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A series of phenanthrene amino alcohols has been prepared and evaluated for antimalarial effects. These 
compounds bear the amino alcohol on the 1 or 4 position, respectively. During the course of the syntheses, the 
halogenation and pyrolytic dehydrohalogenation of the methyl phenanthrene-1- and 4-carboxylates were sttidied. 
The epoxide cleavage of the various 1- and 4-phenanthrylethylene oxides with the amines employed often yielded 
both possible isomeric amino alcohols. Increasing the size of the amine side chain from C:) to Cfi or 0 : and intro
ducing ring halogen substituents increased the antimalarial activity. 

New antimalarial agents are being sought to combat 
.strains of malaria resistant to available drugs. During 
World War I I , a large number of phenanthrene amino 
alcohols were prepared and many had a high level of 
antimalarial activity, with a therapeutic index as high 
as 53.4 reported.2" The majority of these phenanthrene 
derivatives had the dialkylamino alcohol moiety at
tached at either the 3 or 9 position;'-'' none was at 
the 4 position. The sole 1-phenanthryl amino alcohol, 
2 - (// -d iamylamino-1 -hydroxyethyl) -9-bromophenan-
threne, had a therapeutic index of 13.2.'-cd We have 
prepared a series of 1-phenanthryl amino alcohols 
bearing H, CI. or Br at the II position, and a series 
of 4-phenanthryl amino alcohols bearing H. CI, or 
Br on the 10 position (see Scheme I). All of these 
compounds have exhibited antimalarial activity. 

The two key intermediate phenanthrene-1- and phen-
anthrene-4-carboxylic acids were prepared by succinyl-
ation of naphthalene as described by Rutherford3" 
and Dixon,31' et al. The failure of 1.2-dihydro-
phenanthrene-4-carboxylic acid to undergo esterifica-
tion in MeOH-HCl while 3.4-dihydrophenanthrene-l-
carboxylic acid was esterified readily under these condi
tions permitted us to use 3-( a-naphthoyl)propanoie 
acid contaminated with as much as 2. j% 3-(0-naph-
thoyl)propanoie acid. We made the first purification 
of the a isomer from this reaction by recrystallization 
of the distilled Me ester from cither MeOH or ,-PrOH. 

It is noteworthy that dehydrohalogenations of 9,10-
dihalo-9,10-dihydrophenanthrenes gave good yields of 
9-halophenanthrenes from 1-carboxylates. and 10-
halophenanthrenes from 4-carl><>xy lates. 

Brominationof the corresponding Me esters furnished 
good yields of the expected methyl 9,10-di-bromo-
9 ,10-d ihydrophenanthrene-1 - and 4-carboxylates. 
From the pyrolytic dehydrohromination of methyl 
9.10-dibromo-9,10-dihydrophenant hrene-1-carboxylat e. 
methyl 9-bromophenanthrene-l-eai 'boxylate was iso
lated in approximately 30c< yield. Its structure was 
assigned from its nmr spectrum. The volatile portion 
of the crude pyrolysis mixture was shown by glpc 
analysis to be l o % methyl phenanthrene-1-carboxyl-
ate, l o % methyl 10-bromophenanthrene-l-carboxyl-

i 1) This i.s C o n t r i b u t i o n Nu. 7>77 fruin ll.e Army Research P r o g r a m on 
-Malaria. T h e inves t iga t ion was conduc ted under Con t r ac t No. D A D A 
17-68-C-8025, U. S. Army Medical Research and Deve lopment C o m m a n d . 
Repor t AD 843250L, Direct inquir ies to ('. W. Huffman. 

(2) G. R . C o a t n e y , " S u r v e y of Ant imala r ia l Agen t s . " Publ ic Hea l th 
M o n o g r a p h No. 9. fa} p 22; !bi pp .">. S: n p .">; idj J. Schultz , M. A. 
Goldberg , E. P . Ordas , ami G. Carsch. J . Cmj. Ci.rm., 11 , 329 il9-H>>. 

1,3) la) K. G. Ru the r fo rd and M . S. N e w m a n . •/. Amer. Chem. .So,., 79, 2b'i 
iU>o7): ibi .1. A. Dixon and II . II. Xeiswende: ./. t.)t'j. Cl<em.. 26, 499 
i. Id001. 

ate, and 130% methyl 9-bromophenanthrene-I-enr-
boxylate. The nonvolatile portion, amount ins *o 
only 10% of the reaction mixture, was about two-
thirds 10-bromophenanthrene-l-carboxylie acid and 
one-third 9-bromophenanthrene-l-carboxylic acid. 

The pyrolytic dehydrobromination of methyl il.10-
dibromo-9,10-dihydrophenanthrene-4-carboxylate gave 
an 80% yield of a single isomer. Glpc analysis of 
the crude reaction mixture showed about .">% methyl 
pherianthrene-4-carboxylate and <0..">% of another 
product, the remainder being methyl 10-bromopheii-
anthrene-4-carboxylate. whose structure was assigned 
from its nmr spectrum. 

