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[CONTRIBUTION FROM THE CHEMICAL LABORATORY O F  HARVARD UNIVERSITY] 

Naphthoquinone Antimalarials. XXVL1 Thioether Naphthoquinones2 
B Y  C A R L  AT. h t O S E R 3 T 4  AND M A R V I N  PAULSHOCK6 

Previous communications6 on the use of 2- 
alky1-3-hydroxy-lJ4-naphthoquinones as anti- 
malarial drugs have shown that quinones with a 
hydrocarbon side chain suffer rapid metabolic 
degradation to less active compounds. When the 
side chain contains a hydroxyl group, quinones 
of reasonable potency and stability can be ob- 
tained. For example, lapinone (I)6a exhibits 
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potentialities as a chemotherapeutic agent against 
Plasmodium vivax. 

It seemed of interest to synthesize other naph- 
thoquinones with a hetero atom in the side chain. 
This paper reports the results of efforts to syn- 
thesize hydroxynaphthoquinones that contain 
the thioether structure in the side chain; a 
summary of the biological activity as determined 
by in vitro assay is included. 

Thioether sulfur was introduced into the side 
chain by two general methods: (1) condensa- 
tion of a haloalkyl hydroxynaphthoquinone with 
a mercaptan or thiophenol in the presence of base; 
(2) addition of mercaptan or thiophenol to a 2- 
alkenyl-3-hydroxy-l,4-naphthoquinone. ,4n al- 
ternate route to thioether quinones might consist 
in the alkylation of lawsone with peroxides pre- 
pared from aryl-(or alkyl)-mercapto acids. How- 
ever, attempts to prepare a peroxide from p -  
chlorophenylmercaptoacetic acid7 failed. 

2-w-Haloalkyl-3 -hydroxy- lJ4-naphthoquinones 
I1 (n = 2, 3, 4, 7, 8 and 10) (X = C1 or Br) 
were prepared by the a l k y l a t i ~ n ~ ~ ~  of lawsone 
(2-hydroxy-1,4-naphthoquinone) with a peroxide 
prepared from an w-halo acid. The chloroquinone 
I1 (n  = 2, X = Cl) was obtained in low yield 

(1) For the previous paper in this series see Paulshock and Moser, 
THIS JOURNAL, 72, 5073 (1950). 
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supply of this compound. 
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by this method, but i t  could be purified only with 
considerable loss. Attempts to prepare this 
chloroquinone by the addition of hydrochloric 
acid to 2-vinyl-3-hydroxy-l,4-naphthoquinone 
(1II)lO were fruitless. The addition of hydro- 
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bromic acid to IV in the presence of peroxide 
resulted in the formation of a dibromo naptho- 
quinone that is probably V. 

The preparation of thioethers from the halo- 
quinones I1 (n  = 0,l1 4, 7, 8 and 10) and VI 
(X = C1)12 was smoothly carried out by con- 
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densation of the quinone in methanol solution 
with a mercaptan or thiophenol in the presence of 
base. The haloquinone I1 (n = 3, X = Cl) 
reacted very rapidly with base to form the 
chromane quinone VII.13 

Previous work in this Laboratory14 had indi- 
cated that i t  was not possible to prepare I1 (n = I ,  
X = Cl) by the alkylation of lawsone with the 
peroxide prepared from chloroacetic acid. Thio- 
ethers I1 (n  = l, X = SR) were prepared by the 
(10) Hooker, ibid., 68, 1179 (1936). 
(11) Diel and Merz, Ber., 11, 1066 (1878). 
(12) Fieser, THIS JOURNAL, 48, 3201 (1936). 
(13) Cf. the cyclization of chlorohydrolapachol to  a-lapacbone, 

(14) Mao-i Wu, Ph.D. Dissertation, Radcliffe College, 1942. 
Hooker, J .  Chcm. SOL, 61, 611 (1892); 69, 1355 (1896). 



5420 

0 

( J  

VI I 
condensation of lawsone with formaldehyde and 
a thiophenol or mercaptan. The product from 
this reaction is assigned the structure I1 ( n  = 1, 
X = S R )  rather than the isomeric structure VI11 

0 S I  I 

on the following grounds: (1) potentiometric 
titration indicates that the quinone is mono- 
basic; (2) the condensation with an aliphatic 
mercaptan proceeds under the same condi- 
tions to give apparently the same type of prod- 
uct as with a thiophenol; ( 3 )  reductive acet- 
ylation gave a compound whose composition 
more closely corresponds to a tri- rather than a 
tetraacetate. This condensation is analogous 
to the Mannich reactionlj that has been carried 
out with lawsone, aldehydes and amines. l6 From 
the results of a few preliminary experiments it 
appears that phthiocol (2-methyl-%hydroxy- 1,4- 
naphthoquinone) cannot replace lawsone and 
the benzaldehyde cannot be used in place of 
formaldehyde in the condensation with thiols. 

