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In this dissertation, the structural formulas do not imply any 

spatial configuration, uuless stated otherwise, No stereochemistry is 

indicated by light continuous lines. 

The carbon and the hydrogen atoms in cyclic nuclei have not been 
.I 

showl\., The linkages between carbon and hydrogen in cyclic nuclei have 

;not been shown, except when definite stereochemistry is explicitly 

stated. 
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I to consider certain formulations for cassaic acid as well as some 

' structural problems. In the next paragraph, a brief discussion of the 

chemistry of erythrophleine, so far as it is related to the development 
I • 

,o;t the structure of cassaic acid, is given. 

Blount, Openshaw and Todd (20) obtained from E. Mercli &: Co., 

Darmstadt, an amorphous erythrophleine sulfate whose source was 

believed to be Erythrophleum guineense. The amorphous base 

erythrophleine isolated from the above mentioned sulfate has the 

molecular formula, Cz4H3905 N. Like cassaine, erythrophleine (Xlla or 
! 

XIIIb) could be hydrolyzed by dilute acids to erythrophleic acid, 

1 

C21 H.32 0s· and 2-methylaminoethanol, HOCH2CH2NHCH3. Erythrophleic 

acid {XIIa or XIIb), like cassaic acid, is an ol,f -unsaturated mono­

carboxylic acid (wavelength maximum 221 millimicron; log e 4. 2). 

The remaining three oxygen atoms of erythrophleic acid are accounted 

for by the presence of one ketonic group as well as one hydroxyl and 

one methoxyl group. Erythrophleic acid on aromatization with selenium 

gives 1, 7, 8-trimethylphenanthrene (IV; R = CH3 ). From this evidence, 

Blount, Openshaw and Todd (20) concluded that erythrophleic acid is a 

diterpene derivative. By analogy with isoagathenedicarboxylic acid (XIVl• 

whose structure had been previously {19) established, Blount, Openshaw 

and Todd (20) assigned position 7 to the carboxyl group of erythrophleic 

acid and the double bond already known to be conjugated to the carboxyl 

group would then be placed in ring B of the reduced phenanthrene 

nucleus. In their proposed structure of erythrophleic acid (XIIa or XIIb), 

these authors retained some of the structural features of isoagathene-

dicarboxylic acid (XIV). such as the angular methyl groups at posi.tions 

14 
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·acid, the ultraviolet absorption spectrum of the hydrocarbon C20H22 

'was compared with those of various synthetic 1, 7, 8-trialkyl and 1, 2, 7, 8-

tetraalkylphenanthrenes {6). From this comparison, it was concluded 

: that the Czo H22 alkylphenanthrene deri.:ved from cassanic acid is a 

1, 7, 8:-trisubstituted and not a 1, 2, 7, 8-tetrasubstituted alkylphenanthrene. 

Consequently, these authors (6) suggested that the carboxyl group in 

cassanic acid and in its precursors is attached to a side chain and not 

: to a ring. 

: :b<:>cation o£ the Carboxyl Group o£ Cassanic .Acid. 

In 1955, Humber and Taylor (7) argued that i£ the carboxyl 

23 

grdup o£ cassanic acid were extranuclear as sugge.sted previously (6), then 

:the Cio H22 hydrocarbon derived £Tom cassanic aci'd must be an isobutyl­

dimethylphenanthrene. .Again, if cassanic acid were represented by 

the formulation (V}, then the C2oH22 derived from it must be 7 -isobutyl-

1, 8-dimethylphenanth10ene [IV; R = -CH2 CH(CH3) 2 ] • 

IV v 

11 direct comparison of this C20H 22 alkylphenanthrene derived from 

cassanic acid with an authentic sample of 7-isobutyl-1, 8-dimethyl­

phenanthrene (IV; R = -CH2CH(CHy iJ synthesized by Humber and 

Taylor {7) according to the sequence o£ steps summarized in Chart 4 





Speculations on the Structure of Gassaic Acid. 

