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Abohc-By treatment with LAH in boiling THF, adrostaned, tienc, 3p1112 is slowly reduced to a mixture of 
androstewls f and 4. The reduction mechanism, as shown by deuteriation, involves an intramolecuhr hydride 
transfer, leading to an “allyl-lithium” intermediate. 

Androstane4,6diede,3/3ol 2, an intermediate in the 
synthesis of a compound intended to serve as a model 
for another investigation, was prepared by reduction of 
androstane_4,6diene,3-one 1 by means of LAH in THF 
according to a literature procedure’ requiring brief 
refluxing at the end of the reaction. The yield of pure 
dienol was only 75%, although the initial ketone has 
disappeared completely. Analysis of the mixture showed 
that three ditferent products were formed in proportion 
depending on flu drtrution of heating. A more precise 
investigation of the reduction was therefore undertaken. 

1. PgwLTs 
The reduction of androstaned,&d.iene,3-one 1 by an 

excess of LAH in THF at room temperature gives the 

dienol 2 in nearly quantitative yield, if the reaction is 
stopped as soon as the initial ketone has disappeared. 

If however, the reaction medium is refluxed, the dienol 
yield is observed to decrease. Two byproducts are 
formed, their yield increasing with refluxing time, This 
sukests that the dienol is their precursor. When the 
dienol was refluxed in the presence of an excess of L&I 
in THF, it disappeared slowly to give a mixture of two 
monoethylenic alcohols, which proved to be androst-5- 
ene,3/3_ol 3a and (5cr~androst_6_ene,3/3~1 4. Thus for 
example, with 20 equivalents of hydride, all the dienol is 
consumed after 7hr refluxing and the mixture contains 
75% of alcohol 3a (isolated as its acetate 3b, the dienol 
and alcohol 3p having the same Rp on TLC). 

The NMR spectrum of the other alcohol indicates the 
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presence of two olefinic protons forming an AB system 
(JAB = 10.5 Hz) (the width of the two central lines at 
midheight is nearly 4Hz). The chemical shifts of Me-18 
and 19 are in agreement with values calculated by means 
of Z&her increments on the basis of structure 4. In 
order to confirm this structure, compound 4 was pre- 
pared by treatment of the tosylhydrazone 5 of (5a j 
androstane7_one3/3-01 with methyllithium in THr;Q (the 
lithium alcoholate formed being soluble in THE). The 
two products were identical. 

At room temperature, the dienol in THF is reduced 
more slowly (25 hr) to a mixture of the same two mono- 
enols, in similar ratio. 

It is remarkableLo that treatment of the dienol with a 
large excess of LAH in ether fails to induce any reduc- 
tion, even after prolonged refluxing (Solvent effects for 
similar reductionPO). In this solvent, reduction of the 
dienonc gives the dienol exclusively. 

2.1. Stmospecificity of the introduction of hydride ion 
Very few cases of reduction of a double bond of a 

dienol such as 2 by LAH has been found in the literature. 
This phenomenon may be compared to the similar reac- 
tions of unsaturated alcohols such as propargylic,’ cin- 
namicsb and cycle 
and norbomeols.’ 18 

ropenic’ alcohols, or norbomadienols 
Reduction of some simple aliphtic 

dienols have been recorded.” 
The mechanism of these reductions was investigated, 

particularly by Franzus and Snyde? in the norbomane 
series and by Snyde? and Borden” in the cinnamic and 
propargylic series. 

In all cases the introduction of the hydride ion is 
stereospecific and is interpreted as an intramolecular five 
center transfer from the’ alkoxyaluminohydride formed 
by reaction of LAH with the alcohol. 

