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THIOETHER NAPHTHOQUINONES AS ANTIMALARIALS

[CONTRIBUTION FROM THE CHEMICAL LABORATORY OF HARVARD UNIVERSITY]

Naphthoquinone Antimalarials.

XXVI.!

By CArRL M. MoSER?* AND MARVIN PAULSHOCK®

Previous communications® on the use of 2-
alkyl-3-hydroxy-1,4-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)® 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 thiocether structure in the side chain; a
summary of the biological activity as determined
by n 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-1,4-naphthoquinone.  An 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 acid’ failed.

2-w-Haloalkyl-3-hydroxy-1,4-naphthoquinones
II (n = 2, 3,4, 7, 8and 10) (X = Cl or Br)
were prepared by the alkylation®® of lawsone
(2-hydroxy-1,4-naphthoquinone) with a peroxide
prepared from an w-halo acid. The chloroquinone
II (n = 2, X = Cl) was obtained in low yield
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by this method, but it could be purified only with
considerable loss. Attempts to prepare this
chloroquinone by the addition of hydrochloric
acid to 2-vinyl-3-hydroxy-1,4-naphthoquinone
(IIT)* were fruitless. The addition of hydro-

(0]
|
7 )w—CH-‘CHzCHg peroxide
\ { 4+ HBr —m
N —OH
L
0]
v

YV

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 II (» = 0, 4, 7, 8 and 10) and VI
(X = CI¥ 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 II (n = 3, X = Cl)
reacted very rapidly with base to form the
chromane quinone VII.}*

Previous work in this Laboratory!* had indi-
cated that it wasnot possible to ptepare IT (n = 1,

= Cl) by the alkylation of lawsone with the

peroxide prepared from chloroacetic acid. Thio-
ethers IT (» = 1, X = SR) were prepared by the

(10) Hooker, ibid., 58, 1179 (1936).

(11) Diel and Merz, Ber., 11, 1066 (1878).

(12) Fieser, Tuis JoURNAL, 48, 3201 (1936).

(13) Cf. the cyclization of chlorohydrolapachol to a-lapachone,

Hooker, J. Chem. Soc., 61, 611 (1892): 69, 1355 (1896).
(14) Mao-i Wu, Ph.D. Dissertation, Radcliffe College, 1942.
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condensation of lawsone with formaldehyde and
a thiophenol or mercaptan. The product from

this reaction is assigned the structure If (z = 1,
X = SR) rather than the isomeric structure VIII

II (n =8 X =

0 SH
i i j NS
ol \
v i
O
VIII

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 reaction' that has been carried
out with lawsone, aldehydes and amines.’ From
the results of a few preliminary experiments it
appears that phthiocol (2-miethyl-3-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 thiophénols 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 thiophenols to IV takes place under
specific reaction conditions. Addition does not

benzoyl
IV 4+ RSH —>
peroxide

IX
take place in methanol or ethanol solution even

in the presence of benzoyl peroxide. Addition
products were obtained in fair yield by reaction
in warm acetic acid solution catalyzed by a small
amount of benzoyl peroxide. The structure II
follows from the observation that the thioethers
are isomeric with, but different from, the thio-

(15) Blicke, “Organic Reactions;” Vol, I, p. 303, 1942.
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(17) Gonnor, in Gilman’s QOrganic Chemistry,” Vol, I, p. 835,
1943,
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ethers VI (X = SR). A dihydrotriacetate could
be readily obtained from IX.
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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 XI
or XII. From the results of previous investiga-
tions'® 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 XII 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

—CH=CH—CH(CH;),
+
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Posuer, Ber., 88, 646
Ashworth and Burkhardt, J. Chem. Soc,, 1791 (1928).
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obtained from lapachol and this mer- 14
captan. The structure of this addi-
tion product is almost certainly XIV
rather than XV. To support this (5|
contention it has been found that the
product formed from the addition
of p-chlorothiophenol to the quinone
XVI¥ is identical with the quinone 10 }
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X = SCeH.Cl-p 4 a=

prepared by condensation of VI
(X = Cl) with the same mercaptan.
By analogy the structure of the addi- 2
tion product from isolapachol is estab- 260

lished, and, therefore, the structure of
the product obtained from lapachol
has been reasonably well determined.

