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Transformation of Isatin with P4S10 to Pentathiepino[6,7=b]indole 
in One Step 

Abatrack Ptntathiepino[6,7-blindole (6) cqn be isolated hm maaions of P4Slo with 
isatin iu pyridine. The strucuuc of 6 has been determined with X-my uystallography. 

Although the two monothionated derivatives 1 and 2 (or its thiol tautomer) have been studied 
and discuasedt-s in the literature neither isatindithione (3a) nor its tautomer 3b have been desdxd, 

which most likely can bc attributed to instability caused by the dithio functionality. Whereas the 
known thiolthione 4 is stable,6 dithiones like dithiobenzil7 (or its valence tautomer diphenyl-1,2- 
dithiete) are prone to dimerisations and other secondary reactions.* Nalcayama9 has recently shown 
that 1 &dithiones (and L2dithietes) can be stabilized by buttressing and/or resonance effects. The 
dithione 3 should he of interest as a “borderline” case. 

In an attempt to obtain 3a (or its tautomer 3b) isatin was added to a refluxing solution of P4Sru 
in pyridine (i.e. the zwitterionic reagent 5). 10~1 After aqueous work-up a semi-solid was obtained, 
which, after removal of Sa with CSs, extraction (hot toluene) and chromatography (SQ, CHKl2) 
gave a fast-ruaning compound (CsHsNS5) as light-yellow crystals (m.p. 170-171 “C, 7% yield), 
which could be recrystaUized from toluene or acetonitrile. Spectroscopic data12 further supported 6 
as the assigned structure, which was later confirmed by X-ray crystallography. 
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‘I&e formation of the pentathiepin 6 is rationalized in terms of reaMon of&S& radicals 
with (the non-isolable) 3a. Similar transformations13 might explain the formation of benzopenta- 

thiezpin from benzyne and Ss (cf. also refs. 14-16). IIetcrofused pcntathiepins of reIated interest to 6 
include compounds 7 and 8. which have been prepared 17~s from the corresponding dithiols and 
&Cl2. It might be added that an increasing number of natural products featuring pentatbiepin rings 

have bebn isolated (e.g. varacin 9 and several otbers).*9~ 

OR’IEP plot of Pentathiepino[6,7-blindoie (6) 



X-ray structure analysis: Compound 6 is monoclinic space group P21/c, a=8.8816(4), 

b=12.5663(9), c=lO.O314(4) A, 13=107.55(l)“, V=lO67.5(1) A3, Del.71 g cm-3 p=lO.O cm-t. 

A yellow prismatic crystal was mounted on a CAD4 Enraf-Nonius diffractomettt,ujth graphite 

monochromated MO &radiation. Gf the 2552 independent reflections (0c27ZF’), measumd at 

295” K, 1532 with 1>3cr(I) were used in the refimments. Two standard &lections remeasured every 

hour did not show any significant variation. Absorption correction by the y-scan method gave 

correction factors between O.% and 1 .OO. With anisotropic temperature factors for all non-hydrogen 

atoms R=O.O30, wR=O.O34 and GOF=l.2 were obtained. 

Lists of atomic coordinates, thermal parameters, bond distances and angles and observed and 

calculated structure factors are available as Supplementary Material and have been deposited at the 

Cambridge Crystallographic Data Centre. 

The initial experiments (addition of isatin to P&u in refluxing pyridine) was now repeated at 

85°C. After 5 minutes the reaction mixture was allowed to cool and the indigo (lOa) formed was 

collected after 2 days (90% yield). This result is in harmony with the formation of 2, followed by 

coupling and extrusion of sulfur, (cf. the last step in Sandmeyer’s classical synthesis2 of indigo). 

When the heating (SST) was continued for 30 minutes the monotbionated indigo derivative 10~. as 
well as indirubin,~ could be isolated by chromatography. Neither the fully thionated indigo 

derivative lob (cf. refs. 4 and 20) nor its valence tautomer 11 nor the pcntathiepin 6 could be 

detected. The new compound 11 could readily be prepamd by heating (reflux) 2.2’~biindolyl~* 

with sulfur in DMP. The benxolblthiophene analogue of 11 has recently been prepamd and the 

structure detemkled.~ 

loa X=Y=o 
b X=Y=s 
c X=O,Y=s 

11 

Our results indicate that isatin is quickly thionated by 5 yielding 2, which has to be further 

thionated under appropriate conditions to 3 in order to give the pentathiepine 6. 
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