The new problem was investigated by the reduction of 
the dienol 2 with LAD in THF and hydrolysis of the 
complex with water. The two monoethylenic alcohol 
products were examined as follows: 

(a) (5a jAndrost&vae,3@-ol 4a exhibits a C-D vibra- 
tion band in its IR spectrum and its mass spectrum shows 
the incorporation of one deuterium. The position of the 
deuterium in the skeleton was determined by chemical 
exchange. Oxidation of the deuteriated alcohol 40 by 
silver carbonate on cclite leads to (5ajandrost&cne,3- 
one 6a. This ketone still contains a deuterium (mass 
spectrum) which is exchanged when the compound is 
refluxed in methanol in the presence of potassium 
hydroxide. Therefore the D atom is bonded to carbon 4. 

The NMR spectrum of deuteriated alcohol 4a exhibits a 
change in the shape of the signal of the 3a proton of the 
non deuteriated compound. In the latter substance this 
signal is a well-resolved heptuplet, the lines being 
separated by 5 Hz (Fig. 2), on the basis of a first-order 
analysis and the assumption of the coupling constants 
with the equatorial C-2 and C-4 protons being 5 Hz and 
with the adjacent axial protons 10 Hz. 

In the deuteriated compound 4a .&is signal is a 
broadened quintuplet with three central lines of equal 

Fig. 2. 

intensity, the line separation still beini 5 Hz. This result 
can be explained only on the basis of the disappearance of 
ax&axial hydrogen coupling. ‘Hence the inttuduced D 
atom is in the 4/3-cotiguration. . 

@) Andwt-5-ene,3fl-ol, isolated in the form of its 
acetate 3c, is also monodcuteriated (IR, mass spec- 
trometry). This acetate 3c was converted into a mixture of 
epoxides 70, the NMR spectra of which are well known.‘2 
In particular the Cd proton gives characteristic signal 
revealing coupling with the C-7 proton. 

In the spectrum of the crude mixture these signals are 
not altered by the presence of deuterium, excluding the 
possibility of the latter beii located at C-7/3. Pyrolysis of 
the deuteriated acetate 3c in quinolein affords non 
deuteriated androstane-3,Sdiene 8 (IR, mass spec- 
trometry), indicating that a molecule of deuteriated acetic 
acid has been eliminated. Since this elimination is 
generally accepted to be a cis elimination, it is probable 
that the introduced D has the 4/3 stereochemistry. 
Furthermore, the mass spectrum of the mixture of epoxy 
acetates exhibits a very intense peak at Mdl (elimination 
of a molecule of deuteriated acetic acid). 

The introduction of a D atom at C-4@ in the two 
hydroxylated products agrees with published results. 
Therefore the first stage would be an intramolecular 
transfer of a hydride ion, suggestive of the formation of 
an ally1 carbanion, according to the following scheme: 

PI. 3. 

Thus the two monoethylenic alcohols can be derived 
from a single intermediite, diierentiation occurring during 
hydrolysis. 

This intermediate does not imply the formation of a 
C-Al bond, contrary to the suggestion of Franzus and 
Snyder” which, at least partially, should lead to a 
compound of S#? stereochemistry. 
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2.2, 7%~ lack of mgio and stereospeci’jcity on the 
intmiuctbn of the proton dwing hydrolysis 

In order to study the nature of the introduction of the 
proton during hydrolysis, dienol2 was reduced by LAH 
and hydrolysis carried out in heavy water. A deuterium 
was incorporated in tbe two alcohols obtained. 

Monodhte~ted 5a-andmst4%ene,3/3-01 4b exhiiits 
an NhIR spectrum which differs from that of the 
nondeuteriated product only by the appearance of the 
quadruplet for the two ethylenic protons. Each of the 
lines are thinly and clearly split (J = 1.8 and 2.1 Hz), 
making it possible to state that the D atom was intmduce.d 
at C-5 (elimination of the homoallylic coupIing for H-7 
and the allylic coupling for H-6). 

The ketone 6b, obtained by oxidation of this alcohol 
with silver carbonate, was refluxed with potassium 
hydroxide under the above conditions. In this case the 
deuterium was retained, con6rming the previous results. 

