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A NEW BIOLOGICALLY ACTIVE 
NAPHTHOQUINONE1 

Sir: 
Indications of apparent involvement of quinones 

as coenzymes in cellular metabolism2'3 prompts us 
to report findings concerning a new naphthoquinone 
in Mycobacterium phlei. With extracts of M. phlei 
which have been irradiated to destroy naphtho
quinones, restoration of oxidative phosphorylation 
is specifically dependent upon the addition of vita
min Ki or a closely related 2,3-dialkyl-l,^naphtho
quinone.4 The active substance" has now been 
identified as a naphthoquinone. 

The naphthoquinone was extracted from washed 
cells (450 g., wet) by refiuxing with 2,2,4-trimethyl-
pentane-2-propanol (3:1). Extraction with ace
tone then gave a product which was chromato-
graphed on Decalso. The naphthoquinone (10 
mg.) was eluted as a yellow oil with petroleum 
ether-ether (49:1). 

The absorption spectrum is identical in position 
and relative intensities (\'ZT*U° 243, 249, 261, 270, 
328 and a shoulder at 240 m û) with those of vita
mins Ki and K2 while the E\^m, indicated a maxi
mum mol. wt. of 620. Comparison of the infrared 
spectrum with those of the homologs of vitamins 
Ki and K2 showed identity in the position of the 
peaks with the former but marked differences from 
the latter. The intensity of the C-H stretching 
and bending vibrations indicated more than 25 
saturated carbon atoms in the molecule. The 
compound gives positive Dam-Karrer5 and AIm-
quist-Klose6 tests, a negative Craven test7 and is 
destroyed by light at 360 nut. 

Chromatography on vaseline-impregnated paper 
with methanol-2,2,4-trimethylpentane (3:1), sol
vent I, or methanol-2,2,4-trimethylpentane-2-
propanol (3:1:1), solvent II, revealed a difference 
from all known K-homologs.8 
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Comparison of the UV and IR spectra of the 
oily hydroquinonediacetate with those of the 
corresponding derivative of vitamin Ki revealed 
differences similar to those between the parent com
pounds (XZ^"" 233, 278 and 288 nnj). 
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The yellow oil has antihemorrhagic activity.9 

It restored both oxidation and phosphate esteri-
fication when added to light-treated extracts and 
was 3 times more active than vitamin Ki in oxida
tion and 6 times in phosphorylation. The P/O 
ratio observed with the natural compound was 
1.35, whereas it was only 0.68 with a concentration 
of vitamin Ki which gave maximal restoration. 
Restoration also occurred with ^-naphthoquin
ones, vitamin Ki being the most active, while K2-
homologs containing 2 and 3 isoprene units 
showed only slight activity.10 

Quinones isolated from beef heart mitochondria 
participate in electron transport11 whereas a syn
thetic quinone was used to restore oxidation and 
phosphorylation12 with mammalian mitochondria. 
The new naphthoquinone is unique in that it is 
found in mycobacterial extracts capable of phos
phorylation and is more active than any other 
quinone tested in restoring oxidative phosphoryla
tion. The monophosphate ester may exist as the 
active intermediate in oxidative phosphoryla-
t i o n 2 , 4 , 1 3 - 1 6 
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THE PREPARATION OF PHOSPHORUS-
CONTAINING HETEROCYCLES BY 
REACTION OF PHOSPHINE WITH 

ALDEHYDES 
Sir: 

The reaction of phosphine with aliphatic alde
hydes has been investigated previously and the 
products usually obtained were tetrakis-(l-hydroxy-
alkyl)-phosphonium salts.1-4 

4 RCHO + PH8 + HX — (RCHOH)J"+>X<-> 
R = H or M-alkyl group 

We have found that this reaction takes a different 
course with alpha-branched aldehydes and leads to 
the formation of secondary phosphines which are 
derivatives of a novel heterocyclic system, 1,3-dioxa-
5-phosphacyclohexane. 
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I, R, = R, = CH8 

II , Ri = C2H6; R2 = «-C4H» 
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