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the yellow grannlar solid (the sadium salt of the 2 L-nxalyl enolate’
weighed 3.85 g. The ester enolate salt (3.5 g.) wus sapnnificil
with & g. of KOH in 100 . of methanol at rmom temperatiure lar
3 hr. The reaction mixtire was then dihited with 2 ml. of ether
tirgive a light yvellow precipitate (1 g.).  This sult was dissiulved
in a simall amount of water and acidified with N nectic acid tn
give 312 mg. of wmaterial, m.p. 222-228° The pradnet gave o
red-hirown ferrie ehloride test and its nfrared spectrnm (Nujoh
showed broad bonded hydrxyl absorption at 3.8 4.6, carhonyi
bands at 5.7, 5,02 and additional bands (emnal?5 at 612 with a
shoulder at 6.25 mp.

21-Carboxypregnan-3«-o0l-11,20-dione. —The nxalyl derivative
(2 2.3 was added tn a solition of 800 mg. of potassium hicarbonate
in 20 ml. of water.  On cooling in ice a thick gel formed.  To this
gel was added with stirring 3 ml. of 3047 hydmgen peraxide in
three portions nver o 10-min. perind.  After an additional 10
min. of stirring in the ice bath, when gas evolution had ceased, the
rencticnonixture was extracted well with several portions of ether
to renmve any neutral material, Then the agueous layer trm
the extractinon was made acid with 2 N sutfurie acid ol again
extracted with ether to separate the aridie fraction.  This was
reextracted inta 800 wmg. of potassinn bicarhionate, dissolved in
10 ml of enld water, acidified witl 2 .V sulfurie acid, and re-
extracted inty ether. The ether extract was dried with mag-
nesium sulfate, filtered, and enncentrated in a dry stremn of ni-
trogen at 20°. A first group of ervstals 1285 mg.) was abtained
{rimn o gmall residual voliume of ether, mup, 140-145° (COy evihi-
tinn). The Kofler block was slawly heated ahave the melting
puint, and erystatlization vecirered nn the miemsenpe stide with a
second nip. of 176-178°. This sccond melting point was i
depressed an o admixture with aunthentic  1l-ketopregnanolime.
Although gnod snalytical data were difficult to nbtain heeause of
facite deearboxyiatinn, analvsis of the materinl agreed rensmabty
well with a hemihydrate.

Anal. Calel for CepoHpa(;-0.5H0: ¢ GR.6; H, 8.7,
C. 68,031 11, 8.53.

The frared spectrum (Nujoly showed bands at 2,98 {hy-
dxyl), 3.8 (broad bonded hydrxyl), 5.77 (madernte), 5.92
(strong), nnd 6.1 (very strong) w: (1] 2 103 (acetone)).

Pregnan-3«-0l-20-one-3-phosphate Ester.——Pregnanolane (1.5
w1 in 5l of pyridine wis added dropwise tn a cool stirred sithu-
(ion nf 1 ml of pbosphorus oxychloride in 10 mlb of pyridine.
The iee in the bath was allowed tomelt, and the reaction mixture
wig stirred overnight at room tewperature,  Then the reactiom
mixture was slowly poured with stirring into an acidified medium
al vracked ice (apprmximately vV HCH.  This reactinn mixturs
was heatell nn oo stean bath for approxhmately 1 hree to cmnplete
hyilenlveis of the residual chlorphosphiate ester. The hyv-
thrlvsate was then ennled i jee and extracted into cthyl acetate.
The extrart was washed with N HCL and dried nver magnesiuin
silfate,  Following concentratinn nf the sohitinn, 325 mg. of
revstalline material was obtained, nwlting at 138-203°. Re-
ervstallizatinn (rmn ethytarcetate sharpened the melting paint t
106--148°. The infrared spectrinm { Nujnly showed a braad band
at Ao and o carbony Pband at 5.84 u.