&uteri&d andrvst-Sene,3#?-ol 3d was examined in 
the form of epoxy acetates 7b as above. In the NMR 
spectrum the 68 proton of the a epoxyde gives rise to a 
system of three lines of 1-2-1 intensity, the two external 
lines being separated by 4Hz. in the non deuteriated 
compound 7, this proton appears as a doublet (J = 4 Hz) 
caused by the coupling H-70, the coupling with H-7a 
being practically I3 non existent. 

Mass spectrometry proves the incorporation of the 
deuterium to be ME%. Hence it may be presumed that 
during hydrolysis, the deuterium is introduced at 7, but in 
(I non-stmmpecijk way. About 50% of each isomer is 
obtained, the compound deuteriated at 78 being respon- 
sible for the central line of the observed triplet in NM. 

These results may be explained by assuming the 
common intermediate is an allyllithium (FQ. 3) for which 
t.h.hiyz character has been established on a simpler 

In such an intermediate, protonation can occur at the 
C-5 or C-7 position without regio or stereospecificity. 
Only thermodynamic control has any effect, the less 
stable 5s derivative being not obtained. 

M.ps were determined on a K68er microhotstage and are not 
corrected. IR spectra were recorded on Perkin-Elmer 257 or 357 
units. Rotary power was measured in chloroform by means of a 
Perkin-Elmer 141 electronic polarimeter. UV spectra were dctcr- 
mined on a Shimadzu MPS 50-L. The NMR spectra were recorded 
on Jcol CaH and 4H-100 spectrometers in deutcriated chlorct 
form, unless indicated otherwise. Chemical shifts are expressed in 
ppm downfield from TMS = 0. Abrcviations employed: s, singlet: 
d, doublet; q, quartet; m, q ultiplct. 

Analytical and preparative TLC wm carried out on silica plates 
impregnated with 7% of AgNOI, elutcd with pcntantiethcr 
mixtures. The mass spectra were recorded on a Varian Mat CH-5 
spectrometer. Microanalysis were carried out by the Central 
Microanalysis Laboratory of the C.N.R.S., for which the authors 
are thankful. For all products characterized by formulas the 
analytical results w there with to 20.5% for the elements 
indicated. 

R&&on of androstune-4,Wienr >onc 1 by LAH in THF 
with 15 min of&x ot end of nacth. To a soln containing LW 
(570 mg) in 10 ml THP, magnetically stirred, was added dropwise a 
soln of 1 g of 3 in 10 ml THF. When the dienone had disappeared 
completely, tht mixture was rcfluxcd for 15 min and then u&d 
and hydrolysed with 1 ml 15% NaOH and 3 ml distilled water. The 
mixture was filtered, dried over Na#O,, and evaporated under 
vacuum. Chromatography of crude product (1 g, quautitative 
yield) on five fluorescent silica gel plates (HF 254), impregnated 
with co. 7% of AgNO,, and two elutions (eluant: pentane&her 

46) gave: R, = 0.4: 60 mg of 4 (7%), m.p.: 161-162” (rccrystaBiscd 
from MeOH); IR (Ccl,,) cm-‘: 3630 (VOH), 1640 W-C); NMR: 
0.76 (3H, s, CH,-18), 0.81 (3H, s, CH,-19), 3.7 (la, hep- 
tuplet, H-36), 5.4 (2H, AB system, Hb and H-7 olelinic): 
Analysis: C&O; RI = 0.5: 750 mg of a mixture of androst-5- 
cne, 3/W and 2. This mixture, analyzed by +R, was acetylatcd 
with AGO in pyridinc, the two acetates are separated by TLC and 
two clutions (pcntaabtther 911) lcadb to: I$ = 0.6: 120 mg of 3b 
(15%); m.p.: 96-W (identical to an authenttc sample); R, = 0.5: 
700 mg of 3B-acetoxy, androstanc4,6diene (78%) m.p.: lW-102”; 
IR (Ccl,) cm-‘: 1735 (&XI acetate), 1640 W-C); NMR: 0.8 (3H. 
s, CHr18), 1.05 (3H, s, CHrl9), 2.05 (3H, s, CHs acetate 5.7 (3H, 
m, H-4, Hb and H-7 ole6nic); UV (EtOH): A max = 239 MI 
(c = 24000) {a)f: 3W (c: 1.05). 

