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C-H bond of an alcoholic group, giving two 
configurationally .unstable radicals. They stabi- 
lize by disproportionation or dimerization. 

The significance of the results for the photo- 
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chemical behavior of ergosterol is discussed. 
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Studies in the Phenanthrene Series. XVII. Amino Alcohols Derived from 9- 
Hydroxy-1,2,3,4-tetrahydrophenanthrene’ 

BY ALFRED BURGER 

Some of the amino alcohols of types I HP 

and I1 derived from 1,2,3,4-tetrahydro- 
phenanthrene2 have been found to possess 
relatively favorable pharmacological proper- 
ties. a 

The 1,2,3,4-tetrahydroisoquino1ino deriva- 
tive of type I, for example, approaches co- OR’ OR‘ OR 

deine and pseudocodeine in analgesic action. 
The corresponding derivative of type I1 is 
weaker in analgesic effect, but does not ex- 
hibit any convulsant and emetic action. In 
morphine, the phenolic hydroxyl group is 
undoubtedly an important factor influencing 
the high analgesic effect of this alkaloidJ4 
and therefore it appeared desirable to syn- 
thesize amino alcohols of types I and I1 

\ /  

IV 

OR OR‘ ---PR‘ 
V I 1  carrying a phenolic hydroxyl group in one 

of the aromatic nuclei. The synthesis of the 
H NRz H CHzNRn 

I I1 

first group of amino alcohols with these structural 
features was planned as shown. 

The starting materials for these syntheses] I11 
(R’ = H, CH3, CHICO) are relatively easily ac- 
cessible.6 

(1) The work reported in this paper is part of a unification of ef- 
fort by a number o€ agencies having responsibility for the solution 
of th t  problem of drug addiction. The organizations taking part are: 
The Rockefeller Foudatien,  the National Research Council, the 
U. S. Public Health Service, the U. S. Bureau of Narcotics, the Uni- 
versity of Virginia and the University of Michigan. 

(2) (a) Mosettig and Burger, THIS JOURNAL, 67, 2189 (1935); 
(b) Buger and Mosetdg, aid., 6t3, 1570 (1936). 

(3) Mosettig, Eddy and eo-workers, “Attempts to Synthesize 
Substances with Central Narcotic and, in Particular, Analgesic Ac- 
tion,” Supplement to the U. S. Public Health Reports, in press. 

(4) Edmunds, Eddy and Small, J .  Am. Med. Assoc., 10s 1417 
(1934). 
(5) Kon and Ruzicka, J .  Ckcm. Sa, 187 (1936). 

VI11 VI 

The preparation of IV (R’ = H, CHa) did not 
offer any difficulties ; only monobromo compounds 
were obtained. Attempts to exchange the bro- 
mine atom in IV (R‘ = H) with secondary amines 
were without success. With R’ = CH3, however, 
the reaction resulted in the expected amino ke- 
tones in yields that varied according to the sec- 
ondary amine used. With piperidine the corre- 
sponding amino ketone V (Rz = CSHIO) was ob- 
tained in a yield of about 60%) while l-hydroxy- 
9-methoxyphenanthrene appeared as a by-prod- 
uct. When diethylamine was used the amino ke- 
tone was formed in yields of about 30%; in this 
instance the formation of 1-hydroxy-9-methoxy- 
phenanthrene by loss of hydrogen bromide and 
subsequent aromatization seems to be a main re- 
action, perhaps accompanied by the simultaneous 
formation of III.B 

Unfortunately, catalytic hydrogenation under 
various experimental conditions did not furnish 
the corresponding amino alcohols VI, since the 
hydrogen absorption would not stop at  this stage. 
(6) Compare footnotes 5 and 6 of Ref. Za. 
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Ai1 excess of one to i'our males of hydrogen was 
absorbed, and i t  was impossiblc to isolate aiiy 
homogeneous reaction products. 

The amino ketoiies ot tvpc TI1 were obtained 
by the hlaniiicli method: iii velds varying from 
20-7070, depending oil the nature of NR2 and R' 
i CHa cx CH7COI. Catal4-tic hydrogenation 
yielded the correspoiidlng amino alcohols VIII. 
Iri each case oiily otic of the two possible diastereo- 
isomeric forms was obtanied 

Further experirnrrits that should lead to isomeric 
plienolic aimno alcohols of types 1.1 aiid 1'111 are 
111 progress. 

