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Abdmt-Tbs mction of 9-hydroxy-l-pbenalcmmc with A@ and alkyliodh gives the u j9-kcto-cthcrs 
from which synthetic @ways have been devised to isolate llad chpncterise some nitrogen and sulpbur 
deriv~es.AsintumediotesstobkpbenrleniumcPtionscanbeisdrtedbytbe~ad~-rubsoitotedI- 
pbenokaones with [(C&~O]‘BFI-. Whever poaaibk, a strong intnmokcukr H-band is formed between the l- 
end 9-substituents as shown by tbe low-field resonances of the respective hydragem ia the ‘H NMR and the 
StabSty of the campolmds towafds reduction. 

In connection with our research project on electron rich 
planar d’ complexes,’ the 1,9ditheterophenaleoes are of 
interest as p”teotial chelating ligands. PHydroxy-l- 
phenaleoooe, (l), can be regarded as a g-hydroxy- 
ketone and this has the same chelating group as the eool 
form of ZJ-peotanediooe (acac) and related compounds. 
Complexes of 1 have recently been synthesised ’ but 
attempts to prepare ligands and complexes of the poteo- 
tially more back-bonding N- and S-derivatives of 1 by 
methods analogous to those for other a- and g-hydroxy- 
ketones’ have so far failed.laJ 

The reason lies in the incorporation of the &late 
group into the well developed n-system of the polycycle. 
The very strong intramolecular H-bond greveots a 
oucleophilic substitution on l- or Ppositioo. Neverthe- 
less, it is possible to devise a synthetic pathway leading 
to the replacement of oxygen by the more polarisable N 
and S atoms. 

1 

HNfCH& 

a: I?* CH, 

b: R* GHs 

We have found that the Paikoxy-l-phenaleoone8(~ 
d),canbefonnediahigbyieldsbyamodif?ed~/Al- 
kyl-I method.’ They provide convenient starting materi- 
als for further synthesis (Fig. 1). 

The /3-ketocthers quite readily undergo a oucleophilic 
substitutho by secondary or primary amines but do not 
react with ammonia. Primary alkylamioes give Palkyl- 
amin&phenalenones, (3a.d). the H-bond between N 
aod 0 preventing a further condensation with the 
oxygen. With ethmoiic dhethylamine cumpouds 08-d~ 
form 9dimethylaminol-phenalenone, (4), which can be 
converted with Hz!3 into Pthiolo-l-phenalenooe, (5). 
Again, the exchange of the second oxygen can not be 
achieved by oucleophilic substitution. This is prevented 
either by the strong H-bond-as in cases of 3 and Lr 
by the single bonded substitueot -as in 4 for iostance- 
being removed by amioolysis or thiolysis. 

1 lC$513O’BFi 

c: R*n-QHp 

d: R l I -C,H, 

5 7a.d.d 80, d 
Fig. 1. Rcactbn scbemc for substitmkn at the l- ~IXI 9-@ticms of Phydroxy-1.pbeaakmc. 
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McGeachin has shown that /3-amineketones are 
activated by treatment with [(C2H,hO]‘BF4- (l&r- 
wein’s salt).’ Liiewise 3s and 3d, after treatment with 
Meerwein’s salt, can tje alkylated to Palkybino-l- 
ethoxyphenalenium tetrafhmobomtes, (6a,d). ‘T%e OJZt 
group of the phenalenium salts is easily removed by 
amines and suitides (7a. d, 8a, a). 

For our purpose, we were interested in totally planar 
ligands and therefore had to tind a modification of the 
synthetic pathway because tk jbkctodhcr!3, (2a-d). 
would not react with NH, under various conditions. 
Accordingly the direct alkylation of these compounds 
was investigated. Depending on the size and steric 
requirements of the ether substituents, two structural 
isomers are formed. The reaction of the ethoxy deriva- 
tive, (2b), with Meerwein’s salt yields only as a by- 
product (30%) 1,9-bisethoxyphenalenium tetra!luorobate, 
(91, in which both substituents are exchanged with 
methylamine to give 7s (Fig. 2). The major product (60%) 
is 9diethyloxonium-l-phenalenone tetralluoroborate. 
(10). which reacts only with one equivalent methylamine 
toform3a. 

