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solution gave a yellow powder which, on recrystallization from 
n-heptane, afforded 2.0 g. of yellow-orange I11 oxide, whose in- 
frared spectrum was identical to that of a second quantity of 
product isolated below. Evaporation of the mother liquor gave a 
hydrated, orange viscous liquid (B). 

Extraction of solid A with boiling isopropyl alcohol, followed 
by evaporation of the solvent gave more of B. Oils B were 
taken up in isopropyl alcohol, and the Eolution diluted with water 
to form a etable emulsion. The emulsion was allowed to stand 
for a period of up to  several days, after which 3.0 g. of I11 oxide, 
in the form of orange needlcs, were collected on a filter. Recrys- 
tallization from n-heptane gave orange needles, m.p. 163-165"; 
combined yield 5.0 g. (13Yc). 

Anal. Calcd. for C?ZHI(IFEOP: C, 68.42; H, 4.96; Fe, 14.46; 
P, 8.02. Found: C, 68.37; H, 4.96; Fe, 14.16; P, 8.03 

Xethyl iodide was added to  a sample of phosphine I11 dis- 
solved in benzene. After several minutes, the methiodide settled 
out as an orange, hydrated oil, which lost water and solidified on 
standing. The product was taken up in boiling isopropyl alcohol, 
and the solution concentrated and allowed to cool to  room tem- 
perature. Black products separated and were removed by filtra- 
tion and discarded. Dark orange crvstals grew in the filtrate on 
standing, m.p. 187-188' dec., soluble in hot water. 

Calcd. for C23Hz2FeIP: C ,  53.93: H, 4.33; Fe, 10.90; 
I, 24.78; P, 6.05. Found: C, 54.64; H, 4.73; Fe, 10.55; I, 
24.48; P ,  5.95. 

Alternately, the methiodide could be precipitated from the 
benzene extract of the water-washed solids above, by the addition 
of methyl iodide. The product settled out as the hydrated oil 
which solidified on standing overnight, with loes of orrater. 

Infrared Spectra of the Tertiary Ferrocenylphenylphosphines 
and Derivatives.-Infrared spectra were obtained from Nujol 
miilh employing a Perkin-Elmer, Model 321, spectrophctometer. 

Phcsphines I1 and 111, and their oxides arid methiodides all 
show absorptions in the regions, 1310-1320 cm.-' and 10151045 
cm.-', which were assigned earlier2 to  the ferrocenyl-phosphorus 
group. (The former range is now extended to  include 1305 
cm.-l.) In  addition, all spectra show a sharp band at  1440 em.-' 
attributable to  Dhenvl-phosphorus,* and the usual absorptions 
near 1110 and 1005 cm.-' characteristic of monosuhstituted ferro- 
cenes.9 The band near 1005 cm.-', however, is often indistin- 
guishable from the second phenyl-phosphorus absorption ex- 
pected to  appear near the same frequency (995 cm.-l).* 

Anal. 

(8) L. W. Daasch and D. C. Smith, Anal. Chem.. 28, 853 (1951). 
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The following are also common to allspectra: ferrocene C-H 
and C-C stretching bands in the regions, 3060-3100 cm.-' and 
1410-1430 em.-', respectively, and out-of-plane C-H bending 
bands in the region 810-830 cm.-"O; two phenyl bands, one near 
i o 0  cm.-', the other in the region, 680-700 cm.-'.I1 

Absorptions a t  1180 em.-' and 1200 cm.-l in the spectra of 
diferrocenylphenylphosphine (11) oxide and ferrocenyldiphenyl- 
phosphine (111) oxide, respectively, are assigned to  phosphoryl 
stretching.'z The latter oxide thus absorbs a t  nearly the same 
frequency as "unbonded" phosphoryl in triphenylphosphine 
o ~ i d e ~ ~ ! ' ~ J ~ ;  the former practically a t  the same frequency rc- 
cently suggested for solid triferrocenylphosphine oxide.? 

Phosphines I1 and 111, and their methiodides absorb near 1190 
em.-' and in addition, the phosphines show a characteristic band 
near 1160 cm.-', all possibly due to ferrocene in-plane C-H 
bending.2 

The oxide and methiodide of ferrocenyldiphenylphosphine 
(111) both show a strong band in the region, 1116-1120 cm.-', 
which in the case of triphenylphosphine oxide has been attrib- 
uted13 to  in-plane C-H deformation of the phenyl ring. It is 
interesting to note that the band is absent from the spectra of 
ferrocenyldiphenylphosphine as well as triphenylphosphine it- 
self, and from the spectra of diferrocenylphenylphosphine (II), its 
oxide, and methiodide. 