Anal. Caled, for CoHpOP: P, 777, Found: P, 7.0

Potentiimetrie titration in 20€¢7 methannl-water showed ptly .
3.6 and pH 7.8 (equiv. fur the former, 169, and the Iatter 4.32;
thenry 3081 For comparisan (he pH,y & valies for cortisone-21-
phusphate are 3,0 and 7.1,

Fomd:
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It is generally accepted that a trace amount of tran-
sition metals is essential i many biological systems.
Many mmportant enzymes coutain certain transition

i1 Yart o AL Nokwwurin and M. Tsutsui, 2. Natyrforsch., 18b, in press,
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metals. The problem of bonding of these metals to
the enzymes or other biologically significant materials
las attracted mueh interest. Recently, the possible
significance of organometallic 7-complexces in biological
media has been pointed out by one of ns.?

m-Complexes with transition metals sometimes are
very stable and quite effective i certain reactions us
catalysts,  Therefore, the trace amount of transitiou
metals tn bological systems might be in the form of
m-complexes.  Axs thoe first step i the elucidation of the
natire of bonding of transition metals i biological
systems, we have prepared several organometallic -
complexes with Dbiologically significant materials, for
example, vitamins and hormones,!

We liave reported the synthesis of a 7-complex of the
aromatic steroid hormone,' estroue, with a chromium
tricarbonyv! wroup 1. The three double bonds in the
A ring of estroue are thought to be coordinated to the
clhiromium forming a stable bond.  On the other hand,

conjugated dienc systems have been found to form
stable m-complexes with the tron tricarbonyl group.
Therefore, the conjugated diene part of ergosterol can
likewise form a stable m-complex with the irom tri-
carbonyl group. This paper describes a detailed
account of the preparation of acetylergosterol iron
tricarbony! (I1).

The reaction of acetylergosterol with triiron dodeca-
carbonyl in refluxing benzene gave a mixture of prod-
ucts, which was then separated by chromatography on
alumina into two major fractions. The oue fraction
cluted with hexane gave coloiless crystals of III in
small yield. The crystals III were identified as J,0-
evelo-ARH9 2ergostatriene by a comparison of the
iufrared and ultraviolet spectra with those of an
autheutic sample.® The other fraction eluted with
benzene gave a yellow solid.  The solid was dissolved
partly in methanol forming a yellow solution. A
methanol-insoluble portion was almost colorless and
found to be unchanged acetylergostero! by its infrared
spectrum. The yellow methanol solution was evapo-
rated to give yvellow crystals IT in 169, yvield. Com-
pound II was identified as acetylergosterol irom tri-
carbonyl by elemental analysis and by spectral cvi-
dence explained later.

The infrared spectrum of II has strong absorption
peaks at 1950 and 2030 cm. ™! due to the iron carbonyl
group and a peak at 1730 em.™! due to the acetyl group.
The peaks due to the iron carbonyl group fall into re-
gions generally known to be due to diene iron tricar-
bony! complexes. near 1950 and 2030 em. ™"

11 ML Fsuesui, Chem Fug. News, 39, N 16, 42 (sl o AL
Tsutsui, Z. Chem., 2, 214 (19152).

13) M. Fieser, W. E. Rusen, und L. V. Fieser, 0 Ame Clan, Sue,, T4,
S397 (1932).
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In the ultraviolet region, II had an absorption maxi-
mum at 235 mu (log ¢ 3.86) and a shoulder at 295 mu
(log e 2.89). Comparison with the ultraviolet spec-
trum of acetylergosterol, which has maxima at 272
myu (log € 3.78), 283 mu (log € 3.78), and 295 mu (log e
3.59), shows clearly that a shift toward shorter wave
lengths has occurred on w-complex formation. The
same kind of shift has been observed with other dienes,*
and can be due to a “‘r-complex effect.”

Isomerization of the double bonds has been observed
in some cases on reaction with iron carbonyl com-
pounds.®* However, no isomerization was observed
in this case. The starting material was recovered un-
changed in 289, yield. This fact suggests that the
position of the double bonds in ergosterol is a stable
one. Compound II was found to have optical activity,
[a]?*p —77.2° (AcOEt); the value may be compared
with that of ergosterol, [«]* —135°. The value of
optical activity decreased on w-complex formation.
This change may be indicative of a change in electronic
structure around the asymmetric centers of ergosterol
through bonding with the iron tricarbonyl group.

It is very difficult to estimate the magnitude of the
effect due to m-complex formation, since this is the first
example of a change in optical rotation on w-complex
formation. Therefore the stereochemical problem of
the attachment of the iron tricarbonyl group cannot be
discussed from the observed rotation. Consideration
of a molecular model shows that the « side of the B
ring has considerable steric hindrance for the attach-
ment of the iron tricarbony! group, owing to the prox-
imity of the angular methy! group at the 10-position.
Therefore the iron tricarbonyl group probably attaches
on the 8 side of the B 1ing. The structure shown as
IV is proposed for compound II based on the data
mentioned earlier.

