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SYNTHESIS OF ANALOGUES OF CRYPTOPLEURINE 

S. FOLDEAK* 

School of Pharmacy, Portsmouth Polytechnic 

(Received in the UK 13 March 1971; Accepfed for publicution 7 April 197 I ) 

Ah&act-New analogues of cryptopleurine with different aromatic methoxyl and chloro substituents 
have been synthesized. Intermediate isomeric I-hydroxyphenanthro(9.lObJquinolizidines have been 
isolated and characterized. Yields in the Pschorr reaction have been improved by the novel use of sulphite 
ion. Some of the compounds have been found to have antifungal activity. 

PHENANTHROQUINOLIZIDINE alkaloids from Cryptocurpa pleurosperma (crypto- 
pleurine.’ I, R1 = R, = R, = OCH3, R, = R5 = R, = R, = H; cryptopleuridine2 
1, R,R, = OCH,O, R3 = 0CH3, R4 = R5 = R, = H, R, = OH) and the closely 
related phenanthroindolizidine (II) alkaloids from 7jlophora species3 are of interest 
not only because of problems of structure and stereochemistry but also because of a 
range of biological activities. Vesicam4 mitotic5 anti-leukaemic6 and selective 
antifungal’ effects have been reported among others. Synthesis of new anologues of 
cryptopieurine with different substituents in the aromatic rings was therefore under- 
taken. The intermediate alcohols (R6 = OH) were isolated and their stereoisomers 
separated and characterized. 

Cryptopleurine has recently been synthesized* by a route based on biogenetic 
considerations, but the present work followed essentially the earlier route of 
synthesis’. lo with some modifications by which yields were improved. In particular 
the synthesis of substituted phenanthrene-9-carboxylic acids by the Pschorr’ reaction * 
is usually effected from the appropriate 2-amino-a-phenylcinnamic acids by 
diazotisation followed, without isolation of the diazonium compound, by cyclization 
by a variety of reagents. Reaction times are long and yields variable12 between 25 
and 80%. This step was therefore investigated and it was found firstly that isolation of 
the diazonium compounds as the quite stable hydrogen sulphates was advantageous 
and secondly that the cyclization was very efficiently promoted by sulphite ion giving 
80% overall yields of phenanthrene acids. While the work was in progress promotion 
of the cyclization by potassium iodide was reported.13 Combination of these two 
methods was found to give optimum yields. The mechanism whereby these reagents 
promote cyclization is unknown, but may resemble that proposedi2* l4 for hypo- 
phosphinic acid, which functions as a reducing agent. 

The acids were converted to acid chlorides with oxalyl chloride. esterilied, reduced 
with LAH and treated with phosphorus tribromide to give the corresponding 
bromomethyl derivatives (III, R = Br). These reacted with ethyl pipecolinate to give 
the esters (IV, R = Et) which were hydrolyzed to the acids (IV, R = H). In poly- 
phosphoric acid these gave the ketones (V) in about 8077 yield. The ketones are 

l Present address: Institute of Organic Chemistry, Josef Attila University. Szeged. Hungary. 
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sensitive to air and light, especially in solution. and care must be taken during their 
isolation. 

The reportedg* lo preparations employed direct reduction of the ketones by the 
Wolff-Kishner method, which, however, also removes OMe group~.~ Reduction to the 
alcohols (VI) was therefore effected by a variety of methods all of which gave mixtures 
of isomeric alcohols designated A and B, separable by TLC. LAH reduction gave a 
mixture of 60% A and 40% B generally unsuitable for preparation separation. 
Catalytic reduction with Adams catalyst gave a mixture with 75% A with 25% B 
from which pure A was obtained. In contrast the use of Pd-C in acid media gave 30”/, A 
and 70”/, B allowing preparation of pure B. Under these conditions aromatic halogen 
is removed, so that B isomers of halogenated compounds could not be obtained in 
this way. 

