2.93 tm. l6H). 7 I6 (m. I2H) (Found: Y 422.181. C,H,.N,S 
requires. 422.182) 

tb) Ethereal phenyl lithmm (0 MI. 4.5 ml. 3.85 mmoll wa\ 
added IO a suspnsron of .9~2.3.CInphenylcyclopcn~ 
tadicnyl)thIouronium chlonde tl 4Og. 3 5 mmol) in dry tetra- 
hydrofuran. ‘The solutLn was stirred for 20 min and solvent was 
then removed in I (ICUO ??K residue was dissolved us mcthylenc 

chloride and dried (Mg.SO.). Removal of [he solvent MI a residue 

which, on tritttration with e&r-light pctrokum (b.p 40-609 II :6) 

(80 ml) gave a pale yellow solid. possibly 6b (950 mg. 7196). m.p. 

l?>l63’ (decomp.). r (C’HCI,) 2.88 (m). 6.3 (br s). (Found: M 

366.118. C,.H,.N,S requires: 366 119). 
Reaction o/ y/r& k nirh bm:yl bwmidt. Rcnzyl bromide 

(I. I3 g. 6.6 mmol) was added IO a solution of lhc yhdc 3c ( I .60 g. 
6 mmol) In ether (5Oml) and the mIxtwe was kept at room 
Iempcrature for I6 days. A solid was filtered off t4OOmg. 14%) 
m.p. IXP (decomp) whose mass spectrum suggested it was the 
S_(9-bcnrylfluorenyl)thiouronium sah 8 [intense fragment peak at 
m/r 2-U. I IO; fulvenc 9 requires M 254. I IO]. r I’H,-DMSO) 2.05 

tm. SH). 2.42 (m. 8H). 6.00 (s. 4H). 6 16 cd. 2H). 
Hrocrions of ~?uorrrrylirfer m*ifh aldthydes or krrones In general 

a solution of cquimolar quantities of ~hc ylrdt and aldehyde or 
ketone in mcrhykne chlondc were kept a1 room temperalure for 
the times litred in Table 4. wherein yields arc also given A typrcal 

example (a) is given. 
(a) Ylide 3c and p-nitrobcnzaklchydc. After 20 h the solution 

was washed thrice with vvatcr and drscd t.WgSO.). The aqueous 
washings were evaporated in tacuo IO give .V.N’~thylcneurea 

WX). Removal of mcthykne chlondc in rr~cuo gave yellow 
crytrals of p-nitrobcnzylidcncfluorcne (a). m p. (from ethanol) 
and mixed m.p. 166-168”. An insoluble pale yellow residue from 

the rccrystallisation was washed well with ethanol to gtve sulphur 
(8%) (M 255 781. S requires 255.777; concct breakdown pattern). 

(hhcr reactions hsted in Table 4 were conducted similarly but 
sometimes. In ~hc cases listed below. mod&d work-up pro- 

cedures were required. 
(b) Ylide 34 and p-nItrobcnzaldehydc. A solution of the ylidc 

(980 mg. ! 5 mmol) and p-nitroknraldchydc (378 mg. 2.5 mmol) in 
carbon tetrachloride (25 ml) was heated under reflux for 3 days. 
The solutton was filtered and solvent was evaporated in Iacuo. 

The yellow res1du.t war dlssolvcd m benzene (3 ml) and applied lo 

an alumina column prepared with benzene-light petroleum (I : I). 
Elution with thIs solvent gave an orange band of bifluorcnyhdcnc 
IX mg. co. 1%) followed by a yellow band. which after removal of 

solvent and trituratmn with ethanol gave yellow crystals of 
p-nitrobcnzylidemtluorcne 1m.p. and m.m.p lWl6h’). 

(c) Ylide C and p-anisaldchyde. The crude product uas 
chromatographcd on alumina with benzene as solvent and elwnt 

IO provide p-methoxyhen~ylidcnefluorenc. m.p I2s-128’ (from 
acetic acid) (III l~l29P.” 