The addition of mercaptans or thiophenols to 
olefins has often been a useful method for the 
preparation of thioethers.” This method has 
proved to be satisfactory with some alkenyl 
hydroxynaphthoquinones. Addition of mer- 
captans and thiophenals to IV takes place under 
specific reaction conditions. Addition does not 

0 

IX 
take place in methanol or ethanol solution even 

are isomeric with, but different from, the thio- 
(15) Blicke, “Organic Reactions,” Vol. I, p. 803, 1942. 
(16) (a) Lemer and Hathaway, Tms JOURNAL, 70, 3222 (1948), 

(17) Bnnar, in Gilman’s “Organic Chemistry,” VQI. I, p. 836, 
(b) Ihlcrlpleish. ibid., 71, 1697 (€949). 
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ethers VI (X = SR). 
be readily obtained from IX. 

A dihydrotriacetate could 
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peroxide CH,C!I==CICEII,\, 11- + RSH -__) 
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The addition of mercaptans to lapachol (X) 
proved to be interesting. A priori the structure 
of the product might correspond either to X I  
or XII.  From the results of previous investiga- 
tions18 the prediction could be made that addition 
should take place in a manner contrary to Mark- 
ownikoff’s rule. The weight of evidence in this 
instance favors XI1 over XI.  The peroxide 
catalyzed addition of p-chlorothiophenol to iso- 
lapachol (XIII) yields an addition product iso- 
meric with, but different from, the product 

S I V  
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(18) Cunneen, J .  Chem. Soc., 36 (1947); Posner, Ber., 88, 646 
(1906); Ashworth and Burkhardt. J .  Chum. Soc., 1791 (1928). 
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obtained from lapachol and this mer- 
captan. The structure of this addi- 
tion product is almost certainly XIV 
rather than XV. To support this 12 
contention i t  has been found that the 
product formed from the addition 
of p-chlorothiophenol to the quinone 
XVI19 is identical with the quinone 

14 
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peroxide 
C i - 0  -SH - V I  

X = sc6II4c1-p 4 

prepared by condensation of VI 
(X = C1) with the same mercaptan. 

- 

- 

- n.0 

By analogy the structure of the addi- 2 I I I I 

lished, and, therefore, the structure of 
the product Obtained from lapachol 
has been 

the addition of mercaptans to 111. In- 
variably only tarry products resulted. 

tion product from isolapachol is estab- 260 320 380 440 500 
Mol. wt. 

Fig. 1 .-The variation of critical extraction values with molecular 
determined* weight. The value for n refers to the number of methylene groups in 

, X = SCaHj; - - - - -  , X = SCsH4CHa-p; ----, Conditions could not be found for formula IT:  __ 

= SC6H4CI-P, 

Biologicaf Activity.-The inhibition of the 
respiration of parasitized red blood cells drawn 
from a duck infected with P. lophurae20 has been 
found satisfactory for screening quinones for 
antimalarial activity.?’ In Table I1 (Experi- 
mental section) the relative antirespiratory molar 
activity (the activity of quinone XVII is arbi- 

0 

0 
SVII 

trarily set equal to unity) of the thioethers is 
listed. On the one hand, the quinones with 
shorter side chains (11, n = 0, 1, 3 and 4, X = 
SR) are either completely inactive or possess 
only moderate activity. The same observation 
holds true for most of the branched chain quin- 
ones. On the other hand, the quinones with 
longer side chains (11, n = 10, X = SR) show 
rather high activity in the in vitro tests. 

This variation in activity can be accounted for 
on the basis of previous work in this Laboratory.22 
Effective drug action may be dependent upon a 
proper balance between lipophilic and hydro- 
philic characteristics. This balance can be ex- 

(19) Hooker, THIS JOURNAL, 58, 1202 (1936). 
(20) Wendel, Federalion PIWC., 5, 406 (1946). 
(21) Fieser and Heymann, J .  Biol. Chem., 176, 1363 (1948). 
(22) Fieser, Ettlinger and Fawaz, THIS JOURNAL, TO, 3228 (1948). 

pressed by PE, the critical extraction value.22 
For maximum antimalarial activity the pE for 
3everal series of hydroxynaphthoquinones has 
been found to lie between 9.8 and 11.8. Figure 1 
shows a plot of +E US. molecular weight for three 
series of thioethers. It will be seen that only the 
longer chain compounds possess a pE value in the 
desired range.23 

The thioethers were not extensively tested in 
duck assays, but there is the probability that thio- 
ether naphthoquinones are toxic. All of the 
ducks treated with quinone VI (X = SCaH6) died 
although the same dosage of other quinones was 
usually harmless.24 

Acknowledgment.-We wish to  acknowledge 
our indebtedness to Professor Louis F. Fieser for 
his suggestion of this problem and for many 
helpful suggestions and stimulating discussions 
during the prosecution of this work. 