The chlorination of methyl phenanthrene-4-carboxyl-
ate gave an oil which could not be purified. Dehy-
drochlorination experiments failed to furnish an isohtble 
product. However, the pyrolysis of 9.10-dichloro-H.10-
dihydi'ophenanthrene-4-carboxylic acid yielded 10-
chlorophenanthrene-4-carboxylic acid which was iden
tified from its nmr spectrum. Glpc analysis showed 
that the pyrolytic dehydrochlorination of methyl 
9,10-dichloro-9,10-dihydrophenanthrene-l-earboxylate 
yielded essentially pure methyl 9-chlorophenanthreno-
1-carboxylate, identified from its nmr spectrum. 

All of the phenanthrylethylene oxides reacted with 
selected secondary amines to yield the target com
pounds. Some of these reactions at 1(>0': or higher 
(possibly undesirable) gave two isomers. The isolated 
material was often a mixture of the desired 1- or li 2-"-
dialkylamino-l-hydroxyethyl)])henanthrenc A ; and 
the unwanted 1- (or 4) (T-/<-dialkylamino-2-hydroxy-
othyl)phenanthrene (B). The isomeric eonine-iti'in 
was determined by nmr. 

Oil N H v . f l C . 

/ v C H C H 2 N H 2 - H C 1 , , C H ( . H 2 0 > ! 

Because some of the target compounds were mixture-
of A and B, ]>ure l-(2-//-dibutylamino-l-hydroxyethyi)-
phenanthrene was prepared also by reaction of ,<-
bromo-1-acetylphenanthrene with H-BUONH and sub
sequent reduction of the amino ketone with XaBH4 . 
The yield by this route was comparable to that from 
the epoxide, but the procedure was not reproducible.4 ' 

The only 1-phenanthryl amino alcohol .-creened 
during World War II was prepared by Schultz, it al. 
and identified by them as 1- (or 8)(2-«-diamylamino-l-
hydroxyethyl)-9-bromophenanthrene.2 d On the basis 
of nmr analysis, the structure of methyl 9-bromo-
phenanthrene-1-carboxylate was assigned to the py-
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SCHEME I 

IiCO(CH2)2C02H \ EtOH-HCi Phn-C02Me 
(I! = 2-naphthyl) s'. (COjEt)2 (Phn = 1-phenanthryl) 
(R = 1-naphthvl) >• (Phn = 4-phenanthryl) 

4. 20% HsSOi 
5. MeOH I KOH 
6. S 

1. X: KOH Y 
Phu-l-C02Me > 9X-Phn-l-C02Me > Phn-C02H 
Phu-4-C'O.Me 2. A 0 r 

10X-Phn-4-CO2Me 
(X = CI or Br) 

Phn-C'02H 
SOC1-. 

EtOMgCH(COiEt) 

Br: 

> Phn-COCH(C02Et)2 

HBr-HOAc 
Phn-COC(Br)(C02Et) 

\ 
Phii-C'OCHiCO.Et>2 

H;SOi-HOAc 
- > Phn-COMe -

Phn-COCH2Br 

Br2 | 

1. NaBH< / \ 1. HNR. 
Phn-COCH,Br >• Phn-CHCH2 > 

•2. XaOH 2. HC1 

Phu-CH(OH)CH 2NFVHCl + Phn-CH(CH2OH)NR2-HCl 
(0-33%) 

rolysis. product from methyl 9,10-dihydro-9,10-dibromo-
pheiianthrene-1-carboxylate, and methyl 9-chlorophen-
anthrene-1-carboxylate to that from pyrolysis of 
met hy 1 9,10-dihy dro-9,10-dichlorophenanthrene-l -car-
boxylate. The physical constants of the intermediates 
from these two systems are in general agreement 
with those reported by Schultz, et al.id Thus, the 
compound they prepared was l-(2-n-diamylamino-l-
hydroxyethyl)-9-bromophenanthrene. 

Experimental Section6-9 

3-ia- and /3-Naphthoyl)propanoic Acids.—These acids were 
prepared by the method of Haworth. l0a The isolation procedures 
were modified from those of Robinson and Slaterl0c and Wilds and 
Close. M> 

A well-stirred mixture of 2 1. of PhN0 2 and 900 g of AlClj was 
cooled to 20° in an ice bath. Starting at this temperature, 640 
g (."> mol; of naphthalene and 320 g (3.2 mol) of succinic anhy
dride were added alternately over a period of about 5 min. The 
mixture was kept in an ice bath for 2 hr and then poured onto a 
mixture of 6 kg of ice and 500 ml of concentrated HC1. The 
mixture was heated to 80-90°, filtered, and allowed to cool to 
30°. Crude 3-(0-naphthoyl propanoic acid was collected by 
filtration. The PhN0 2 layer of the filtrate was extracted with 
200 g of K;CO:j in 4 1. of H 20. The alkaline extract was washed 

(4; ;a) S. W. Chaikin and W. G. Brown, J. Amer. Chem. Soc, 71, 122 
(1949;. '»)) E. T. McBee and T. M. Burton, ibid., 74, 3022 (1952). (c) A. 
Burner and E. Mosettig. ibid., 56, 1745 (1934). 