As a direct consequence of the foregoing evidence, the structure 

of cassaic acid may be expanded provisionally to (XLV) 

-0 

OH 

Ruzicka and Dalma (16) recorded the near ultraviolet spectrum of 

diketocassenic acid, c 20H 28o4 which shows a single strong absorption 

maximum at 223 millimicron (log ·6 4. 2) and weak maxima in the far 

ultraviolet. This absorption maximum at 223 millimicron is character-

' ' 

is tic of an e4j3 -unsaturated carboxylic acid or ester. This also 

shows the absence of l, 2- and l, 3-dioxo groupings in the diketo 

compound as well as the absence of an o<. p -unsaturated ketonic group 

and the grouping --.,- GO. GH =- GH. GOOH in cassaic acid. Moreover, 
. ' 

Engel (27} ozonized .methyl diketocassenate (XLVI) to obtain oxalic 

acidandatriketoneG 18H 26o3, m.p. l98.5-20cP, oCJ:EP -61°. This 

triketone shows 'but a weak absorption maximum in the far ultraviolet 

• (wavelength maximum 287 millimicron; log B 1. 8). Since one of the 

ketonic groups in this triketone is produced by the oxidative fission of 

the exocyclic double bond of methyl diketocassenate (XLVI), it must 

be located at position 7 in ring B of the perhydrophenanthrene nucleus. 

Since the ultraviolet absorption spectrum of -this tl"iketone shows the 

absence of 1, 2 ana l, 3-dioxo groupings; one of the two remaining 

25 
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isolated ketonic groups must be in ring A and the other must be in 

ring C. Consequently, one of the carbonyl groups in the precursor 

of this triketone (XLVII), namely methyl diketocassenate {XLVI) must 

be in ring A and the other must be located in ring C of the perhydro-

phenanthrene nucleus. From this evidence, it appears that either the 

hydroxyl oi: the carbonyl group of cas saic acid must be located in ring A 

; and the other must be located in ring C of the perhydrophenanthrene 

nucleus. By analogy with triterpenes such as j3 -amyrene (XVII; 

R = CH3"), Humber and Taylor (7) placed the hydroxyl group at posi-

tion 2 in ring A and arbitrarily as signed the ketonic group to position 9 

in ring B. These authors suggested {III) as a possible formulation for 

cassaic acid. The possibility that cassaic acid has the carbon skeleton 

shown in (III) had been indicated earlier by Tondeur {11). On this basis; 

26 











(IV; R = CH3) is obtained by the aromatization of cassanic acid (V) as well 

as dihydroxycassanic acid {LXIII}, the fourth methyl group of 1, 7, 8, 9-

tetramethylphenanthrene (I) must have originated from the addition of 

methyllithiuro to the carbonyl group which must therefore be at position 

9, as shown in the formulation (III). By following a different route, D. 

Mathieson (13) had succeeded independently, in degrading cassaic acid 

(IIi} to an alkylphenanthrene which proved to be 1, 7, 8, 9 -tetramethyl­

phen;mthrene (I) by direct comparison with the authentic sample of 

1, 7, 8, 9-tetramethylphenanthrefie synthesized in this laboratory. The 

above evidence·, there.fore establishes that the ketonic carbonyl of cassaic 

acid is at position 9 of the perhydrophenanthrene nucleus as suggested 

'earlier, but not 'proved, by Humber and Taylor (7) and by Tondeur (11). 

Location of th_e Hydroxyl Group of Cassaic Acid. 

Chart 7 summarizes the pertinent interconversions, which are 

discussed below. 

Gensler and Sherman (12, 30} decarboxylated diketocassenic acid 

(LXIV) to furnish the. correspondi.D.g diketo compound (LXV). On 

treatment of this diketo compound· {LXV)· with excess of methylmagnesiuro 

31 
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discussed by Johnson (46), cyclization almost invariably occurs on the 

more reactive 1 1 -position of the naphthalene nucleus rather than on the 

less reactive 3'-position, unless either the position 1 1 is blocked by a 

substituent or the position 8 1 is occupied by a bulky substituent. Thus, 

Haworth and Sheldrick (4 7) found that cyclization of the acid chloride of 

the acid (XCIV; R :: H) by the action o£ anhydrous aluminum chloride 1 

'R 

XCIV XCV 

furnished 1-oxo-5-methyl-1, 2, 3 1 .4-tetrahydroanthracene (XCV; R =H). 

