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£ L E M O alone would be t h a t these molecules act as electron 
acceptors in t he formation of a charge-transfer bond . Such 
a mechan i sm for quin ine an t ima la r i a l s has been suppor t 
ed by molecular orbi ta l ca lcu la t ions ; 2 7 however, no bio
chemical evidence suppor t s th is m e c h a n i s m for naph tho 
quinones . ( 

A th i rd exp lana t ion of the observed s t ruc tu re -ac t iv i ty 
re la t ionships might focus on the re la t ionships between ( 
£ [ , E M O and a (eq 2 and 4). If a represents electronic effects 
on ionization of the hydroxyl group, then one might post- : 
u la te t h a t t he ac id -base propert ies of the group a t the 2 ( 
posit ion de te rmine act ivi ty vs. inact ivi ty of the molecule. 
Series no. 23 was synthesized on th is basis and found to ( 
be inac t ive . 1 7 In addi t ion , t he naph thoqu inones act in the 
lipid mi leau of the mi tochondr ion which would suppress * 
ionization and they are compet i t ive with coenzyme Q , 
which is not acidic. T h u s , a considerat ion of t he biochem- ( 
istry e l iminates two of t he three explana t ions and leaves 
only the first. ( 

A c k n o w l e d g m e n t . The au thors t h a n k Dr. Pe t e r Beak 
for his discussions which led to t he ini t ia t ion of this 
s tudy . ( 

References , 

(1) C. Hansch, "Drug Design," Vol. I, E. J. Ariens, Ed., Aca- ( 
demic Press, New York, N. Y., 1971, p 271. 

(2) L. F. Fieser, et al, J. Amer. Chem. Soc, 70, 3151 (1948). ( 
(3) L. F. Fieser, M. G. Ettlinger, and G. Fawaz, ibid., 70, 3228 

(1948). ( 
(4) L. F. Fieser and A. P. Richardson, ibid., 70, 3156 (1948). 
(5) J. D. Turnbull, G. L. Biagi, A. J. Merola, and D. G. Corn- ( 

well, Biochem. Pharmacol., 20, 1383 (1971). 
(6) F. S. Skelton, C. M. Bowman, T. H. Porter, K. Folkers, and ( 

R. S. Pardini, Biochem. Biophxs. Res. Commun., 43, 102 ( 
(1971). 

In connect ion wi th our s t ruc tu re -ac t iv i ty re la t ionship 
s tudy on the s ide-chain modification of cer ta in phenan
th rene amino alcohols 1 and a comparison wi th 2-(p-chlo-
rophenyl) -2-(4-piper idyl ) te t rahydrofuran, 2 a t r iangle phar
macophore (composed of one ni t rogen a tom, one oxygen 
a tom, a n d the center of an a romat i c or he te roa romat ic 
ring to which the side chain is a t t ached) of definite pa
ramete r s was uncovered among these an t ima la r i a l agents . 
I t was also pos tu la ted t h a t t he ni t rogen a n d the oxygen 
a toms are in close proximi ty and are l inked by hydrogen 
bonds to form a five- or a s ix -membered r ing wi th neigh
boring carbon a toms . 2 T h e proposed hydrogen-bond for
ma t ion was subsequent ly confirmed by n m r s tud ies . 3 In
terestingly, a recent proposed t r i angula t ion feature for a-
adrenergic receptors 4 is ident ical in every aspect wi th our 
proposed t r iangular feature . Some s t ruc tura l ly similar 4-
pyr idy lamino alcohols and corresponding quinol ine deriv
atives have recent ly been repor ted to possess /3-adrenergic 
blocking ac t iv i ty . 5 ' 6 

(7) A. Leo, C. Hansch, and D. Elkins, Chem. Rev., 71, 525 
(1971). 

(8) T. Fujita, J. Iwasa, and C. Hansch, J. Amer. Chem. Soc, 86, 
5175(1964). 

(9) W. M. Clark, "Oxidation-Reduction Potentials of Organic 
Systems," Williams and Wilkins, Baltimore, Md., 1960. 