380
Mol. wt.

440 500

Fig. 1.—The wvariation of critical extraction values with molecular

o weight. The value for n refers to the number of methylene groups in
Conditions could not be found for formuld I = SCeHy, ————- X = SCHCHyp; — —— -,
the addition of mercaptansto III. In- - _ SCH.CL-p. ‘

variably only tarry products resulted.

Biological Activity.—The inhibition of the
respiration of parasitized red blood cells drawn
from a duck infected with P. lophurae® has been
found satisfactory for screening quinones for
antimalarial activity.”* In Table II (Experi-
mental section) the relative antirespiratory molar
activity (the activity of quinone XVII is arbi-

AN

0

/ 7S
—CHCHCH < X
\—OH N/

|
O

XVII

trarily set equal to unity) of the thioethers is
listed. On the one hand, the quinones with
shorter side chains (II, » = 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 (II, » = 10, X = SR) show
rather high activity in the ¢n vitro tests.

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

(19) Hooker, THis JoUurnaL, 58, 1202 (1936).

(20) Wendel, Federation Proc., 8, 408 (19486).

(21) Fieser and Heymann, J. Biol. Chem., 176, 1363 (1948).
(22) Fieser, Ettlinger and Fawaz, Tuis JournaAL, 70, 3228 (1948).

pressed by pE, the critical extraction value.??
For maximum antimalarial activity the pE for
several series of hydroxynaphthoquinones has
been found to lie between 9.8 and 11.8. Figure 1
shows a plot of pE vs. molecular weight for three
series of thioethers. Tt will be seen that only the
longer chain compounds possess a pE value in the
desired range.?

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 = SC¢H;) died
although the same dosage of other quinones was
usually harmless. 2

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®

2-(8'-Bromodctyl) -3-hydroxy-1,4-naphthoquinone  (II,
n = 8 X = Br). Procedure A.—The preparation of a
peroxxde from w-bromopelargonic acid?® proved to be
troublesome. After the acid had been warmed with ex-

(23) Some of the pE values reported in this paper may appear to
be low in comparison with the pE 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 =0.2
pE unit; previously (ref. 22) the a. d. has been reported to be +0.05
pE unit.

(24) Communication from Dr. A. P. Richardson.

(25) All melting points are corrected.

(26) Hunsdiecker, Ber., 78, 291 (1942).
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TaABLE T
2-HALOALBYL-3-MYDPROXY-1 4-NAPUTHOQUINONES
- “Atalyses, Ggrmrmm e
Carbon Hydrogen
2 Substituent Procedure A p., °C. Solvent Forip v IFurmla Caled, Found Caled. Fount
~(CHy)uBr* A 83.7-84.5  Ligroin® Platelets
~(CH,)sBr A 69.5-70.5  Ligroin Prisms CisHa O3B 59,10 59.40 5.80 5.98
—(CH,);Br A 86-88 Ligroin Platelets CyHi0,Br 58,13 58.45H 5.45 5.5b
—(CH,),C1 B 101-102 Methanol Needles Ci1sH1205C1 63.51 63.34 4.95 5.19
—({CHo,),Cl B 128-129 Methanol Needles CiHnO:ClL 62,28 62.33 4.42 4. 55
-(CH,).Cl B 126-127 Ligroin Microcrystals CrH,0,CH 60,90 61.07 3.83 .06
—Br 203-204 Ethanol Orange prisms

» Fieser, Leffler and co-workers, THIs JourNaL, 70, 3208 (1948).
¢ Diel and Merz, Ber., 11, 1066 (1878).

yellow unless otherwise stated.

