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SYNTHESIS OF CEPHALOTAXINE ANALOGSI
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Abstract - The efficient preparation of a pentacyclic analog & of the

cephalotaxine skeleton is described.

The Cephalotaxus alkaloids? have been targets of intense synthetic interest since the
demonstration that the ester alkaleids displayed significant antileukemic aCtiVity;3 harringtonine
and homoharringtonine have subsequently reached clinical trials and effected high levels of
remission in nonlymphocytic leukemias.

The parent base, cephalotaxine (1), Thas been synthesized by two groups.* Weinreb and
Auerbach? completed a total synthesis by constructing the functionalized cyclopentane ring last,
using an intramolecular Michael reaction to Jjoin this ring to amine 2, while Semmelhack and
co-workers® linked the aromatic ring to the nitrogen of a preformed azaspirononane to form 3,
then completed the seven-membered ring by a photochemical ring closure. 0f numerous other

published approaches, only two (those of Dolby’ and Kupchana) have reached a pentacyclic stage.

s

We report here the application of a strategy, different from any published route, which

CH,

OCH,

1 CepHALOTAXINE 3

has led to the pentacyclic cephalotaxine analog & and which has the potential of leading to
the cephalotaxine skeleton itself. While this scheme will require extra steps to correct the
sizes of rings B and €, it has the advantage of constructing the crucial azaspirane system quickly

and efficiently from a nitrocycloalkane.9
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The knownl® Diels-Alder adduct 6 was prepared by addition of butadiene {or, more
conveniently, the butadiene equivalent 3-sulfolene) to 3,4-methylenedioxy-R-nitrostyrene (5).
Michael addition of methyl acrylate to 6 gave the pitroester 7 in high yield. The Michael adduct
is a single crystalline sterecisomer; we tentatively assign the "natural" configuration shown
on the argument that addition should occur from the less hindered face of the aci-nitro anion.
The stereochemistry is not critical at this stage, since the B/C ring junction can be equilibrated
to the more stable "patural"™ configuration in cephalotaxinone.4

Tn order to preserve the cyclohexene double bond for eventual ring contraction, the nitro
group was reduced with zinc in ethanolic HCl to afford the crystalline lactam 8, which was further
reduced by "Red-Al" to the pyrrolidine 9. This key intermediate is thus available in 63% overall
yield from 6, or in 39% overall yield in Five easy steps from piperonal.

Our initial attempts to effect direct completion of the seven-membered ring B by Tewis
acid-promoted cyclization of B (R = CHpCOOH or =COCOCL) or 9 (R = COGOCl, COCOOH, or GHzGOyEt),
or by photolysis of 9 (R = COCH2Cl), all proved unsuccessful. By contrast, ring closure to
the six-membered ring B of & proceeded smoothly. Pictet-Spengler cyclization of 9 with
formaldehyde pgave crystalline & in 72% yield. Alternatively, 7 could be formylated, cyclized
to iminium salt 10 by the Bischler-Napieralski procedure, and reduced to 4 with sodium

borchydride.

NO,
CH,CH,
o NO, CO,CH,

0
<,
b
.: ‘ 3 0
<<‘) R <(() N << -
M
8. X=0, R=H
9, X=H2, R=H
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Amine & represents an interesting isomer of the cephalotaxine skeleton in which ring B is one
member smaller and ring C one member larger. The double bond in ring € allows the obvious
pessibility of coxidation followed by aldol or Dieckmann cyclizations to effect ring contraction.
The more challenging problem is the expansion ¢f the heterocyclic ring B. A model for one
solution to this problem has been successfully tested: iminium salt 11 was treated with
diazomethane by the procedure of Leoneu'd,]'1 and the resulting aziridinium salt 12 was cleaved
at the benzylic position by catalytic hydrogenation to afford the benzazepine derivative 13.
Application of this procedure to iminium salt 10 and elaboration of these intermediates to

structures closer to cephalotaxine are in progress.