(5. All melting points are uncorrected. The melting points of the inter
mediates were taken on a Thomas-Hoover apparatus and those of the 
phenanthrene amino alcohols on a Korler hot-stage apparatus. 

(6) The nrar spectrum were taken and interpreted by (a) W. Simon, 
Simon Research Laboratory, Elgin, 111. (b) W. W. Simons, Sadtler Re
search Laboratories, Inc. (c) M. Jankowski, Varian Associates, Palo Alto, 
Calif. Those spectra taken on a Varian A-60-A, 60 MHz, spectrometer are 
designated by 4- and those taken on a Varian HA-100D, 100 MHz, spec
trometer hy ^ 4 - . MetSi was used as an internal standard for all nmr 
spectra. 

(7) Elemental analyses were performed by the analytical staff at Inter
national Minerals tfc Chemical Corp. and Microtech Laboratories, Skokie, 
111. 

fS) Where analyses are indicated only by symbols of elements, analytical 
results were within ±0.4 of the theoretical values. 

(9) The dta and tga analyses were performed by J. Currier and E. Bilinski 
of International Minerals & Chemical Corp. 

(10) (a) R. D. Haworth, J. Chem. Soc, 1129 (1932). (b) A. L. Wilds 
and W. J. Close. ./. Amer. Chem. Soc, 68, 83 (1946). (c) Sir R. Robinson 
and 3. X. Slater. / . Chem. Soc, 376 (1941). (d) M. Newman, R. Taylor, T. 
Hodgson, and A. Garrett, J. Amer. Chem. Soc, 69, 1784 (1947). 

with CHC13, filtered, and acidified with HC1. The 3-(a-naph-
thovl)propanoic acid was collected, air dried, and recrystallized 
from 3 1. of C6H6 to yield 290 g of a isomer, mp 120-127°, lit.10»-d 

131-132°. The crude 3-(/3-naphthoyl)propanoic acid was re-
fluxed with the C6H6 filtrate from above and filtered hot to yield 
182 g (25%) of /3 isomer, mp 165-171°, lit .M a-d 169-172°. The 
filtrate was concentrated to 1.5 1. and cooled to yield an addi
tional 110 g [total 400 g (53%)], mp 120-126°. 

These acids were sufficiently pure for the next steps. 
Methyl 3-(a-Naphthoyl)propanoate.—A mixture of 95 g (0.42 

mol) of crude 3-(a-naphthoyl)propanoic acid (mp 118-130°) 
and 500 ml of MeOH saturated with anhydrous HC1 was refluxed 
for 4 hr. The MeOH was removed under reduced pressure. 
The remaining liquid was distilled to yield 71 g (70%) of methyl 
3-(a-naphthoyl)propanoate, bp 158-175° (0.17 mm), lit.1M 

bp 196° (3 mm). It was crystallized from i-PrOH (10 ml/g) 
and dried to yield 47 g (66%), mp 36.5-37.5°. Anal. (C15-
H-»s02) C, H. No 13 isomer was detected by glpc in the product 
melting at 36.5-37.5°. 

General Synthetic Methods. - - i l - and 2-Naphthyl)butyric 
Acids and Ethyl Esters.—These compounds were prepared in 
75-85% yield from the corresponding 7-naphthoylpropionic 
acids by the Huang-Minion modification of the WolfT-Kishner 
reduction as described by Wilds and Werth,11" except that ethyl
ene glycol was substituted for diethylene glycol. The corre
sponding Et esters were prepared l l b in 85-90% yield by re-
fluxing with EtOH saturated with HC1 gas. 

Dihydrophenanthrene-1- and -4-carboxylic Acids and Methyl 
Esters.—The synthetic procedure of Rutherford and New
man30 was modified by substitution of KXW-Bu for KOEt in the 
diethyl oxalate condensation to give the carboxylic acids in 80-
85% yield. Methyl 3,4-dihydrophenanthrene-l-carboxylate was 
prepared by refluxing the acid12 in MeOH saturated with HC1 
gas. Methyl l,2-dihydrophenanthrene-4-carboxylate was pre
pared by methanolysis of the acid chloride, prepared with S0C12. 

Phenanthrenecarboxylic Acids (Table I). Method A.—Sapon-

TABLK I 

PHENANTHRENECARBOXYLIC ACIDS AND ESTERS 

R Method Mp, ' C 

4-C02H A 170.5-172.5 
1-C02H A 232-234* 
4-C02Me B 81-83" 
l-C02Me B 54-55" 

Recrystn 
from 

CeHi2 

EtOH 
AleOH 
MeOH 

% 
deld Formula 

100 C16Hi0O2 

90 C15H10O2 

73 Ci6Hj202 

81 CieHi202 

" Lit.3" 173.5-174.5°. * Lit,8b 234.7-235.2°. ' Bp 172-178° 
(1 mm), lit.3" mp 84-85°, lit. iL. F. Fieser, M. Fieser, and E. B. 
Hershberg, J. Amir. Chan. Soc, 58, 2322 (1936)) bp 173.5-
174.5° (1 mm). d Bp 142-148° (0.075 mm), lit.3b mp 55-55.7°. 

ification of the corresponding methvl esters in refluxing aqueous 
10% KOH gave these acids in 90-100% yield. 