As in the case of triphenylphosphine oxide," the P-C (phenyl) 
band appears near 720 cm.+ in the spectra of I1 and 111 oxides, 
but is absent from this region in the spectra of the parent phoa- 
phines. 
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A four-step total synthesis of d,2-estrone methyl ether is described from 1,2,3,4-tetrahydro-6-methoxy-l- 
vinyl-1-naphthol (11) and 2-methylcyclopentane-1,3-dione. 

The base-catalyzed condensation of allyl bromides 
wit,h cyclic p-diketones has been described by Nazarov 
and co-workersl92 and later by Newman and Manhah8  
-C yclohexane-l,3-dione, 2-methylcyclohexane-1,3-dione, 
and 2-methylcyclopentane-1,3-dione have been used 
as the p-diketone comnonent and various substituted 
allyl bromides as the alkvlating agent. 

Although a number of cyclic allylic bromides have 
been prepared from the readily available vinylcarbinols, 
Xazarov, Ananchenko, and Torgov4 have found 

(1) I. N .  Nazarov, S. N. Ananchenko, and I. V. Torgov. Zh.  Obehch. 
Khim.,  26, 819 (1956). 
(2) I. N .  Nasarov. G. P. Verkholetova, S. N .  Ananchenko, I. V. Torgov, 

and G. V. Aleksandrova, i h i d . ,  26, 1482 (1956). 
(3) Melvin S. Newman and Joserih H. hlanhart. J .  Ore. Chem.. 26, 2113 

(1961). 
(4) I. N. Nazsrov. 8. N. Ananchenko, and I. V. Torgov, Izv. Akad. Nauk 

SSSR,  Otd. Khim., 112 (1959). 

that bisvinylcarbinols of the type (I) described as 
intermediates for the synthesis of D-homo steroids, 
failed to  yield the halides required for alkylation. 
These authors, however, succeeded in developing a 
new method for the synthesis of the desired steroid 
intermediates by condensing these bisvinylcarbinols 
directly with 2-methyl~yclohexane-1~3-dione.~ This 

doH I 
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novel, base-catalyzed condensation led to a series of 
compounds, which were key intermediates for the 
synthesis of d,l-D-homoestrone, which was subse- 
quently converted into d,Z-e~trone.~-~ 

These considerations suggested a convenient four- 
step synthesis of d,l-estrone methyl ether and a three- 
step synthesis of d,l-8-isoestrone methyl ether from 
readily available starting materials. 

Triton B-catalyzed condensation of crude 1,2,3,4- 
tetrahydro-6-methoxy-1-vinyl-1-naphthol 118 with 2- 
methylcyclopentane-1,3-dione9 afforded 2-(6-methoxy- 
1,2,3,4-tetrahydroaaphthylideneethyl) - 2 - methylcyclo- 
pentane-1,3-dione (111) which on cyclization with p -  
toluenesulfonic acid in refluxing benzene, or more con- 
veniently in formic acid a t  room temperature, afforded 
d,l-8,14-bisdehydroestrone methyl ether IV.'O None 
of these products had to be purified by chromatography 
which is of advantage in view of their sensitivity. 

The smooth cyclization of I11 in formic acid prompted 
us to try to combine both the condensation and cycliza- 
tion steps. However, reaction of I1 with formic acid in 
the presence of 2-methylcyclopentane-1,3-dione af- 
forded only the dehydration product, the dimer of 3,4- 
dihydro-6-methox y-l-vinylnaphthalene. 

A similar reaction was observed by the Russian investi- 
gators mho obtained this product from the vinylcarbinol 
and boron t r i f l~oride.~ 

Compound IV is a key intermediate for the synthesis 
of 19-norsteroids. I ts  conversion to d,Z-estrone methyl 
ether and d,l-8-isoestrone methyl ether has been de- 
scribed by Hughes and Smith.ll 

In  our hands, partial! hydrogenation12 of IV with 
palladium on calcium carbonate in dioxane solution oc- 
curred extremely rapidly and pure d,l-8-dehydro-estrone 
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out the hydrogenation experiments. 

methyl etherlo could be crystallized directly from the re- 
action mixture. Reduction" with potassium in liquid 
ammonia retained the C-17 ketone essentially intact 
and afforded d,Z-estrone methyl ether (VI). 

Complete hydrogenation of JV with palladium on 
charcoal, afforded d,l-8-isoestrone methyl ether. 

Experimental 
2-( 6-Methoxy-l,2,3,4-tetrahydronaphthylideneethyl)-2-methyl- 

cyclopentane-1 , J -d ion~ (111).-A4 Grignard reagent was prepared 
from 6.70 g. of magnesium and 37 g. of vinyl bromide (commercial 
material from the Matheson Co.) using a total of 100 ml. of dry 
tetrahydrofuran. 