CH,0 CH,0 CH,0
+ NCH,
CH,0 /_’*ll_CHa CH,0 NCH, CH,0
1 BF 12 13
EXPERIMENTAL
trans-4-{(3,4-Methvlenedioxyphenyl)-5-nitrccyclohexene (6).- This adduct was prepared in 63%

yield by the addition of butadiene to 3,4-methylenedioxy-B-nitrostyrene (5),12Z gs described
by Maxon and Wildman.l0 Alternatively, a mixture of 5 (5.0 g), butadiene sulfone (10.0 g),
hydroquinone (100 mg) and toluene (50 ml) was heated in a steel bomb at 130°C for 96 h. After
cooling, the bomb was rinsed with CHCla {100 ml} and hexane (450 ml); the mixture was stirred
with 6 g of silica gel and filtered. The filtrate was concentrated to a volume of 15 mi and
kept at 7°C for 2 days, giving & crop of adduct, 1.4 g, mp 95-98°C. A second crap of 2.5 g
was obtained by concentrating the filtrate and adding 10 ml of absolute ethanol, bringing the
total yield to 3.9 g (61%). Recrystallizationm from methanol raised the mp to 96-98°G (1itll
mp 97-9%9°¢).

4-{2-Carbomethoxyethyl)-5-(3,4-methylenedioxyphenyl)=-4-nitrocyclchexene (7).- A solution of

6 (24.0 g) in 100 ml of THF was stirred with methyl acrylate (40 ml) in 200 ml of t-butyl alcohel
and 40 drops of 2 35% solution of Triton B in methanol at room temperature for 38 h. The first
crop of product was collected and washed with methanol, giving 14.5 g, mp 94-96°C. The filtrate
was diluted with 200 ml of ether and washed with 2% HCl, saturated NaHCO3, water, and brine,
then dried and concentrated. Two crops were collected, bringing the total to 28.9 g (B89.3%).
Recrystallization from methanol gave colorless crystals, mp 94-96°C; ir (KBr): 3040, 1740,
1655, 1610, 1535, 1375, 1250, 1240 cm™l; nmr (CDC13): 6 6.73 (1H, s), 6.63 (2H, s), 5.85 (2K,

s), 5.80 (2, m), 3.62 (3H, s), 3.38 (2H, m), 2.40 (8H, m).
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8,9-Methylenedioxy-1,4,4a,10b-tetrahydrocyclopentalejphenanthridiniun lodide (l0).- Acetic

anhydride (2.0 ml) was heated with 88% formic azcid (1.0 ml) for 2 h at 50-60°C. After cooling
to 25°C, amine 9 (1.5 g) in 10 ml of ether was slowly added, keeping the temperature at 30-34°C.
After stirring 8 h at room temperature, the solution was washed with water, saturated NaHCO3,
and brine, then dried and concentrated at reduced pressure to leave a yellow oil (800 mg, 48%),
ir (thin film) 1650, 80O em™l.

A solution of this crude formamide (450 mg) in 2.5 ml of toluene was heated at reflux with 1.5
ml of POCl3 for 130 min, then kept at room temperature 4 h. Ligroin (6 ml) was added, and after
standing for 45 min the solvent was decanted and the gummy residue taken up in ethanol (6 ml}.
The solotion was diluted with 20 ml of water and washed with 30 ml of benzene. The aquecus
solution was treated with 350 mg of Nal and kept 12 h in the refrigerator. Orange meedles (140
mg), mp 199-201°C, were collected and washed with a little water and absolute ethanol. A second
crop {48 mg) wes collected after adding 1 g of Nal to the filtrate. The total yield was 188
mg (30%); recrystallization from chloroform-benzenme gave mp 202-203.5°C. 1ir (KBr): 3000, 2960,
2900, 1650, 1605, 1590, 1275 em”l; nmr (cpcly):  89.53 (s, 1H), 7.5 (s, 1H), 6.93 (s, 1H), 6.17
(s, 2H), 5.73 (2R, m), 4.58 (2H, m}, 3.63 (1H, m), 2.77 (2H, m), 2.23 (6H, m).