other rcdvctionr of androsrane4,bdimc$-om The other 
reductions of &none 1 were tied out by following the above 
procedure, with variations in the rcfluxing time, and the solvent. 
Some results arc given in the following Table: 

Reflux time 46 
Solvent 0 2 3a 4 

THP 0 100 - - 
THF 0.5 60 31 9 
THP 4 20 35 25 
Ether 6 loo - - 

R&c&s of andmstanA,bdiene,3~-012 by LAH. The same 
procedure was followed as in the reductions of the dienone, the 
fraction contain&t the alcobol3a bein# acetylated in all cases 
after separation, either to elimiiate the initial dienol, or to check 
its complete disappearance. Results obtained were as follows: 

Solvent Reaction time 2 3a 4 

THF Whrat 18°C 0 80 20 
THF 6brrclhx 0 75 25 
Ether 10 hr reflux loo 0 0 

3~-Acdoxy,ulldrosf-5-cnc,7-0~ This ketone was obtained by 
allylic oxidation of androstenol acetate 3b US~IQ Meuly’~‘~ 
method. Acetate 3b (108) was dissolved in 1M m1 dry benzene. To 
this, was added 250ml AcOH and 90ml AGO, followed by 
portionwise additions of 18 g K,CrO, at room temp. The reaction 
maliurn was stirred for 24 lu at 38” and then poured into 11. of 
water contain& a little NaHSO,. The mixture was extracted with 
ether (3 times) and washed with sat NaHC4aq and tbcn with 
water. Tote ether phase was dried over Na#O, and evaporated 
under vacuum. By recrystallization from a mixture of CHIClz and 
MeOH, 5.66~ of ketone was obtained, m.p.: 178-1800 (lit.: 
17!J-1W’6); IR (CCI,) cm-‘: 1635 (UC-C), 1680 (AX3 conjugate), 
1735 (vAcetate); NMR: 0.74 (3H, s, CH,-18), I.24 (3H, s, CH,-19), 
2.07 (3H, s, CHj of CH,CO,-) 4.70 (lH, m, H-&z), 5.7 (lH, s, H-6 
olefinic). 

38 - Actioxy(Sa)androstane,7 - one. 38 - Acetoxy,androst - 5 - 
cne,7 - one (3g) was hydrogenated in loOmI cyckthexane over 
0.8 g 5% PdX” 

The mixture was filtered, washed witb EtOH, and crystallised 
from aqueous MeOH yiem 2.4g (yield: 80%), m.p.: 133-135’ 
(lit.: 130-1320’6); IR (CCl,)cm-‘: 1710 (uC-Oj, 1740 (vAcctatc); 
NMR: 0.7 (CH,-18), 1.1 (CH,-19), 2.02 (CH, Acetate), 4.7 (H-3). 

Tosylhydmonr 5. 3fl-Acctoxy(5a)androstane 7onc, (2.8 g) 
1.6668 of p-toluensulfonylhJe, 100 ml EtOH and 2 ml 
cone H#O, were rcfiuxcd for 50 min. The soln was concentrated 
to 3Oml and the ppt collected by filtration and washed with 
ice cold EtOH, 85Omg of tosylbydrazone 6 were obtained 
(yield: 52%), m.p.: 219-22P (Et.: 2262W’); IR (KBr) cm-‘: 35QO 
@N-H), 1640 (&c-N), 1330,116O (SO,), NMR (DMSO): 0.62 (3H, 
s, CHJ-18). 0.88 (3H, s, CH,-19), 3.35 (IH, m, H-3a) 2.35 (3H, s, 
CH,+). 
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(5a)Andnost+encffl-o14. To a soln of S (315 mg; 0.69 mmole) 
in17mldryTHP,cookdto00,wasaddedasolnof4~ofMeLi 
(2N in ether). The mixture Sas stirred magnetically under N2 for 
48 hr, then cooled, diluted with ice cold water, acidified and ex- 
tracted several times with ether. The ether phase was washed with 
10% NaHC03 aq and with water and dried over N&SO,. The 
product was purified on a silica gel column; 1oOmg of 4 were 
obtained (yield: 30461, m.p.: 160-163” (recrystallised from 
MeOH). The product was identical with 4 (from reductions by 
WI. 