Method B.—Preparation following the procedure described by 
Rutherford and Newman.31* 

9,10-Dihalo-9,10-dihydrophenanthrenecarboxylic Acids and 
Esters (Table II). Method A.—An equimolar amount of Br2 

was added slowly to a cooled solution or suspension of the acid 
or ester in 1:1 CHCl3-Et2(). The resulting solid was slurried or 
recrystallized from the indicated solvent. 

Method B.—The acid or ester suspended in CH2C12 was treated 
with Cl2 at room temperature with stirring. As the reaction 
proceeded, the suspended material dissolved. The solution was 
clarified by filtration, the solvent was removed, and the residue 
was triturated or recrystallized from a suitable solvent. 

Halogenated Phenanthrenecarboxylic Acids and Esters (Table 
III). Method A.—These acids were prepared by hydrolysis of 
the corresponding methyl ester with refluxing 5% aqueous KOH 
containing 17% EtOH. 

Method B.—The corresponding 9,10-dihalo-9,10-dihydrophen-
anthrene-1- or 4-carboxylic acid or ester was heated in an oil bath 
at the indicated temperature until acidic fumes were no longer 
evolved and poured into MeOH or C6H6, and the mixture was 
cooled. The crude product was collected an drecrystallized from 
the indicated solvent. In some cases, analytical samples were puri-

(11) (a) A. Wilds and R. Werth, J . Org. Chem., 17, 1154 (1952). (b) 
H. Adkins and E. Burgoyne, J. Amer. Chem. Soc. 71, 3528 (1949). 

(12) W. E. Bachmann and X. C. Deno. ibid., 71, 3062 (1949). 
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T A B L E II 

9, 10-DiHALo-O, 10-DIHYDKOPHI- :NANTHI{I - : \K( ' . \ I{H() . \VI ,H 

A C I D S AND E S T K H S 

x x 

P n i : \ \x nmi iv i . C H I . O U I D I . S I li - ( ' ( ) ( ' ! . 

X 

Br 

Br 

Br 

Br 

( 1 

CI 

" Tr i t 
c T r i t u r 

HC1 on 

II . 

R 

4 - C 0 2 l I 

l - C O J l 

4 - C 0 2 M e 

l - C 0 2 M e 

4-COolI 

l - C O , M e 

u n i t e d wi th 

-Method S ip , DC (. led 

A" 17.V I SO 

A" 170-22(1 

A'< 1 5 0 - 1 5 5 

A' 1 2 0 - 1 2 S 

B 2 1 5 2 2 0 

B r f ' 150- K M 

CHCL,. '• I ieerys ta l l ized from M e O H . 
Med wi th E t O H . '' I ieerys ta l l ized from E t O H . '- Loses 
s t a n d i n g a t room t e m p e r a t u r e . '' All ana lyzed for C and 

70 
s:-> 

,s."> 

.so 
46 

m 

c 
c 
c 
c 
c 
c 

loIIioBl'oO, 

i.dboBroO, 

i6n1;.Bi-..o., 

.eII,..Br,C) : 

,.:,!!,uCl,<)2 

K,HJ 2 C'1 , ( ) , 

T A H L K I I I 

H A L O C K N A T K D P H K X A X T H H K X K C A U H U X Y I . I C 

A C I D S AXD E S T K H S 

x 

molvsis T « 155°. •' The rmolys i s T ~ 12.)°. ' T h e r m o h ' s i s 
T "~ 220° . •' B p 1.50-160° '(0.1 m m ) . - 'Lit .2 '1 2 9 1 - 2 9 2 ° . 
'' Lit.2 '1 2 9 3 - 2 9 4 ° . < S t a r t i n g ma te r i a l . 25 g 100 ml of C6HS , 
filter a n d cool. < Erom m e t h o d B . " All ana lyzed for ( ' a n d I I . 
' S t r u c t u r e verified by ranr. 

tied by sub l ima t ion at reduced pressure . D e h y d r o b r o m i n a t i o n 
of the p h e n a n t h r e n e - 1 - and -4-carboxyl ic acids usual ly resul ted 
in ex tens ive decompos i t ion . These pyro ly t ic d e h y d r o h a l o g e n a -
iion react ions were examined by d ta and tga ana lyses . T h e 
t e m p e r a t u r e s employed for t h e d e h y d r o h a l o g e n a t i o n s were in 
acco rdance wi th these findings. D e h y d r o b r o m i n a t i o n of the 
me thy l 9 , ' 10 -d ib romo-9 .10-d ihydrophenan th rene - l - and 4-ear-
boxy la t e s wi th a t e r t i a r y amine yielded only the cor responding 
m e t h y l p h e n a n t h r e i i e - 1 - a n d 4-carboxyla tes . 

Method ( ' . - - T h e cor responding acid chloride, p r epa red wi th 
SOCL, was remixed with excess M e O H after r emova l of excess 
SOC'b. T h e M e O H was removed and the residue was disti l led 
and purified by reerys ta l l i za t ion . 

