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SCHEME I 

Phn-COJIe 1. N2Ha-KOH I:C( )I C'Hi)?C'O!H 2 E ~ O H - H C ~  
(1: = 2-naphthyl) 3. ( c o ? E t ) 2  (Phn = 1-phenanthryl) 
ir: = 1-naphthyl) - + (Phn = 4-phenanthryl) +, 20% Hzs04 

o .  MeOH I K O H  

KOH 
6 s  

1 1  
Pht[-l-C'( j211e __f YS-Phn-l-COz?.Ie A Phn-COzH 
Phl>-4-C OJIe 2 1 or 

10X-Phn-4-CO~hIe 
(S = C1 or Br) 

i sOCI. 

2 EtOAlgCH(COiEt)? 
Phli-C'c ),H + Phn-COCH(CO?Et)? 

I3r2 HBr-HO 4c 
-+ Phn-COC(Br)(CO1Et)z -- 
I .1 

Phil-C OC'H C'OJEt ). Phn-COCHpBr 

0 
1. NaBH4 /\ 1. H N R i  

Phi!-('( JC'H?Br - + Phti-CHCH2 -+ 
2. XaOH 2. HC1 

rolJ-4- product from methyl 9,10-dihydro-9,10-dibromo- 
phenant hrene-1-carboxylate, and methyl 9-chlorophen- 
anthrene-1-carboxylate to that from pyrolysis of 
methyl Y,lO-dihydro-9,10-dichlorophenanthrene-l-car- 
bosylnte. The physical constants of the intermediates 
from the-e tv-o systems are in general agreement 
with thn5e reported by Schultz, et ~ 1 . ~ ~  Thus, the 
compound they prepared was 1-(2-n-diamylamino-l- 
iiyclrcrq et 11>-1)-9-bromophenanthrene. 

Experimental 
3-1 a- and b-Naphthoy1)propanoic Acids.-These acids were 

prepared 11.- the method of Haworth.1Oa The isolation procedures 
were niridified from those of Robinson and SlaterlOO and Wilds and 
Clo:e. -'Jkl 

.I \veil--tirred niistiire of 2 1. of PhTu'O, and 900 g of AlC1, was 
cooled t o  '10' i i i  an ice bath. Starting at  this temperature, 640 
g 1 . i  nioi, ot' naphthalene and 320 g (3.2 mol) of succinic anhy- 
dride were added alternately over a period of about 5 min. The 
mixtiire w:t> kept in  an ice bath for 2 hr and then poured onto a 
mixtiire ci i  ti kp of ice and 600 ml of concentrated HCl. The 
mixture xa? heated to 80-90", filtered, and allowed to cool to 
30'. C'rade :j-(p-naphthoyl)propanoic acid was collected by 
filtraticm. The PhSO? layer of the filtrate was extracted with 
2LNi p i i f  KVCO.~ i i i  4 1. of H20. The alkaline extract was washed 

(4 )  a i  S,  K. C'liaikin and IT. G. Brown, J .  Amer.  Chem. Soc., 71, 122 
(1949j. b) E. T. UcBee and T. AI .  Burton, i b i d . ,  74, 3022 (1952). (c) A. 
Burger ami E. Moaettig. i b i d . ,  56, 1743 (1934). 

1.5. A:! meltin. points are uncorrected. The  melting points of the inter- 
mediate3 ivere taken on a Thomas-Hoorer apparatus and those of the 
plienanttirene amino alcohols on a Kofler hot-stage apparatus. 

(6) The  nmr  spectrum were taken and interpreted by (a) JT. Simon, 
Simon Research Laboratory, Elgin, Ill. (b) W. W. Simons, Sadtler Re- 
searci. Laiioraturiea. Inc. (c) AI. Jankowski, Varian Associates, Palo Alto, 
Calif. Those spectra taken on a Varian 4-60-.&, 60 M H s ,  spectrometer are 
desisnited tiy and those taken on a Varian HA-100D, 100 MHz, spec- 
trometer hj-  4-4. AIeiBi was used 9 s  a n  internal standard for all nmr 
spectra. 

( 7 )  Eiemental analJ-ses were performed by the analytical staff a t  Inter- 
national Uineraii B Chemical Corp. and Microtech Laboratories, Skokie, 
111. 

is )  Kitere analyses are indicated only by symbols of elements, analytical 
resiiiti were irithin 2 0 . 4  of the theoretical values. 