(10) D. H. McDaniel and H. C. Brown, J. Org. Chem., 23, 420 
(1958). 

(11) L. F. Fieser and E. L. Martin, J. Amer. Chem. Soc, 57, 1840 
(1935). 

(12) L. F. Fieser and M. Fieser, ibid., 57, 491 (1935). 
(13) M.G.Evans , Quart. Rev., Chem. Soc, 4,94(1950). 
(14) A. Streitwieser, "Molecular Orbital Theory for Organic 

Chemists," Wiley, New York, N. Y., 1961, p 173. 
(15) T. H. Porter, F. S. Skelton, and K. Folkers, J. Med. Chem., 

14, 1029(1971). 
(16) T. H. Porter, F. S. Skelton, and K. Folkers, ibid.. 15, 34 

(1972). 
(17) K. H. Dudley and H. W. Miller, ibid., 13, 535 (1970). 
(18) F. J. Bullock, J. F. Tweedie, D. D. McRitchie, and M. A. 

Tucker, ibid., 13,97(1970). 
(19) F. J. Bullock and J. F. Tweedie, "The Synthesis of Quinones 

as Potential Antimalarials (U)," Final Report, AD854512, U. 
S. Army Medical Research and Development Command, 
Washington, D. C , June 1969. 

(20) F. J. Bullock, J. F. Tweedie, D. D. McRitchie, and M. A. 
Tucker, J. Med. Chem., 13,550(1970). 

(21) F .J . Bullock and J. F. Tweedie, ibid., 13,261(1970). 
(22) T. H. Porter, C. M. Bowman, and K. Folkers, ibid., 16, 115 

(1973). 
(23) D. A. Berberian and R. G. Slighter, J. Parasitoi, 54, 999 

(1968). 
(24) R. M. Pinder in "Medicinal Chemistry," 3rd ed, A. Burger, 

Ed., Wiley-Interscience, New York, N. Y„ 1970, p 512. 
(25) J. C. Craig, M. E. Tate, and G. P. Warwick, J. Med. Pharm. 

Chem., 2,659(1960). 
(26) N. Ikeda, J. Pharm. Soc Jap., 75, 1073 (1955). 
(27) J. A. Singer and W. P. Purcell, J. Med. Chem., 10, 754 

(1967). 

T h e foregoing information p r o m p t e d us to synthesize 
several addi t iona l p h e n a n t h r e n e amino alcohols wi th spe
cifically designed side chains in order to gain a be t t e r un
ders tand ing of t he mode of act ion of these an t imala r i a l 
compounds . T h e ou t s t and ing an t ima la r i a l act ivi ty dis
played by several 3 ,6-bis( t r i f luoromethyl)-a-(alkylami-
nomethy l J -Q-phenan threnemethano ls 1 suggested the 
p repara t ion of shorter a -a lky laminomethy l side chain de
rivatives l a - c . C o m p o u n d s l b and l c are of par t icu la r in
teres t since t he side chain of l b and l c is ident ical wi th 
t h a t of ephedr ine (epinephr ine , adrenal ine) and norephe
drine (norepinephr ine , noradrena l ine) , respectively. T h e 
proposed hydrogen-bond feature p rompted the p repara 
t ion of compounds of type 2, 3, and 4. 

Chemistry . T h e 3 ,6-b i s ( t r i f luoromethyl ) -a -a lky lami
nomethy l ) -9 -phenan th reneme thano l s l a - c were prepared 
by the in teract ion of 3 ,6-bis( t r i f luoromethyl)-9-phenanth-
ry loxi rane 1 ' 7 (5a) wi th a p r imary amine or a m m o n i a . 3,6-
D i c h l o r o - a - ( 2 - p i p e r i d y l m e t h y l ) - 9 - p h e n a n t h r e n e m e t h a n o l 

