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of 3.6 10 3.9 aniperes flowed thirough thie eircuit at a voltage
of 3.8 to +.0. The temperature of the anolyte was main-
tained at 40 to 457, At the end of ¢ight hours the oxida-
tion was complete.  The reaction miixture was worked np
as in the case of the quinoline oxidation aund copper 1ico-
tinate (9.6 g. or 60/ was obtained.

Summary
1. Cnuroline has been oxidized electrolytically
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at a platinum anode in 759 sulfuric acid to quino-
linic acid with a yield of 77%.

2. Nicotinic acid has been obtained by de-
carboxylation of quinolinic acid in cyclohexanol
and also by the clectrolytic oxidation of 3-picoline
at a lead anode.

CvnrpH, ONTARIO RECEIVED Junk 15, 1946
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A Synthetic Ferroporphyrin Complex that is Passive to Oxygen’

By Arsopx H. CorwIN AND J. GorDON ERDMAN?

Hemoglobin possesses remarkable chemical
properties other than its ability to combine revers-
ibly with molecular oxygen. One of these is its
passivity to oxygen, a property which has not
been reported heretofore in ferroporphyrin com-
plexes of known structure. Hemoglobin is a fer-
rous complex, potentially susceptible to oxidation,
yvet capable of combining with and transporting
oxvgen without being oxidized to the ferric state.
An elucidation of the conditions under which pas-
sivity to oxygen may be expected should provide
one of the specifications for the synthesis of com-
pounds parulleling the chemical behavior of hemo-
globin. The first step in a program with this ob-
jective would be the preparation of solutions of
hemes, free from reducing agents, suitable for
oxidation studies. This paper reports experinlen-
tal conditions under which this objective mayv be
attained. In the course of this work, conditions
were discoversd under which a ferroporphyrin
complex coupled with pyridine is passive to at-
mospheric oxygen. The necessarv reactions have
been followed and the preparations analyzed spec-
troscopicaliv.

Preparation of pure ferroporphyrins, or Lenies,
has proved difticult, due to their extreme scnsi-
tivity to oxidation. So far an absorption spec-
trum for one of these substances in « non-cotrdi-
nating solvent has not been reported. Fischer.
Treibs and Zeile® prepared ecrystalline hemes for
the first time. They report powder spectra ol
three bands somewhat resembling the ferric, por-
phyrin chlorides or hemins. Powder spectra are
complicated by strong molecular interactions and
by selective scattering of the particles.

Spectra obtaied by the addition of reducing
agents such as hvdrazine hydrate or sodium hy-
drosulfite to solutions of the ferric porphyrins
alkalitnte aqueous media or in nitrogen bases such
as pyridine arc complicated by the tendency of
the iron to ferm contplexes through its two retnain-
ing coordinate valencics. In the presence of large

(1) Studiesin the Pyrrole Series XVI1L; Paper XVI1L, Erdman and
Corwin, THls JolrrNaa,, 68, 1885 11046),

() Present wldrexs, MMellon [natitste, University of Pittsburgl,

Pittsburgl, l’eausylviuniu,
(3) Fisclhier, Treils ol Zeile, Z. phiyveisl. Chem., 195, 1 (1931).

amounts of nitrogen bases the formation of the
complex, or hemochromogen, is accompanied by a
shift from para- to diamagnetism and the forma-
tion of a characteristic spectrum. In aqueous so-
lutions the spectrum is spread out into a broad
hump through partial complex formation with
either water or the reducing agent which usually
must be present in large excess.

Knowledge of the nature of the binding in the
ferroporphyrins and their complexes is vital to
our understanding of their action in living sys-
tems. The original purpose of the present work
was to prepare a crystalline heme, to devise means
for determining the spectrum in a non-codrdinat-
ing solvent, and finally to examine its stability
w.th respect to oxidation, both with and without
a codrdinating base. These objectives were at-
tained by the use of special apparatus designed to
exclude atmospheric oxygen during the manipu-
lations.*