This reagent reacted* with 13.40 g. of 6-methoxy-ol-tetralone18 
dissolved in 25 ml. of tetrahydrofuran and 100 ml. of ether. 
The crude vinylcarbinol obtained (11) uas dissolved in 53 ml. of 
xylene and 27 ml. of t-butyl alcohol, and 8.4 g. of 2-methylcyclo- 
pentane-l,a-dione x a s  added. After stirring 15 min. at room 
temperature, 2.75 ml. of a 40% solution of Triton B in methanol 
was added and the mixture stirred and heated at the refluv tem- 
perature for 1.5 hr. After cooling, ca. 250 ml. of ether was added 
and the mixture stirred with cooling for 30 min. Some un- 
changed methylcyclopentanedione was separated by filtration 
and washed with ether. The combined ether filtrates were 
washed three times with a 5 7 ,  potassium hydroxide solution and 
three times with water, dried over magnesium sulfate, and con- 
centrated tn vacuo. The oily residue was cooled overnight 
depositing 6.7 g. of crystalline material, m.p. 77-78". One 
recrystallization from ethanol yielded 5.40 g. of 2J6-methoxy- 
1,2,3,4 - tetrahydronaphthylideneethyl) - 2 - methvlcyclopentane- 
1,a-dione (111); m.p 79-80', ultraviolet 268 mp, E 17,800; 
infrared in CHC1,: two carbonyl peaks, 5.67 and 5.79 p .  
The analytical sample was crystallized from ether-petroleum 
ether; m.p. 80". 

Anal. Calcd. for Cl~H220~: C, 76.48; H, 7.43. Found: C, 
76.46; H, 7.40.  

The combined filtrates were chromatographed on acid-washed 
alumina (225 g.) .  The eluates obtained from the fractions: 
benzenepetroleum benzene 4 : 6  to  6:4 yielded 3.75 g. of 111, 
m.p.  79" after crystallization from ethanol. Total yield of 111, 
calculated on the basis of methoxytetralone, was 40%. 

Method A.- 
A 24-mg. sample of p-toluenesulfonic acid wm added to a solution 
of 500 mg. of 111 in 10 ml. of benzene. The flask was immersed 
in a hot oil bath and the mixture refluxed for 10 min. using a 
Dean-Stark water separator. 

After cooling, the reaction product was washed first with a 
saturated bicarbonate solution, then with water, dried over 
magnesium sulfate, and treated with charcoal. The yellow 
solution which was obtained was concentrated in varuo. On 
addition of ether, the residue crystallized. One recrystallization 
from ethanol, yielded 250 mg. of d,l-8,14-bisdehydroestrone 
methyl ether,lo m.p. 112"; ultraviolet At:? 314 mp, E 28,900. 

Method B.-A 5.45-g. sample of I11 was dissolved in 140 ml. 
of 98y0 formic acid and left standing for 3 hr. at room tempera- 
ture. The greenish solution was then poured on an excess of 
ice and the crystalline product was filtered and washed liberally 
with water and small amounts of ice cold ethanol, which re- 
moved most of the colored by-products. After recrystallization 
from ethanol, d,Z-8,14-bisdehydroestrone, methyl ether was ob- 
tained in approximately the same yield and quality as in the 
previous experiment. 

d.l-8-Dehydroestrone Methyl Ether (V).-Hydrogenation of 
IV in dioxane solution in the presence of prereduced palladium- 
on-calcium carbonate catalyst, by  the method of Hughes and 
Smith" afforded V by  spontaneous crystallization from the fil- 
tered, concentrated reaction product. One recrystallization 
from ethyl acetate gave d,l-8-dehgdroestrone methyl ether, m.p. 
123'; ultraviolet Az::""" 280 mp, e 16,000; in nearly 50% yield. 
A further quantity of V could be obtained by chromatography 
of the filtrates. 

d,Z-Estrone Methyl Ether (Vl).-Reductionlo of V with potas- 
sium in liquid ammonia afforded d,Z-estrone methyl ether in 
over 50% yield. Recrystallization from methanol gave a sam- 

d,1-8,14-Bisdehydroestrone Methyl Ether (IV). 

(13) G. Stork, J .  Am.  Chem. Soc., 69, 576 (1947). 
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ple with m.p. 1.12' which was characterized by comparing its 
infrared spectrum (in Chloroform solution) with the published14 
spectrum of d,l-estrone methyl ether and also with that 
of an authentic specimen of natural estrone methyl ether. All 
the spectra were found to be identical. 

dJl-8-Isoestrone Methyl Ether (VII).-Reductionll of IV in 
1)ensene solution wit,]] n. pnllndiuin-on-rlrnrri,nl ratalyst, afforded 

(14) \V. S. Johnson, I. A .  l>avid, €1. C .  Drlim. R. .J. Hiphrt ,  E. W' 
Wnrnhoff, W. I ) .  \Vood, and  E. T. .Jones. .I. .4m. Chsm.  Ror. 80, 661 (1958). 