48 - d,Androst - 6 - ene,3p - 01 4a and 48 - d&3 - 
acetoxy,rmdrod - 5 - me 3c. The reduction of 2 (1 g) by 1 g LAD 
in THF under 6hr re&ing and subsequent hydrolysis with 
water produces the following compounds: (a) 100 mg of 4a (13%), 
m.p.: 162-163”; I.R. (Ccl,) cm-‘: 2140 (S-D); NMR: as 4 except 
for 3.7 (lH, quintuplet, H-3a); Mass spectrum: M: 275 m/c: 260, 
237, 242, 163, 149, 135,80. (b) 7oOmg of 4@d,androst-5cne,3-ol 
(87%) identified as its acetate 3c, m.p.: 97-99”. 

Sa - d,Andmst - 6 - ene,3# - 01 4b and 76 - d,3@ - 
ocdoxy,undrost - 5 - ene 3d. The reduction of 2 (1 g) by 1 g LAH 
in THF, refluxing period: 6hr and subsequent hydrolysis with 
heavy water, produced the following substances: (a) 120 mg of 4b 
(15%), m.p.: 162-163”: IR (CCl.,)cm-‘: 2140 (vC-D); NMR: 
identical witb 4, except at 5.55 ppm, the peaks of AB system are 
thin and clearly split (2 Hz); Mass spectrum; M: 27s m/e: 260,257, 
242, 162, 149, 135, 81. (b) 750mg of ?td,androst-5cneJ&ol 
idea&d as its acetate 36 m.p.: 97-w. 

(5a)An&ust4%ene,3-one 6. A soln containing 4 (150 mg) and 
3gAg$OJ on celite in 45 ml of benzene was refluxed. The 
A&OS blackened after I5 min. The reaction, followed by TLC, 
was stopped after 2 hr of heating. The mixture was cooled, filtered 
through purified celite, which then is ringed with CH&. After 
evaporation of the solvent 15Omg of pure 6 were obtained, m.p.: 
104-106° (recrystallized from puriiicd acetone) (lit.: 100-1030); IR 
(CCl,)cm-‘: 1715 (vC=O), 1643 (vC=C); NMR: 0.70 (3H, s, 
CHJ-18), 0.90 (3H, s, CH,-19); Mass spectrum: M: 272 m/e: 257, 
135, Analysis: C,$I28O. 

4&4(54)Androst-&ene,3-ont ia. Compound 4a (40mg) in 
15 ml benzene was oxidized by 1 g of Ag,COs on celite as 
descrii above. 3Omg of 4fid(Sa)androst&netine were 
isolated: IR(CCl,) cm-‘: 2140 (vC-D), 171s (vC=O), 1615 (VCX); 
Mass spectrum: M: 273 (base peak) m/e: 258,135. 

Sa-d&adrost&ene,3-one 6b. The oxidation of 5a - d,androst - 
6 - ene.38 - ol(40 mg) by Ag,CO, (1 g) on celite in 15 ml benzene 
produced 3Omg of cb; Mass spectrum: M: 273 (base peak) m/e: 
258, 13s. 

(5a)Androstber@-on 6 from in. A soln containing 6a 
(30 mg) in 1 ml MeOH and 0.2 ml 2.5 N NaOH was refluxed for 
1 hr. The cooled soln waa taken up with ether, thoroughly washed 
with water, dried over N@O, and then evaporated under reduced 
pressure, yielding 3Omg of 6; Mass spectrum: M: 272 m/e: 257, 
13s. 