Phenanthroyl Chlorides (Table IV). T h e p h e n a n t h r e n e -
carboxyl ic acid was s t i r red u n d e r reflux wi th a p p r o x i m a t e l y a six
fold ( w / v ) excess of SOC'l, for at. 2 hr . Excess S O C b was 
r e m o v e d under r educed pressure and 4 - 5 ml/ 'g of CeHo was 
a d d e d to the residual oil and removed under reduced pressure . 
After repet i t ion of this process, a fivefold excess of cyc lohexane 
was a d d e d to the res idue. T w o - t h i r d s of t h e cyc lohexane was 
removed u n d e r reduced pressure and the resu l t ing solid p h e n 
a n t h r o y l chloride was collected. 

Diethyl Phenanthroylmalonates (Table V). Method A. 
These react ions were carr ied out wi th d i e t h y l e t h o x y m a g n e s i u m 
ma lona te . 1 3 Inc reas ing t h e d ie thy l e t h o x y m a g n e s i u m m a l o n a t e 
from 1 to 2 mol per mol of acid chloride had l i t t le effect on the 
react ion. 

ii:S) II . G. Walker and ( ' . R. Hauser , J. Anu-r. Chem. .Soc.,68, 138(3 '1946) . 

10-Br 

10-C1 

1 .">.".--1 (>2 

llj. ' i - I t i f c 

fv, i [ . ,no '". it 
CuKUBKIO 
<V, 11,(1.0 
C.-.H.CIO (', 11 
(Y.lkBrCM) ('. II 
(Y.H-C1..0 C. 11 

11 T r i t u r a t e d will) cyc lohexane . '' These c o m p o u n d s were 
used di rect ly for the p repa ra t ion of the cor responding die thyl 
m a l o n a t e s . 

T \HI .K Y 

Dii.Tiivi. P H i . x \x iiinovt,MAI.Ii.xA ri:s. li 

Hc<.-rystn ' ; 
\ K M e t h o d .M|,, - ( ' :ri,m yiel 

I t A 82 St 

C O C l L C 0 2 E t i» 

Kurnmlu .1,.,,), 

<•', 0 82 St . - P r O l l ti2 ('•... 11.,0.-, 
10-Br 1 li ,, C-LIi'dlrO.-
10-C1 1 U ,. ( --.Hi ,(U< ).-. 
II 1 \ . II 0 1 02 A K i O l l .-,!'', StJ" ('••;!In.O-, C. 11 
')- P.r I A 1 17.."i-12ll .") K tOH 77 < =.I I, ,l',r().-, ( . 1 1 
'.<-<'! 1 A S.V-88 KtOH 84 (A.l luClO. , (', II 

' These ma te r i a l s were hydroly / .ed and decarl)oxyl; i led lo the 
cor responding acetyl de r iva t ives . ' ' F r o m m e t h o d B. F r o m 
m e t h o d A, 

Method B. Th is m e t h o d employed the p rocedure descr ibed 
by Olsen1 4 (see also ref lo , 15). 

Acetylphenanthrenes (Table VI). T h e s e c o m p o u n d s were p re 
pa red by hydro lys i s and deca rboxy la t i on of the cor responding 
I- and 4 - p h e n a n l h r o y l d i e t h y l m a l o n a t e s according lo I ho pro
cedure of Walke r and Hanser . 1 ' ' 

1 ()-(.'! t 
n-l'.r 1 
si-C'l i 

Aei.'i vi.ri 

Mr. - c 

87 -88" 

1)7 •lOll'1 

!).">-!)8"' 
182-180" 
1.58..")-UK I' 

T w t l . K \ 1 

X \XT11UKXHS ( 1 

Hi'i'l-ystn 

:!<)-(><> I Y l r 
ether 

KtOII ' 
K t O H 

( ' I h C K E l O H 
- I ' r O I I 

- C O C 1 1 ; , 

vteld f o r m u l a 

81 C„:Hr(> 

:::! Cisll.ilirCi 
7:; < " A H I I C ' I O 

Sli ('u.tKiP.rO 

!)•"> ( ' i t l i nC lO 

(', II 

('. II 
(', II 

" L i t . ( T a b l e I. f o o t n o t e c > s 9 . : i - 9 0 . : i c . '' B p 175 1S.5° 
(0 .2 m m ) . ' C r y s t a l l i z e d f r o m E t O H . ' B p l.sl I S O 0 O.y 
m m i. ' Lit.'-'-1 ls ." .(>°, Lit . ; ! l i 1.59 - 1 6 0 ° . 

a-Bromoacetylphenanthrenes (Table VII). Method A. Br-
was a d d e d to the d ie thyl l - p h e i i a n t h r o y l m a l o n a t e der iva t ives in 
refiuxing C H C L as described by Olsen. 1 1 After an add i t iona l 
HO-min reflux, the solut ion was washed d l ; 0 , 10', ' Na-CO.,. 
HaO), dried and c o n c e n t r a t e d . T h e residue was poured in to 
E t O H from which the ma lona l e s shown in T a b l e VI I I were ob
ta ined by filtration. 