Wcarrwn of rc~raphnylc,vcloptnradienylidr 5 with p 

nitwbmzaldchhvdt A soln of rhc ylide (3 mmol) In tetrahydrofuran 

was freshly prepared. p-N(rtrobcnzaldchyde (453 mg. 3 mmol) was 
added IO the stirred solution. Stirring was continued for a further 
2 h and the solurion was then kept for I6 h. Solvent was removed 
in L’UCUO and [he resrduc was dissolved In methyknc chloride. The 

solution was washed four times with vvatcr. dried (MgSO.) and 
evaporaIcd in WCUO. This residue was chromatographcd on sdrca 
gel with bcnrenc-lrght petroleum (I: I) as eluant IO give 

6-p-nifrobenzyldcnc-1.2.3.4~tctaphcnylfulvenc (5 mg 0 39). 
idcnlical tm.p.. m.m.p.) with an authentic sampk 1.H 503 I89 Cak. 

for C,H,,NO, 503.188) 
Rracrions o/ rriphtnylcyrloptnrad~~n~lidrs 4. & mirh aldt- 

hydts. (a) A solution of the ylidc 4x in tctrahgdrofuran was 

prepared from 11s hydrochloride (3.02 g, 7 mmol) and an ethereal 
solurion of phcnyl lithmm (I.20 M. 7 Oml. R.4mmoll. p- 

Nitrobcnzaldehydc (1.06g. 7 mmol) was added. with strrring. 
Sturing was continued for 2 hr and the solution was kep1 

overnight. Solvent was evaporated in racuo and a solution of Ihc 
residue In mcthylene chloride (SOmI) was washed wv,th waIcr 
(4x 75 ml) and drrcd (MgSO.). Solvent was removed and a 
solution of the resduc in the mimmum quanttty of bcnrcne was 
applied IO an alumina column. Elution with benzene-light 
petroleum (I : 2) brought OR an unidcntrfied green product I.(0 mp) 
insoluble in common solvents ln~~ tolubk in tritluoroacetic acrd 
giving a purple solution. followed by a brown product which was 
tnturated wrth methanol IO give 6.p-mtrophenyl-2.3.4Iriphenyl- 
fulvene (20 mg. 0 7%) m p. and m.m.p. with an authcnt~ sample. 
145-151’. Henrcne-light petroleum (3.1) then brought off an 
orange product (I40 mg. 3.7%) believed IO be IIW pscudoa:u/nt 

12. m.p 263-264’Urom benzene then nitromethane). A,. tCHCI,l 



394 nm (Iogt = 4.06). I (TFA) 2.82 (m. 19H). 6.82 (5. 3H). 6.87 (5. 
3H) (Found: N. 7 %?: M (27.166 C,,H,,N,O,S requires K. 8.0%. 
M 527.16il. 

lb) The glide 4b (2 mmol) wa\ prepared and rcacrcd wirh 

p-nIIrobcn~aldehyde (2 mmol) as in (al. (‘hromarography of the 
producI lalumina/mcIhyknc chloride) provided red-brown 
crysralc (135 mg. 13%) believed IO bc the hrrrrocycft 13. m.p. 

279-286’. Y,. (lG~jol) ICI? lY5cm I, I (TFA) 2 78 (m. l9H). 
5 79 (s. 4H) (Found: \f !?!.lCO. C,,H,,h’.O,S requires: M 

!?C 151). followed by 6.p.niIrophenyl-2.3.4-uiphcnylfulvcne 
(2Omg. 2%). m.p and m m.p. 165-l??. Men Ihe reaction 

mixlure was kep1 for 3 day\. the yield of 13 rose IO 32% and ir 
could be irolarcd merely by evaporaung the meIhyknc chloride 
snluIion and InIuraImg rhe residue wirh acelone 

(cl A soluIion of the ylidc 4b (7 5 mmoll and p-amsaldchydc 
(7.S mmol) in lelrahydrofurdn was kept for 5 weeks. Chroma- 

tography on alumina with bcncenc-hgh1 petroleum (I :?) provided 
bp-anisbl-2.3.4-Iriphcnylfulvcnc (IO mg. 0 3%). m.p. 1?4+1!0” 
(Found: M 412.182. (‘,,H,.O requires: M 412.183). and wirh 

bcnrene-cIher (95 : 5) a red producr presumed IO he rhc analw 
of I3 (14Omg. 3.7%). m.p. 2%265’ (Found: M !lO.l76. 

C,.H,.S,OS requires: M 510.176). 
I)rh~drogtnofion oj producr 13 A sohmon of 13 (790 mg. 

