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A&ad-Selective methylenation with Ph,P=CH, and methylation with MeMgI or MeLi of kelo group 
of ketoaldehydes was accomplished by protection of aldehyde with 1-butylamine. The intermediate 
aldimines were cleaved during chromatographic purifications on silica to afford the corresponding 
methylene aldehydes and methylhydroxy aldehydes as the only isolable reaction products. 

The remarkable site selectivity achieved in the one 
pot reduction of the keto group of ketoaldehydes by 
the in situ protection of the aldehyde with t- 
butylamine’ prompted us to extend the use of this 
imine protecting group to other carbonyl reactions. 

Since the discovery of the Wittig reaction, 
olefination of aldehydes and ketones has been exten- 
sively investigated and several modifications have 
been suggested in order to increase the scope of the 
original procedure. Nevertheless, little attention has 
been paid to the site selectivity of ylides toward 
polycarbonyl compounds. Thus, the reaction 
between steroidal diketones with methyl- 
enetriphenylphosphorane afforded mixtures of mono 
and dimethylene derivatives.* Reagents like 
Me,Si-CH,-TiCI, caused carbonyl-olefination of al- 
dehydes but not of ketones,’ and the possibility of 
selective olefinations was suggested by Cainelli et al. 
by the use of polymer-supported phosphonates.’ It 
has also been reported that Schiff bases react with 
Wittig reagents only under drastic conditions.s 

As a useful application of the title protection 
method we report here a convenient preparation of 
some methylene aldehydes (e.g. 2a), starting from the 
appropriate ketoaldehydes (e.g. la). 

In a preliminary experiment carried out on a 
mixture of n-octanal and 2dodecanone (2mmol 

each), t-butylamine (0.6 ml) and n-tetradecane (inter- 
nal standard for GLC analysis), the aldehyde was 
recovered almost quantitatively (98%) and 
2-methyldodecene generated in high yield (97%). The 
results of methylenation of ketoaldehydes (la-B) are 
collected in Table 1. The yields of methylene al- 
dehydes (2a-g) are in most cases good and seem to 
depend on the reactivity of keto group toward the 
phosphorane. It is noteworthy that we have never 
been able to isolate methylene ketones arising from a 
preferential reaction of ylide with aldehyde group. 

According with previous data reported on the 
lower reactivity of 1Fketo group of steroids,* the 
selective olefination of 17 - 0x0 - A - norandrost - 3(S) 
- ene - 3 - carboxaldehyde6 (le), performed under our 
mild conditions, afforded 2e in low yield. Since in this 
case we employed the less hindered isopropylamine to 
form the imine (Experimental), a partial protection of 
the keto group cannot be ruled out. 

Final cleavage of the aldimines occurred during the 
chromatographic elution of the reaction products on 
silica. In order to minimize epimerization at C-20 
chiral center, the residue arising from methylenation 
of (20s) - 6 - 0x0 - 3~4 - cycle - 5z - pregnane - 20 
- carboxaldehyde was passed through a column 
packed with basic alumina (B IV).lb The selective 
introduction of a methylene group at C-6 position of 
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Table I. Yields and analytical data’ of methylene aldehydes (2a-g) 
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Z,L-DNP 1X)_lSif 
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3 Oil racemic 
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a The rr.~croanalyses of compounds 2.1-e and 2.L4i~itrophcnylhydrazoner of 2f.g were 

b 
in satisfactory agreement wth the calculated vrlues: C , +0.20,; H , kO.0 3 ; N, +O. 26. 
Ytclds from vexghts of homogeneous chromatographic fractions. The steroldal dertva- 
t%ves 2a-e were crysralftzcd from lzght petroleum. d6 Molar equivalents of the Wittiq 
reasent employed. eYteld calculated by GLC. f Sample inserted uxto a Birchz 0x1 bath at 100*. 

steroids may be of particular synthetic value, in view 
of the biological activity of the corresponding 6-Me 
derivatives.’ 