Mesoheme IX dimethyl ester, I, crystallized
in red needles which possessed a peculiar golden
lustre unlike any of the other iron compounds of
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(4) Cf. Hieber, Sonnekalb and Becker, Ber., 63, 978 {1930).
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the porphvrin. Dilute solutions in dioxane were
deep purple-red. On exposure to air they almost
instantly changed to the reddish brown color of
ferric porphyrin hydroxide, or hematin, I1.
Mesoheme in dioxane 1s readily cleaved by hy-
drogen chloride yielding the porphyrin dihydro-
chloride. Mesohematin is converted to meso-
hemin chloride. These reactions were utilized
for determining the purity of the heme solutions.
The solution used for the calculation of the ab-
sorption curve contained about 909, heme and
10¢, hematin. The curve for the hematin was
determined under identical conditions. Sub-
traction of the per cent. extinction coefficients
vielded the curve for the pure mesoheme IX di-
methyl ester (Fig. 1, Curve A) with peaks at 385,
540 my, and the great peak at 410 mu. Because
of the instability of the compound, the errors in
the molar extinction coefficients are probably large
(109%). The position of the great ultraviolet peak
was determined but its extinction coefficient is
not reported since at such dilutions the ratio of

Great peak.

V]
|

Molar extinetion coefficicnt X 1071,

s
L/J//IIIL‘lel

600 500
Wave leugth in mu.

Fig. 1.—ADsorption curves of divalent metallic com-
plexes of meroporplyrin IX dimethyl ester:
ferrous, ————— cuprie, — — — nickelous, — ~= —— zile.
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ferrous to ferric could not be determined. The
curve is sufficiently good to show that the meso-
hetne spectrum contains only two bands in the
visible. In this respect it resembles those of the
other divalent metal complexes as determined by
Stern and Dezclic.”  Curves of the cuprie, nickel-
ous and zine couplexes are shown in Fig. 1 for
purposes ol comparison,

The complexes of the hemes and organic nitro-
gen bases, the hemochromogens, prepared by re-
duction of the ferric porphyrins react rapidly with
air. The reaction is 1ot simply an oxidation of the
iron, for varying amounts of the hemin are de-
stroyed. Warburg and Negelein® and Lemberg
and co-workers? isolated from oxidation mixtures
of protoheme u green substance believed to be
ferric biliverdin hydroxide, or verdohematin, ITI.

We find that the addition of oxygen to solutions
of mesoheme IX ditnethyl ester prepared with
various reducing agents shows a varicty of results,
In the casc of reduction with sulfur dioxide a
hitherto unreported compound is formed, possess-
ing a characteristic three banded spectrum. For
such reactions Lemberg proposes a mechanism
involving the addition of oxvgen to the iron. Ex-
cess reducing agent converts the oxygen to a per-
oxide complex. This strikes in to oxidize a bridge
carbon. Such u techanism does not suffice, how-
ever, to explain the variety of resuits obtained by
varying the reducing agent.

Our orienting expernnents concerning oxida-
tion of the ferrous iron to the ferric state by oxy-
gen show that pure pyridine hemochromogen, 1V,
prepared by dissolving crystalline mesohenie in
dry, purified pyridine, did not react with dry
oxygen. Even the addition of just sulficient water
to form the hydroxide ions required stoichiomet-
rically did not cause rapid oxidation. Such solu-
tions, after several weeks exposure to air, still re-
tained the hemochromogen spectrum.  Addition
of approximately 306, water produced a salmon
pink precipitate of the heme, V. This substance
is probably a water complex. This quickly oxi-
dized to hematin, VI, which dissolved to a brown-
red solution of pyridine parahematin VII. The
sequence of events in the oxidation in the presence
of water is given in the following equation, which

Py
A 800 mo 0. + 2H,0
4 Porph Fe 5 8 Py + 4 Porph Fci il
Py
v v

Py
4 Porph Fe*...OH~ + 8 Py —> 4 Porpli IFe--- OH™

Py
VI VII
(3) Stern and Dezelic, Z. physik. Chem., A180, 131 (1937).
(6) Warhurg and Negelein, Ber., 68, 1816 (1930).

(7) Lemberg and co-workers, Biochem, J., 27, 1322 (1936): 3%,
140 (1938).
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also clarifies the observed passivity in the absence
of water.

This experiment shows that it is the water coni-
plex which is oxidized, not the pyridine complex.