Experimental Part 
Derivatives of 1 -Keto-9-hydroxy- 1,2,3,4- tetrahydro- 

phenanthrene.-The reduction of p -  [ 1-(4-methoxynaph- 
thoyl) ]-propionic acid8 was carried out by the technique of 
Martin Five per cent o f  glaclal acetic acid by voluine 
was added to the reaction iriirture 1" Commercial mossy 
zinc proved to be superior to other grades The properties 
of the y- [1-(4-methoxynaphthyl) ]-butyric acid, obtamed 
in a yield of 50%, agreed with those described by MartinY 
and by Kon and Ruzicka.' 

It was hoped that the yield of the butyric acid derivative 
rould be improved by reducing the methql ester of 6-11- 
14-metho\ynaphthoyl) ]-propionic acid catalytically. This 
cs ter  was prepared fiom the "A with diazonicthane i n  

cther solution, or by the action of dimethyl sulfate in 
iodium hydroxidc solution I t  wa. recrystallized from 
~lilute methanol, giving colorleis needkc., i n  p 12-43' 

Anal .  Calcd. for Ci8Hi~OC C, '70 29, El, 6 28. Fount1 
C, '70 46, H, 5 96. 

In alcoholic solution, using a 16 % palladium-charcoal 
catalyst, ths ester absorbed more than two moles of hy- 
drogen very slowly. 1;orty per cent of the starting ma- 
terial was recovered unchanged, and the reniaming acid, 
obtained by saponification of the mother liquors, was oily. 

Hydrogen under high pressure a t  100" in the presence 
of a chromite catalyit did not attack the ester in four 
hours In other experunents (136, 185 and 210' for six 
hours, respectively) a mixture was obtained that melted 
froiii 104 108' Repeated crystalluation from methanol 
iaiscd the ni. p. to 1BC-122' Tlus substance appears in 
colorless leaflets, hut IS not entirely pure Its behavior i n  

alkaline solution and its analyses indicate that it rcprr- 
ieiits a niethoxytetrahydronaphthyl-y-hutyrolactone No 
further efforts in this direction were made 

1 - Keto - 9 - acetoxy - 1, 2, 3, 4 - tetrahydrophenan- 
threne.-Ten grams of I-keto-9-hydroxy-l,2,3,4-tetra- 
hydrophenanthrene6 was allowed to react wlth acetic an- 
hydride ( 1 5  r i l l  ) in pyridine solutioii (3U rill.) for fotty 
Light hour5 1,ctige irystdl5 '.tpaidtt'd and were filtered 
l'he mother liquor w1. i4  oaporated i n  ct vctcuum, and t h c  

I;) hldnnich arid co worhtra t r i r ,  63, 1874 (1Y2OJI 66, d610 
i l ' j . ~ ) ,  A I C / Z  P h a t ~ z ,  a m ,  261 (le17,, 276, 54 (19871, Bodendorf 
and Koralewskl, zbrd , 871, 101 (193.3) 

18) Fieser and Hershberg [HIS JOCHPIAL,  68, 2314 \1'1.36/ 
(I hlarltri rhid 68, 14 $8 1'436) 

c o ~ n ~ ~ ~ i ~ ~ ~ u  ~ t w i  l i x  I ) t  1 i l  J l i r 4 1  

residue was combined with the crystals. The product was 
purified by distillation in a high vacuum, and recrystal- 
lizat ion, 

1 - Keto - 2 - bromo - 9 - methoxy - 1,2,3,4 - tetrahydro- 
phenanthrene.-Ten grains of l-keto-9-methoxy-1,2,3,4- 
lctrahydrophenanthrene was dissolved in 250 ml. of abso- 
lute ether, and 2.4 i d .  of bromine was added. Two milli- 
liters of a saturated ethereal solution of hydrogen chloride 
was added to initiate decoloration which was complete 
after about five minutes. The bromo ketone crystallized 
out, was filtered, washed with methanol and water, and 
purified by crystallization. 