As a further application of this imine protecting 
group, the selective introduction of a Me group into 
steroidal ketoaIdehydes was achieved by the preferen- 
tial attack of MeMgI or MeLi at the keto group. 
Both the above selective reactions were carried out on 
3-oxo-So!-androstane-l7/?-carboxaldehyde (la) and 

3-oxo-S~~holan-Zeal (Za), and better results were 
obtained when the excess of t-butylamine was evapo- 
rated before adding the protected ketoaldehyde to the 
MeMgI or MeLi solution (Experimental). It has been 
reported* that hindered azomethines do not react 
with MeMgI even under forced conditions. Accord- 
ingly, the usual conversion of la and Za to the 
corresponding aldimines followed by treatment with 
the Grignard reagent, afforded mixtures of the two 
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epimeric 3-methyl-3-hydroxyaldehydes 3a,b and 4a,b. 
A similar product distribution was observed using 

MeLi (Table 2), and secondary amines arising from 
a possible attack at <3=N bond*” could not be iso- 
lated. 

Configurational assignment to the OH group in 
3a,b and 4a,b has been made on the basis of literature 
mechanisticlo and spectroscopic” data. We have thus 
assigned the structures 3a,b (axial OH group) to the 
less polar tertiary alcohols obtained in major yield, 
whose 3-Me protons resonate at slightly higher field 
than those of the corresponding epimers 4a,b. This 
assignment may be also supported by the analogous 
chromatographic behaviour of the epimeric 
3-hydroxyaldehydes obtained by selective reduction’b 
of h,b. 

From all our reported results it follows that this 
imine protection procedure is suitable to perform in 
mild conditions selective nucleophilic additions at 
keto group in presence of aldehydic one. 

EXPERIMENTAL 

General experimental details have been described pre- 
viou~ly.‘~ IR spectra for oily products lf, 2f and 2g were 
recorded using CHCI, as the solvent. Mass spectra for If 

and N were taken with an AEI MS I2 spectrometer at 70 eV 
with an all glass heated inlet system. All the reported 
reactions, but the solvolysis of the tosylate, were performed 
under N, at room temp. All the new ketoaldehydes were 
obtained by oxidation of the corresponding diols as pre- 
viously described.‘* GLC analyses were obtained on a Carlo 
Erba Fractovap 2350 chromatograph, equipped with a 
0.5 m x 2 mm i.d. column, packed with 3% Carbowax 20M 
on Chromosorb G, using n-tetradecane as internal standard. 
Pinonic derivatives, obtained from commercial 
( f )-cir-pinonic acid (98~~), were mixtures of cis and rrwzs 
isomers (98% and 2%. respe@ively), as shown by GLC 
analyses. Routes to steroidal ketoaldehydes la, b, c, e were 
described elsewhere.‘b*6.12 

(f)-Cis-pinonic ddehyde If. (*)-Methyl cis-pinonate 
(13.88 g) was reduozd with LiAIH, (7.98 g) as described for 
(+)-ethyl pinonate” to give a residue (12.84 g), which was 
passed through a column of silica gel (300 g) (CH,Clz-Et,0 
9: 1 and I : I as eluents), to obtain a mixture of diols (9.99 g). 
A soln of the above compounds (I.55 g) in CH,Cl, (20 ml) 
was added to the Collins reagent and stirred for I5 min. The 
oxidation residue (I .2 g) was chromatographed on silica 
(4Ogf, eluting with CH,Cl-Et,0 (8:2) to afford homoge- 
neous If (0.68g) as an oil; NMR, IR and Mass data in 
accord with those reported for the ketoaldehyde previously 
described.” 