The behavior of the heme in pyridine is in sharp
contrast to that in dioxane. Anhydrous dioxane,
like pyridine, should not provide a low energy
electron acceptor capable of permitting the oxida-
tion to proceed. However, the stability of the di-
oxane complex is sufficiently lower than that of the
pyridine complex that our best efforts to exclude
water were not sufficiently good to prevent the
oxidation of the heme in dioxane solution.

The experiments cited above point to one of the
conditions which may be of importance in consid-
ering the passivity of the blood and muscle hemo-
globin to air oxidation. We have shown that a
heme complex with a strong complex former, pyri-
dine, is not oxidized in the presence of small
amounts of water. The biologicul systems contain
strong complex formers. They differ, however, in
that the oxidation is apparently independent of
the amount of water. A protein could reduce the
amount of water available to the iron atom if it
were a large concave surface capable of partially
engulfing the heme molecule with suitable coor-
dinating groups spatially arranged so as to be im-
mediately available geometrically for attachment
to the two free codrdinating valencies of the iron.

The authors wish to acknowledge a grant from
the Rockefeller Foundation which made this re-
search possible.

Experimental

Protohemin IX Chloride,—~The method used was a
modification of that reported by Hans Fischer® as based
on the original procedure of Nencki and Zaleski.® By us-
ing a very concentrated solution of hemoglobin the yield,
based on glacial acetic acid, was increased by 609, thus
reducing the expense as well as the volume of liquid
handled.

The hemoglobiu concentrate was prepared from oxalated
blood. This was chilled and the erythrocytes centrifuged
down. Tle supernatant serum and the layer of leucocytes
were removed with a pointed suction tube. The cells were
then mixed with an equal volume of hypertouic sodium
chloride solution (1.595) and recentrifuged. The super-
natant liquid was again pulled off and the cells laked with
a little toluene. Two hundred seventy cubic centimeters
of the concentrate were used per liter of glacial acetic acid:
yield, 2.2 g.

The crude material was recrystallized from pyridine-
chloroform acetic acid: yields, first recryst. 809, subse-
quent recryst. 909,

Magnified 125 X, the material appeared as massive
plates, the broad faces being slightly elongated parallelo-
grams with oblique extinction.

Mesoporphyrin  IX Dihydrochloride.—The present
method of preparation from hemin involves the oue-step
reduction of the vinyl groups and removal of iron through
the action of formic acid and colloidal palladium. The
inethod is based on that reported by Taylor.® We are
reporting the entire method for it involves several modi-
fications which, i1l our experience, lead to higher and wore
consistent yields.

The palladium oxide catalyst was prepared according to

(8) Hans Fischer, » Organic Syntheses,”’ 21, 33 (1941).
(9) Nencki and Zaleski, Z. physiol. Chem., 30, 390 (1900).
(10) Taylar, J. Biol. Chem., 185, 570 (1940).
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the directious of Starr aud Hixon.!'!  The sticky mud-like
material was dried ouly enough to perniit its reinoval from
the Hirselt filter funnel.  The moist catalyst, coutainiug
abont 5077 water, was stored i a giass weighing bottle,
care Deing taken that it did not dry ont completely. Dried
samples of catalyst were less active to varyving degrees.
Use of suclt sauples required longer reactiou times, the
extentt of wlhiclt Inud to be deterinined spectroscopically in
cach case. Tiwe reaction mixtures, tlins obtained, always
countained smaller anounts of porplivriu, wlhielt, due to cou-
tamination with a Drow: dye, required greater labor ir
pirificationr.

Two graius of reerystallized hewtin, fitely powdered i1 an
agate wortar, was suspended in 165 ce. of 09040 C. p.
forutic acid in a 500-1l. boiling flask. Dainp catalyst cour-
taluing 460 mg. of palladimm oxide was added, a glass cold-
finger suspended in the neck, aud the flask lmmediately
pluuged iuto an electrienlly heated glycerol-bath to a depth
such that tlie liguid levels wwithie and withont the flask were
the saine. Several Doiling sticks were added to preveut
bumping. The formic acid began to reflux within two
or three wintes.  Iu about fifteen minutes the hrowi sus-
peusion chauged to a deep purple-red solution. The uix-
ture was refluxet] for one and oie-half hours though spec-
troscopic assay of aliquots taken during scveral runs indi-
cated that the reaction was practically complete after half
an hour. Marked decouposition became cvident after
two to three hours.