I.! mmol) and chloranil (738 mg. 3 mmoll in Ioluene (25 ml) was 

healed under r&x for I6 hr. lbc solurion was filrered ho1 and Ihc 
residue was washed wIIh bcnzcne unIil the washings were 

colourkss. The combined hhrak and washings were esaporakd in 

coruo and rhe resIduc was ChromaIographcd on alumina. 

MeIhylcne chloride brough1 off the hcrtroonnulmc 14 (120mg. 

15%) m.p 299-301’ (from niIromcIhancl. A,.. (CHCM 289. 376. 
52Onm (loge = 4.49.4 I!. 2.91). Y,. (Nujoll 1520. 13SOcm ‘. I 
(C’HCI,) 2.85 (m). (TFA) 2.70 (m) (Found: N. 8.0%; M 523.136. 

C,,H,,N,OIS requires. N. 8.0%; U 523.135). 
Rtorrionr o/ fluonnylidrs wirh nitmsobmxnr. (a) A soln of 

mlrosobcnzene (320 mg. 3 mmoll in elhcr-benzene (1: I) (25 mll 
was added IO a solurion of yhde 3c (MO mg. 3 mmoll in erher 
(30 ml). AfIer IO mm Ihc solvenl was removed in UICUO and Ihc 
residue was dissolved in meIhylcne chloride (50 ml). This soluuon 

was washed wiIh waler (2 x 30 ml). drKd (MgS0.l and evaporarcd 
rn WCUO. The resduc crysralliscd when cooled and was the anil 
oxide 15 (Wmg. 72%). m.p. 19Ll9.(’ (from erhanol) (III m.p. 

18%191°ml U’hen a timdar reaction was carried OUI in benzene. 
afIer 3 weeks crysIals of S.N-eIh~knc1hiourea (I30 mg. 61%) 

separalcd OUI. and the anil oxide (78%) was also obIained. 
(b) A solution of the ylidc 3d WOmg. 2.C mmol) and 

nirrorobcnzenc (270 mg. 2.5 mmol) In mcrhykne chloride (20 ml) 
was kcpr a1 room IempcraIurc for 24 hr. Ihcn concenrrakd tn 

racuo and chromatographcd ~alumina/meIhyknc chloride). In 
Ium Ihis provided unreacred ylidc (30 mg. 3%). 1hc anil oxide 15 

(460 mg. 69%) and .V.M’-diphcnylthiourea (260 mg. 44%). 
Rtacrron o/ Irrruphm~lr~rloptnradirn~l~r 5 with nirmrobn- 

:“L NIIrosobcnrenc (SJ mp. 0.5 mmol) uac added IO a freshly 
prepared soln of Ihe ylide 10 5 mmol) In chloroform. Chroma- 

Iography of the reacrlon mIxIure on alumina with henrem-IighI 
pelrokum as cluanl provided (i) M-phcnyl-2.3.45 
IctraphenylcyclopcnIadicnone anil (15 mg. 6.5%). m.p. (from 

mcrhanol) and mixed m.p. ?X!?F!?T. (ii) 2.3.4.5 
IeIraphcnylcyclopcnIad~enone (30 mg, 16%). m.p. (from methanol) 
and mixed m.p. !I!-219’. and wlrh benzene as eluanr provded 
N-phcnbl-2.3.45IcIraphcnylcyclopcnIadienonc keIoxImt (30 
mg. I! 5%). m p. (from I.propanol) and mixed m.p. 219-221”. 

Rtocfion of Iriphtn~lcyrlopmrodicnylidr 8 xirh nirmsobrn- 
:mr tGiIrosobcnzcne (IlOmg. I mmoll was added IO a freshly 
prepared soluIion of rhe ylidc (I mmol) in chloroform. Ex- 
aminalion of the resulIan1 roluIion by TLC showed IhaI no trace 
of 2,3,&1riphenylcyclopenradicnone anil or anil oxide was prcscnr. 
AfIer 75 mm the soluIIon *as chromarographed on alumina and 
methylem chloride hrougbr off a deep blue producl (55 mu. 
14.5%). r (C’HCI,) 2.9 (m). which. afrer 1nIura1ion with meihanol 
had m.p. I)!-147 and had hi corresponding 10 a dimer of 1hc anil 
less 2 hydrogen aIoms (Found- M 764.317. CuHoN, requires: M 
764319). 