a 609;b yield of d,Z-8-isoestrone methyl ether, m.p. 151-152'9 
after filtration and crystallization from methannl. The infra- 
red spectrum in chloroform solution of this compound was found 
to be identical with the published14 spectrum, 
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Four different aromatic compounds are reduced by lithium-methylamine-alcohol combinations as well as by 
sodium-ammonia-alcohol (Birch reduction). In  each case unconjugated dienes (dihydroaromatics) are formed 
in comparable yields. Unlike the Birch method, wherein an excess of metal may be employed, it is shown that 
an excess of metal in the amine-alcohol system results in the formation of considerable amounts of monoolefins 
rather than dihydro products. Apparently the alcohol cannot prevent isomerization of the unconjugated dihydro 
products to conjugated dienes entirely under these circumstances. It is shown that a t  least two equivalents 
of water (based on aromatic) can be tolerated in the lithium-amine reduction of cumene. The reduction of 
both the aromatic and its diene intermediates is so rapid in this system that these organic materials compete 
successfully for electrons with the hydrogen of the water molecules. 

The blue solution which is formed by dissolving 
lithium in certain low molecular weight aliphatic amines 
is a potent reducing agent for aromatic ring systems.' 
The lithium-amine combination is presently the most 
convenient reagent for reducing an aromatic compound 
selectively to a monoolefin. When four equivalents of 

R R R R 

metal are used, a monosubstituted aromatic compound 
is reduced selectively to a mixture of the 1-, 3-, and 4- 
substituted olefins as shown in reaction 1. The 1-olefin 
usually predominates in the mixture, but the 3- and 4- 
isomers are formed in appreciable quantities. When a 
large excess of lithium is employed (e.g., 6-8 equivalents 
based on aromatic compound) the 3- and 4-substituted 
olefins are reduced further in preference to  the l-iso- 
mer, and the 1-substituted olefin is obtained princi- 
pally, admixed with completely saturated cyclohex- 
anes. 

In order to increase the usefulness of the lithium- 
amine reducing agent in organic syntheses, it was 
deemed desirable to devise procedures whereby the 
selectivity of the reduction could be increased. It was 
found that this could be achieved quite successfully by 
the judicious choice of various solvent combinations for 
the reductions. In  this paper we are reporting the 
effects of water and alcohols on the cours? of the reduc- 
tion. 

In an elegant series of papers by Birch2 and his collab- 
orators, it was shown that many aromatic ring systems 
could be reduced by a sodium-ammonia-alcohol com- 

(1) R. A. Benkeser. J. J. Haadra. R. F. Lambert, and P. W. Ryan, J .  

(2) See 1. J. Blrch, Quart. Rev. (London), 4, 6Q (1950), l a ,  17 (1958), 
Org. Chem.,  24, 854 (l959), and previous papers in this Benes. 

for nertinent references. 
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bination to dihydro aromatics (reaction 2 ) .  This 
procedure was later modified by Wilds and Nelson3 
such that lithium was used instead of sodium and the 
addition of alcohol to the reaction was delayed. 

\$'e have found that, in the presence of a l ~ o h o l , ~  the 
lithium-amine combination can be used quite success- 
fully to form dihydro aromatics. A detailed study of 
the reduction of four different compounds was made, in 
which the Birch procedure (sodium-ammonia-alcohol) 
was compared with the newly discovered lithium- 
amine-alcohol combination. As will be noted in Table 
I, the results obtained by the two methods are quite 
comparable. Actually there are advantages to both 
procedures. The higher boiling methylamine makes 
for greater ease of handling than does liquid ammonia, 
and is to be recommended from this standpoint. Hom- 
ever, as Table I indicates, the Birch method gives 
slightly higher yields of 2,5-dihydro products in some 
cases. There are probably at  least two reasons for 
this. The sodium-ammonia-alcohol system is not cap- 
able of reducing an unconjugated double bond except in 
certain isolated circumstances.5 The same is not true 
of the lithium-amine system,6 which is capable of 1,2- 
reductions of olefins. Hence, with excess metal, the 
2,j-dihydro products can suffer a slow reduction of one 
double bond in the lithium-amine system, thereby form- 

(3) A. L. Wilds and N. A. Nelson, J .  Am. Chem. Soc.. 76, 6360 (19ij3). 
(4) We have yet t o  assess the  importance of the  kind of alcohol used in 

conjunction with the  lithium and amine. Thus far we have employed 
ethanol, isopropyl alcohol and t-butyl alcohol indiscriminately. i\ detailpd 
study of this point is presently underway. 

( 5 )  T. J. King, J .  Chem. Soc., 898 (19.51). 
(6) R. A. Benkeser, G. Schroll, and D. h l .  Sauve, J .  A m ,  Chem. S o c . ,  77, 

3378 (lY55). 