I-Ethoxy-9-II-butoxyphenaknium tetratluoroborate, 
(ll), is the only isomer (Fig. 3) produced by the alkyl- 
ation of 2d. This reacts with NHAhrough the inter- 
mediates (12 and 13)-to yield 9_amino_l~henalenimi, 
(II), the tirst known stable /Gmiooamine. 

PHydroxy-l-phenslen, (l), wax preperrd by tbc method of 
Koclsch and Ant& but using I&dichbrWhane as solvent for 
the cyclixatior~. The ‘H N?dR spectra were measured on a Jcol- 
Minimar 1OOMHz ktrument The ekctrocknical values have 
beeaObi&OO~thfCCCkctrodePrincctOClAppliedResearch 
MO&ll7oillmlmtwithPtwortiqiand~ckctroQoJ 

Ag&cl reference ekctnlde. The lmWm?cM melklg pointa 
were detenained on a Rcicbert microscope heating block. The 
aMlyealrcsuttsforcarb4mintbetetnlhloroboratesaRshavea 
systematic error of approximately 1% abaolutc. 

P-AUarl-l-Pllkarolauma, b-a 
Gtnd method. Compound l(29Ag: IU)mM) A82D (34.8 0; 

150 mM) (Johnson Mat&y Chemicals Ltd.) and 50 mM R-l were 
rc5uxed under intense stkrinu in SW ml CHCl3. ‘After 2.4 and 
6hr,additional5omMof~~wmaddedondtbeye~w 
soln fWrcd from tbc gray-kown residue after 7 hr. Tlte residue 
was washed several times with chloroform aad the combined 
fiRrate was evaporaki until excess alkyl-ii was removed 
and a dark-yellow brown oil remained which could be used 
witbout fur&r purilkatioa. lids AdiM overnight to a yellow 
cake and could be rccrystaked from n-bcptanc/benz.enc, or 
puriflcd by cdumn chromata@nphy on A& (0.05-0.2 mm) with 
CHCl, (yields vary between 80 and 90%). 

Compound 21 q .p. 81’. (Calc.: C. 79.99; H, 4.79. Four& C. 
79.48; H, 4.68%). 

Compound 2b q .p. 74’. (UC.: C, 80.34; H, S.39. Found: C, 
79.70; H. 5.70%). 

Compound 2c .m.p. 6Y. (Calc.: C, 80.93; H, 6.39. Found: C, 
80.80; H, 6A3%). 

Compound 2d chanctcriscd by the parent ion in tbc mass 
spectrum, ‘H NMR (8, TM&: 1.52 (CH,). 4.9 (CH). 6.6 (It), 7.4 
(HA 7.62 (HA 8.08 (HJ)). 

9-Methylam&w-l-phcnnlenoxe, (Jr) 
M% Ethanulic methylemine sohttkm (20 mi) was drop@ into 

5 mM of the ether (2a, 2b. 2c, or 2d) in Soml CHG. fi 
MKIV~ of the dvcnt, h could be recr~stid from O- 
heptane/chbroform in nearly quantitative yield, jl m.p. llr. 
(Calc.: C, 80.M; H, 5.W; N, 6.69. Found: C, 80.70; H. 5.2% N 
6.47%). 

9-Dirnethglamixo-1-phenaknonc, (4) 
Tbercactionpmc.ecdcdsimilarlyto3ausinga3096ethanolic 

solution of dimethyiamii and rL?crystaGii tk intcllsc red 

2c “-C&H9 

1 C$+&O* BFi - olGLHs a ” \ 
II - 4, H,” 

NH3 
A 

Y N”3 

~ii. 3. Akylation of Pa-butoxy-I-phenakaonc. (te). gives solely 
tbc his-akoxy product. (11). which reacts with NH3 to the srabk 

9-amino+pbcnalenimine. (14). 

Fii 2. Alkylation of 9-etboxy-lpbcnakrnmc, (zb), gives two iaomers, (9) and (lo), which react dirraently with 
methylamine. 



1.9disubatiMai pbenaknes-I 2149 

compowni from o-beptare, 4 m.p. W. (Caic.: C, 80.69; H, 5.87; 
N, 6.27. Found: C, 81.06; H, 5.87; N. 6.22%). 