Similarly, Hewett (48) observed that the acid chloride o£ the acid 

42. 



(XCIV; R = CH3) on cyclization with anhydrous aluminum chloride!; 

furnished 1-oxo-5, 6, 7, 8-tetramethyl-1, 2, 3, 4-tetrahydroanthracene 

{XCV; R = CH3). In these cases, it was assumed by the above­

mentioned authors (47, 48) that the molecular complex formed by 

anhydrous aluminum chloride and the acid chloride o£ either (XCIV; 

R =H) or (XCIV; R = CH3) is so bulky that the approach of this complex 

to position 1 1 of the naphthalene nucleus is effectively prevented by the 

bulky substituent at position 8 1• Consequently, cyclization takes place 

on the less reactive but more accessible position 3 1 of the naphthalene 

nucleus. 

b. Modifications of the Haworth Synthesis of Phenanthrene. 

Various modifications of the Haworth synthesis are possible.· 

Some of the more important modifications of the Haworth synthesis are 

discussed below. 

In 1943, Newman and Zahm (49) introduced an important modifi­

cation for the preparation of 4-(2'-naphthyl)-butanoic acid (XC), which 

as mentioned before (c£. Chart 11) can be cyclized to 4-oxo-1, 2, 3, 4-

tetrahydrophenanthrene {XCI). Krollpfeiffer and SchMer (44) observed 

43 

(c£. Chart 12) that tetralin (XCVI) reacts with succinic anhydride (LXXXVI) 

in the presence of anhydrous aluminum chloride in benzene solution to 

furnish exclusively 3-(5', 6 1, 7 1, 8 1 -tetrahydro-2'-naphthoyl1-propanoic 

acid {XCVII; R = H). Newman and Zahm (49} observed that treatment 

of the methyl ester (XCVII; R = CH3) with palladium at 2'45-290° 

furnished methyl 4-(2 1•naphthyl) -butanoate (XCVIIl) which can be 



·-

Chart 12. Modification of the Haworth Syi:J.the sis. 

+ 

XCVI LXXXVI XCVII 

xcvm XC 

saponified to the corresponding acid (XC) in high overall yield. 

A second modification:Jor the preparation of substituted 4-(1'-

naphthyl)-butanoic acid (LXX) by the use of sodiomalonic \'ster was 

developed by Heilbronner, Danker and Plattner (31). This method has 

bee;n discussed in detail on page 33· in connection with the synthesis o£ 

1, 2, 7, 8-tetramethylphenanthrene (LXVIII). In 1945, Johnson, Goldman 

44 

and Schneider f.SO) published a method for the synthesis of 4-methyl-4-(2'­

naphthyl) -butanoic acid (CIV) which can be cyclized to a substituted 

LXX LXVIII 





phenanthrene (CV). In his method (Chart 13), the most critical step 

is the Stobbe condensation of Z-acetylnaphthalene (XCIX) with diethyl 

succinate/(C) in the presence of potassium tert-butoxide. The Joh:O.son 

method is best illustrated by the synthesis of 1, 4-dimethylphenanthrene 

(CVll). Z-Acetylnaphthalene (XCIX) was condensed with diethyl succinate 

in the presence of potassium tert-butoxide to furnish the half-ester-acid 

(CI) which on re£luxing with hydrobromic acid furnished the c/.,l;actone 

{Cll). Saponification of this (/-lactone furnished the sodium salt of 

the corresponding hydroxy acid (Gill) which was reduced by hydrogen 

in the presence of copper chromite to 4-methyl-4-{Z 1-naphthyl)-

butanoic acid (CIV). Cyclization with anhydrous hydrogen fluoride 

furnished 4-oxo -1-methyl-1, Z, 3, 4-tetrahydrop henanthrene (CV}. This 

tetrahydrophenanthrone (CV) was treated with methylmagnesium bromide 

to furnish the corresponding carbinol (CVI) which was. aromatized with 

palladium to 1, 4-dimethylphenanthrene (CVII). 

Many other variations of the Haworth synthesis are possible. By 

suitable combination of these variations, a large number of a.lkyl­

phenanthrenes were synthesized. 