AcO.

AR
CO r
Cco co IV

It is well known that ergosterol yields vitamin D,
on ultraviolet irradiation.® Compound II was ir-
radiated by an ultraviolet lamp in order to see how the
attachment of the iron carbonyl group affects the re-

(4) B.F.Hallam and P. L. Pauson, J. Chem. Soc., 642 (1958).

(5} (a) J. E. Arnett and R. Pettit, J. Am. Chem. Soc., 83, 2054 (1961):
(b} T.A.Manuel,J. Org. Chem., 27, 3941 (1962).

(6) K.Dimroth and A. Windaus, Ber., 70. 576, 1631 (1937),
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activity of ergosterol. Although some color change
and some decomposition occurred, the original com-
pound was recovered unchanged as evidenced by the
infrared spectrum of the irradiated produet.

The formation of III is of interest, because this
homoallylic elimiation with the formation of a three-~
membered ring is the first example observed upon
reaction with metal carbonyl. A similar allylic system,
allyl acetate, has been reported to react with nickel
tetracarbonyl forming the coupled product, diallyl,
and nickel acetate.” Cholesteryl acetate was allowed
to react with tri-iron dodecacarbonyl in order to in-
vestigate the possibility of the occurrence of homo-
allylic elimination. However, after refluxing in ben-
zene for 6 hr., followed by chromatographic separation,
cholesteryl acetate was recovered as the main product
and only a very small amount of deacetoxylated prod-
uct was found. From this result it is conceivable that
more than two conjugated double bonds are necessary
for the homoallylic elimination by iron carbonyl to
occur to an appreciable extent. This conclusion may
be important because we have observed similar de-
acetoxylation in the reaction of vitamin A acetate with
tri-iron dodecacarbony! to the extent of 609;.5 How-
ever, a similar reaction involving allyl acetate and iron
carbonyl did not effect any appreciable deacetoxyla-
tion under the same conditions.

The reaction of ergosterol and iron carbonyls, such
as iron pentacarbonyl and triiron dodecacarbonyl,
has so far yielded only an iron containing brown solid,
which is most likely iron ergosteroxide, since it has been
reported that reaction of methanol with iron penta-
carbonyl yields iron methoxide.® The reaction of
cholestero! and cyclohexanol, respectively, with iron
pentacarbonyl similarly gave brown solids. Therefore
it is obvious that an hydroxyl group interferes with =~
complex formation between double bonds and an iron
tricarbony! group. Vitamin D, is structurally very
closely related to ergosterol and has three conjugated
double bonds. Vitamin D; and acetylvitamin D, were
examined for the formation of a w-complex with an
iron tricarbonyl group. Although the infrared spec-
trum of the reaction product exhibited strong peaks ap-
parently due to a w~bonded iron tricarbonyl group, no
well defined compounds could be isolated in either case.
The failure to prepare pure w-complexes of vitamin D,
is mainly due to iustability of the position of the double
bonds and also to thermal instability as compared
with ergosterol.

Experimental®

Infrared spectra were measured by the Perkin—-Elmer In-
fracord 137B. Ultraviolet spectra were determined using a
Beckman DK-2 and Bausch & Lomb Spectronic 505 in speetro-
grade heptane solution.

Ergosterol, cholesterol, and cyclohexanol were commercial
samples. Acetylergosterol, m.p. 172-174°, was prepared by
acetylation of ergosterol.!' 'Triiron dodecacarbonyl was pre-
pared essentially from iron pentacarbonyl by the method of

(7) N. L. Bauld, Teirahedron Letters, No. 19, 859 (1962).

(8) A.Nakamura and M. Tsutsui, unpublished work.

(9) W. Hieber, Ber., 63, 1417 (1930).

(10) All melting points are uncorrected. Elemental analyses were per-
formed by Schwarzkopf Microanalytical Laboratories, Woodside 77,
N.Y. Measurement of lalp values was done by Mr. Arnold Gordon, to
whom our thanks are due.