8,9-Methylenedioxy-1,4,4a,5,6,10b-hexahydrocyclopenta[e|phenanthridine (4).- (a) A solution

of NaBH, (109 mg) in 1 ml of water was added dropwise to an ice-cold solution of iodide 10 (65.7
mg) in 1 ml of methancl. After keeping & h at 0°C the amine (33.8 mg, 75%), mp B6-89°C, was
collected and washed with cold water.

(b) A mixture of 9 (4,8 g), 37% formalin solution (50 ml), and 2N HCl (100 ml) was heated under
reflux for 2 h. After cooling, the solution was made alkaline with 40 ml of 20% NaOH and
extracted three times with ether. The extracts were washed with water and brine, dried over
Mg304, and concentrated at reduced pressure, leaving a pale yellow solid (3.6 g, 72%), mp 88-90°C.
Recrystallization from 85% aqueous methanol raised the mp to 89-90.5°C. Anal. Calc for Cy7H19NOy:
C, 75.84; H, 7.06; ¥, 5.20. Found: C, 75.75; H, 7.13; N, 5.18; ir (KBr): 3020, 2970, 2900,
2850, 1650, 1620, 1270 cm”l; nmr (cDC1ly): 66.72 (1H, s), 6.68 (1H, s), 5.90 (2H, s}, 5.63 (lH,
m), 5.55 (1H, m), 3.83 (2H, AB quartet), 3.1 (1H, m), 2.67 (4H, m), 1.91 (4H, m), 1.63 (2H,
m); mass spectrum: m/z 268 (3, MY}, 216 (14), 215 (72), 214 (100), 186 (12), 156 (13), 128
(103, 78 (21), 39 (11).

7,8-Dimethoxy-3-methyl-2,3,4,5-tetrahydro~1i-3-benzazeping (13).- To =z solutien of 1.00 g of

6,7-dimethoxy-3,4-dihydroisequinoline methiodidel® in 22 ml of water, cooled in ice, was added
pertionwise 6.1 g of fluoroboric acid. After keeping for 8 h at 7°C the crystals of the
fluoroborate 11 were collected and washed with water, then ethanol. The yield of fluffy yellow

crystals, mp 185-187°C, was 580 mg (66%).
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The salt was dissolved in 50 ml of CHpClp, cooled to 0°C, and treated with stirring with cold

ethereal diazomethane until a colorless solid precipiteted and the yellow color persisted for

a few minutes, The solid was collected and washed with CHyCly and ether; the yield of aziridinium

salt 12 was 525 mg (86%), mp 119-123°C.

A solution of 0.71 g of 12 in 130 ml cof ethanel and 30 ml of water was hydrogenated over W-2

Raney nickel for 12 h at 60 psi in a Parr shaker. The mixture was filtered through Celite and

concentrated at reduced pressure. The residue was rendered alkaline with NaCH and extracted

with ether. Concentration of the ether extracts left 0.44 g (85%) of amine 13 as an oil; ir

(thin Film} 3000, 2960, 2940, 2840, 2800, 1610, 1520 cm~l; pmr (CDC13): §6.65 (2H, s), 3.77

(6H, s), 2.72 (8H, m}, 2.38 (3H, s); mass spectrum: m/fz 221 (53), 206 (15), 192 (10D, 178 {17},

165 {100), 164 (10), 107 (18), 91 (25), 77 (15), 65 (l0), 57 {32), 44 (29), 42 (67); Llic-nmr

{(CDCG13}: 147, 134, 113.5, 58, 56, 48, 36.5. The hydrochloride, after recrystallization from

ethanol, had mp 254-256°C (lit.l% mp 262-263°C).
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