Further Side-Chain Modification of Antimalarial Phenanthrene Amino Alcohols 

Ping-Lu Chien a n d C. C. Cheng* 

Midwest Research Institute, Kansas City, Missouri 64110. Received July 28, 1972 

Several phenanthrene amino alcohols with specifically designed side chains attached to the 9 position have been 
synthesized and their structure-activity relationships in animal screening against Plasmodium berghei and P. gal-
linaceum have been studied. The shorter chain 3,6-bis(trifluoromethyl)-a-(alkylaminomethyl)-9-phenanthrene-
methanols displayed activity at 10 mg/kg and are curative at 20 mg/kg against P. berghei with no toxicity to the 
host. Activity of the corresponding a-(2-piperidylmethyl) derivatives conforms with the postulated triangle phar
macophore for antimalarial activity. 
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HOCHCH 2 NHR 

•HC1 

HOCHCE 

b, R=CH3 

c, R = H 

HOCH NH 

HC1 

(2a) and the corresponding 3,6-bis(trifluoromethyl) com
pound 2b were obtained by treatment of the appropriate 
9-phenanthrenecarboxaldehyde1 with 2-lithiopicoline fol
lowed by hydrogenation of the resulting pyridine interme
diates 5b and 5c. 3,6-Bis(trifluoromethyl)-o:-(3-piperidyl)-
9-phenanthrenemethanol (3) was prepared as follows. 
Condensation of the lithiopyridine, prepared by treatment 
of 3,5-dibromopyridine with 1 equiv of butyllithium, and 
phenanthrene-9-carboxaldehyde, followed by hydrogenol-
ysis yielded 3,6-bis(trifluoromethyl)-a-(3-pyridyl)-9-phen-
anthrenemethanol (5d). It was then hydrogenated cata-
lytically in the presence of Adams catalyst to yield 3. 
Compound 3 can be alternatively prepared by catalytic 
hydrogenation of the ketone oe, the latter being obtained 
by Cr03 oxidation of 5d. In both courses, a mixture of two 
isomers (3a and 3b) was invariably formed. 3,6-Bis(triflu-
oromethyl)-a-(4-piperidyl)-9-phenanthrenemethanol (4) 
was prepared in a similar manner from either the alcohol 
5f or the ketone 5g. As expected from the stereoisomeric 
consideration, only one product was isolated. 

0 
/ \ 

5 a, X = CF3;R--CH —CH, 

b, X = Cl;R«-CHOHCH,-

c, X=CF3;R = ~CHOHCH,—( \ 
N==/ 

d, X = CF,: R = -CHOH 
= N 

e, X=CF3;R=-CO — ( ~ \ 

f, X = CF3; R = -CHOH—f \ 

g,X = CF3;R=-CO N 

Biological Activity. Antimalarial testing results of the 
aforementioned compounds are given in Table I. Excellent 
antimalarial activity against P. berghei was observed (ac
tive at 10 mg/kg, curative at 20 mg/kg, and no toxicity at 
640 mg/kg) with both 3,6-bis(trifluoromethyl)-a-(alkylami-
nomethyl)-9-phenanthrenemethanols la and lb. It ap
pears that compounds la, lb , and the corresponding 
propylaminomethyl analog1 are the most active ones in 
this series against P. berghei as well as against P. gal Una-
ceum. The activity diminished abruptly when the termi
nal amino group is unsubstituted (lc). 

Of the compounds containing a piperidyl side chain, 
compounds 2a, 2b, and 3a were found to have antimalar
ial activity in animal screening. These results indicate 
that insertion of a -CH2- linkage between the carbinol 
carbon and the nitrogen atom does not appreciably alter 
the original activity, thus substantiating the proposed hy
drogen bonding vs. activity relationship of this type of 
antimalarial compounds.2 Again, diastereomerism was 
shown to play an important role with regard to biological 
activity.1 This is indicated by the lack of activity of com
pound 3b in contrast to the activity displayed by its diaste-
reomer 3a. Lack of antimalarial activity of compound 4 
may be attributed to unfavorable molecular conformation 
of 4, which precludes the formation of the desired triangle 
pharmacophore. 

Experimental Section 

All melting points (corrected) were taken on a Thomas-Hoover 
melting point apparatus. The uv and ir absorption spectra have 
been taken and were as expected. Where analyses are indicated 
only by symbols of the elements, analytical results obtained for 
these elements were within ±0.4% of the theoretical values. 

