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Our interest in modifying analogs of known antimalarial drugs (3) led us to investigate 

the reaction of various N-halosuccinimidee with 2-hydroxy-3-( alkylvinyl)-I,& 

naphthoquinones. As seen in Scheme I, the reactions of equimolar quantitiee of either 

N-bromoeuccinimide (NBS) or N-iodosuccinimide (NIS) with ieolapachol (la) in refluxing 

carbon tetrachloride yielded 2-hydroxy-3-(9-halo_0-isopropylvinyl)-1,4-naphthoquinonee 

(e.g., 2 and mixture 2, reepectively)i the reaction of N-chloroeuccinimide (NCS) and 

& under similar conditions failed to give any product. Such examples of vinyl-hydro- 

gen substitution by halogen are, to our knowledge, unprecedented in the chemistry of 

these oxidizing and halogenatfng agents. (495) 

Scheme I 

la, iaolapachol 

2 equiv NIS 
-70s CClq, reflux 

V 

-06 1 equiv NIS 
> CCl4, reflux 

Inasmuch as the conversion of &+a eae carried out under conditions which customarily 

afford an allylic brominated product, (4) it was of intereet(‘) to examine also the NBS 
brominatione of P-hydroxy-3-(m+alkylvinyl)-1,4-naphthoquinonee having primary 
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and secondary hydrogen in the allylic positions (note Table I). Substrates & and & 

[side chains : -CH=CHCH2CHS and -CH=CHCHS, respectively] provided analogous bromination 

products (e.g., 2 and 2c), each of which was characterized by the appearance of a 

singlet (or doublet, J = -1 cps) For Ho in the vinyl 

in any event, the halogen atom had been incorporated 

chain, one would expect the @-vinyl hydrogen to have 

coupling constant *~cPs.(~) 

region OF its nmr spectrum. IF, 

at the U-carbon of the side 

appeared as a doublet with a 

The nmr spectra OF 2 and 2b, which contain the more bulky -CH(CHZ)~ and -CH2CHS groups, 

were consistent with the Formulation of each as a pure@-substituted geometrical isomer, 

while the spectrum of & (-CHS group) indicated that the sample was comprised of both 

&bmmo isomers. The physical data For the components of mixture 2c, which was sepa- 

rated by fractional crystallization, are recorded in Table I; the pertinent nmr signals 

(m-vinyl hydrogen and&-vinyl methyl hydrogens) of each of the isomers exhibited 

allylic coupling constants in the order of 1.0 cps. In the case of the inseparable 

iodination product 3, m.p. 95-ill’, the nmr trace is the leading evidence for its char- 

acterization as a mixture of .&iodo isomers. The spectrum contained two sharp singlets 

For the m-hydrogen at 6.84 and 6.69 ppm (0.57 and 0.43 proton, respectively), two sets 

OF doublets for the’methyl resonances [-CH(C&)2, J = 7 cpsj, and two sets of multiPlets 

For the tertiary hydrogen [-Ctl( CHS)2]. 

Although it is not clear whether an ionic or radical mechanism is operative For the 

initial insertion of halogen at the &vinyl position (e.g., Chart I), ** the observed 

stereoselectivity is plausibly explained by an intermediate such as 2. In the cases 

where the bulk of the alkyl group is much greater than that of halogen, the preferred 

conformation of 2 For the prototropic exchange step would lead to a && relationship 

of halogen to hydroxynaphthoquinone. We emphasize, however, that the stereochemistry 

of the geometrically pure products (e.g., 2 and 2b) has not been rigorously ascer- 

tained, and that the contention for cis assignments is based merely on (1) a presumed - 
mechanism which offers a basis for stereochemical integrity, and (2) the close simi- 

larity OF the chemical shift parameters of side chain protons to those values observed 

for the corresponding protons in the starting materials. (6) 

**The requisite formation OF hypohalite as indicated in Chart I was substantiated by 
the Fact that O-acetylisolapachol failed to undergo bromination (even in the Presence 
OF azoisobutyronitrile (~18~)) under the normal conditions of the reaction. 
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Chart I 

/OH 
NQ 

-R 
+ NXS 

heterolvtic , 

Exposure of isolapachol (la) to two equivalents of NIS, and its@-halo derivatives (e.g. 

2 and 2) to one equivalent of NIS, provokes a cyclization reaction leading predomi- 

nantly to &isopropylfurano-1,4_naphthoquinone (i).(g) Visual inspection of the reaction 

solutions containing either & or 2 indicated that the principal secondary products are 

succinimide and iodine. d-Iodoisolapachol (z), which is undrubtedly an internediate in 

the conversion of &+i, required a full equivalent of NIS for ring closure and failed 

to give appreciable amounts of 4 when the cyclization was attempted using a catalytic 

quantity of NIS. In the absence of NIS, the cyclization of 3-4 could not se effected 

by either a catalytic quantity or a full equivalent of iodine. 

In reviewing to date the cyclization reactions of 2-hydroxy-1,4_naphthoquinone deriv- 

atives, Ettlinger (10) and Thomson(“) note that concentrated, strong acid-induced 

cyclizations lead to a preponderance of naphthoquinone derivative, unless the 
** 

conditions are such that the kinetic product, the derivative, suffers rearrange- 

ment to its para naphthoquinone counterpart. In marked contrast to these examples, 

where cyclization to a para naphthoquinone apparently involves the intermediacy of 

+* 
Ettlinger(lo) has shown in the case of the &methyldihydropyranonaphthoquinones that 

the ortho derivative (pKa -3.45), 
affords 

which is 800 times as basic as its para counterpart, 
the more stable of the tluo quinone cations. On the other hand, the para quinone 

is the more stable of the free quinones, and when less then 7576 sulfuric scid is 
employed for cyclization o-equilibration 
quinone is produced. 

an appreciable quantity of the free para 



574 No.5 

ortho derivative, the base-induced cyclization of chlorohydrolapachol [side chain: 

_CSCH2gCHS)21 9 ives directly the peps naphthoquinone, OL-lapachone, albeit in mixture 

with &lapachone, (11 *12) The non-specificity of this latter cyclization is not surpris- 

ing if one recalls related examples of alkylation of anionic hydroxynaphthoquinones. (13) 

The NIS-induced cyclization is of special interest in view of its nature to provide a 

high yield of linear furanonaphthoquinone 4. Closer examination of the reaction revealed 

that the corresponding ortho furanonaphthoquinone a was produced to the extent of S-1134 

(crude yield after chrozraphic separation), but uIe have besn unable to establish 

the intermediacy of a in ths production of 4. Thus, when the reaction of 1.0 equivalent 

of & and 2.0 equivalents of NIS, which normally gave 4.7 equivalent of 4 and --0.1 

equivalent of a, was conducted in the presence of 0.5 equivalent of a, we isolated by 

chromatoqraphic separationn0.7 equivalent of 2 and -0.6 equivalent of a. 

As may be seen in Chart II, a potential mechanistic pathway, which closely follows 

principles proposed by Heuslsr et al (14) 
--8 utilizes hydroxynaphthoquinons radicals in 

important roles, and we suggest that the preponderance of 4 may reflect that a para 

hydroxynaphthoquinone radical (e.g., YAeC) is qualitatively the more stable of the two 

radicals (e.g., YAeC vs. VDEf). 
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Chart II 

I 2 equiv. NIS 
CCl4, reflux 

O-II a-f ‘I I) \ 
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