Rcorrion o/ ylidr 3e rifh dimrthgl orrryltntdirorhoxvlaIr A 
soln of the )-Me (800 mg. 3 mmol) and Ihe actIyknr esIer (470 mg. 

3.3 mmoll in chloroform (IS ml) was healed under relux for I4 hr. 
Afrer cvaporaIIon of rhc solvcn1 in ctacuo Ihe residue was 
dissolved in the minimum quantity of bcn?enc and applied IO an 
alumina column. EluIion wiIh bcntenc-IighI peIrokum (I : I) 
provided an unidcnIificd orange solid (3s mg). m.p. 97-Io(p. and 
IcIrahydrofuran hroughr off the buff ryrlooddurf I6 (80 mg. 6%) 
m.p. II(P (decomp). T (C’HCI,) ?.SO (m. 8H). 6.15 (m. IOH) (M 
408.114. C,,H,N,O. requires: M 408.114). 

~yrlop~r~nr-3.J-b~s~N.N’-~rhylmrisorhiouronurm~dibmmidr 
19. A solurron ol 3.5JlbromocycbpcnIcnc (0 1 mol1 in chloroform 
!I ml). prepared from cyclopcntadIcnr and bromine in chloro. 

form. was added IO a suspension of N.S’-cIhylcneIh~ourea (20.4 g, 
0.2 mol) In methanol (2WJmll. The mixture was healed under 

r&x for I hr. Removal of solvent In coruo left a residue uhich 
ua\ diswlvcd in cold waler (33 ml) ‘llx \olurron txa< washed 
wiIh mcthylcnc chloride I? x IW ml). S&en1 uac removed in 
toruo and the VI~~IS restdue uas stirred wlIh acetone. 

C~\Ialh\aIion was compleIcd m I hr. ‘Ihe crysrals were lihcrcd 
off. dissolved m the minimum amount of mcrhanol and 
reprccipltakd hy cxccss erher. The precipirak was filtered off 

and sashed uirh erhcr IO give the dibromrdr ( 18.0~. 42’Xl. m.p 

IT-IW (from mcIha&). A.... 222 nm (1m-e L 4.!!1. I 
II’H.II)JtSO) 3.72 (s. 2H). 4.95 (d. 2H. I ‘- 8Hr). 6.08 (1. 8Hl. 
f&-i%. ?H) II:wnd: C. 30.6; H. 4.2; 5. 129. C,,H,.Br,S.S, 
requires: C. w) 7, H. 4 2; N. 13 0%) 

Reocrlon of Ihe dibmmidr 19 unh IrIcIhylamIne. Trtcth~lamme 

(I.1 ml. Rmmol) was added dropuiu IO a soluIion of Ihc 
drbromide ( I.92 g, 4 mmolj In uarm mcIhand (IO ml). ‘fbc wln 

was cooled und ~hc precipIIaIc uas fihcrcd off and washed u_lIh 
merhanol and clhcr In give 3.‘.bir-(~,.N’.rrh~lnP)isoIhlourct- 

dorvrfopmrmr 20 1710 mg. 665). m.p. lWl55’ (dccomp.) (from 
much crhanol~. virtually Insoluble in all common solvenls. (Found: 
C.48.9; H. 6 3: N. to’%; M 166.056. C,,H:.h’.S, rcquIres’C.49.2. 

H. 6.0. N. 209%: M 166.056). 
N.f~7uor~n~/-S’.N..diph~n~f~~~~nou~~~ 23. A soluIIon of %‘.S’. 

diphen~lscknourca (82s mg. 3 mmoll and 9-hromolluorcne 

(735 mg. 3 mmol) In ethanol (IO ml) was healed under r&x for 
I! mm and Ihcn fihered and cvaporarcd in racuo. EIhcr (15 ml) 
uas added IO the residual glass which crysIallIscd overnigh IO 
give rhc slightly hyqoscopic pak yellow &nnoumnurm bmmidr 
21 Il.O!g. 68Rr). m.p 135-140’ (from c1hadL AddIIion of 

e~handc plcrlc acid IO a soln of this bromldc In ethanol. folloucd 
by erhcr. precipltakd Ihe pirmrt. m.p I44-147. which on 
aIIcmpIcd recrysIalli\aIion from accIomIr~le decomposed IO grbc 
rhc scknourca 23. ‘TrcaImcnI of a soluuon of Ihc bromide 21 lro 
X0 mgl in a mirumal quanIiIy of chanol with IrieIhylammc ( I ml1 
precipilatcd Ihc selenourca 23 1230 mg. 40%). m.p. l30-IP (from 

erhanoll. A _.. 22?. 275 sh. 3lOsh (loge = 4%. -. -.I. I (C’HCI,) 
?.?2 (m. l8H). 4.3 (br. s. IH). 4.?4 and 4.92 (s. IH) (Found: C.-0.8; 