9-nlioio-l-phmalcnonc, (g) 
Compound 4 (4.2 g; 20 mbf) was dissolved iu 100 ml McOH and 

I&S was bubbled slowly tbrougb tbc soln for 2 br. 3.2 g (75%) 
darkrcdcrystalsofSprecipit&!dandwcrerecrystauizuJfram 
CHCls, m.p. 171’. (Chic.: C, 73.56; H, 3.80: S. 15.04. Found: C, 
73.83; H, 4.11; S, 14.99%). 

Plsopropylomino-I-dhoxyphmalmium tttmfhwtvbomte, (U) 
[(Cz&hO]+BF,- (4.6 g; 22 mhf) in 30 ml CHlClz was added to 

a solo of 34 (4.8 g; 20 mM)-obtaiacd ar&gous to M 50 ml 
CHL&. 6 g (85%) of 6d precipitated and were rccrystaIliscd from 
CHC&/CH$ZN, dccomp. MI’. (C&z.: C, 61.39; H, 5.44; N, 3.98; 
B, 3.07; P, 21.58. Found: C, 60.27; H. 5.43; N, 3.61; B, 3.0; F. 
21.3%). 

9-Alkylomino-l_crUyl~ph~~me, (7r, 7d, 7ad) 
Tbc corresponding teWIuorotnlrate ult, (6 or 6d). WBS 

treated ia CH&IZ with two equivs of tbc alkylamire yielding 
almost qua&atively 7a, 7d, or tbc u~ymmetricaUy substituted 
7ad, wbicb were recrystaUiscd from aheptane. 

Compound 70 m.p. 147. (Calc.: C, 81.05; H, 6.35; N. 12.60. 
Found: C, 80.78; H, 6.47; N, 12.66%). 

Compound 7d q .p. 197”. (Calc.: C, 81.97; H, 7.98; N, 10.06. 
Fouod: C, 81.89; H, 7.70; N, 10.30%). 

Compound 7d m.p. W. (WC.: C, 81.56 H, 7.25; N, 11.19. 
Found: C, 81.06; H, 7.26: N, 11.05%). 

PAkylimino-I-phenaialu~ (a& Y) 
Asolnof l5mM(6aor6d)in70mlMcOHwaastirredfor4hr 

with 1.7g NaSH at mom temp. The brown rcsich~~ was rccrys- 
tall&d from CHCI, to give, in 75-85% yield, @a or gd). 

Compound & m.p. 127’. (Chic.: C, 74.63; H, 4.92; N, 6.22; S, 
14.23. Found: C, 75.00: H,4.%; N, 6.11; S, 13.91%). 

Compound Ed m.p. 129’. (Calc.: C, 75.85; H. 5.97; N, 5.53; S, 
12.65. Found: C, 76.17; H, 6.09; N, 5.47; S, 12.53%). 

1,PLHcthoxyphm6lmiwn tetmfluombomte, (9). and !Wethylox- 
onium-I-phenalmone, (IO) 

[(C~H~)~O]+BFI- (I 1 g; 50 mM) was dis~lvcd in 50 ml CHE12 

aodddedtor~wlnofZb(llg;50mM)in#)mlCH~. 
After 3 br the yellow ppt (14.5 g, 83%) was cdMcd and crystai- 
iisedfrac&mUyfromMcCN~95g(19aad3.2gO~ 
more sol&k isomer. (9) m.p. 2W. (10) dccomp. I W. (Cak.: C. 
60.03; H, 5.M; B, 3.18; F, 22.34. Foul: C. 59.03; H, 4.96; B, 3.1; 
F, 22.646). Tbc ruction of 9 with excess etbanolic MeNHz gives 
quantitatively 7& while 10 forms jl. 

9-n-Butoxy-l-ethoxyphm&nimn tetm~uombomte. (11) 
[(CHXHZ)JOI’BF,- (11 g: 5OmM) was dissolved in 54Irnl 

CH2CkamladdedtoasrimdsolnofIc(l26g:U)mM)in~O 
CH2CI?.Aha3hr,~Oml~~rdded~tbeyellowppt 
separated and recrystaUiscd from CH& (l5.6g, 85%). yielding 
11 m.p. I@. (Calc.: C. 61.93; H. 5.75; B, 2.94: F, 20.64. Found: 
C, 61.66; H, 5.70; B, 2.8; F, 20.3%). 