Experimental?j 
2-(8 ‘-Bromooctyl) -3-hydroxy-l,4-naphthoquinone (11, 

n = 8, X = Br). Procedure A.-The preparation of a 
peroxide from w-bromopelargonic acidZe proved to  be 
troublesome. After the acid had been warmed with ex- 

(23) Some of the pE values reported in this paper mey appear to  
be l o w  in comparison with the p E  values previously reported (ref. 22) 
for quinones of comparable molecular weight; the reasons for this 
are not entirely clear at the present time. The average deviation 
from the mean of the values obtained in this investigation is t 0 . 2  
p E  unit: previously (ref. 22) the a. d. has been reported to be +0.05 
p E  unit. 

(24) Communication from Dr. A. P. Richardson. 
(25) All melting points are corrected. 
(26) Hunrdiecker, Ber., 75, 291 (1942). 



'I'ARLI.: I 
~ - I ~ ~ i ~ ~ . ~ ~ ~ ~ r , . ~ ~ - ? i ~ n ~ ~ - i .  

.'lll;ilyaes, yG ~- -- - . 
C:rrbori Hydrogen 

2 Substituent Frocediire h l .  11 , ''C. 5oi\wtit Forin6 Ivrll i l i l ' l  C$ilcil, Found  Calcd. Found 

--(CFI~)1!~Br" A 83 7-84.5 Ligroinb Platelets 
--(CH&Br A 69, 3-70, 5 Ligroin t'risinz Cla€3.;Oilir T,il. l ! ~  39.40 :i. 80 ,3 ,  '38 
-(CHd,Br A %ti-88 Ligroin Platelets C:7H1~0."r 58 1:: 5 8 . 3 3  5.43 5.6:i 
-(CHZ)hCI I3 lOl-lU2 LIethanol Scedles CieHinOaCl .51 63.34 4.9,j 5.39 
-(CH?)aCl I3 128-129 Methanol Seedlc-s Cl3HI103Cl ."S 62.33 4.42 4.5.i 
-(CHr)nC1 13 126-127 Ligroin Microcrystals CltH~lC.,Cl CHI i i l  ,O'T : 3 , %  4 .  OG 
-Urfi 203-204 Ethanol Orange prisms 

Fieser, Leffler and co-workers, THIS JOURNAL, 70, 3206 (1948). 13. p -120'. 'Tlic color of tiieqe coiiipouiids is 
gelloiv unless otherwise stateti. Diel and Merz, Hr-r., 11, 1066 (1878). 

-iCHz)zC(CHa)sSCaHtCl B 119-120 VeOH O r  v r l  pri<m- 

-ICHz)zC(CHa)zSC6IIr I- 128-130 lIeOH Vrll ~ l l i  

-(CHz)zC(CHs)zSCizHns-)I 185-13b Z l e O H  O r  ni l l -  
- (CHz)zC(CHa)zSCiaHzs n 129-131 UeOI1 l c l l  t i i i l  'j 78 0 10 nil 

C H I C H ( S C ~ H ~ C ~ - ~ ) C H ( C I ~ ~ ) ~  177-17X \feilIi  S< II n r l l  i O i  i 9; nil 
ICHz)4SCs&CI-p 4 60 4 60 0 8 S ')j 
1 CHz)rSCsHs 70  93 7 1  00 3 36 5 64 0 $2 8 6 
(C Hn)rSCsHaCH+p C' 98 09 
bCeHaC1-p C 16@-161 dec XIeOI-I Or 1 1 1  i?ri 
SCsHaCH3.4 C 158-159 drc MeOH 01 ? i s '  