3. The Bardhan-Sengupta Synthesis of Phenanthrene. 

In 193Z, Bardhan and Sengupta {51) described a novel synthesis 

of phenanthrene. The sequence of steps in this synthesis has been 

summarized in Chart 14. 

46 

The potassio derivative of Z-carbethoxycyclohexanone (CIX) was 

condensed with Z-phenylethyl bromide (CVTII) to furnish the ketoester (CX). 





This ketoester {CX) on saponification produced the corresponding acid, 

which lost carbon dioxide and furnished 2-{2 1-phenylethyl) -cyclohexan-

1-one (CXI). Reduction of the ketone {CXI) with sodium in moist ether 

furnished the corresponding hydroxycompound (CXTI). This hydroxy­

compound {CXII) on treatment with phosphorus pentoxide underwent 

cyclodehydration through the intermediate formation of the hydrocarbon 

(CXIII) to furnish 1, 2, 3, 4, 9, 10, 11, 12-octahydrophenanthrene (CXIV). 

This octahydrophenanthrene {CXIV) was aromatized to phenanthrene 

(LXXVIII) with selenium. 

Bardhan and Sengupta (51) assumed that the new ring was formed 

by direct elimination of water between the hydroxyl group and the 

benzene ring, but it has been found by other investigators that an 

unsaturated hydrocarbon {CXIII) is an intermediate. 

4. The Bogert-Cook Synthesis of Phenanthrene. 

This method for the s0>thesis of phenanthrene and its derivatives 

was developed independently by Perlman, Davidson and Bogert (52, 53) · 

and by Cook and Hewett {54, 55, 56). This synthesis involves a few steps 

of the Bardhan-Sengupta synthesis but is more general in application 

and simpler in operation. The sequence of steps which have been 

summarized in Chart 15 are discussed below. 

2-Phenylethylmagnesium bromide {CXV) was condensed with 

cyclohexanone {CXVI) to furnish the tertiary alcohol {CXVII). This 

tertiary alcohol (CXVII) was cyclodehydrated by treatment with 

concentrated sulfuric acid to furnish 1, 2, 3, 4, 9, 10, 11, 12-octahyd:ro-

48 
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Chart 15. The iBogert-Cook Synthesis. 

cxv CXVI cxvn 

+ 
CXIII CXIV cxvrn 

,/ 

LXXVIII 



phenanthrene (CXIV) which was identical with the same product derived 

from th.e Bardhan-Se:qgupta synthesis. Aromatization of this octahydro­

phenanthrene (CXIV) furnished phenanthrene (LXXVIII). It should be 

noted that direct elimination of water from the tertiary alcohol (CXVII) 

does not produce the octahydrophenanthrene {CXIV). This cyclode­

hydration reaction proceeds in two stages. In the first stage, elimina­

tion of water from the tertiary alcohol {CXVII) leads to the formation of 

the unsaturated hydrocarbon (CXIII). The formation of this unsaturated 

hydrocarbon was demonstrated by its actual isolation from the product 

obtained by the action of a mild de hydrating agent, such as iodine, on 

the tertiary alcohol (CXVII). The unsaturated hydrocarbon (CXIII) was 

then cyclized in a separate step to the octahydrophenanthrene (CXIV) by 

the action of concentrated sulfuric acid. 

It should be noted that a minor amount of a spiran (CXVIII) is also 

produced along with the major product (CXIV) in the cyclization. 

Recently, several publications (57, 58, 59, 60) on the mechanism 

of the cyc1ization of several 2-arylethy1-cyclohexanols have appeared 

in the literature. 

5. Other Recent Syntheses of Derivatives of Phenanthrene. 

a. The Robinson-Schlittler Synthesis. 

In an ingenious series o{experiments summarized in Chart 16, 

Robinson and Schlittler (61) synthesized the oxo-phenanthrone (CXXIV). 

50 

These authors condensed 4-(3 1-methoxyphenyl) -butanoyl chloride 

(CXIX) with the sodioderivative o£ ethyl 2-acetylpentane-l, 5-dioate {CXX). 
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Chart 16. The Robinson-Schlittler Synthesis. 

GXIX cxx. GXXI 

GXXII CXXIII 

GXXIV 













Chart 2.0. The Cohen-W.arren Synthesis. 