9-Amirto-l-phmafenimine (14) 
Compouad ll(7.4 g; 20 mM) WBS suspcakd in 150 ml CHCI, 

~dryNH~~bubbkdtbrougbtbctitun.Aftcratkast 
4br. 5Oml II-bcpte was added to tbc soln and NH,BF, pre- 
cipitatai. The sobl was evaporated ruNI the residue rccry$taui$ed 
from II-heptanc (2.9g, 74%), yickiing 14, m.p. 8Ip. (Cak.: C, 
80.39; H, 5.20; N, 14.42. Found: C, 80.23; H, 5.22: N, 14.00%). 

When the passage of NH, w stopped after 1 hr. some intcr- 
mediates couki be sepuated from tbe c~~~ccntratcd CHCl,/n- 
beptane mixture. The alkoxy-imonium salts, (12 and 13). could be 
detcti by tbcir cbaractcristic alkyl reonanes in the ‘H 
NMR spectra and 12 could be isolated for analysis. m.p. 232’. 
(cak.: C, 57.91; H. 4.54; N. 4.50; B, 3.47; F, 24.43. Found: C, 
56.76; H, 4.75; N, 4.13: B, 3.6; F, 24.3%). 

DLWWItON 
The key reaction in the chemistry of 1,9disubstituted 

phenalenes is the breaking of the strong H-bond of 1 to 
form /?-kcto-ctbers, (2a4). The conscqIEMiill rear- 
rangement of electron distriition is apparent from the 
marked shifts in the ‘H resonances of 21 compared with 
those of 1 (‘Mb l).” The inaeasc intheftrstf&ction 
potential from - 0.95 V (1) to - 1.1 I V (tr) is consistent 
with the assumption of a loss in resonance energy enlar- 
ging the HOM~LUMO sqwation. This shift i!3 greater 

Table 1. ‘H NMR’ data and reversitic half-wave reduction potcntis’ of t$-pbenalencs - 

No. X Y II 
Y 

Ml HI H? ItI 
s, 

(l)V 0 HO 14.8 1.02 7.98 7.98 7.02d -0.95* 
- 

(2d 0 -1 7.35 a.0 7.56 6.6.d -l.lP 
_ 

(3s) 0 WlMl 11.86 6.93 7.7 7.76 6.97d -1.27* - , 
(4) 0 N(Clfd~ m1tip1st 7.2 - a.ld -1.038 
. 

(2) 0 HS 16.6 multip1et 7.2 - 8.8 -0.63* 

(>I+ OQwnl lBlM3 9.9 mu1tip1et 7.0 - 8. 4 -0.3sB 

(Ia) NCH, was 13.5 7.15 7.63 7.63 7.1Sd lrrw. a 

(e$ s -1 15.6 mr1tip1et 7.2 - 7.9 d -0.97* 

(9)+ ocHsx, c=wXI 7.6 8.67 8.67 7.6 f -0.09 -. 

uo1+ 0 O(abQIs) I 6.9 8.12 8.46 7.J l&e". * --. 

u21+ OMZMl HNfl 9.0 multiplet 6.E - 8.g -0.396 -_ 

(14) HN m 8.22 6.59 7.42 7.42 6.5gd irrar. ' _.. 

= shuts in 6 Vs. m9 , x- m4 Y-mlbatituents and II 4 5 6-riq khnm it2_8u. 

not listed. 
b i 

E 
4 

Vb. A9/AqZl rofarenca elsctmd;: O XefUenW 1. 

d 
ama solution. = In acetone uturatdwith (af,clf,).Nc10,. f cD,aa walt,icm. 
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than one would expect for a simple substituent effect.” 
It points into the same direction as the diflerence of the 
iirst an* transition [122,700 cm-‘, E = 96tW cm-’ mol-‘: 
2a 22,400 cm-‘, logo0 cm-’ mol-‘I. 