IGH,  
~ C I ~ H W - J Z  i 1 - i ~  Re r l  ndli  

(CHI)ZC(CH~)ZSCSHICHI D 13-187 

(CHz) rC (CHsfzSCiaHei-?r i? 120-1 3 0  t leOH O r  - < I l  11 L ~ L -  

5CsHi1 n C 6 1 4  11 %L r u  lliiis 

B. p. 90-100". * Fieser, 
t tic determination of the relative antirespiratory irtivitl; O F  t1i(  ii quitiori 
Ck,ic e Nahm Critical evtraction constmt 

thionyl chloride for about an hour, dry I)etimic. \\.I\ n . t i  filtrietl, nashrd nit11 water ,i i ir l  t l t ~ r d .  I'he dlkyld- 
added and the mixture evaporated to  an oil under reduceti tion of lawsone with thii peroxide was carried out in warm 
pressure. The was repeated, and then Sorit acetic acid solution.2i The quinone was obtained (28% 
together with a unt of benzene [about one-half yield) as yelloir prism-. from ligroin (b. p.  90-120"), m. p. 
of the original weight of acid used) was added, the suspen- 69.5-70 6 " .  
sion heated for fifteen minutes and then filtered. A per- 2--pChloropropyl-3-hydroxy-l ,.l-naphthoquinone (11, n 
oxide was prepared by adding the benzene solution to 3. = 3 ,  X = Cl). Procedure B.-A peroxide was prepared 
stirred, cold solution of iodium peroxide.2' The peroxide from y-chlorobutyryl chloride** in ether solution according 

to the "hydrogen peroxide method" of Fieser, et aZ.2' Al- - - 
27) b i r w r  I eHler i r t t l  ( t i  xorAers T r i i s  I U I R N  ,I 70 : l 7 q  _I__ 

1 lO4K) ' 2 8 )  I ipp mid Ciiper Uri , 68, 1013 (192i)  
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kylation of lawsom with the ethereal solution of peroxide 
was carried out in warm acetic acid solution.27 The 
quinone was obtained as briilisnt yellowoneedles (4170 
yield) fr6m dilute methanol, rn. p. 128-129 . 

2-7-Bromopro 1-3-brom0-1,4-naphthoquinone (V) .- 
The quinone IV? 9.) was dissolved in 5 cc. of warm gla- 
cial acetic acid. Beneoyl peroxide (ca. 10 mg.) was 
added and then gaseous hydrogen bromide was bubbled 
into the solution for one minute. During this addition 
the solution became warm. After cooling, the flask was 
stoppered and allowed to  remain at room temperature 
overnight. The solution was cooled in an ice-bath and 
25 cc. of 48% hydrobromic acid was added. The dark 
black precipitate that formed was filtered and washed with 
water. Recrystallization of this material (0.35 g.) from 
ligroin (b. p. 90-100") and a small amount of benzene 
(Norit) ;ave 0.25 g. of beautiful yellow needles, m. p. 
130-131 . This compound gives a pale orange color with 
alcoholic alkali that slowly changes to deep red on boiling 
for one minute. 

Anal.aO Calcd. for CIsHr&Brz: C, 43.61; H, 2.82. 
Found: C, 43.70; H, 2.96. 

2 - ( 10 -Phenylmercaptodecyl) -3-hydroxy-l,4-naphtho - 
quinoix (11, n = 10, X = CeH5). Procedure C.-A solu- 
tian of 2.3 g. (0.0059 mole) of I1 (n  = 10, X = Br), 0.98 
g. (0.0089 mole) of thiophenol (Eastman Kodak Co. White 
Label) and 0.66 g. (0.0165 mole) of sodium hydroxide in 
25 cc. of 95y0 methanol was refluxed under nitrogen for 
four hours. The red solution was acidified with concen- 
trated hydrochloric acid, and the yellow precipitate was 
extracted with ether. The ethereal solution was dried 
over "Drierite," and the ether was removed in an air 
blast. The yellow residue was taken up in 100 cc. of hot 
methanol. On cooliFg, 1.9 g. (76y0) of beautiful yellow 
prisms, m. p. 80-81 , crystallized. 

2,3-(5,6-Dihy&apyrao-Z ',3 I )  -1,4-naphthoquinone 
(VII).-In an attempt to  prepare a thioether from the 
quinone I1 ( n  = 3, X = Cl) , 1 g. (0.004 mole) of the quin- 
one, 0.75 g. of p-chlorothiophenol and 0.35 g. of sodium 
hydroxide in 50 cc. of 75y0 ethanol solution was refluxed 
in a nitrogen atmosphere for three hours. Upon acidifi- 
cation there was obtained an oil that was taken up in 
ether, the ether evaporated, and the residue dissolved in 
hot ligroin (b. p. 90-120'). On cooling, 350 mg. of yellow 
needles, m. p.  216-218" was obtained. Recrystallization 

(29) We are indebted to Mrs. M. Reese and Miss S. Ratz for the 
microanalyses reported in this paper. 

from lip:in gave 280 mg . of yellow needles (3 1 %) , m. p . 
220-221 . This compound is not immediately soluble In 
dilute alkali, but on shaking for two or three minutes the 
quinone does dissolve sbwly to produce a red solution. 