CXLlli CXLIV 

CXLV CXLVI 

e. The Ginsberg-Pappo Synthesis of Phenanthrene. 

In 1951, Ginsberg and Pappa (66) published an elegant methqd 

for the synthesis of phenanthrene and alkylphenanthrenes. The critical 

step in this synthesis {c£. Chart 2.1) is the Michael condensation o£ 

compounds containing reactive methylene groups, such as diethyl 

malonate, CHz (COOCzHs )z with 2.-phenyl-cyclohex-2.-en-1-one {CXLVll) 

in the presence of a suitable basic catalyst such as sodium ethoxic;le 

to furnish the Michael adduct (CXLVIll). This adduct (CXLVlli) on 

cyclization with zinc chloride iri acetic anhydride and acetic acid 

furnished,· through simultaneous half-decarboxylation, 4, 9-dioxo-

1, 2., 3, 4, 9, 10, 11, 12.-octahydrophenanthrene (CL). This dioxooctahydro-

57 



Chart 21.' ' The Ginsberg-Pappo Synthesis. 

GXLVII 

GXLIX 

GXIV 

3 

2 

GXLVIII 

GL 

LXXVIII 
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phenanthrene (CL) on Wol££-Kishner reduction 'followed by aromatization 

of the procjuct (CXIV) furnished phenanthrene (LXXVIII). 

f. .Robinson Synthesis of Hydrophenanthrenes. 

In 1937, ·. Robinsc:m and.his coworkers (67) published a method 

£or the extension o£ an alicyclic ring. This method found its most fruit­

ful application in the total synthesis of steroids containing a network of 

£our hydroaromatic rings with two angular methyl groups. This reaction 

59 

is essentially a Michael addition of the enolate anion (CLII; R = H or alkyl} 

corresponding to the six-membered ring ketone (CLI; R = H or alkyl) 

·I to the alkyl vinyl ketone (CLIII; R 1 =H or alkyl). This Michael addition 
I 

leads to the formation of a l, 5-diketone ·(CLIV; R = H or alkyl; R' = H 

or alkyl) which may be cyclized again under conditions of base catalysis 

to furnish a substituted cyclohexenone (CLV; R = H or alkyl; R• =H. or 

alkyl) • .As is often the case, the intermediate 1, 5-diketone (CLIV; R"' H 

or alkyl; R 1 :: H or alkyl). need not be isolated; .Again, instead o£ using 

alkyl vinyl ketone (CLIII; R' = H or alkyl), the corresponding Mannich 

base methiodide (CLVI; R 1 = H or alkyl}is used. This Mannich base 

methiodide is easily converted to the alkyl vinyl ketone (CLIII} by the 

base used for catalyzing the Michael condensation as shown above. The 

application of this method for the extension of a ring system may be' 

illustrated by the synthesis {cf. Chart 22}. of the tricyclic methoxyketone 

(CLXI} (68, 69), which is an important int.ermediate for the total synthesis 

of non-aromatic steroids. 

Cornforth, Cornforth and Robinson (70) reduced 1, 6-dimethoxy-





Chart 22. The Robinson Synthesis of Hydrophenanthrenes. 

' 

8. QCH 
3 

.....:: 
J.I.3C'? 

CLVII CLVIII 

CLIX CLX 

,/ 

0 

CLXI 

naphthalene {CLVII) with sodium and methanol to the enol ether (CLVIII) 

which was ·hydrolyzed to 5-methoxy-2-tetralone (CLIX). Monomethyla­

tion of this tetralone (CLIX) at position 1 was accomplished by sodium 

· methoiX:ide and methyl iodide. The product (CLX) was condensed with 

me:t:hylvinyl ketone, (which was prepared in the reaction vessel by the 

. ·action of potassium ethoxide on diethylaminobutanone methiodide, 

61 





TII. .SYNTHESIS OF 1; 7, 8, 9-TETR.AMETHYLPHENANTHRENE. 