(f)-I-Oxotetralin-3-carboxcrldehyde lg. A soln of 
( f )-cis-3-hydroxymethyltetralin-I-oP (2.8 g) in THF 

Table 2. Yields’ and analytical datab of 3-methyl-3-hydroxyaldehydes (3*b and 4a.b) 

Ketoaldehyde 
1 

Tertiary ax. alcohol 
3 

Terttary eq. alcohol 

4 

Yield (Xl kLp.*c= /Tz7 
--D 

Yield (XI M.p.‘CC /7k7 
--D 

II 
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47(39) 

35u9) 

160-165 deed +66’ 

135-139 +31** 

36(U) 

21(19) 

168-173 dec= r67’ 

170-175 de== +26* 

“Yields from weights of homcgcneaw chromatographic fractions; the values in parentheses 
refer to MeLt addition.bSatisfactory microanalyses obtained: 
4a,b were crystallized from AcOEt; 3a.b from cther.d 

C.‘0.22;H.?O.l1 .CThe compounds 
Sample inserted into a Blrchi oil bath 

at 145”.%ample Inserted into a BUchi oil bath at l%~*.~,, 1.0 in MeOH. 
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General procedure for selective methylenalion of ke- 
roaldehydes. Methylenetriphenylphosphorane was prepared 
by adding BuLi in n-hexane (1.1 mmol) to a suspension of 
methyltriphenylphosphonium bromide (1.1 mmol) in 5 ml of 
dry Et,O. The mixture was stirred for 2 hr. 

To a stirred mixture of ketoaldehyde (05mmol) in dry 
THF (1 ml) (1.5 ml in the case of la, d, e), 4 A molecular 
sieves (0.5 g) and 0.15 ml of dry t-BuNH, (0.2 ml in the case 
of 1d.f.g) were added. Less hindered i-PrNHr (0.15 ml) was 
employed to protect le. since even after 24 hr the protection 
with bulkier t-BuNH, was incomplete. After the appropriate 
period of stirring the soln was poured into the above Wittig 
reagent, washing the sieves with 1 ml of dry THF. After 
stirring for 15 hr water was added and then the mixture 
extracted with Et,0 in excess, washed with water, dried and 
evaporated under uucuum. The residue was chro- 
matographed on silica? (log) eluting with n-hexane- 
benzene (3: 1. 2: 1 and 1: I). For GLC analvses of the 
reaction products arising from methylenation of If and the 
mixture of n-octanal and 2dodecanone. the ethereal solu- 
tion was passed through a column of silica (10 g), washing 
with Et,O. 

Procedures for selective alkylation of steroidol ketoaldehydes 
1a.b 

(a) With MeMgI. After the previously described protec- 
tion procedure of ketoaldehyde (1 mmol), the imine THF 
soln was evaporated under reduced pressure. A soln of 
MeMgI was prepared in a flask from 0.091 g Mg turnings, 
0.426 g Mel and 2.6 ml dry ether. After stirring for 30 min 
the preparation of MeMgI was complete. An imine ether 
soln (protected In in 7 ml and the other derivative in 2 ml) 
was added to the Grignard reagent from a pressure- 
equalized dropping funnel. The mixture was then stirred for 
I hr, after which it was carefully hydrolyzed with satd 
NH&l cooling at 0”, and AcOEt was added. After 
stirring for 30min at room temp the organic layers were 
washed with water, dried and evaporated under reduced 
pressure. 

t Basic alumina (B IV, 20g) and then silica (log) were 
used in the case of Id. 

(b) With MeLi. 2 ml 2M MeLi in ether (1 ml in the case 
of lb) were syringed into a flask at - 15”. An imine ether 
soln (protected la i? 6 ml and the other derivative in 4 ml) 
was then syringed in dropwise under stirring at - 15”. The 
reaction was allowed to warm to room temp and stirred for 
I hr. after which it was hydrolyzed and worked up as above. 

All the reaction residues were chromatographed on a 
column of silica (I : 50). eluting the androstanic derivatives 
with light petroleum-ether (2: 1) and the cholanic ones with 
benzene-ether (9: 1). 
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