(11) H. A.Stanbury, Jr.,J. Am. Chem. Soc., 65, 1243 (1943).
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Hieber.’®  Ahimnina used Tor chunmatography was Merck acid
washed aluminum oxide,

Acetylergosterol Iron Tricarbonyl (II),-—Acetylergosterot (0.9
¢., 2.0 mmoles) and triiron dodecacarbonyl (1.1 g., 2.1 minoles)
were heated at reflux under nitrogen in 10 ml. of benzene for 1
hr.  The black precipitates!® formed in the reaction were re-
moved by filtration and the deep brown filtrate was evaporated
in vacwo tn give a yellowish brown solid. Separation of prad-
unets was carried out by alumina chromatography.  Frian one
fractinn, TIT (0.02 g.) was isolated.  The other fraction, a vellnw
solid, wus f{urther purified hy digestion with methannl. The
wethanol-insatuble portinn was found to be the starting material.
The vellnw methannl-snluble portion eryvstallized 1 concentra-
tiun and standing.  This material was recrystallized (rom meth-
anl to give pure 1T (0.2 g nip. 95-99° (sintering at 10°;

Anol. Caled. for CyuHgFeO.: ), 68.50; H. 8.02: Fe, 9.G4.
Iround: C, 69.00; H, 8.08; Fe, 10.97.

Reaction of Ergosterol with Iron Carbonyls,—krgosternt i 1.0
g., 2.2 mmoles) was treated with triiron dodecacarbonyl (0.3 g.,
0.5 mmole) in 20 ml of benzene under nitrogen by henting at
80-90° for 18 hr. The color changed to deep brownish red.
livaporation of the reaction mixture gave a mixture of colorless
and brown snlids.  These solids were soluble in benzene.  Chro-
matngrapthic separation of the solids caused decnmposition of the
brown emupd nn the ecohnnn and ouly ergnsternl was re-
covered as calorless cryvstals.  An attempt was nade to reerystal-
lize the brawn solid from henzene-methanol sohrtinn by evapora-
tion n racuo.  However, erystalline prodiets were not nhtained
and the brown solid (np. 230°, dec. at 200-220°) abtained was
[bund ta eontain iron nn burning and on dissohithom in dilnte
hyvdmehlorie actd. A shinilar veartion using inm jrentacarbonyl
and ergnsternl with irradiation by an ultraviodet Inmp nnder
nitrngen gave a brown snlid which had properties singilar to that
abtained by the thermal reactim. These hrown solids could
not be purified to o well defined compound.  The infrared spec-
trinm nf the solids revealed the presence nf a very sinall mnount
of m-aumplex as evidenced by absorptinn near 2000 cin. .

Irradiation of Acetylergosterol Iron Tricarbony!l (II).-—A snlu-
tion of 0.1 g. of IT in henzene was irradiated by a1 100-w. ultra-
violet Inmp for I8 hr. under nitrogen. The enlor rhanged tn
brown and a brown semisolid was nbtained nn evapnration of the
solvent.  The infrared spectrum shawed essentially no change
occurred during the irradiation.
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i1 W, Hieber, £, unorg. allgem. Chen,, 204, 1155 i1932); R, B. Ning,

T. A. Manuel, and T. G. A. Stone, J. fnurg. Nuel, Chen., 16, 233 (194i1).
113) The precipitates ignitinl spantanconsly in air and gave ferrie nxide
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substitution at the  16-position of steroids often
results in significant enhancement of biological activi-
ties. Among the groups introduced at position 16
which produce favorable effects are the methyl,2 hy-

11y GMI Jonrnal Series No. 337,

(1) G. E. Arth, D. B. R. Johnston, }. Iried, W. W. Spooncer, I). R.
Hoff, and L. H. Sarett, J. Am. Chem. Soc., 80, 3160 (1958); 80, 3161 (1958);
E. P. Olivetn, R. Rausser, A. L. Nussbaum, W. Gebert, E. B. Hershberg,
S. Talksdorf, M. Eisler, P. L. Perhinan, and M. M. Pechet, ¢bid., 80, 4428
11D48): 80, 4431 (1958); 1. Taub., R. H. Hoffsommer, H. L. Slates, anl
N. b Weniller, ihid., 80, 4433 11958); 82, 4012 119680); K. I Olivern, R.
Rausser, 11, O 1Terzag, 1. B Hershberg, S, Talksdorf, M. Eisler, D' L.
Perhman, aml M, M, Perhoa, ind., 80, 15687 1 11138),
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drox fluoro,®  16g-chloro,” and methoxy" groups.
Most of the kuown [6-substituted steroids ave ny the
ghicocorticoid class. It is, therefore, of considerable
interest to investigate the effect of 16-substitntion on
the progestational activity of known preciusors.