H. 48: S. 6.4. C%H,N:Sc requires: C. ?l.l: H. 4.6; K. 6.4%). 
%‘hen a solution of Ihis sclenourca Ice. 30 mg) and nirrosoobcnzenc 
(co 30mgl in chloroform (2 ml) uas kcp1 a1 room Icmperalurc for 
4 uccks. Tl.C showed 1ha1 cxIentive dccomposiIIon had taken 

place. bu1 no arul oxide or anil had been formed. 
N.~‘.Rhvltnr-N’-puonn!_fglronidinium sa/rs. A soln of .v.%‘. 

cthylcne-S-mcIhylisoIh~uronium iodide (4.88 g. 20 mmol) and 
9.ammoAuorene (5.43 g, 30 mmol) in erhanol (100 ml) uas heared 

under reflux for 30 h. Thz roln was Ihen evaporated in coruo 10 co. 
Xl ml. EIhcr 1~3 ml) u-as added to the cooled win and a srlcky 
sohd uas dcpostrcd on the ualls of the flask. The clhcr wu poured 
ot7 and IriIuraIion of rhe deposir u-iIh acelone (10 ml) afforded 
crjslals of N.N’-tfhvlmr-N’.puo~n~~guunidtnium rodidc (I.25 g. 
1%). m.p ?.(%26? Ifrom merhanol). ‘fbc iodide (377 mg. I mmol) 
uas dissolved in rhc mmimum amount of her melhanoI and a soln 
of prcrlc acid (230 mg. I mmoll dissolved in rhc minimum amounl 
of ho1 mcrhanol uas added. Cry%& of Ihe ptrmrc xparalcd. m.p. 
204-20” (from meIhanol~. A _. 22C.233.256.262 nm tlog e = 4.50, 
4 SO. 4.25. 4 76). 7 I’H,-DMSO) 1.44 (5. 2H). 2.46 cm. RH). 4.26 Is. 
1H). 6 25 1%. 4tll IFourtd: C. 55.0; H. 3.X; N. I:.?. C:.H-.N.O. 

requlrrs: C. 55 2: H. 3.8; N. 17 SQl. 
N.N’-Efhylmr-N’-~uorcn~/Kuonidinr 24; RR rz l tCH:)r-. M.S’- 

Elhylenc-S--fluorcnylguani&nIum iodrde (12.8 g. 34 mmoll uas 
suspended In dr) IcIrahydrofuran (200 ml) and a freshly prepared 
clhereal soln of phenyl hrhtum (I. IOM. !I ml. 34 mrnol) uas added. 



Prcpamtron and propcnw of wmc rhiouronrum tluorcn}lidc5 .md c!clopcnl;~dwn}hde\ 13u9 

with \rlning. After 10 mm solvent uar evaporztcd in r’ucuc~ and 

rhc residue uas diswl\cd m chloroform tZ.Mml) ‘This \oln uas 

ua$hcd urlh water (4 x 250 ml) and drrcd (MgS0.I Removal of 

solvrnr in wcuo left a solid which was washed with ether IO grvc 

the borr 24. RR. +ZH,):- (4.35 R. 534). m.p. 225_23(P (dccompl 
(scaled ~ubc). I (C’HCI,) 2 44 (m. RHL4.45 (hr. s. 3H). 6.84 fs. JH) 
(M 249 126. (‘,,H,,h’, rcauircx M ?49.1!6). This compound 
d&ompovd la& qutckly when \rorcd in I’UCYO a~ ‘room 
temperalure. bum could IX kept for a longer 11me al - 40”. With an 
cquimolar amount of picnc acid m methanol II gave a p~crarc. m.p. 
l9!-IW. idcnrical with an authcnlrc sample. 