As unsatmaW /3-keto-ethers, the reactions of 2a-d 
withprimaryaminestoyield~arelikethoseofthe 
parent compound %ethoxy-pr~penone.‘~ The planar 
geometry favours the formation of a H-bond, yet not 
quite so strong as in the other cases. This can be seen 
from the ‘H NMR of the relevant proton in 3a but also 
from its coupling of 6Hz to the Me-group which agrees 
with similar values for other g-amino-ketones discussed 
by Dudek et 01.‘~ 

The closer bond of the hydrogen in 3a.d to the 
nitrogen, thus lowering its basicity, is one of the contri- 
buting factors for the alkylation of the oxygen by 
Meenvein’s salt. In general, when the alkylation takes 
place on the l-oxygen, the products can be regarded as 
I$-substituted phenalenium salts (Fig. 4). The distribu- 
tion of the positive charge over the r-system of the 
ring” and the stability of the resulting cations is also 
common to other phenalene species.” 

Compounds 6o and 6d react readily with amines and 
sodium hydrogen sultide to give 7 and g as is also shown 
for their analogous acac derivatives.‘6 It is now possible 
to compare the effect of the I-sub&tents 0, N and S 
with different electronegativities in the series 3a, 7a, &. 
In terms of a simple MO model, the HOMO-LUMO 
separation decreases with the less electronegative 
substituent” as shown in Fig. 5 by the electronic ab 
sorption spectra. This bathochromic shift should also be 
due to the lowering of the LUMO energy as is consistent 
with the trend of the reversible reduction potentials. 

The formation of 9-thiolo-l-phenalene corresponds 
to the method of Mayer by treating a ~dialkylamino- 
ketone with H&l’ As for the compounds 1,3,7 and 8, 
the resonance above 10 ppm in the ‘H NMR indicates the 
bridging position of the proton between the l$substi- 
tuents. The shift is nearly identical to other fl-thiolo- 
ketones in nonpolar solvents at low temperature where 
these compounds exist only in their enol forms.” The 
stabiity of the radical anions, especially of compounds 
with the H-bond in the neutral state, shows again the 
dominating role of the ring system (Fig 4). 

Like the alkylation products of the amino-ketones, the 
keto-ethers are also converted into very stable 

phenalenium salts. The attack of Meenvein’s salt can 
occuronbothOatoms(F~2)butthedistributionoftbe 
isomers is inlhtenced by the nature of the alkyl chain 
Tbetwoisomersoftheethylderivativecanhesepammd 
by fractional crystallisation from MeCN and dis- 
tinguished and assigned by difierences in their reactivity, 
redox behaviour, IR, ‘H and 13C NMR spectra, and their 
reactions with MeNHI. The ready attack on the ether 
group is surprising because normally arylcthers do not 
react with tertiary oxonium salts.” The symmetrically 

Pik Ratheehromi!csNftoftheeketKndcrbraptiaaMdertlle 
kltluellce of tbc l-suW kcaH12 as solvmt). 
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alkylated and resonance stabilised phenalenium salt is 
favoured (Fig 4) by increasing the chain size. 

The cations of 6, 9 and 12, undergo a reversible 
reduction at low potentials (Table 1) forming l$di- 
substituted derivatives of the known radical phenaknyl.” 
There is no indication of any H-bond in the amino- 
phenalenium salts (6a.d and 12). The N-H stretching 
frequencies appear between 3200 and 33tM cm-’ and the 
protons occur in the ‘H NMR spectra below 6 = 10 ppm. 

Both alkoxy groups of 9 and 11 are successively 
exchanged with amines yielding the aminoimines (7a.d 
and 14). The unsubstituted compound 14 is of special 
interest: all three protons on the two nitrogens exchange 
on the ‘H NMR time scale at room temperature and 
appear as an averaged resonance. In contrast to other (I- 
and fl-aminoimines**” it is very stable and crystalline 
compound, which does not decompose even when stored 
in air. 

COwculsHlN 

A variety of l,!Misubstituted phenalenes have been 
synthesised which retain the geometric and specific elec- 
tronic properties of the parent conjugated polycycle. One 
class involves a very strong hydrogen bridge protecting 
functional groups normally considered as sensitive 
combinations. The second class involves the develop 
ment of a phenalenium system which stabilises valuable 
intermediates for the new synthetic pathways leading to 
the preparations of derivatives analogous to the N- and 
S-substituted acetylacetones. The hydrogen bridge in the 
appropriate molecules can be removed for the forfnation 
of stable transition metal chelate complexes.= 
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