Anal. Calcd. for C,aHloOa: C, 72.89; H, 4.71. 
Found: C, 72.66; H, 4.83. 

2 -p-Chlorophenylmercaptomethyl-3-hydroxy-l,4- 
naphthoquinone (II, n = 1, y = C&I&l-p). Procedure 
D.-A mixture of 2.5 g. (0.14 mole) of lawsone and 1.9 g. 
of p-chlorothiophenol was dissolved in 50 cc. of warm 
dioxane; 2 drops of 3670 hydrochloric acid and 4 g. of 
37% formalin solution were added, and the dark solution 
was refluxed under nitrogen for an hour. The mixture 
was poured into 250 cc. of water, and the tarry precipitate 
that formed was taken up in ether. Evaporation of the 
ether left a gummy residue that was dissolved in warm 
methanol. On cooling 3.8 g. of brown needles, m. p. 162- 
168' were deposited. One recrystallization from ethanol- 
benzene (Norit)ogave 3.0 g. (65%) of long orange needles, 
m. p. 172-173 . This compound gives an orange-red 
color in alcoholic alkali. 

2-(3 '-p-Chlorophenylmercapto) -propyl-3-hydroxy-l,4- 
naphthoquinone (11, n = 3,  X = C&.d2l-p). Procedure 
E.-A mixture of 1.6 g. (0.0075 mole) of I V  and 1.2 g. of 
p-chlorothiophenol was dissolved in 30 cc. of warm glacial 
acetic acid. A pinch of benzoyl peroxide was added, and 
the yellow solution was gently heated on the steam-bath 
for 2.5 hours, after which time the solution was red. The 
sulution was poured into water, and the mixture was twice 
extracted with 30-cc. portions of ether. The ethereal 
extracts were combined and the ether evaporated. The 
yellow residue was crystallized from ethanol, and 1.1 g. 
of product, m. p. 146-148', was obtained. One recrys- 
tallization from ethanol gave ,0.9 g. (33%) of beautiful 
yellow needles, m. p. 150-151 . This compound gives a 
red color when a drop of alkali is added to a warm meth- 
anolic solution. 

Summary 
Forty 2-aryI- (alkyl) -mercaptoalkyl-3-hydroxy- 

1,4-naphthoquinones have been synthesized as 
potential antimalarial drugs. Some of these qui- 
nones showed activity in in vitro assay, but It  is 
probable that these compounds have ti low thera- 
peutic index. 
CAMBRIDGE 38, MASS. RECEIVED APRIL 6, 1950 
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Photochemistry of Proteins. X. The Influence of Reagents and Conditions on the 
Quantum Yield €or the Inactivation-denaturation of Chymotrypsin 

BY A. D. MCLAREN AND PAUL FINKELSTEIN' 

Recently quantum yields for the inactivation 
of enzymes, proteins and viruses have appeared 
in the l i t e r a t ~ r e . ~ , ~  The apparent relationship 
between quantum yields (@) and molecular 
weights (M) is given roughly by 

wkere Q is a ~ o n s t a n t . ~  In  this laboratory we have 
begun investigating factors which may influence 
the value of @ for a given protein.6 The quantum 

Q = OM-"a (1) 

(1) Fellow of the Monsanto Chemical Company, 1948-1949. 
(2) Landen, THIS J O U ~ N A L ,  63, 2485 (1940). 
( 3 )  Mandl and McLaren, Arrh. Bwchcm., 31, 408 (1949). 
(4) McLaren, A &  Chin. Scand., 4, 386 (1950). 
(5) The literature up to 194g has been summarized and reviewed 

yield has been found to be dependent on hydrogen 
ion activity and wave length. As pr13viously 
reported for chymotrypsin,6 @ is independent 
of intensity, the presence or absence of oxygen, 
and concentration in the range previously in- 
vestigated (2 X to 8 X mole per ml; 
the molecular weight has been taken as 41,000), 
Since the quantum yield for inactivation is not 
dependent on the presence or absence of oxygen 
by McLaren in "Advances in Enzymology," Interscience Publishers. 
Inc., New York, N. Y., 1949, Vol. IX, p. 75. The photochemisay of 
amino acids and pepttdes is also reviewed here. 

(6) Finkelstein and McLaren, J .  Polymer Sei., 4, 578 (1949). 
We wish to report a printer's error in this paper: the graph on p 
578 is Fig. 2 and that on p 577 is Fig 3 ;  ibid. ,  I, 267 (1950) 