1 - Keto - 2 - diethylamino - 9 - methoxy - 1,2,3,4 - tetra- 
hydr0phenanthrene.-Eight grams of l-keto-2-bromo-9- 
inethos y-l,2,3,4-tetrahydrophenanthrene was boiled under 
reflux with 20 g. of diethylamine in 80 ml. of benzene for 
five hours. A crystalline precipitate separated out after 
sonic time. Water was added to the reaction mixture, and 
the free diethylamino ketone was obtained by the addition 
of alkali to the aqueous solution. The crude diethylamino 
ketone melted a t  90-95". I t  was converted to the hydro- 
chloride in acetone solution. From the benzene layer, 1- 
hydroxy-9-methoxyphenanthrene was obtained as de- 
scribed below. 

1 - Hydroxy - 9 - meth0xyphenanthrene.-The benzene 
layer (see above) was evaporated in a vacuum, and the 
residue was boiled with a 5% methyl alcoholic potassium 
hydroxide solution for ten minutes, The solvent was 
cvaporated in a vacuum, the residue was dissolved in 
water and the filtered solution was acidified. The 1- 
hydroxy-9-methoxyphenanthrene precipitated as an oil 
which soon solidified (1.9 g.). It was purified by distilla- 
tion in an oil-pump vacuum and crystallization from ben- 
zcne-petroleum ether. Colorless needles were obtained, 
i n .  p. 131-~:32°. 

A d .  Calcd. for CltSI120~: C, 80.32; H, 5.40. Found: 
C,  80.76; H, 5.66. 

1 -Acetoxy-9-methoxyphenanthrene.-One and nine- 
tenths grams of 1-hydroxy-9-methoxyphenanthrene was 
boiled with 30 i d .  of acetic anhydride and 2 g. of anhydrous 
sodium acetate for three hours. The mixture was decom- 
posed with water, and the acetylation product was purified 
by distillation at  5 tnm. pressure and crystallization from 
alcohol; fine, colorless needles, m. p. 154.5-155.5'; yield 
2 g. 

C, 76.52;  H, 5.04. 
Attenipts to oxidize this compound to 1-acetoxy-9,10- 

phenanthrenequinone failed. 
1,9-Dihydroxyphenanthrene.-One part of l-acetoxy- 

9-methoxyphenanthrene was boiled under reflux with 
twenty parts of a mixture of 48% hydrobromic acid and 
glacial actLtic acid ( I  : I )  for one hour. The reaction 
iuixture was poured iiito water, and a pink crystalline pre- 
cipitate separated out. I t  was dissolved in cold dilute 
j~~tassiuni hydroxide solution which contained sonic' 
sodium sulfite. The dihydroxy compound obtained 
by acidification was purified by distillation in a high 
vacuum and recrystallization from benzene. The com- 
poutit1 13 a.; r h l  aincd as light brown plates which sinter at 
l?;i ;;titi i i ic.]~ ;it 1 % -  183" (i.vac. tuhc). 

i l d .  Cdcd. for Ci,HirOj: C, 76.66; H, 5.30. Fou~ld:  
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Anal. Calcd. for ClcHroO~: C, 79.97; II, 4.80. Found: 
C, 80.13, H, 5.08. 

1 ,Q-Diacetoxyphenanthrene.--A sample of 1,s-dihydroxy- 
phenanthrene was allowed to react with acetic anhydride 
in pyridine solution overnight The diacetoxy compound 
was purified by distillation in the vacuum of an oil pump 
and crystallization from dilute alcohol, resulting in fine, 
colorless needles, rn p 1%- i 5 5 "  

Anal. Calcd. for CI~HI~O, .  C, 73 44, H, 4 80 Found. 
C, 72.87, H, 4.80 
l,Q-Dimethoxyphenanthrene.--One and six-tenths 

milliliters of dimethyl sulfate was added dropwise to a mix- 
ture of 0.3 g. of l-hydroxy-9-methoxyphenanthrene, 1 45 
mi. of 60% potassium hydroxide solution and 10 ml. of 
acetone, with vigorous stirring in the course of ten min- 
utes." After another ten minutes, the dimethoxy com- 
pound was precipitated with water and purlfied by distilla- 
tion in an oil-pump vacuum and crystallization from 
methanol; colorless oblong plates resulted, ni 1) 113-1 14' 
The yield was nearly quantitative 

Anal. Calcd. fox Ct~HlrOl* C, 80.63: 13, .j.93 I<ouncl. 
C, 80.68; H, 6.38. 