( 9 1  The  d ta  and tga analyses were performed by J. Currier and E. Bilinski 
of 1nrernat.ional Minerals & Chemical Corp. 

i l0i  (a1 R.  D .  Haworth, J .  Chem. Soc., 1129 (1932). (b) A. L. Wilds 
( c )  Sir R. Robinson 

(d) bl. Newman, R. Taylor, T. 
Close. J .  A m e r .  Chem. Soc.,  68, 83 (1946). 

3later. J. C h e m .  Soc., 376 (1941). 
H o d p v n  and  .\. Garrett ,  J .  Amer. Chem. Soc., 69, 1784 (194i). 

with CHC13, filtered, and acidified Kith HCI. The a-(a-naph- 
thoy1)propanoic acid was collected, air dried, and recrystallized 
from 3 1. of CsH6 to yield 290 g of CY isomer, mp 120-127', lit.lOa-d 
131-132'. The crude 3-(p-iiaphthoyl)propanoic acid was re- 
fluxed with the C6H6 filtrate from above and filtered hot' to yield 
182 g (25%;) of p i.onier. nip 16.i-171°, lit.loa-d 169-172'. The 
filtrate was concentrated to 1.5 1. and cooled to yield an addi- 
tional 110 g [total 400 g (33<>)],  nip 120-126'. 

These acids were hnfficiently pure for the next, steps. 
Methyl 3-(a-Naphtho)-l)propanoate.--.l mixture of 95 g (0.42 

mol) of crude X-ia-iiaphtho!-l)propaiioic acid (mp 118-130') 
and 500 ml of 1leOH mtiirated with anhydrous HC1 was refluxed 
for 4 hr. The MeOH a-a.: removed under reduced pressure. 
The remaining liquid R ~ C :  diqtilled to yield 71 g (70%) of methyl 
3-(a-naphthoyl)propanoate, hp l.ifi-173° (0.17 mm), lit'.10d 
bp 196" (3 mm). tallized from i-PrOH (10 m1,'g) 
and dried to yield 4 i  g 1, nip 36.3-37.5'. 9nal.  (CW 
HZ6O2) C, H.  KO p isomer K : I -  detected by glpc in the product, 
melting at  36.5-37.3". 

-:-I 1- and 2-Naphthy1)butyric 
Acids and Ethyl Esters.-TheGe compoinids were prepared in 
75-8.3% yield from the ciJrrespoiiding y-naphthoylpropionic 
acids by the Huang-Jfiiilon modification of the Wolff-Kishner 
reduction as described by Kild* and Kerth,"" except that ethyl- 
ene glycol was subhtitiited for diethylene glycol. The corre- 
sponding Et ester5 were preparedllb in 8.5-90C;; yield by re- 
fluxing with EtOH 5aturated with HC1 gas. 

Dihydrophenanthrene-1- and -4-carboxylic Acids and Methyl 
Esters.-The ,synthetic procediire o f  Rutherford and Sew- 
manan was modified by siih.Gtit:ition of KO-t-Bu for KOEt in the 
diethyl oxalate condenration t u  give the carboxylic acids in 80- 
85% yield. Methyl 3,4-dihydropheiiaiit hrene-1-carboxylate was 
prepared by refluxing the acid'? i n  3leOH saturated with HC1 

-drc~pheiiaiithreiie-4-carboxglate was pre- 
of the acid chloride, prepared with SOCL. 

Method A.-Sapon- 

It  was 

General Synthetic Methods. 

Phenanthrenecarboxylic Acids (Table I ) .  

TABLE I 
P H E N . ~ N T H R ~ : T E C . ~ R B O ~ ~ L ~ C  . ~ C I O S  .*SO ESTERS 

Recrystn % 
from yield Formula R Method 111.7, ' C  

4-COzH A 170.3-12 . > ' I  C6H1? 100 C15H1oO2 
1-COZH .4 2:32-234* EtOH 90 CijHioOz 
4-Co~lIe B 81-8;:' 3IeOH 73 C1,H1?O? 
l-COzlIe B . i i - . i . j d  3IeOH 81 C'I~HIZOZ 

0 Lit.3a 173.5-174.5". Lit.db 234.7-23.5.2'. Bp 172-178" 
(1 mm), lit.3a mp 84-65", lit. ( L ,  F. Fie$er, 11. Fieser, and E. B. 
Hershberg, J .  ~ 4 m c r .  C h o n .  Soc., 58, 23322 (1936)) bp 173.5- 
174.3" (1 mm). d Bp 142-14h0 ~0.Oi.j mm), lit.8b mp 35-53.7". 

ification of the corresp(~iiding inethyl esters in refluxing aqiieoiis 
1070 KOH gave the+e acids in !10-100(; yield. 