Recently, Hoffman, ¢t al..” reported that t6-substi-
tuted  progesterone derivatives sucli s 16e-methyl-
thioprogesterone  and 16e-methylsulfinylprovesteronc
appear to be less active than progesterone on subcu-
tancous axsay by the Clanbery -McPhatl procedurs.>
We have also Tound that  [6e-cliloro-te-methylpro-
uesterone (1Ib} is approximately equivalent to pro-
gesterone at a total dose level of 1 my. per rabbit.s A\t
the same levels, 16a-chloroprogesterone (11a) and 16e-
chloro-6-methiyl-6-delivdroprogesterone i 111) had abant
one-sixth the activity af progesterone as shown in
Table I

Tasie 1
Tuotai
duse, g,
Ll ralibit Ruspomse
16e-Chbiroprogesternme L 1.t A+
10,1 L2
16a-Chbnn-Ge-methylpmgesterme
(I 1.4 TN
100 41 ()
161-Chlora-t-1nethyl-G-dehy ro-
jragesterane (1111 1.4 +U0 4
10,0 +38
Prugesternne .8 +2.0
1.0 +3t
1.4 =10

The addition of hydrogen chloride (Chart 1) to 16-
deliydroprogesterone (Ia) and Ge-methyl-16-dehiydro-
progesterone (Ib) furnished the corresponding 16a-
chloro derivatives. The a-configuration of 16-chlorine
has been assigned on the grounds previously reviewed
by Gould and co-workers'?; namely by the negative
rotatory coutribution.’

6-Methyl-16a, 17 a-cpoxypreguenolone  acetate (IV)
was converted to the chlorohydrin V by opening the
epoxide with hydroehlorie acid." Saponificatian of V
to  6-metliyl-163-chloro-5-pregnene-33,17 e-diol-20-unc
(V1) and subsequent oxidation gave rise to Ga-methyl-
163-chloro-4-pregnen-17 a-0l-3,20-dione (V11).

The mass spectrascopy studies'® carried out in these
Laboratories on compounds la, Ib. 1la, ITh, IV, V.
VI, and VII support the specific structires Lievein pre-

13) =0 Bernsivin, R 10 Lenkard, Wo S0 Allen, AL Thellee, Ko Litned), 10
M. Stadar, Lo L Febliman, amd R HL Blank. ihid.. 78, 703 (1uanis: 81, 1iixh

L1y,
P41 B0 Alagerlsin, Re 100 Birkenmueyer, aml Foolagan, jhof,. 82, 1252

(UB0x; DL ED Aver aml WL P Schinader, thid., 82, 1240 1m0 W
Muorveland, R Go Beree DV Camernn, Co B Maxaeells 1100080 Boeide
and Go Dy Raubarh, Cheac Dad. Chnndian, ) 084 6 19100,

i ROE Beylerand Vo Hoffman, 0 Oryg. Chene, 21, 372 014005

iy =0 Bernstein, M. Heler, and =0 ML Statars Cheae Jwd Lo,
Alvc oty Go R AMen e, aonl NUONL Aasting S Gey, Chene, 26, 1371
(19fil.

17 NS, Maffman, 110 ML Nissian, aml A0 Weise /0 Mal {Thaen.
Chrewre, B, 9B2 (196G2).

18) M. K. MecePhail, /. M4paivl, (Lomidon), 83, 145 (10345,

(D} Subcutaneous (lilnent sesuime i) Clauberg~MePhail assayv, rasrnai
nut by Endocrine Laburatories. Madisnn, Wiseansin,

(10 D. Gould. ¥. Cruen, amd F. B, Hershberg, J. Am. Chieni. Sme.. T8,
2310 (1953).

f11) P. Crabbe, 1. J. Rineold, and J. A, Zdervie, Buyli. Noo. Chim Belyes..
70,271 (196G Chem. Ahaly.. 85, 27417 (1D,

c121 The anthor s gratefnl io T, Lo feoeesgn ool Moo Lo ek
i the easnreipen amd inmrevpeetaning of ass speeteas See alsa 100
Peivresin, cLand, Chrm, . 34, 1781 (10827,