TABLE 1. IR ABSORPTION OF HYDROXY OROUP IN PHENANTHROQLJI~WLIZIDINES 

Compound Free OH Bonded OH 

1. R, = OH. R4 = R, = R, = H 
2 1 

LX AY; 
cm-’ ;;I 

e.L A< 
cm-’ 

A(R, = Rz = R, = H) 3600 

B(R, = R2 = R, = H) 3600 

A(R, =Rz =OCH,R, = H) - 

B(R, = R2 = 0CH3 R1 = H) 3598 

A(R, = R, = H R3 = Cl,) - 

B(R, = R2 = H R, = OCH, 3602 

weak - 3566 24 64 

65 165 - - 

- - 3568 23 63 

72 13.8 - - - 

- - 3565 27 68 

73 16.5 - - - 

Spectra were run in a 4 cm cell at concentrations around 00X molar. Intensity data are approximate 
because of the low solubility. 

The configurations of the two isomers were determined by consideration of the IR 
spectra (Table 1) in dilute solution in carbon tetrachloride. All the compounds show 
strong Bohlmann l5 bands indicating that both isomers have predominantly trans 

ring fusion. The configuration of the OH groups can therefore be determined from the 
presence or absence of intramolecular H-bonding.16T I’, la* lg 

The A isomers show a broad band around 3566 cm-’ indicative of intramolecularly 
bonded OH. Examination of Dreiding models suggests that this is due to H-bonding 
with the ring nitrogen, possible only with the OH in a pseudoaxial configuration trans 
to the bridgehead hydrogen. The closest approach of the hydroxyl H to the nitrogen 
in models is about 2.8 A; at least 0.3 A greater than that in l-hydroxyquinolizidines 
which have been foundI to show a hydroxyl-nitrogen bonded band at 3526 cm- ‘. 
The H-bond in the A isomers would therefore be expected to be weaker and to occur 
at the observed higher frequency. It also seems reasonable to attribute the small free 
OH band near 3600 cm-’ to a small proportion of non bonded pseudoaxial trans 
ring molecules rather than equilibrium with the pseudoequatorial cis ring. 

The B isomers show a single sharp OH band around 3600 cm-’ with much the 
same intensity in each case. These are clearly free OH bands, which with the absence 
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of any detectable bands at lower frequencies indicate a pseudoequatorial configuration 
cis to the bridgehead hydrogen. The absence of detectable H-bonding also indicates 
the lack of an equilibrium between the two isomers. Stable conformations of 
dibenzoquinolizidine have been reported.20 

The stereospecilic nature ofthe reductions agree with previously reported reductions 
of ketoquinolizidine1g*20*22 and ketoindolizidine but do not follow the postulated’ ’ 
“anchor effect” in quinolizidine. It seems likely that the two benzene rings alter the 
interaction with the catalyst surface. The two isomers are not interconverted under 
hydrogenation conditions. 

The alcohols were dehydrated with perchloric acid to give the quatemary 
compounds (VII). These show IR absorption at around 1700 cm-’ like the quino- 
lizidine immonium compounds previously described23*24 and also like them showed 
a shift to around 1630 cm-’ in base indicative of isomerization to an eneamine. The 
quatemary compounds were reduced with LAH or sodium borohydride to the 
phenanthroquinolizidines (VIII). Reduction with LAH was slow and caused some loss 
of aromatic halogen. Reduction with sodium borohydride was fast and completely 
hydrogenolyzed aromatic halogen. The same phenanthroquinolizidine was obtained 
from either of the isomeric alcohols or by direct reduction” of the corresponding 
ketone. 

TABLEI 2. ACIMTY OF PEIEZNAN~IR~(~. I~~~QUIXWLIZIDINES AGAINST Achxmucor repens 

Formula 1. R, = H Min. inhib. 
Isomer Cont. 

R, WmI 
- 

H H 

H H 

OCH3 OCHS 

OCH, OCH3 

H H 

H H 

H H 

H H 

H H 

OCH, OCH, 

OCH, OCH3 

H H 

OCH, OCHX 

H H 

H H 

H 

H 

H 

H 

OCH, 

OCHl 

OCH3 

H 

Cl 

Cl 

OCH, 

H 

H 

OCH, 

OCH, 

H 

0CH3 

H 

OCH, 

H 

OCH, 

H 

H 

H 

H 

H 

H 

OCH, 

H 

H 

H 

H 

H 

H 

H 

OCH3 

H 

H 

H 

H 

H 

H 

H 

H 

H 

OCH, 

H 

H 

H 

H 

H 

H 

H 

OCH, 

H 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

H 

H 

H 

H 

H 

H 

B 

A 

B 

A 

B 

A 

A+B 

B 

A 

A 

- 

- 

- 

- 

- 

20 

5 

5 

2.5 

5 

5 

10 

5 

CG 

0.6 

0.16 

5 

0.05 

0.6 

Results 
awaited 
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EXPERIMENTAL 

M.ps are uncorrected. IR spectra were determined on a Perkin-Elmer 257 spectrometer as discs (KCl) 
or mulls (Nujol), or on a Perkin-Elmer 521 grating spectrometer for solns in Ccl,. The UV spectra were 
determined on a Unicam SP800. 