The cooled solution was filtered througl a large sintered
glass fuunel to remove the catalyst aud thien poured slowly
with efficientt stirring iato 600 wl. of 30 anuloniu ace-
tate solution. After a half lour, the precipitate was
centrifuged down, washed with distilled water, and dis-
solved i1 140 wl. of 247, aqueous anunouia. Twenty-four
cubic centiineters of 307, disodium tartrate was added
with thorough stirring, and the mixture allowed to stand
for a half hour. The bright red precipitate was ceutri-
fuged out, and the supernatant liquid carefully pulled off.
The latter varied from brown to the pale amber-red of di-
sodimm wesoporphyrin.  The precipitate was redissolved
in 140 ml. of 2, anunouia and treated as above. 1n
most cases tlie mother liquor contained only disodimmn
mesoporphyrin.  If it was still brown the process was re-
peated a third time.

The wet residuc was heated o3l the steaut-hatli to 100°
aud 150 cc. of boiling 25'% hydrochloric acid added with
vigorous stirring. [Flue purple needles of the mesoporphy-
rin dihydrochloride began to separate alinost innmediately.
After cooling overnight i the icebox the solid was filtered
by suction aud waslied with a little cold 24, iydrocliloric
acid. The eutire fumnel and couteuts were placed i a
vacuulll desiccator over potassiuin hydroxide mntil thor-
oughly dry. The mesoporphyrin dihydrochloride was then
lifted out as a thin brittle purple microcrystalline cake.
Coucentration of tite wetler liquor yielded an additional
siall amount of the dihyvdrocliloride; average vield 1.78 g.
or 90.5%%.

Siuce the reaction time in the above preparation was re-
duced, it was felt desirable to prove that the product was
not protoporphyrin 1X by cowparing it with a sawple
of the latter prepared by a method not involving catalytic
reduction. A small sample of protoporphyrin IX was
therefore prepared by dehvdration of hematoporphyrin
which was 111 turn obtaiined by the reaction of acetic acid-
liydrogen bromide on hemin,  Comparisons were made of
ntelting points aud spectra of the dimethyl ester, its copper
complex and of the reforined pyridine hesnocliroogens
ad mixed melting points were taken. These comparisous
prove conclusively that the reduction in the above prepara-
tion yielded mesoporpliyrin.

Mesoporphyrin IX Diniethyl Ester.—Two gramns of
mesoporpliyvrin  dihvdrochloride was added to 2 liters of
absolute methanol containing 10 g. of dry hydrogen chlo-
ride. The mixture was refluxed for one hour, filtered wlile
hot through a large sintered glass fuinel, and then poured
slowly aud with stirring iuto 3 liters of 21,77 sodium bi-

(11) Starr and Hixon, " Organic Syatheses,” 16, 77 11936),
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carbonate solucion coutaining 1 kg. of finely crushed ice
and 4 g. of celite. A filter was prepared by pouring 1 g. of
celite, suspended in water, through an &-cui. Biichuer
fuunel, The layer of celite thus deposited prevented some
of the porpliyrint which floats ou the surface fromn clogging
the filter paper. The cclite suspeusion of the porpliyrin
was waslied thorouglly with distilled waterasud imimesliately
dried in a vacuuin desiccator.

The dry celite cake was Droken into a fiue powder aud
packed into a chromatograph tube i the usual utaner.
Cliloroform was forced through the colum wider several
pounds pressure. Iu this way a very coucentrated soli-
tion, free froin celite, was obtained. The filtrate was cou-
centrated to about 20 wl. and hot methanol ad:ded to in-
cipient precipitation. Ou cooling, the porphiyriu separated
in tiné glistening purple leaves. 1t was filtered by suetion,
wushed with 26 1nl. of 1:9 chiloroforui-methanol, and driz:l
in a vacuuin desiccator; yield 1.78 g. or 97.5%, n. p.
213.5-216° (cor.).

The mother liguors were evaporated to dryuess, yielding
68 mg. of crude but crystalline material.