3,6-Bis(trifluoromethyl)-a-(ethylaminomethyl)-9-phenan-
threnemethanol Hydrochloride (la). A mixture of 5.34 g (0.015 
mol) of 3,6-bis(trifluoromethyl)-9-phenanthryloxirane (5a) and 
100 g of anhydrous ethylamine was heated at 125° in a pressure 
vessel for 14 hr. Excess ethylamine was evaporated by air stream 
and the residue was triturated with methanol. The solid was fil
tered to give 3.4 g of the free base of the desired product as white 
crystals, mp 174-176° (57% yield). Its hydrochloride was prepared 
by treatment of the free base with ethanolic hydrogen chloride 
and was recrystallized from methanol as white crystals, mp 272-
274° dec. Anal. (C20Hi7F6NO-HCl) C, H, N. 

3,6-Bis(trifluoromethyl)-a-(methylaminomethyl)-9-phenan-
threnemethanol Hydrochloride (lb). This compound was pre
pared from the oxirane 5a and a large excess of anhydrous me-
thylamine in the same manner as described above. The free base 
was obtained as white crystals, mp 183-185° (MeOH) (68% yield). 
Anal. (Ci9H15F6XO) C, H. X. 

The hydrochloride, also obtained as white crystals, has a melt
ing point of 265-267° dec (MeOH). Anal. (C19H15F6NO-HCl) C. 
H.N. 

3,6-Bis(trifluoromethyl)-a-(aminomethyl)-9-phenanthrene-
methanol Hydrochloride (lc). The free base of this compound 
was obtained in 94% yield by the reaction of the oxirane 5a and 
liquid ammonia under pressure at 100°. It was converted into the 
hydrochloride in the usual manner: white crystals; mp 277-279° 
dec (EtOH-CHCls). Anal. (C18H13F6XO-HCl) C, H, X. 

3,6-Dichloro-a-(2-picolyl)-9-phenanthrenemethanol (5b). A 
solution of 2.79 g (0.03 mol) of 2-picoline in 20 ml of anhydrous 
Et20 was added, in 10 min with stirring, into a solution of 19 ml 
(0.03 mol) of BuLi in 100 ml of Et^O at room temperature under 
N2. After being stirred for 40 min, the mixture was cooled to -50° 
while a THF solution (180 ml) of 3,6-dichloro-9-phenanthrenecar-
boxaldehyde (5.50 g, 0.02 mol) was added in 1 hr. Stirring was 
continued for 30 min as the red color of the reaction mixture 
gradually faded. Tic indicated the presence of unreacted alde
hyde. A fresh 2-lithiopicoline (0.03 mol) solution was then pre
pared in a separated flask and added to the reaction mixture. 
After 20 min, the mixture was cautiously treated with H2O (100 
ml) and the organic layer separated. It was washed (H2O), dried 
(MgS04), and evaporated. The residue was recrystallized three 
times from Me2CO to afford 1.6 g (22% yield) of 5b as white nee
dles, mp 168-170°. Anal. (C2iH15Cl2NO) C, H, X. 

3,6-Dichloro-a-(2-piperidylmethyl)-9-phenanthrenemeth-
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T a b l e I. Ant imalar ia l Activi ty" of Phenan th rene Amino Alcohols 

Compd 

l a 

l b 

l c 

2a 

2b 

3a 
3b 
4 

10 

1 0 . 1 
(0.0) 
6 .9 

(4.2) 

(0.0) 
0 . 5 

(0.0) 
3 .9 

(0.0) 