"B, p. 00-120°. ¢ The color of these compounds is

Tasre II

2-ARVL-{ALKYL}-MERCAPTOALKYL-3-HYDROXY-1,4-NAPHTHOQUINONES

e Ay aes, T oo

Carbon Hydrogen R. A,

2-Spbstituent Proced. M. p, "C.  Solveut 1'orn: fformula Culed. Found Caled. Found A.¢ pLiv
- (CHu)05CsHs C 80-81 MeOH Yell. priams CanHiz00:8 T3.00 73.00 7.18 7.27 7.3 11.8
- CH2)10SCsHeCl-p [ 108-109 Ligr.” Yell. platelets Crillze0,8CI 68.33 68.55 6.11 6.08 4.9 1.8
—(CHzHeSCsHeCHs-p C 98.5-09 MeOH  Or. platelets H20,8 7198 T4.62 T7.33 T.56 4.7 11.7
—(CH2)s8CsH4Cl-p C 111.5-112.5  Ligr. Or.-yell. platei CalHs05C1 67,10 67.29 5.87 5H.87 2.7 11.7
-(CH:3)s$CsHsCHs-p C 104-105 MeOH  Yell. prisms CuHasOsS 73.50 73.57 6.91 6.8 2.5 11.6
-{CH:)sSCsHs C 75-76 MeOH Or. mdls. or CuaHuOs8 73.06 7279 6.64 6.72 1.05 11.2