Recrystallization,—The above material was dissolved in
20 ml. of boiling clhiloroform and 50 mil. of boilitig methanol
slowly added, care being taken that nouie of it ran down the
walls. A clear but highly supersaturated solution was
tlhius obtained. The glass stopper was bnutediately -
serted and the flask pluuged into a 4-liter beaker of water
heated to 637, After about a half hour clusters of sparkling
purple crystals began to appear on the walls.  After conling
overniglt the zemperature was slowly depressed by addi-
tion of ice and finally salt. The erystals were filtered off,
washed witlt 1:9 methatiol-cliloroforin a:ul vacuust dried;
yvield 1.64 g or 92.2¢0; w1 p. 213.5-215.57 fror.).

Lvaporation of tlie-mother liguors vielded 42 w1z, of
crude but crystalline material.

Maguified 125X, tlie pure product appeared as very cloi-
gated plates showing oblique extinction under crossecdhiicols.
The crystals possess a strikiing purplish greeu listre,

Chromatographic adsorption oun activated alenina disl
not alter the nelting point or appearaire.

Mesoheme IX Dimethyl Ester.-—Experitentatio:n I2d to
the following procedure as the simplest and most satis-
factory hy whicli the pure substance could be obtainzd.

The uitrogen used as ai iuert atutosphicre was purified
by passage through a wodified form of the train deseribed
by Corwin aud Ellingsou.!? Tlie modifications were the
following. The lead acetate solution was replaced Dby
puiiee chiips Bapreguated with lead ucetate. The sulfurie

S

|
-

Fig. 2.

(t2) Corwin and Ellingson, Ti1s Jorrnal, 64, 2101 {1942).
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acid bottle was replaced by a tower coutaiuing calcium
clloride followed by wagnesiiu perchlorate. The sodium
ketyl of beuzopheuone was prepared in xyletie in place of
tlie more volatile toluenie. The mineral oil and paraffin
slixture was replaced by a tower packed with paraffin
chips. The use of solids instead of liguids iu three of the
operations decreased the back pressure which sometinies
wuas troublesoine in the older train, The nitrogen was
supplied to the train througl a constant pressure valve
sct at two poutids,

Deoxygeuation of solveits each time they were used
proved tedious.  Storage vessels were prepared by sealing
fine capillary iuletsinto the bottoms of a set of boiling flasks.
A positive pressure of nitrogen was applied to these tubes
at all tiines during storage. Whenever the stopper was
lifted, uitrogen bubbled up through the liquid, thus pro-
tecting it from air. Due to the internal pressure of uitro-
geil, a leak around tlie stoppers did not cause danger of
contamination. Water, acetic acid, and methanol were
cach refluxed for one hour in a stream of nitrogen and then
distilled directly into the storage vessels. Reflux and dis-
tillatio1l were carried out in a one-piece glass still. Traus-
fers from the storage vessels were accomplished by means
of a niedical syringe, the steel needle of which was replaced
by a loug, thin, glass capillary tube. The barrel was
riused with several small portions of the liguid before an
actual transfer was made.

The reaction was carried out in the apparatus shown in
tig. 2. The air was removed by progressively sweeping
from tlie left, being sure that each inlet and exit liue had
been swept clean of air. In the last stages, the apparatus
was cautiously flanied to remove any oxygen adsorbed on
the iuuer walls. It was finally cooled by sweeping with
nitrogen.