Sa-d,Androst&neJ-one 6b. When 4b (30 mg) were treated as 
above, the starting product (6b) was recovered quantitatively, 
mass sptcam: M: 273 mle: 258,135. 

38 - AcdoxyS,L - epoxy,undrv.wne 7. 38 - Acetoxy,androst - 5 
- ene (160 mg) were dissolved in 1.2 ml distilled CH,Cl, and treated 
overnight at 0” with 140 mg (1.4 equivs) m-chloroperbenzoic acid, 
10 ml distilled CHC& was added to dissolve the ppt. Then 25 ml 
ether was added, the mixture washed with water, with 
NaHS0, aq, Na&OP aq and finally with water and then driexl over 
Na$Q. Evaporation of the solvent produced 18Omg of a 
crystalline epoxide mixture (yield: 9046); NMR: 0.60 (3H, s, 
CHs18), 0.90 (CH3-lII,@epoxide), 1.00 (CH1-19,acpoxide), 1.92 

(3H, S, CH, acetate), 2.08 and 2.3 (H4); 2.82 (d, H+J), 3 (d, 
H&I, 4.8 (lH, m, H-3~); Mass spectrum: M: 232 m/e: 272,135. 

48 - d38 - Acdoxy.5.6 - cpoxy,ondtostruu 7a. Compound 
3~ (16Omg) was converted into 18Omg of S/3 - d,3@ - acetoxyjd - 
cpoxyandrostane by the above procedure; IR (CCl,)cm+‘: 2140 
@C-D), 1250 (epoxide); NMR: 0.60 (3H, s, CH,-18), 0.94 (CH,-19, 
@cpoxide), 1.02 (CH,-19, acpoxide), 1.9: (3H, s, CHJ acetate), 
2.82 (d, H-68), 3 (d, H&z), 4.8 (lH, tn. H-3a); Mass spectrum: M: 
333 m/e: 272 (Mdl), 254, 135. 

7[- dJ#l- AcetoxyJ6 - epoxy,u&vstune 7b. This product was 
prepared from 36 as described above; IR (CCl,)cm-‘: 2140 
@C-D), 1250 (tipoxide); NMR: 0.6 (3H, s, CH1-18), 0.95 (CH,-19, 
@-epoxide), 1.03 (CHr19, aepoxide), 1.95 (3H, s, CHI acetate), 
2.82 (t, Hd@), 4.8 (IH, m, H-30), Mass spectrum: M: 333 m/e; 273 
(Ma), 255, 135. 

Andn~stanc-3,5-dienc 8 and pyfulysis of 3@-ucetoxy,undrvsI-S- 
cne 3b. A soln containing 3@-acetoxy&rost&nc (200 mg) in 
4 ml quinolinc was refluxed under a N2 for 24 hr (b.p.: 24(P). The 
mixture was cooled diluted with ether, washed with water, 
5% HCl, and water, dried over NaSO, and evaporation under 
vacuum. 16omg of crude product (yield: 76%) was obtained, 
which was chromatographed on two silica gel plates impregnated 
with cu. 7% of AgNOp (eluant: pentane+?thcr: 8/l). The following 
substances were obtainad: Rp = 0.95: 30 nlg of androstane-3J- 
diene (oil); Mass spectrum: M: 256; NMR: 0.74 (CH,-la), 0.95 
(CH,-19), 5.6 (m, wide, 3 obfinic protons) R, = 0.55: 120 mg of 
starting acetate identified by comparison with an authentic 
sample. 

Admstme - 3J - d&ne 8 and pyruIysis of 4fl - da/3 - 
acctoxy,ondrost - 5 - ene 3~. The pyrolysis of k (100 me) in 2 ml 
quinolinc gave 88 mg of crude product, from which the following 
compounds were isolated: (a) 21 mg of 8, identical with the 
product obtained from pyrolysis of 3b (IR, Mass spectnua) and 
(b) 65 mg of starting deuteriated acetate (m.p., spectral charac- 
teristics). 
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