Heocf~on~ of 9~diu:oJ?uorcne wirh ~uonidinrs. ‘The guarudmc 
(6 mmoll. Y-dwofluorcrw (3 mmol) and copper bronrc (?Cg mg) 

wrc ground logerhcr and rhcn pun inlo a tlaxk which us flushed 
with ox!pen-free rurropcn and plunged into an oil bath al Ihe 
rcmpcrarurc mcnrmncd and heated for ~t+c stated ~unc. ‘The 
rcsduc uac Jl\wlvcd m chloroform (25 ml). hlrcrcd and fhcn 

evaporaled m ~‘urw~ Ether ((ml) was added IO ~hc rcslduc 

causing Ruurcnone kclacinc (A) IO bc preclpifarcd. II ua< 
filtcrcd of7 Crysds of unrcactcd ar!Iguaniduwc wpararcd from 

rhe 611ra1e The reGlual solution U= evaporated in I’(ICYO and on 
addition of melhanoI b&mrenylidcnc (B) wpararcd. Rcmo\al of 
methanol from Ihe filrrabz and Irwrarmn with ether-hghl 

pcrroleum (h.p. Jo-Mel afTordcd rhc Auorcn)lguarudinc Bath 
rempcrarurcc. rimes and producl> uerc as follow: 1,) from 

$..~‘.drphen!l~nIdlne. 142”. IO mm. A IY?. B??cr. N-j?uoreny/. 
h’.N’.diphrnvl.~uuaidine 25 (?gr,). m.p 139-141’ tfrom mcrhanol). 
A _., 231. 263. _X 3OlInm (loge - 4 2. 4.33. 3.61. 3.43). I 

(C’HCI.) 2.Y fm. I#{). 3.65 rbr \. IH). 4 2 rbr \. IH). 5.6 (br. 5. 

IH) (Found C. R?.Y: H. !.3. Y. II 0. C,H: S, requires- C. 83 I; 
H. 5.6; N. I I 55); (b) from .V-methyl-.V’.N’diplwwl~uanldinc, 
138Ll-IJo”. C mm. A IOr;. B IV. Cc) f&m svm. trr~hcn)I&rudme. 
IM- IJ?. 4 min. B -Xi. N.puonnv/.S.N’.N’.rriphm!-lyuonlclinr 
(-57). m.p. IIR-135” ($1 151 205. C.:H:.S, requrrec: 4~1.2051. rd) 

from guarudme. 115 I??. IOmin. A 24%. (cl from S..V.X’..V’. 
rcrramcrh~l~uan~d~nc, 60 .70’. 4: mm. A 33”r. H .3@7: CF. 1% mm. 
A !RCk. B 25?: - 20”. 24 hr. A 7775. B (yb. 

S.I~u~,ren!-/-S’.h-.drphmr_IRuonidlne IN: R:Ph) 9. 
Ammofluorcnc (5 44 g. !C mmol) uas added II) a win of 
drphcn)Icartwdi.lmidc (25 mmol) In dimcthylformamldc.~ .md 

when all rhc ammc had bccn di\\olvcd h) thakmg ~hc mlxrurc. II 
ua$ kcpr at .(o-55’ for 16 hr. II uas Ihen poured into ualcr 
(NMrnml,. made won& bs\ic (pH > I?) with aqucou, sodium 

hydroxrdc (UTr. (-<I .3OmlL and kept overnight S~f+wren~/. 
N .h’-.Jiph~~v/.~uunidine (4.2 g. 45%) u ac filrcrcd off. u-a&d u I!h 
ho1 mcrhanol and dried. and had m p 16<-166’ (from bcnzenc). 
A ‘9. 263. 295 \h. UK nm flope = 4.45. 4.41. -. 3.60). r f.. -- 
(C’HCI,) 2 ‘0 (m. IUHI. 3 53 (5. IHI. 5 6 (hr s, IHI ~~GJu-MJ: C. 
R!. I, H. 5 5: N. I I.0 C..,H,,h’. requires. C. 83 I. H. 5.6: N. I I._?? I_ 

Ac~no*-/tdRmrtnrj--H’e arc grateful IO Mr. C Slrllcr and Mrs. ht 
Smith for dctcrmmrng. rcspccwcly. rhc mssc and h’blR \pccrra. 

and lo rhc L’nwrcrl) of 0 Andreu\ for a Rcxarch Srudcn!\hrp 
II0 K W.&l.). 
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