A slow streani of nitrogen was passed i through A, The
¢lass stopper of chamber II was lifted and 115 mg. of meso-
porphyrin dimethyl ester and 100 mg. of sodium acetate
introdueed through a small powder fuunel. Two milliliters
of acetic acid was added by means of the syringe and the
stopper replaced.  The stopper of tilet E, chamber I, was
remmvved and 1.5 ce. of acetic acid, 2 1nl. of distilled water,
auid scveral lengths of iron wire added (Mallinckrodt
Creagent” s C, 0.0149%: Mu, 0.025; P, 1.001; Si, 0.001;
S, 0.026; Fe, 99.99,. The mixture was then refluxed
gently until an estimated 530 mg. of iron had dissolved.
Loss of liquid was avoided by cooling the upper portion
of tlie chainber with compressed air. The flow of nitrogen
was tlien increased and the solution concentrated to about
1.5 ml. Three milliliters of oxygen-free acetic acid was
added and the mixture heated to boiling. Part of the fer-
rous acetate separated as a suspernsion of fine white crys-
tels. The porphyrin—acetic acid mixture was warued by
miets of an oil-bath until the porphyriu dissolved com-
pletely.  The hot solution of ferrous acetate was then
forced over in small portions (nitrogen entering at 1D and
escapiug at B). The solution was stirred after each addi-
tion by reversing the flow of uitrogen (A to C). After
cowplete addition of the ferrous acetate, the solution was
geutly retluxed for several minutes. Tlie color turnied
frotn dnll red to brilliant almost purple-red. Meanwhile
3wl of water was placed in compartment I, heated to
Doiling ansl swept with nitrogei to remove any contaiii-
nating traces of oxygen., This was forced over iu siuall
poriious into the hewte solution, the addition requiring
about oue Lour. Fiue red needles began to separate. The
mixture was cooled slowly and allowed to staud for one
liour.  The crystals were blown into suspension with ui-
trogen and filtered ou the sintered glass disk il chamber
111, the wother liquors beiug removed at B. Wash water
was prepared in chamber | as above. 1n small portions it
was forced iuto chamber II, refluxed for better washing,
aud finally passed through the filter. About 18 nl. of
water was used in all. The crystals were finally washed
with two 1.5-1ul. portions of methanol prepared inn the same
manier as the water., The product was dried on the filter
disk by foreing a streaun of uitrogen tlirough it for several
honrs. Drying was speeded by wrappiug chamber 111 in a
towel and warsning witlian infrared I;unpA
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While the product was dryiug a trausfer coutaitier was
prepared from & large battery jar. A tnbe was led to the
bottou from a tank of liquid carbos diexide.  The end of
the tube was covered witlt a fnlded towel to prevent con-
vection currents from beistig set up by the flow of gas. The
top of the jar was covered with several thivkuesses of
towelilg and the air replaced by carbon dioxide.

Storage anipoules were prepared frost H-min. Pyrex
tubing, the bulby: being about S-nni. external diameter,
aid the stems about H-ent. long. These were carefnlly
cleansed and weiglied to 0.1 m1g. DBuelt was baked out in
nitrogen auel placed i the jar.

Cowpartment 111 was quickly disconceted from the
reaction apparains ald placed i the jar of carbon dioxide.
The flow of gas was inereased and a small amount of the
crystalline waterial introduced into cacit ampoule by
meatts of a small spatula aud filling tube.  Lach amponle
was then attached to a line from a high vacina sysiein
aud the pump turued on.  The awpoules were remtove:d
froin tlie jar, evzcuated to about & X 10 "2 ., and sealed
off. As soon as thie sealing was complete the bulbs were
plunged into cold weter to prevent lieat from diffusing back
and damaging the sample. The wrights of the samples
were obtained Dy rewceighing the bulb and stemr; yield 6D
mg. or 47 847

Suspeuded i1 boiled out mineral oil the crystals appeared
wider the umlicrescope as fine eedles witlt elean surfaces
aid oblique extiiiction.  They sceir to grow in sheaves
aud were occasionally branched. By transmitted light
they were bright red. by reflected light golden.

Determinatior: of the Spectrum.-—Tlie measurcinent was
made with the instrumcnts described Dby Iirdivan ad
Corwin,! the orly change being that the cell thickitess
was reduced to 1.38 . so ws to persnit the use of more
cotteentrated solutions.,

A small volumetric flask was coustrueterl with a fine
capillary iulet at tlie bottou for uitrogei. A ampoule of
the heute was introdnced and the flask swept with nitrogen
for several hours. Oxvgen-free dioxane was distilled in
against tlie flow of nitrogen. The a:upoule was broken
with a carborundinu poiuted rod.  Tlie solution was mixed
by the flow of vitrogen. Meauwhile a cuvette equipped
with a vitrogen inlet was swept aud flamed.  Transfers of
tlie solution were wade witht a fite siphion tube bucked by
nitrogell pressure.  Nitrogen was passed thirougl the sipper
part of the envette thranghont the sleasureient. The
peak at 95 was weasured first.  After every third reading
the intensity of this peak was rechesited. Whe:n a deeline
in absorption appeared, the solution was iscarded.  Three
refills were neee sary for the range of 2200 1 covered 151
the studdy.