T h e t i - b r o m o - l - p h e n a n i h r o y l m a l o n a t e s were hydroly/ .ed and 
deca rboxy la t ed according to t h e p rocedure of Olson1 1 by t rea t 
ment w i th HO Ac II Br. 

Method B. Th is p rocedure , ana logous to thai descr ibed 1>\ 
M a y and Mosel t ig ," 1 Schul tz , el til.,2'1 as well as m a n y o the r in
ves t iga to rs , involved the AlC'L-eatalyzed addi t ion of a C H C L 
solut ion of 1 equiv of Bio to a solut ion of the a c e t y l p h e n a n t h r e n e 
de r iva t ive in Et jO at at. 5 ° . T h e p rec ip i t a t ed «-l>ronioaoelyl 
de r iva t ive was filtered and purified as ind ica ted . 

Addi t ion of 1 equ iv of Br- to l - a e e t y l - 9 - b r o m o p h e n a n l h r e i i e a t 
reflux left a considerable a m o u n t of solid. There fore Bio was 
a d d e d unt i l the solut ion clarified a n d r e m a i n e d red. T h e mix
tu r e was filtered lo remove a small a m o u n t of su spended ma te r i a l 
a n d t h e filtrate was cooled. T h e solid o b t a i n e d was a , a , 9 -
t r ibromo-1-ace t v lphenan i hrene , m p 142-144° , vield 8 6 ' ' , . Altai. 
(C 1 6 H f t Br 3 0) C . ' l l . 

[ 14,) R. K. Olsen, Aerujer General Corp. , S a c r a m e n t o . Calif. JVi\ a te 
i m m u n i s a t i o n , unpubl is l ied resul ts . 

(ir.) A. L. Wilds and L. W. Beck, J. Amer. Chem. Soc, 66, LOSS 0 9 4 4 K 
1I6) E. May and K. Moset t ip , J. Org. Chem.. 11 , 10 (1946). 
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TABLE VII 

a -BROMOACETYLPHENANTHRENES (I? = C O C H 2 B r ) 

X R M e t h o d M p , °C R e c r y s t n from % yield F o r m u l a Anal. 

H 4 B 91-95 EtOH 81 Ci6H„BrO C. H 
10-Br 4 B 146-148 90 C16H10Br2O C, H 
10-Cl 4 B 137-138 n-C7H16 58 Ci6H10BrClO C, H 
H 1 A, B 103-105 n-C7H16 72,» 816 Ci6HnBrO C, H 
9-Br 1 A 119-125= re-C7HI6 98 Ci6H10Br2O 
9-C1 1 B 125.5-127.5 EtOH 86 C6H10BrClO C, H 

" From method A. h From method B. « L i t . " 126-127°. 

TABLE VIII 

D I E T H Y L a-BROMO-1-PHEXAXTHROYLMALONATES 

X M p , °C % yield Fo rmula Anal. 

H 118-120 73 C2,Hi<,Br03 C, H 
9-Br 109-111 56 C22H18Br2Oo C, H 
9-C1 75-78 46 C22H18BrC105 C, H 

Phenanthrylethylene Oxides (Table IX).—These compounds 
were prepared by reduction of the corresponding a-bromoacetyl 
derivatives with XaBH4, followed by treatment with NaOH, as 
described generally by Chaikin and Brown4a and McBee and 
Burton.4b In cases for which diglyme wa sused as solvent the 
reduction was carried out at room temperature and the diglyme 
was removed at reduced pressure after treatment with aqueous 

TABLE IX 

O 

X 

H 
10-Br 
10-Cl 
H 

9-Br 
9-C1 

PHENANTHRYLETHYLENE OXIDES (R = CHCH2 

% 
yield 

82 
M e O H " 63 
n-CvHie" 

M p , °C 
82-84 

105-106 
113-114 
135-137 

(133) 
101-103 
103-105 

Rec rys tn 
from 

35 
95 

F o r m u l a 
CisHuO 
CieHnBrO 
CiaHnClO 
CieHi;0 

53 
84 

C n H n B r O 
CieHnCIO 

" Diglvme used as solvent rather than MeOH. 
C, 87.24; H, 5.49. Found: C, 86.81; H, 5.34. 

Anal. 
C. H 
C, H 
C, H 
C, H 6 

C, H 
C, H 

b Calcd: 

TABLE X 

ANTIMALARIAL ACTIVITY OF PHENANTHRENE 1- AND 4-AMINO ALCOHOLS 

• HCI OH 
l 
CHCH-NR -HCI 

NR, 

CHCHLOH 

- S u b s t i t u e n t s -

Halog 
Amino 

Alcohol 

9-Br 
9-Br 
10-Br 
10-Br 
10-Br 
9-C1 
9-C1 
9-C1 
9-C1 
9-C1 
10-Cl 

R " 

c4 
c< 
c6 
c7 
c6 
c7 
c4 
c6 
c4 
c6 
c7 
c3 
c, 
c5 
c6 
c, 
c4 

Mp, °C 

131-134 
109-112 
98-115 
92-112 
131-134 
132-142 
179-181 
129-132 
172-174 
132-135 
149-155 
200-203 
175-178 
175-177 
125-127 
128-130 
179-181 

Rlh 

0.38 
0.50 
0.50 
0.79 
0.62 
0.68 
0.37 
0.60 
0.38 
0.76 
0.82 
0.43 
0.38 
0.68 
0.45 
0.65 
0.59 

Yield, 

21 
57 
33 
35 
35 
51 
69 
42 
40 
47h 

20 
54 
77 
66 
64 
25 
42 

All re-alky 1 groups. 