yeli. plates
-(CH275CsHs C £9-90 MeOH O alis. CHO:S 72.60 T2.87 6.36 6.590 0.36 10.90
«{CH2)SCsHaCl-p < 115.5-116.5 MeOH Or. ndla, Co[nOsSClL 66,57 66.65 5.59 53.84 0.51 11.4
—(CHz)sSCsH4sCHs-p C 107.5-108.5 MeOH Or. adls. Catlls0:8 73.06 73.00 6.64 06.58 0.42 10.9
-{CHp)1SCnHa-# C 79-80 MeOH Vell. adis. CiHu0:8 74.02 74.10 9.53 0.58
—(CH2)108CsHi-# C 78-79 MeOH Yell. ndls. CasH 42058 75.32 73,47 9.24 4.27
~t(CHz2)s3C10Hai-n2 C 80.5-81.5 MeOH Yel. adla Cas20:8 73.32 73.08 0.24 9.438
~1CHz)sSCsHyr-n C 69.5-70.5 Tigr. Vell. ndla. CuHs0:8 T2.01 T2.76 8.8 8.02
-CHSCsH4Cl-p D 172-173 EtOH-Bz Qr. udls CiHuOs8Cl  61.73 61.90 3.35 3.58 nil 6.6
Triacetate b 152-153 MeOH White priams CaaHiOs3C1L 60,19 60.32 4.27 4,71
-CH:5CesHs D 137-138 MeOH Secarl. ndls, 68.90 68.67 4.08 4.25 nil 5.6
~CH:SCsH4CHs-p D 144-145 MeOH Or. ndls. CusHuO0sS GY.59  63.26 4.56 4.88 nil 6.7
-CH:SCu1uHzs-1 D 82-83 HA» Well. udla. Cos 058 7216 571 8.96 mil
-CH:CH(CH3s)SCsHs < 108.5-109.5 MeOH Vell. udls. CuH 08 L 70.24 5.00 5.06 0.65
~CHCH(CHz)SCsH4Cl-p C, E 124-12) MeOH Or. wils. CigH0:8C1 B3.60 63.58 1.21 3.08 1.5 8.4
~(CHz2)sSCsHsCl-p E 150-151 RtOH  Yell. adls. CHOSCl 63.60 63.86 4.21 4.01 nil
Triacetate b 144-145 MeOH White prismns CouHesOsSCl 61,66 61.80 4.706 4.74
-(CH2)sSCsHs B 121-122 MeOH Or oudis. CraH O Y0.34 7H.14 497 5019 il
-{CH2)sSCsHsCHs-2 B 135-136 NeOH . Yell udls, Cats0:8 TO.G% 70,80 5.365 DH.44 nil
—(CH2)sSCsHu-n E 93-94 MeQH CaHisO:S B0 AF TO.71 7.83 T7.81 0.20
= (CH2)2C(CHp)2SCsH(Cl-2 B 119-120 MeOH CaHnO:8CT HH. 19 6548 4.5 5.09 il
~(CH2)oC(CHa) e SCsHsC Hy-p E 136-137 MeOH vell prisms  CaFlnOsS T2.10 Y204 6,05 5.83 nil
~(CH2)2C(CHjz)2:SCsHs E 128-130 MeOH Yell ndls N 7Oy 0.31 572 5.82 nii
~(CH2)2C (CHyg)2:SCrHa-n IO 120-130) MeOH  Or-vell plutes 72.28% 8.71 8.82 0.0066
~(CHz)2C (CH3)2SC12Has-n B 135-136 NMeOH  Or. adls, THA0H V.07 875 nb
—(CHz2)2C(CH3)2SC1sHzo-# 1 129-131 MeOH  Yell. wils. CopIT 0% 3 TA4L D.38 9,10 nil
~CH:CH(SCeH(Cl-p) CH(CH3)2 ¥ 177-178 MeODH  Yell, wil=. Coutl00C1 63 1) 85833 4.95 4.05 nil
- (CHz2)sSCsHLCl-p C 127-128 Ligr. Yell. prisins CaoHpiyO:8C1L 61,16 6475 4,60 4.60 0.8 8.05
- {CHy)i8CsH; C 105-100 Ligr. Yell. prisms CapHisO& 038 71.00 5.36 5.64 0.42 8.6
~(CHz2)«SCsHiCHs-p C 98--09 Lige. Yell prisms Tr.56 71,82 5.72 5.8 0.75 8.8
~SCsHiCl-p < 16016 dec. MeOH Or. plates ) .68 6077 2856 2.91 0.09 4.1
-SCsHyCHy-p C 158-150 dec. MeOH Or..red ndis Cailays 68,90 6870 3.8% 4.13 wl 4.3
-5CsHs < 149150 dec. MeOH Red ndls. Catl00:8 65.07 6821 3.57 3.8 (.13 4.0
-SCisHar- C 65-66 HAc Red wdls. Caal1n0S TLAL 70.88 8.33 871 nil
~3CsHir-n C 61-6G2 HAc Red udls, Crs (58 68.33 68.63 7.01 7.07
® B. p. 90-100°. ? Fieser, ‘‘Experiments in Orgauic Chemistry,” 1. C. Heath and Co., Boston, Mass., p. 39%. * For

the determination of the relative antirespiratory activity of tl

Grice Nahm, “ Critical extraction: constant.

cess thionyl chloride for about an hour, dry benzene was
uadded and the mixture evaporated to an oil under reduced
pressure. The procedure was repeated, and tlien Norit
together with a small amount of benzene {about one-half
of the original weight of acid used) was added, the suspen-
siont heated for fifteen minutes and then filtered. A per-
oxide was prepared by adding the benzene solution to a
stirred, cold solution of sodium peroxide.?” The peroxide

127) Dieser, Leffler

(1948).

and co-workers, Tms Journar, 70, 5178

jese quinones we are indebted to Miss Shirley Katz and Mrs.

was filtered, washed with water and dried. The alkyla-
tion of lawsone with this peroxide was carried out in warm
acetic acid solution.?” The quitlone was obtained (28%
yield) as yellow prisms from ligroin (b. p. 90-120°), m. p.
69.5-70.5°.
2-y-Chloropropyl-3-hydroxy-1,4-naphthoquinone (II, »
= 3, X = Cl). Procedure B.—A peroxide was prepared
from ~v-chlorobutyryl chloride?® in ether solution according
to the ‘‘hydrogen peroxide method’’ of Fieser, ef al.?” Al-

(28) Lipp aud Casper, Ber., 68, 1013 (1925).
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kylation of lawsone with the ethereal solution of peroxide
was carried out in warm acetic acid solution.” The
quinone was obtained as brilliant yellow needles (41%
yield) frém dilute methanol, m. p. 128-129°.