Substituted phenanthrene-9-carboxyiic acids-General procedure. The appropriate a-phenyl-2-amino- 
cinnamic acid (OS mol) was suspended or dissolved in acetone (600 rnlb cooled (ice bath) stirred and 5N 
HISOd (21 ml) added followed by amyl nitrite (16 ml) in 4 portions over 20 min. The mixture was stirred at 
2-5 for 2 hr and then liltered. The solid \\;Is washed with cold acetone (20 ml) and dried in wcw at 40 . 
yields 8&950/ In this way was prepared a+-chlorophenyl)-2-diazoniumcinnamic acid hydrogen sulphate. 
yellow plates from H,O~e,CO m.p. 90” v,&. 2265 cm-‘. (Found: C, 47Q H, 3.2; N. 7.4. C,,H,,CIN,S06 
requires: C. 47.1; I-I, 2.9; N, 7.3%). Other diazonium compounds were used without further purilication. 
The diazonium compound (14 g) was suspended in acetone (150 ml). cooled (ice bath). stirred and a soln 
of KI (6 g) in water (10 ml) added in 3 portions over 5 min. followed by W/0 NaHSO,aq (1 to 2 ml) in water 
(10 ml). The mixture was stirred at room temp for 50 min and then sufficient (10 to 70 ml) water added 
to obtain a ppt which was collected, washed with water. dried and crystallized from solvent shown. yields 
5&W/,. In this way were prepared the compounds in Table 3. 

Ethyl phenanthrene-9-carboxylates-General procedure. The acid (@25 mol) and oxalyl chloride@75 mol) 
in dry CHCl, (80 ml) were kept at room temp for 30 min and then at reflux for 2 hr. The solvent was removed 
in uacuo and the residual solid kept with EtOH (70 ml) at reflux for4 hr, filtered hot and set aside to crystallize. 
The product was recrystallized from solvent shown. In this way were prepared the tsters in Table 3. 

9-Hydroxymethylphenanthrene-General procedure. The ester (002 mol) was added over 5 min to LAH 
(I.8 g 0048 mol) in THF (100 ml) and the soln stirred for 3 hr at room temp. It was then treated with 
EtOH and water filtered. The ppt was washed well with THF (and also boiled with CHCI, in the preparation 
ofthe 2.3-dimethoxy derivative). The combined solns were concentrated in “actwand the residue crystallized 
from the solvents shown. In this way were prepared the compounds in Table 4.9-Hydroxymethylphenan- 
threne itself was prepared by Raney nickel catalyzed reduction of phenanthrene-9-aldehyde.26 

9-Bromomethylphenanfhrenes--General procedure. The hydroxymethyl compound (002 mol) in dry 
CHCl, (70 ml) was cooled (ice bath) stirred and PBr, (OG? mol) in dry CHC& (15 ml) added over 5 to 
10 min. The mixture was kept at room temp for 40 min and at 40 to 45” for 15 to 20 min. It was then 
poured onto ice. The CHCI, layer was separated, washed twice with water, dried (Na,S03 concentrated 
in cacao and the residue crystallized from the solvent shown. In this way were prepared the compounds 
in Table 5. 