F o r m u l a ' ' 

C24H32C1N0 
C24H32C1N0 
C28H40C1NO 
C 3 0 H 4 4 C I N O 

C2SH40C1NO 
C30H„C1NO 
C24H3iBrClNO 
C2SH39BrClNO 
C24H3iBrClNO 
C28H39BrClNO 
C30H43BrClNO 
C22H2,C12N0 
C24H3iCl2XO 
C26H35C12N0 
C28H39C12N0 
C3oH43Cl2NO 
C,4H31C12N0 

Visualization with short-wave uv 

-—Nmr analyses—-

% A 

88 
86 

100 
100 
67 
90 

100 
100 
81 

100 
100 
100 
100 
100 
100 
100 
100 

.vave uv. 

% B 

12 
14 

33 
10 

19 

" From 

Act 
I M S T e ' ' 

4.1 
3.3 
3.5 

13.9 
5.7 
8.4 
4.9 

17.9" 
9.6 
8.6 
9.8 
3.7 
6.1 
8.1 

14.7 
14.0 
10.1 

the epoxide. h Tic on silica gel, developed with 1% MeOH in C6H6 
d The C, H, and N analyses for all compounds agreed with the indicated formulas ±0.309c- e For details of test procedure see T. S. Os-
dene, P. B. Russell, and Leo Rane, / . Med. Chem., 10, 431 (1967). Test data supplied by Walter Reed Army Institute of Research. 
1 Increase in mean survival time at dose = 640 mg/kg. At 320 mg/kg, all IMST <7.1 , unless otherwise noted. « IMST = 16.9 at 
320 mg 'kg; one cure. Two cures at 640 mg kg. * Yield of free base. 

NaOH at 5°. Other unsuccessful attempts at reduction em
ployed XaBH4 in EtOH, j'-PrOH, and methyl Cellosolve, and 
LAH in /-PrOH.1 ' All resulted in high recoveries of starting 
material. LAH in T H F gave an unidentified product from 
a, 10-dibromo-4-acetylphenant hrene. 

Phenanthrene Amino Alcohols (Table X).—All the phenan
threne amino alcohols were prepared by reaction of the epoxide 
with the appropriate amine as first reported by Home and 

Shriner18a and Headier, et a/.,18b and subsequently utilized by many 
investigators. The procedure employed is basically that of 
Rice.180 Possibly a reaction temperature lower than that pres
ently used (160°) would give better results. 

With the higher boiling amines it was frequently necessary to 
steam distil the crude product to remove the remaining traces of 
amine prior to molecular distillation. Preparation of the hydro-

(17) H . C. Brown , E . J . M e a d , and B. C. Subba R a o . J. Amer. Chem. Soc, 
77 , 6209 (1955). 

(18) (a) W. H . H o m e and R . L. Shriner , ibid., 54, 2925 (1932). (b) 
A. J. W. Headier , A. R. Col le t t , a n d C. L. Lazzell . ibid., 55, 1066 (1933). 
(c) C a p t . K. Rice, U. S. A r m y , W R A I R Sympos ium, N o v 27, 1967. 
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chlorides in Et 2 0 was usually followed by recrystallization from 
cvclohexane and or CsHti. The lie'- were done on silica gel. 
They were developed in !)!><", C J b -b , MeOH or j-PrOH and 
visualized with uv light. The lit values were essentially the 
same with either of these two developing media. 

4-(2-n-Dibutylamino-l-hydroxyethyl iphenanthrene Hydro
chloride. A solution of .5.0 g. '0.227 mob of 4-phenanthrylethyb 
ene oxide in 35 ml of /i-BiuNII M - refluxed at 1(50° for Hi hr. 
The excess amine was removed ai reduced pressure. The 
residue was distilled at l,.lil-212'; O.OO mini with a molecular 
still to yield l.S g f'ilV, i of 4-' 2-»-dihutylamino-l-hydroxyeihyl )-
phenanthrene. This was dissolved in 2.">0 ml of (,'JI6 and satu
rated with HC1. The solution wa- refluxed for 2 hi' with a I lean 
Si ark ti'ap. The Cell,; was removed under reduced pressure and 
2.'0 ml of Kt.O was added to I lie oily rc-idue. The solution was 
refluxed overnight and the -olid collected by filtration to yield 
l.S g (9()',) of pi'oducl, mo bil b!4 r softens 12.")° \. Aimi. 
'(b.,H;,.ClX<))C, H, X. 