0 . 0 
0 .0 

20 

3C 
(6.0) 
2C 

(5.6) 
0 . 1 

(0.0) 
0 . 6 

(0.0) 
12 .2 

(0.0) 
0 . 5 
0 . 1 
0 .0 

40 

5C 
(10.0) 
4C 

(6.2) 
0 . 1 

(0.0) 
11 .4 

(2.4) 
3C 

(2.6) 
5 .7 
0 . 1 
0 .0 

Dosage, m g / k g 
80 

5C 
(10.0) 
5C 

(10.8) 
0 . 1 

(0.0) 
4C 

(5.4) 
5C 

(4.4) 
5C 
0 . 1 
0 .0 

160 

5C 
(12.0) 
5C 

(16.8) 
0 . 1 

(0.0) 
5C 

(9.2) 
5C 

(6.4) 
5C 
0 . 1 
0 .0 

320 

5C 
(12.2)" 
5C 

(17.0)» 
0 . 1 

(0.0)" 
5C 

(11.8) 6 

5C 
(6.6)1-
5C 
0 . 3 
0 .0 

640 

5C 

5C 

0 . 1 

5C 

5C 

5C 
0 . 3 

" Ant imalar ia l tes ts were performed by Dr . Leo R a n e and results were provided th rough the Wal te r Reed Army I n s t i t u t e 
of Research. Increase in ms t (mean survival t ime) of t he control group is reported: mst for controlled mice infected wi th 
P. berghei, 6.5 ± 0.5 days; C (curative) = t he number of mice surviving a t 60 days postinfection; T (toxic) = t he number 
of dea ths occurring on days 2 -5 after infection. For details of tes t results, see T . S. Osdene, P . B . Russell, and L. Rane , 
J. Med. Chem., 10, 431 (1967). b Te s t d a t a (increase in mst) of chicks infected wi th P. gallinaceum are listed in parentheses ; 
ms t for controlled chicks infected wi th P. gallinaceum, 4 days; T (toxic) = t he number of dea ths occurring within 2 days 
after injection. 

anol Hydrochloride (2a). A mixture of 1.6 g of 5b and 100 ml of 
EtOH was hydrogenated at 5 kg/cm2 in the presence of Pt02 and 
2 ml of concentrated HC1 for 7 hr. The resulting mixture was 
heated on a steam bath to dissolve the precipitated solid and im
mediately filtered to remove the catalyst. The filtrate was evapo
rated to dryness and the residue recrystallized from EtOH to give 
1.0 g (56% yield) of 2a as a white solid, mp 275-277°. Anal. 
(C21H21C12N0-HC1) C, H, N. 

3,6-Bis(trifluoromethyl)-a-(2-piperidylrnethyl)-9-phenan-
threnemethanol Hydrochloride (2b). To a stirred solution of 3.72 
g (0.04 mol) of 2-picoline in 100 ml of anhydrous E t 2 0 was added 
dropwise 25 ml (0.04 mol) of BuLi in hexane at room tempera
ture. The resulting orange-colored solution was stirred for 30 min. 
It was then cooled to -50° and a solution of 3.42 g (0.01 mol) of 
3,6-bis(trifluoromethyl)-9-phenanthrenecarboxaldehyde and 100 
ml of E t 2 0 was added slowly with stirring. After the addition was 
complete, the reaction mixture was allowed to warm to -10° in 30 
min with continued stirring. Excess lithiopicoline was decom
posed with 50 ml of H 2 0 and the E t 2 0 layer separated. It was 
washed with H 2 0 , dried (MgS04>, and evaporated. The residue 
5c was taken up in 100 ml of EtOH and the resulting solution was 
cooled in an ice bath for 30 min. This was treated with 3 ml of 
concentrated HC1 and then shaken overnight under H2 in a Parr 
hydrogenator in the presence of P t 0 2 . After removal of the cata
lyst, the solution was evaporated to dryness. The residue was 
triturated with Me2CO and E t 2 0 , and the solid was filtered to 
give 1.0 g of the desired product, mp 310-312°. An analytical sam
ple was prepared by recrystallization from MeOH-Me2CO as 
white needles, mp 317-319°. Anal. (C23H2jF6NO-HCl) C, H, N. 

