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SYNTHETIC STUDIES ON THE LYCOPODIUM ALKALOIDS.

A FORMAL TOTAL SYNTHESIS OF (j)—LYCODOLINEl)
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Abstract--~-The tricyclic amine {10) was reacted with the acid chloride
(17) to afford the amide (18), which was converted in 3 steps intc the
amino-aleohol (16). Its preparation constitutes a formal total synthesis
of (+)-lycodecline.

2}

Among the Lycopodium alkaloids known today, lycodoline (l; alkaloid L.8) is

an attractive synthetic target hecause it is one of the l2-hydroxylated alkaloids

3)

as determined by Ayer and Iverbach and the most widely distributed of the minor

)

bases in the family.2a Qur previous paper dealt with the total synthesis of anhy-
drolycodoline via the acrylamide (2), but this did not cyclize to the lactam (3)
under Michael conditions for a stereoelectronic reason.4)

It is of interest that Heathcock and his coworkers reported an elegant synthe-
sis of lycopodine by constructing the fourth ring via the intrameclecular aldol cyc-
lization of the aldehyde (i).s) In addition, they have accomplished very recentlys)
the first total synthesis of 1 via the aldehyde (5) in the similar manner. This
prompted us to describe herein our work on 1.

Qur injtial objective was the aldehydes {5) and (6), or their equivalents
{11-14) as shown in Chart 1. For this purpose, at first, the acid chlorides (7},
{8) and (3) with protected aldehyde group were synthesized as follows. The Refor-
matskii reaction of ethyl bromoacetate with ethyl orthoformate gave a 2:1 mixture

7}

of ethyl 3,3-diethoxypropionate and ethyl 3-ethoxyacrylate. This mixture was
heated in the presence of NaHSO4 to afford pure 3-ethoxyacrylate, which on hydro-
lysis with base and treatment with oxalyl chloride in dry CGHG gave the acid

chloride (1).8) The ester mixture mentioned above was heated with ethylene glycol
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or ethanedithiol in the presence of NaH504, followed by the sequence of reactions

employed for 7, to afford the acid chlorides (8) and (2), respectively.

f,.O =0 =0 =0
R.I2 HO, H
72 sCHO

lycodoline (1; R=OH} anhydro— : (4)
lycodoline
lycopodine (R=H)

OH
HO =0 ‘ HO
Ne—R N—— /™ 0CH,Ph
(2) R = COCH=CH, (13) R = COCH,CH{ :] (19)
{(5) R = CH,CH,CHO (14) R = CHZCHZCH:8 (7) EtOCH=CHCOC1
{6) R = COCHZCHO o
(15) R = COCH,CH,OH (8) [_o>cHcH,cocl
{10} R=H
(16} R = CH,CH,CH, OH
{11) R = COCH=CHOEt _ 27272 (%) [: ~CHCH,,COCL
. (18) R = COCH,CH,OCH,Ph
— o~ (17) PhCH.,OCH,CH.COC1
{12) R = COCHyCHI;] (20) R .= CH,CH,CH,OCH,Ph 2vmaTe
Chart 1
4)

The tricyclic amine (10) reported previously ' was reacted with 7, 8 and 9

in the presence of Et,N in CHCl, to afford the corresponding amides (11}, (12) and

(13), respectively.g) Deprotection of 11, 12 and 13 was carried out fruitlessly

under various conditions; i.e.: acid treatment of 11 and 12 gave either 10, the

unchanged starting material or a complex mixture of undefined components depend-

ing on the conditions used, and treatment of 13 with either H9012/CHBCN,10)

11} 12)

T1{NO or CHBI/aq. CH ,CN-THF also gave a complex mixture. Deketalization

33 3
of the dioxolane (14), obtained by reduction of 12 with LiAlH4 followed by Jones
oxidation, did not take place under acidic conditions at room temperature, but
treatment with 10% HC1 in acetone at 50° vielded 52.13}

Unfeasibility of the deprotection described above let us synthesize the
alcohols (15} and (16} as the aldehyde equivalents. By the reaction of 10 with the

acid chloride (17), prepared from B-propiclactone in 2 steps, was obtained
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the amide (18). Reduction of 18 with LiAlH, (to give 19} followed by Jones oxida-
tion (to give 20) and hydrogenclysis over 10% Pd-C afforded 16. Hydrogenolysis of
18 over 10% PA-C gave 15. Oxidation of 15 and 16, in our hands, was unsuccessful
under various conditions, for example, Jones, PDC, PCC, Moffatt and Oppenauer

(benzophenones)

or fluorenonel4)/ KOBu-t in boiling PhCHa) oxidations. Oppenauer
oxidation of 15 with benzophenone/KH, Heathcock's successful condition, gave 2,
identified with an authentic sample. The preparation of 16 constitutes an addition-

al approach towards the synthesis of 1.
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