Maxima
I 11 111
DN e X 107 N e X 107 A e X e
395 1.68 550 1.953 110 5.0
Minia
I 11
N e X 1073 A e X 1074
0. 565 n.812 510 ). 648

Action of Oxygen on Pyridine Mesohemochromogens
Prepared by Several Different Methods. - Auhydrons
oxygeit-free pyridine was prepared Dy creating the C. p.
product with potassiimmn hydroxide pellets for several
mounths atd then distilling under nitrogen, as with tlhe
solvents iu the preceding section. A solition of nesolieutin
chloride was prepared contaiiting 0.3 mg. ‘ml.  Spectrun:
640-623, 532545, 525510 mp.

Hydrazine Hydrate.—Oue drop of 9277 solutiou added
to 3 ml. of the hemin solution. Color is orange-retl.
Spectrunt: HHG-543, 327-H04 mw.  Pure dry oxygen
rapidly destroys tlie lieiochirontogen spectri, the soli-
tion beeowing pale yellew after about fifteen niinntes.

Hydrogen Sulfide. A few iilliliters of liydrogen sulfide
were passed iuto 3 ml. of stock lhiemin solution.  The
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speetrutt of the hemoeliromogen formed rapidly.  The
exvess hydrogen snlfele was swept ont with nitrogen atid
the solution treated with oxygen.  The color and spectrinm
chauged rapidly.  After ten secouds thie splistion was
greettish black.  Speetruun: I 636--640, 11 535H-548, 111
530020 mw: ovder of intensities I, 11, IiI.  After three
minutes the solntion was deep green.  Spectriza: I 635~
611, 11 653548, T11 532526 miw; order of inteusities I, I11,
I1.  After twenty minntes the solution was browish
green,  Speetrim: 1 630-641, 11T 533 548, 111 532520 mip;
order of iuteusities, 1, 111, II (shadpwl, Iydrogen sul-
fide added to the final selution did nat alter tlie speetrum.

Sulfur Dioxide.---A few miilliliters of sulfur dioxide were
passed into 3 ml. of the stoek hewin solutionn.  The solution
beeante warit due to the formation of the sulfur dioxide-
pyridine complex,  The hemochiromwogent spectruin formed
innediately. Pure oxygen was passed tlirough the mix-
ture.  After five minutes: spectrum: 1 584575, 11 55%-
58, 111 540-510; order of iuteusities 11, IIL (simeared), I
{shadowi. After thirty minutes: spectrum: 1 539--573,
11 555-343; order of intensities 1, 11, The reaction goes
well only i1 purilied pyridine. A little mnisture seeins to
De necessary.

Sodium Hydrosulfite,~---Om: wiilliliter of the stock hemin
solution was diluted with 2 nil, of water. Que nilligrain
of sodiinm hydrosulfite canses inunediate fortnation of the
lierochromogen  spectrunn. Pure oxyge:r was  passed
thironglt the wixture for one lhomr,  The codor slowly
chaunger! to amber-browiw;  spectrinn 1565348, 11 550 -
56 1 {probably henatin!,

Ascorbic Acid,-~One milliliter of the stock liemin solu-

tion was diluted with 2 ml. of oxygen-free water,  Several
milligrams of ascorbic acid was added. The spectruin of
the Lemnchiromagen  appeared  within a few  seconds,

Oxygenl was passad through the mixture for twenty min-
utes.  The solution gradually becatnie a deep clear green;
speetrintl I 666 <6530, 11 333-322 1y order of lutensities

From Mesoheme Dimethyl Ester,—Oute of tlie anipoules
of leme was broken nnder pyridine. The solution was
Dright orangs-red and showed an iateuse Lhewoeliromogen
spectriiil.

Three enbic ventinpters of the solution was treated with
oxygen for a half liour without change in eitlier type or
intensity of the spreetrisu,. A drop of water was added aud
the sehtinn again treated with oxvgen.,  The hemochiro-
ngen speetii peristed. The solutinn was allowed to
stattd to the air for several weeks, At the end of that time
the lurger portion was convertal to the ferris state but a
hemochromngent speetrunt was stll visible.