The nmr spectrum" of the product was as expected and 
tvpical of these compound-, e.g.. <5 i('l)(.'l.|i 0.S0 iCHji, 1.24 
(CH,). l.(>2 (XCHoCH,!. M.tlo iNCH; . tUti i( 'HOH). 7.XV-S.07 
i phenantliryl proton-i, and s.tiO-s.70 ipheiianthi'yl 4 and •"> pro
tons) ppm. Formation of the free base by washing the ODC'b 

solution with aqueous XaH('()3 resulted in a shift in tT l . peaks-
centered at 5 o.oO-2.70 ppm (peak at S 'i.Oti ppm to :•>./>() 2.">u 
ppm as well as a concentration-dependent shift in the ("II p i -
ton peaks to a doublet of doublets at 8 (>.2b ppm fCHiOH t ' l b -
XI!,) and to a triplet at 4.02 ppm i('H<C'H,OH iXH. The 
inlegi-ation ralios of these two groups permitted an anaiv-i- ••: 
the isomer content, of ihe sample when the undesirable i-^na-
was present. This nmi- analysis showed the product in be s V , 
isomer A and 12', of the undesired isomer B (see Table \ :-. 

AH of the amino alcohols showed some antimalarial aciivny u; 
mice. (inly l-i 2-/(-dihexylamino- 1-hydroxyethyl '-(t-bioiuopbei.-
anthrene gave cures i2 mil of .Y> al 040 mg kg. Thi- -eiii- ,-
being extended to include additional halogenaii•<'< i-;.••' ;i• -
threne-. 
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Nitrones. II.1 «-(5-Mtro-2-furyl)-A7-cyeloalkyl- and -/V-alk\lnitrones 

HYT'N K. K I M , HESHAM K. VAKTIN.'-' AND RONALD K. BAMBPRY 

HI** A' Chirk. Division of llichnrilson-Merrill Inc., .\.*lil(intl. Ohio .L'/HOr, 

h'ereireil Sepli mlit r 2i, V.)Hi) 

A series of <*-i.'>-iiitro-2-furyl i-.V-cycloalkylnit rones, A'-bicycloalkyl and A'-heteiocyeloalky lnit rones, and A"-alk-
ylnitrones were synthesized and evaluated as antibacterial, antifungal, and anticoccidial agents. Saturation of the 
phenyl ring of a-~ o-nit ro-2-furyl l-.V-phenylnitrone1 enhanced its antibacterial activity. Replacement of the 
cyelohexyl moiety by .Me slot further enhanced the antibacterial activity. Structure -activity relationships are 
discussed. 

In a previous paper,1 the preparation and biological 

activities of some a-(-Vnitro-2-furyl)-Ar-arylnitrones 

were reported. This paper describes an extension of 

this series to include analogs in which the 2V-aryl 

group was replaced by cyeloalkyl, bicycloalkyl, hetero-

cycloalkyl, and alkyl groups. Compounds 1-28 were 

obtained in 6 - 9 3 % yield by the reaction of o-nitrofur-

fural and the corresponding X-substituted hydroxyl-

amines either directly or by liberating them in situ 

from their HC1 salts as illustrated in eq 1. Physical 

and analytical data for the nitrones are listed in Tables 

T and I I . Compounds 15 17 and 22 were reported3 

subsequent to our work. 

Direct interaction of free lower Ar-alkylhydroxyl-

amines, e.g.. Ar-pi'opylhydi'oxylamine. with o-nitro-

fui'fural caused rapid decomposition of the aldehyde, 

whereas t reatment with cyeloalkyl-. heterocycloalkyl-. 

e.g., 30-32, and higher alkylhydroxylamines, e.g., 33-39, 
resulted in the formation of the desired nitrones with

out difficulty. In the case of 28. the reaction was 

carried out in an aqueous medium containing base 

to give the product as its Xa salt. 

The X-substi tuted hydroxylamines (Table I I I ) were 

prepared by diborane reduction of the corresponding 

oximes according to Feuer. et a!..* or by the cyanide 

t 1) For pape r I, see H. K. Kim and H. K. Pamt ' i i ry , ./. Med. Chem., 12, 711' 
>1W69). 

(2) Deceased M a y 2 1 . 1968. 
d p D a i n i p p o n P h a r m a c e u t i c a l Cu., L td . , Itritisli P a t e n t 1,105,007; Che/re 

Ab.-tr., 69, 86809 (1968). 
|4) H. Feue r , B . F . Vincent , J r . , and R. S. K a r t l e t t , ./. Org. Chem., 30, 2877 

i l i l t w ) . 

R 

+ HOHN—CH tCH 
0,*T "O ^CHO 

OX 

1 . / ? 

2.ii 

3,n 
4.n 
S.n 

CH = N-

1 
0 

= 4;R = H 
= 5:R; = H 

= (r,R. = H 
= 7; R; = H 
= 11:R; = H 

R 

—CH (CH.) 

6./! = 14;R,=H 
7 , n = 4 ; R , = l-CN 
8, , !=5;R, = 2-CH:: 

9.„ = 5;R, =2-0H 

0,N 

10, R = 

12, R = 

14, R -

CH==N—R 

"-€r 
13, R-

15-28 = CH—(CH, 

R 