9-Q’-Ethoxycarbonylpiperidino) methylphrrlanthrenes -General procedure. The bromomethyl compound 
(O+l mol) ethyl pipecolate” (M)2 mol) and benzene (50 ml) were kept at reflux for 1.5 hr. The warm soln 
was filtered and the solid ,washed with benzene. The combined filtrate and washings were concentrated 
in vacua and the residue crystallized from solvent as shown. In this way were prepared the compounds in 
Table 6. The two compounds which did not crystallize. (but which showed only one spot on TLC) were 
used in the next stage without furtheT purification. 

l-Oxophenanthro[9.10b]quinolizidines-GeneraJ procedure. The piperidinomethylphenanthrene (DO1 
mall EtOH (50 ml). KOH (4Q g) and water (6 ml) were kept at reflux for 2Omin. The clear soln was diluted 
with water (25 ml) and AcOH (6 ml) added. The ppt was collected and dried well at 60 to 80”. (The 2.3- 
dimethoxy and 2.3-dimethoxy-6-chloro derivatives are more conveniently isolated as K salts), yields 
quantitative. This acid (01 mol) and polyphosphoric acid (20 g) were kept under N2 on an oil bath at 
I l&12@ for 5 to 6 hr and then cooled. The brown viscous soln was poured onto ia water (150 ml) and 
made alkaline (pH 8 to 9) with 50”/, NaOHaq taking esptcial care to keep the temp below 40”. The mixture 
was extracted with CHCI,. The extract was washed with water, dried (Na,SOJ and concentrated in uacuo 
at a maximum temp of 35” to give a solid which was crystallized from solvent shown. In this way were 
prepared the compounds in Table 7. The 6-chloro compound required heating for 20 hr with polyphosphoric 
acid. 

l-Hydroxyphenunthro[9.1Ob]quinolizidines. Three general methods were used. The ratio of A to B 
isomers produced was established by TLC on KieselgelG nach Stahl (Merck) developing with benzene 
(20): EtOH(l):MeOH(l) mixture and reading density on a Vitatron. 

(A) Reduction with Adams catalyst. The ketone (380 mg) in THF (50 ml) and EtOH (20 ml) with Adams 
catalyst (380 mg) was hydrogenated at room temp and 3 atm pressure for 8 hr. The soln was filtered and 
concentrated in ~ocuo. The residue was suspended in acetonz in which oily products rapidly solidilied_ and 
filtered to give a white solid. A/B ratio about 75:25. 
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Synthesis of analogues of cryptoplcurine 3415 

(B) Reduction with palladium catalyst. The ketone (380 mg) in THF (50 ml), EtOH (50 ml), water (5 ml) 
and DSN HCI (4 ml) with loO/, PdC (380 mg) was hydrogenated at room temp and 1 atm for 16 hr. The 
soln was liltered concentrated in tmcrw to one third of its volume and water (50 ml) and 2N NaOH (2 ml) 
added. The mixture was extracted with CHsCl,. The extract was washed with water. dried (NasSOA and 
concentrated to give a residue which was treated with acetone as above. A/B ratio about 22:78. 

(c) Reduction with complex hydride. The ketone (380 mg) was added to LAH (200 mg) suspended in 
THF (30 ml) aud the mixture was stirred at room temp for 40 to 50 min. It was then cooled (ice bath). treated 
cautiously with EtOH and then water. filtered and washed with THF. The combined filtrate and washings 
were concentrated in vacrw and the residue treated with acetone as above. A/B ratio about 60:40. 

In these ways were prepared the compounds shown in Table 8. Pure isomers were separated by repeated 
recrystallization from solvents shown. AU compounds decomposed at the temps given for m.p. 

Phenonthro[9.lOb]quinolizidine. Phenanthro[9.lOb]quinolixidin-l-o1 A isomer (100 mgk AcOH (20 ml) 
and 60,,, perchloric acid (03 ml) were kept at 135’ (bath) for 3 hr. The ppt was then collected and washed 
with EtOH. White solid mp. 325” (deck This compound (105 mg) and LAH (100 mg) in THF (5 ml) were 
kept at room temp for 8 hr. The mixture was treated as in method C above and the resultant solid crystallized 
from acetone to give the phenunrhroquinolizidiae m.p. 174-175’ (60 mg). The m.p. was not depressed by 
product similarly obtained from the B isomer. or by product obtained by reduction of the immonium 
salt wnh borohydride ethanol at room temp for 50 min. The m.p. was also not depressed by material 
prepared as previously described.’ 

In this way were obtained also the compounds shown in Table 9. Reduction of halogenated compounds 
with borohydride gave the corresponding dehalogenated derivatives. identified by mixed m.p. and 
elemental analysis Reduction of halogenated compounds with LAH gave mixtures. 
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