Three milliliters of the ={eek solution was treated with
3ol of oxvgen-free water., A Dright pink preeipitate
forued. Witen exposed to air it rapidly redissolved, giviug
thie brownish red spectrisst of ¢ie ferrie complex.,

Summary

1. The preparation of mesoheme X dunethyl
ester is deseribed,  The preparation requires the
use of special apparatus to exclude atmospherie
oxygen.

2. The absorption spectrum of this substance
is recorded. It 1s shown to resemble that of other
divalent metallic complexes.

3. Tlie contrasting behavior of mesolheme aid
niesohematinn in the presence of hvdrogen chloride
may he used as an assay of purity.

. Grounds are presented for predicting that
liemes coordinated witly a base in the absence of
molecules capable of acecepting electrons and the
absence of peroxide should be passive to oxygen.

S0 1t s shown experimentally that sucli pas-
sivity ocetirs with pure pyridine lieniochrontogen
i1 the abscnce of witer or i the presence of the
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amount of water required stoichiometrically.
An excess of water permits rapid oxidation.
6. The possible relationship betwcen this phe-
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nomenon and the observed passivity of hemoglo-
bin is discussed.
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The Partial Synthesis of Dehydrocorticosterone Acetate

By LEwIs HASTINGS SARETT

Dehvdrocorticosterone, a member of the ad-
renal cortical hormone group, was first isolated
from cortical extracts by Kendall and co-workers.!
Its partial synthesis from desoxycholic acid has
been accomplished by Lardon and Reichstein.?
This synthesis employs the reaction of a 3-ace-
toxy-11-keto-etio-cholanic acid chloride with diaz-
omethane as a means of introducing the required
ketol side chain. This has also been accomplished
by lead tetraacetate oxidation.?

The availability of A% and A»21-3(a)-acet-
oxy-11-ketopregnenes' hus now made possible the
utilization of another method for constrticting the
ketol side chuin.

The crude crystalline mixture of AY%- and
AP 5 (a)-acetoxy-11-ketopregnenes (I and la),
obtained by the method previously described*
was saponified to the corresponding mixture of
3(a)-hydroxv-11-ketopregnenes (II and Ila),
which upon oxidation with chromic acid afforded
the corresponding mixture of 3,11-diketopreg-
nenes (III and 1Ila). Hydroxylation with os-

mimn tetroxide by the method of Criegee® gave a
mixture of pregnanedioldiones from which the
pair of isomeric 20,21-cdiols could immediately be
separated. This was effected by subjecting the
mixture to mild esterification with succinic an-
hydride followed by separation of the acidic from
the neutral fraction.

The neutral fraction consisted essentially of a
pregnanediol-17,20-dione-3,11,% (IV), which was
best isoluted as the readily crystalline 20-acetate,
(V). The structure of this dioldione was shown
to be that given by formula IV through chromic
acid oxidation. Two products were obtained,
etio-cholanetrione-3,11,17 (VII) and pregnanol-
17-trione-3,11,20 (VD). VII could also be ob-
tained by oxidation of efo-cholanol-3({a)-dione-
11,174

The A*b-unsaturated derivative of IV was also
prepared. Bromination of V gave 4-bromopreg-
nandiol-17,20-dione-3,11 acetate-20 (XXI) as
the crystalline alcohol complex. Refluxing this
product with pyridine gave pregnene-4-diol-17,20-
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1) I\’Iasun, Myers and Kendall, J. Biol. Chem., 114, 613 (1930).

(2) Lardon and Reichstein, Hely. Chim. Acta, 26, 747 11943).

(3) E. g von Euw, Iardon and Reichstein, 7bid., 27,
(1944).

(4) Sarett, J. Biol. Chem., 162,
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591 (19486).

dione-3,11 acetate-20 (XXII),
(5) Criegee, Anu., 522, 75 (1936);
nowius, 1b3d., 850, 99 (1942).
() The stereochemical configuration of this compound has not
yet been determined,

saponification of
Criegee, Marchand and Wan-