2-y-Bromopropyl-3-bromo-1,4-naphthoquinone (V). —
The quinone IV (1 g.) was dissolved in 5 cc. of warm gla-
cial acetic acid. Bengoyl 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
26 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
ligrein (b. p. 90-100°) and a small amount of benzene
(Norit) gave 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.

Amal® Caled. for Ci;3HO.Bry:
Found: C, 43.70; H, 2.96.
2-(10’-Phenylmercaptodecyl) -3-hydroxy-1,4-naphtho-
quinone (II, » = 10, X = C¢H;). Procedure C.—A solu-
tion of 2.3 g. (0.0059 mole) of II (» = 10, X = Br), 0.98
g. (0.0089 mole) of thiophernol (Eastman Kodak Co. White
Label) and 0.66 g. (0.0165 mole) of sodium hydroxide in
25 cc. of 95%, 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 cooling, 1.9 g. (76%,) of beautiful yellow
prisms, m. p. 80-81°, crystallized.
2,3-(5,6-Dihydropyrano-2’,3') -1,4-naphthogquinione
(VII).—In an attempt to prepare a thioether from the
quinone II (» = 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 756% 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

C, 43.61; H, 2.82.

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

QUANTUM YIELD OF INACTIVATION-DENATURATION OF CHYMOTRYPSIN

CAMBRIDGE 38, Mass.
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from ligroin gave 280 mg. of yellow needles (31%), m. p.
220-221°. This compound is not immediately soluble in
dilute alkali, but on shaking fot two or three minutes the
quinone does dissolve slowly to produce a red solution.
Anal. Caled. for CyuH 03 C, 72.89; H, 4.71.
Found: C,72.66; H, 4.83.
2-p-Chlorophenylmercaptomethyl-3-hydroxy-1,4-
naphthoquinone (II, » = 1, X = CgH,Cl-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 369, 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) gave 3.0 g. (65%,) of long orange needles,
m. p. 172-173°. This compound gives an orange-red
color in alcohelic alkali.
2-(3'-p-Chlorophenylmercapto) -propyl-3-hydroxy-1,4-
naphthoquinone (II, » = 3, X = CeH,Cl-p). Procedure
E.—A mixture of 1.6 g. (0.0075 mole) of IV 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
solution 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. (339,) 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-aryl-(alkyl)-mercaptoalkyl-3-hydroxy-
1,4-naphthoquinories 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 a low thera-
peutic index.
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Photochemistry of Proteins.

X. The Influence of Reagents and Conditions on the

Quantum Yield for 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 literature.®®> The apparent relationship
between quantum yields (®) and molecular
weights (M) is given roughly by

P = QM s (1)

where Q isa constant.* In thislaboratory we have
begun investigating factors which may influence
the value of ® for a given protein.® The quantum

(1) Fellow of the Monsanto Chemical Company, 1948-1849.

(2) Landen, Tars JourNAL, 68, 2465 (1940).

(8) Mandl and McLaren, Arch, Biochem., 31, 408 (1949).

(4) McLaren, Acta Chim. Scand., 4, 386 (1950).
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yield has been found to be dependent on hydrogen
ion activity and wave length. As previously
reported for chymotrypsin® & is independent
of intensity, the presence or absence of oxygen,
and concentration in the range previously in-
vestigated (2 X 1078 to 8 X 10~ 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
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