Method B.-Preparatioii followiiig the procedure described by 
Rutherford and Xewnian.:ja 
9,10-Dihalo-9,10-dihydrophenanthrenecarboxylic Acids and 

Esters (Table 11). Method A.--\ii equimolar amount of Brr 
was added slowly to a cooled -111iition or suspension of the acid 
or ester in 1:l CHCl3-Et?0. The re-iilting d i d  was slurried or 
recryst,allized from the iiitlicated wlvent. 

Method B.-The acid or e-ter .-ri-peiided in CHIC12 was treated 
with C1, a t  room temperatiire with stirring. As the reaction 
proceeded. the sospended material disolved. The solution was 
clarified by filtration, the -rilvent was removed, and the residue 
was triturated or recrystallized from a 3iiitable solvent. 

Halogenated Phenanthrenecarboxylic Acids and Esters (Table 
111). Method A.-The*e acid3 were prepared by hydrolysis of 
the corresponding: niethvl e*ter with refluxing 5% aqueous KOH 
containing lis EtOH. . 

I 

Method B.-The coi le-poiidine: 9,10-dihalo-9,lO-dihvdroDhen- 
anthrene-1- or 4-carboxylic acid o;e*ter was heated in an oif bath 
a t  the indicated temperatiire uiitil acidic fiimes were no longer 
evolved and poured into 1leOH or CsH6, and the mixture was 
cooled. The crude product x-as collect,ed an drecrystallized from 
the indicated solvent. In aonie ca-e?, analytical samples were puri- 

(11) (a) A.  JVilds and R .  II-erth. J .  Ow. Chem., 17, 1154 (1952). (1,) 

(12) I\-. E. Bachmann and S. C. Deno. ~ l ~ i d . ,  71, 3062 (1949). 
H. hdkins and E. Rurgoyne. J .  .4mer. Ciirm.  Soc.. 71, 3528 (1949). 
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T ~ B L E  T I 1  
CY-BROMOACETYLPHEN ISTHRE,NI.S (1: = COCHlBr) 

9 R Method 31p. oc Recrystn from 70 yield Formula Anal.  

H 4 B 91-95 
10-Br 4 B 146-148 
10-CI 4 B 1 3 7- 1 38 
H 1 A, B 103-105 
9-Br 1 4 119-12,jC 
9 4 1  1 B 12.5.3-127, .?I 

a From method A. From method B. c Lit.2d 126-127" 

T.\RLI: 1.111 
DIETHYL a - B R O ~ i O - l - P H ~ S . \ S . r H R O T L Y l L O N A T E S  

s J l p ,  OC % yield Formula A nul. 

H 118-120 73 CaKisBrOj C, H 
9-Br 109-1 11 56 C?aHl,BrsO; c, H 
9-c1 75-78 46 CysHiSBrCIO, C, H 

Phenanthrylethylene Oxides (Table IX).-These compounds 
were prepared by reduction of the corresponding or-bromoacetyl 
derivatives with SaBHd, followed by treatment with XaOH, as 
described generally by Chaikiii and Brown4& and McBee arid 
B ~ r t o i i . ~ b  In cases for which diglyme n a  siised as solvent the 
reduction was carried out at room temperatrire and the diglyme 
was removed at rediiced piewiire after treatment with aqueoiis 

--Substituents---- 
Amino 

Halogen Alcohol 

4 
1 
1 
1 
4 
4 

9-Br 1 
9-Br 1 
10-Br 4 
10-Br 4 
10-BY 4 
9-c1 1 
9-c1 1 
9-C1 1 
9-c1 1 
9-Cl 1 
10-c1 4 

A 

TABLE I S  
0 

= CHCH,) 
/ \  

P H l i X  \STHKYLI<THYI,ENE OXInI:S ( I <  
Recrysin % 

S R LIP,  "C from yield Formula .4nal. 
H 4 82-84 82 CieHirO C. H 
10-Dr 4 105-106 LIeOHa 63 C M H I I U ~ O  C, H 
10-Cl 4 113-114 n-C~Hle' 35 CleHnClO C, H 
H 1 135-137 95 ClaH1:O C, Hh 

Q-Br 1 101-103 53 C M H I I B ~ O  C, H 
9-C1 1 103-106 84 CisHiiClO C, H 

(133) 

a Diglyme rised as solvent rather than LIeOH. Calcd: 
C, 87.24; H,  5.49. Found: C, 86.81; H, 5.84. 