3,6-Bis(trifluoromethyl)-a-(3-pyridyl)-9-phenanthrenemeth-
anol (5d). To a stirred solution of 11.9 g (0.05 mol) of 3,5-dibro-
mopyridine in 400 ml of anhydrous E t 2 0 was added dropwise, 
under N2, 32 ml of 1.6 M BuLi in hexane (0.05 mol) at -30°. Stir
ring was contined for 1 hr at that temperature. A solution of 5.13 
g (0.015 mol) of 3,6-bis(trifluoromethyl)-9-phenanthrenecarboxal-
dehyde in 350 ml of anhydrous E t 2 0 was then introduced in 20 
min. The reaction mixture was stirred for 1 hr and the excess 
organolithio reagent was decomposed with H 2 0 (50 ml). The 
E t 2 0 layer was separated, thoroughly washed with H 2 0 , dried 
(MgSO.i), and evaporated. The residue was taken into 150 ml of 
EtOH and hydrogenated at 5 kg/cm2 in the presence of Pd on C 
and 3 ml of EtsN for 10 hr. The catalyst was removed and the so
lution concentrated to 50 ml. It was initially acidified with dilute 
HC1 and then made basic with 10% NaOH. The product was ex
tracted with E t 2 0 (3 x 100 ml). The combined E t 2 0 solution was 
washed, dried, and evaporated. The residue was triturated with 
MeOH and the solid product collected by filtration. More precipi
tate was formed in the mother liquor and was also collected (1.9 
g, 30% yield). A small amount of product was obtained when the 
mother liquor was chromatographed over silica gel. An analytical 
sample (white crystals) was prepared by recrystallization of the 
crude product from MeOH, mp 267-269°. Anal. (C22Hi3F6NO) C, 
H, N. 

3,6-Bis(trifluoromethyl)-a-(3-piperidyl)-9-phenanthrene-

methanol Hydrochloride (3). Method A. 3,6-Bis(trifluoromethyl)-
a-(3-pyridyl)-9-phenanthrenemethanol (5d), 1.5 g, was hydroge
nated in 150 ml of EtOH and 4 ml of concentrated HC1 over 
Adams catalyst in a Parr hydrogenator at 5 kg/cm2 for 14 hr. 
After removal of the catalyst, the solution was evaporated to dry
ness. The residue was triturated with absolute EtOH and evapor
ated again to dryness. The solid product thus obtained melted at 
170-195°. It was recrystallized three times from MeOH-H 2 0 to 
give 0.16 g (10% yield) of the desired product as a white solid, mp 
290-293°. Further recrystallization of this material raised the 
melting point to 293-295°. Anal. (C22H19F6N0-HC1) C, H, N. 

From the mother liquors of the first two recrystallizations, 
there was isolated 0.3 g (20% yield) of white crystals. It was puri
fied by recrystallization from MeOH-H 2 0, mp 189-191°. Anal. 
(C22Hi9F6NO-HCl) C, H, N. 

Method B. An AcOH solution (100 ml) of 4.21 g (0.01 mol) of 
3,6-bis(trifluoromethyl)-a-(3-pyridyl)-9-phenanthrenemethanol 
(5d) was treated with a concentrated aqueous solution of OO3 
(2.0 g, 0.02 mol). The reaction mixture was allowed to stand at 
room temperature overnight. After the excess oxidizing agent was 
destroyed by the addition of 5 ml of MeOH, the mixture was di
luted with 300 ml of H 2 0 and extracted with CHCI3 (5 X 40 ml). 
The aqueous phase was made alkaline with sodium hydroxide so
lution and extracted with E t 2 0 (4 x 100 ml). The combined E t 2 0 
extract was washed with H 2 0 , dried, and evaporated. The CHCI3 
extracts were worked up similarly. There was obtained a total of 
3.4 g of 3,5-bis(trifluoromethyl)-9-phenanthryl 3-pyridyl ketone 
(5e), mp 150-162°. A small sample was recrystallized from MeOH 
as off-white crystals, mp 163-165°. 