Preparation of Amino Ketoaes by the Mannich Reac- 
tion.-One mole of 1-keto-9-metboxy- or l-keto-9- 
acetoxy-1,2,3,4-tetrahydrophenanthrene was boiled with 
1.2 to 1.4 moles of the hydrochloride of the respective 
secondary amine and 3 moles of para-formaldehyde in 4 to 
7 parts of isoamyl alcohof for four to five minutes The 
hydrochlorides of the amino ketones precipitated as oils on 
addition of ether. These oily salts either solidified and 
could be filtered out, or! as in the case of the easily soluble 
diethylamino derivatives, they were extracted into water 
The amino ketones were liberated and purified by crystal- 
lization or by conversion to a crystalline salt The hydro- 
chlorides of the less soluble amino ketones often can be 
separated from some unchanged hydrochloride of the 
respective secondary amine by their insolubility in cold 
water. Washing with acetone frequently removes colored 
impurities. 

Preparation of Amino Alcohols.-The hydrochlorides of 
the amino ketones were hydrogenated, using a platinum 
oxide catalyst in methanol solution. One mole of hydro- 
gen was absorbed in two to sixteen hours. The catalyst 
was filtered, and the soIution concentrated in a vacuum. 
The hydrochlorides of the amino alcohols crystallized 
directly from the solution, or after addition of ether, and 
were purified by recrystallization. 

The acetyl derivativrs of t h c  animo alcohols werc ob- 

(11)  Cf Ste%ens and Tucker, J Chcm %c , 113, 2140 (19.23) 
- - - 

tamed by allowing the free alkamines or their hydrochlo- 
rides to react with acetic anhydride in pyridine solution 
overnight. The solutions were then evaporated in a 
vacuum and the acetyl derivatives were converted into the 
hydrochlorides in the usual way 

Oxime of l-Keto-9-methoxy-1,2,3,4-tetrahydrophenan- 
threne.-Ten grams of l-keto-9-methoxy-1,2,3,4-tetrahy- 
dropheiianthrene, G g. uf hydroxylamine hydrochloride, and 
I . c )  g of barium carbonate in 170 ml. of alcohol were boiled 
for four hours. The barium salts were filtered from thc 
hot solution, and the oxime was allowed to crystallize from 
the filtrate, yield, 9 7 g of rhining needles (from alcohol), 
n1 p 174-175' 

Ana/ Calcd for ClaH1,N02. N, 5 81 Found: K, 
li Oh 

1 - Amino - 9 - methoxy - 1 ,2 ,3 ,4  - tetrahydrophenan- 
threne.-A solution of 9 5 g of the oxime of 1-keto-9- 
methoxy-1,2,3,4-tetrahydrophenanthrene in 500 ml. of 
moist ether was allowed to react with 30 g of aluminum 
ainalgam for forty-eight hours The mixture was atered 
and the aluminuin sludge wa5 washed repeatedly with 
warm ether The ethereal solution was extracted with 
dilute hydrochloric acid An insoluble yellow hydro- 
chloride (5.8 9.) precipitated and was filtered off. The 
clear aqueous solution was made alkaline, the oily amine 
was extracted into ether, and converted to the hydrochlo- 
ride (1.1 g.) in the customary way. I t  was recrystallized 
From methanol as colorless needles, m p 291 ' (dec., evac 
tube). 

Anal Calcd. for ClhHlsCINO C, 0828 ,  H, 6.88, N,  
.? 31 

The insoluble hydrochloride could be recrystallized from 
4J0 parts of alcohol. It appeared as a poorly crystallinc 
material that turned yellow on drying 

-,- 

Found: C, 68.42; H, 7 39, N. 5 33 

Summary 
The synthesis of several tertiary l-hydroxy-2- 

aminomethyl - 1,2,3,4 - tetrahydrophenanthrenes, 
carrying in position 9 a phenolic hydroxyl, a 
methoxy or acetoxy group, is described. A num- 
ber of derivatives of lI9-dihydroxyphenanthrene 
were obtained from 1 -hydroxy-9-methoxyphenan- 
threne, which is formed in a side reaction in the 
exchange of the bromine atom of 1-keto-%bromo- 
9-methoxy-l,3,3,-C-tetrahydrophenanthrene witli 
secoiidary amines. 
UNIVBRSITY, ViRGINIA RECEIVED MAY 9, 1938 