TABLt S 
ANTIM i L I R I  iL ACTIVITY O F  PHENANTHRLSL 1- A N D  4--kVINO ALCOHOLS 

OH NR,* HCI 
I I 
CHCH,NR,*HCI CHCH,OH 

- 1  

lip, oc Rib 

13 1-134 0.38 
109-112 0.50 
98-115 0 ..io 
92-112 0.79 

1 3 1- 134 0.62 
132- 142 0 .68  
179-181 0 .37  
129-152 0.60 
172-174 0.38 
lX2-13.5 0.76 
14+1 S.5 0.82 
200-203 0.43 
17-5-178 0.38 
17.5-1 77 0.68 
1 2.5- 12 7 0.4.5 
128-1:Io 0.6.3 
170-181 0 . .59 

Yield, 7cc 
21 
57 
33 
3.5 
3 .i 
5 1 
69 
4'' 
40 
47h 
20 
5 4 
77 
66 
64 
2 .5 
42 

B 

-Nmr analyses- 
70 .-I % B  
88 1% 
86 14 

100 
100 
67 3:: 
90 10 

100 
100 

100 
100 
100 
100 
100 
100 
100 
100 

81 19 

hct  
I LIST*./ 

4 .1  
3 . 3  
3 . 5 

13 .s 
3 . 7 
8 . 4  
4 . 9  

17.98 
9 . 6  
8 . 6  
9 . 8  
3 . 7 
6 . 1  
8 . 1  

14 .7  
14.0 
10 .1  

a All n-alkyl groups. b Tlc on silica gel, developed with 1% NeOH in CsH,. Visualization with short-wave uv. From the epoxide. 
e For details of test procedure see T. S. Os- 

Test data ?.upplied by Walter Reed Army Institute of Research. 
Q I3IST = 16.9 a t  

d The C, H, and N analyses for all compounds agreed with the indicated formulas 1 0 . 3 0 5 .  
dene, P.  B. Russell, and Leo R a w ,  J .  J l d .  Chem., 10, 431 (1967). 
f Increase in mean survival time at dose = 640 mg,'kg. 
320 mg 'kg : one nire. * Yield of free base. 

At 320 mglkg, all IlIST <7.1, unless otherwise noted. 
Two cures at 640 nig 'kg. 

XaOH at .5'. Shriiier'sa and Ileadler, et al.,18b and subsequently ut,ilized by many 
ployed SaBHl  i n  EtOH, i-PrOH, and methyl Cellosolve, and investigators. The procedure employed is basically that, of 
L.4H in i-PrOH.15 Rice.lgC Possibly a reaction temperature lower than that pres- 
material. L.4H in T H F  gave an unidentified product from ently used (160") would give better results. 
or, 10-dibromo-4-acetylphenanthrene. With the higher boiling amines it was frequently necessary to 

Phenanthrene Amino Alcohols (Table X).--A11 the phenaii- steam distil the crude product to remove the remaining traces of 
threne amino alcohols were prepared by reaction of the epoxide amine prior to molecular distillation. Preparation of the hydro- 
with the appropriate amine as first reported by Horne and 

Other uiisnccessful attempts at reduction em- 

ill1 resiilted in high recoveries of starting 

(18) (a) 71.. H .  Horne and R.  L. Sliriner, { b i d . ,  64, 2926 (1932). (b)  
A. J. V. Headler, h. R.  Colleit, and C. L. Lazzell. ib id . ,  55, 1066 (1933). 
(c) Capt .  K .  Rice, U. 6 .  .-Irmy, TTR.1IR Symposium, S o r  27,  196T. 

( l i )  H. C. Brown, E. J. Mead, andI3. C. SithhaRao. J .  .b". Chem. Soc.. 
77, 6209 (1955). 