The ketone thus obtained was dissolved in 150 ml of EtOH and 
3 ml of concentrated HC1 and hydrogenated in the presence of 
P t 0 2 in a Parr hydrogenator at 5 kg/cm2 for 14 hr. After removal 
of the catalyst, the solution was concentrated to 30 ml, neutral
ized with 10% NaOH, and extracted with E t 2 0 (3 x 100 ml). The 
E t 2 0 extracts were washed, dried, and evaporated. The residue 
was dissolved in EtOH (100 ml) and treated with 2 g of NaBH4 

for 1 hr. Excess NaBH4 was decomposed with 400 ml of H 2 0 and 
the mixture extracted with E t 2 0 . The washed and dried E t 2 0 so
lution was treated with anhydrous HC1 in EtOH. The resulting 
precipitate was collected by filtration to yield 0.92 g (20% overall 
yield) of the desired product, mp 285-290° dec. The compound 
was shown to be identical with that prepared by method A. 

3,6-Bis(trifluoromethyl)-o;-(4-pyridyl)-9-phenanthrenemeth-
anol (5f). 4-Bromopyridine hydrochloride (12 g, 0.062 mol) was 
dissolved in 100 ml of H 2 0 and made basic with dilute NaOH. 
The free base was extracted with 250 ml of anhydrous E t 2 0 . After 
being thoroughly dried (MgSO,i), the ether solution was cooled to 
-75° and to this solution was added dropwise, with stirring, 0.05 
mol of BuLi in hexane in 15 min under N2. The mixture was then 
stirred for 1 hr at the same temperature and a solution of 6.84 g 
(0.02 mol) of 3,6-bis(trifluoromethyl)-9-phenanthrenecarboxal-
dehyde in 40 ml of THF was introduced over a period of 15 min. 
Stirring was continued for 90 min while the temperature of the 
reaction mixture was allowed to reach -40°. Excess organolithi-
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um compound was then decomposed with H2O (100 ml). The 
E t 2 0 layer was separated, washed with H 2 0 , and concentrated. 
The solid was collected by filtration to give 3.3 g (40% yield) of 
the desired product, mp 217-220°. Recrystallization from acetone -
cvclohexane yielded analytically pure 5f as white crystals, mp 
218-220'. Anal. (C22H13F6NO) C, H, N. 

;S,6-Bis(trifluoromethyl)-9-phenanthryl 4-Pyridyl Ketone (5g). 
A solution of 2.1 g (0.005 mol) of 5f in 100 ml of AcOH was treat
ed with a saturated solution of OO3 (2.0 g, 0.02 mol) in H 2 0 . The 
reaction mixture was allowed to stand overnight at room temper
ature, and excess oxidizing agent was then destroyed by the 
addition of MeOH. The resulting mixture was made basic with 
aqueous NaOH. The product was isolated by E t 2 0 extraction 
(frequent filtration was required to break up the emulsion). On 
evaporation of the E t 2 0 solution there was obtained 1.26 g (60% 
yield) of crude 5g, mp 157-159°. An analytical sample was ob
tained as white needles upon recrystallization from MeOH. mp 
162-164°. Anal. (C2 2HnF6NO) C, H. N. 

3,6-Bis(trifluoromethyl)-a-(4-piperidyl)-9-phenanthrene-
methanol Hydrochloride (4). A solution of 1.8 g of 5f in 250 ml of 
EtOH and 1 ml of HC1 was hydrogenated in the presence of 
Adams catalyst at 5 kg/cm2 for 4 hr. The reaction mixture was 
then heated to dissolve the precipitated solid product and filtered 
to remove the catalyst. The filtrate was evaporated to dryness in 
vacuo and the residue recrystallized from MeOH to give 4 as 
white crystals, mp 323-325° dec. The combined yield of pure 4 
from two similar runs was 2.35 g (60%). This compound could 
also be prepared by hydrogenation of 3,6-bis(trifluoromethyl)-9-
phenanthryl 4-pyridyl ketone (5g) under the same reaction condi-

Analogs of v i t amin B62 modified in the 2 posit ion, such 
as a 2 -methylpyr idoxol ( 1 , R2 = E t ) , have been of consid
erable biochemical interest in the deve lopment of ideas in 
regard to pyridoxal ca ta lys is 3 and the mode of b inding of 
the cofactor analogs , 4 and in s tudies of the active sites of 
enzymes metabol iz ing v i t amin B6.5 Generally, t he analogs 
t h a t were s tudied had the 2-methyl group replaced ei ther 
with 2-CH2OH (1 , R2 = C H 2 O H ) or with various other 
alkyl groups. T h e resul ts of these s tudies ind ica ted t h a t 
there is a cer ta in bulk tolerance in t he 2 posit ion with re
spect to several enzymes requir ing pyridoxal phospha t e 

tChemistry and Biology of Vitamin B6. 33. Previous paper in this series, 
ref la. A brief report of part of the present study has appeared.lb Part of 
the present study was submitted by P. G. G. Potti in partial fulfillment of 
requirements for the Ph.D. degree. 

tions. Anal. (C22Hi9F6NO-HCl) C, H, N. 
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and also with respect to enzymes involved in metabol ic 
interconversions of different forms of v i t amin B6. In order 
to exploit th is bulk tolerance in t he design of potent ia l 
antagonis ts of v i t amin B6, we had to develop a me thod for 
modifying the 2-methyl group of pyridoxol in such a way 
t h a t the me thod would also be su i tab le for the in t roduc
tion of react ive groups. T h e present pape r describes the 
synthesis of a blocked in t e rmed ia te t h a t satisfies these re
qu i remen t s . T h e ut i l i ty of th is in t e rmed ia te paral lels t h a t 
of a 4 ,3 -0- isopropyl idenepyr idoxol for modifying the 5-
C H 2 O H group 6 and t h a t of 3 ,a 5 -0-d ibenzylpyr idoxol for 
modifying the 4 - C H 2 O H group. 1 " . 7 

Init ial ly, we invest igated the ace tonat ion of a 2 -hydroxy-
pyridoxol (Scheme I) . T h e la t ter compound was prepared 
from tr i -O-acetylpyridoxol by a simplified version of the 

A General Method for Modifying the 2-Methyl Group of Pyridoxol. Synthesis and 
Biological Activity of 2-Vinyl- and 2-Ethynylpyridoxols and Related Compoundsf 
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In order to explore the bulk tolerance indicated in the 2 position of vitamin B6 for enzymes both dependent on the 
vitamin and metabolizing it, we have developed a general method for modifying the 2 position. To this end, forma
tion of cyclic ketals from acetone and pyridoxol or a2-hydroxypyridoxol has been studied, using various amounts of 
catalyst, principally p-toluenesulfonic acid. With a limited amount of catalyst, ketal formation occurs across the 
a4- and «5-OH groups, without involving the phenolic OH. When the ratio of acid catalyst to substrate is increased 
(e.g., to 4:1), acetone condenses with the 3- and a4-OH groups in these compounds but not with the 3- and a2-OH 
groups in «2-hydroxypyridoxol. By blocking the 3-OH group in a2-hydroxypyridoxol with benzyl, and the a4- and 
«5-OH groups with acetone, a generally useful intermediate for modifying the 2 position was obtained. An alterna
tive, more efficient method for synthesizing the compound was developed, starting from 3-O-benzylpyridoxol, con
verting it to the a4 ,«5 cyclic ketal, N-oxidizing that, rearranging the A'-oxide with trifluoroacetic anhydride, and 
hydrolyzing the 2-(trifluoroacetyl) group. The 2-CH2OH group of this intermediate was oxidized to 2-CHO, which 
on mild hydrolysis gave 2-formyl-2-norpyridoxol. The 2-CHO groups of the blocked intermediate were converted by 
Wittig reactions to 2-CH=CH 2 and 2-CH=CHCl groups; dehydrochlorination of the latter gave the 2-C=CH de
rivative. The blocking groups in all of these compounds were readily hydrolyzed with acid, and the resulting ana
logs were tested as inhibitors of the growth of mouse mammary adenocarcinoma (TA-3) cells in vitro. 2-Vinyl-2-
norpyridoxol. with an ID50 of 9 x 10~6 M, was the best inhibitor in this series. In contrast to the inhibition caused 
by the 4-vinyl analog of pyridoxal, readily reversed by pyridoxal, that caused by the 2-vinyl analog of pyridoxol 
could not be reversed by the vitamin. 