A. Outline of the Synthsis. 

1. Sequence of Steps for the Synthesis of 1, 7, 8, 9-Tetramethylphenan­
t rene. 

The sequence of steps in the present method of synthesis has 

been summarized in Chart 23. It should be pointed out that structural 

formulas enclosed in brackets represent compounds which have not 

been isolated in the course of this investigation. Chart 23 is discussed 

in detail in subsequent sections. 
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Barnett and Sanders (75). The melting point (35-37°) of the purified 

7 -methyl-1-tetralone (CLXV) obtained by following the recommended 

. procedure compares very favorably with the melting point (35°) reported 

by Barnett and Sanders (75), as well as with the values (32. 5-33, 5°)(44), 

(35-38°)(78), (31-33°)(80), (35-36°){81) reported by other investigators. 

78 

The yield of 7 -methyl-1-tetralone (CLXV) obtained in the present 

experiment was 76-78% which was slightly higher than that (70o/o) reported 

by Barnett and Sanders (75). Fieser and Dunn (77) as well as Ruzicka 

and Mtlrgeli (26) obtained 7 -methyl-1-tetralone {CLXV) as a liquid. 

Newman (80) prepared 7 -methyl-1-tetralone (CLXV) by the action of 

anhydrous aluminum chloride on the acid chloride .of 4-(41 -methylphenyl)­

butanoic acid in 88. 5% yield. 

4. 1, 7 -Dimethyl- 3, 4 -dihydronaphthalene (CLXVlli) and !-Methylene­
/-methyl-!, 2, 3, 4 tetrahydronaphthalene (CLXVll). 

1. CH.3Mgl 
'2':"' dllute HCI > 

CLXV CLXVIII CLXVII 

The general procedure described by Barnett,and Sanders (75) for the 

condensation of methylmagnesium iodide, CH3Mgl, with 7 -methyl-1-

tetralone (CLXV) was followed. Unlike·Barnett and Sanders (75), who 

isolated the intermediate tertiary alcohol, the Grignard-coniplex was 

decomposed with dilute hydrochloric acid at room temperature. The 







the unsaturated hydrocarbon C 1zH 14 may be due to the terminal 

methylene group. However, the presence of a band at 1 L 36 micron 

of somewhat reduced intensity il1the spectrum of l, 7-dimethyl-1, Z, 3,4-

tetrahydronaphthalene (CLXIX) makes it difficult to assign this band to 

the terminal methylene group. On the other hand, the weak peak at 

11. Z4 micron in the ape ctrum of the unsaturated hydrocarbon C 12H 14• 

is absent in that of the tetralin (CLXIX). Consequently, it is more 
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likely that this weak peak at 11.24 micron is due to the terminal methylene 

group. 

Assuming now that the extinction.coefficients at the wavelength 

maxima for the two compounds (CLXVU) and (CLXVIU) are of the 

same order of magnitude, it is reasonable to conclude from the above 

evidence,. that this unsaturated hydrocarbon, C l2Hl4 consists maillly 

of 1, 7 -dimethyl-3, 4-dihydronaphthalene (CLXVIII) and only small 

amounts, if any, of l-methylene-7-methyl-l, 2, 3, 4-tetrahydronaphtha-

lene (CLXVII). 

The above conclusion is in agreement with the observations of 

earlier investigators (71) on this type of reaction. According to 

Jacques and Kagan (71), in general, dehydration of substituted tetralols 

of the type (CXCIU; R = H or OCH3 ) furnishes 3, 4-dihydronaphthalenes 

of the type (CXCIV; R = H or OCH3)'. The predominant formation of 

·cxcm .. CXCIV cxcv 



3, 4-dihydronaJ>hthalenes .(CXCIV) by the dehydration of tetralols 

(CXCIII} may be rationalized in terms of greater thermodynamic 

stability of the more highly subsituted ethylene, namely, the 3, 4-di-

hydronaJ>hthalene (CXCIV) compared to the hydrocarbon (CXCV) where 

the double bond is exocyclic. From a study of the chemical behavior. 

of a number of simple five and six-membered rings containing double 

bonds, Brown, Brewster and Shechter (83) have generalized that exo-

cyclic double bonds in six-membered rings are relatively unstable and 

that reactions will proceed in such a manner as to favor the formation 

or the retention of an endocyclic double bond in six-membered rings. 

Consequently, in the present case, the predominant formation 
1 

of the endo-isomer . (CLXVIII) is expected. The presence of traces 

of the exo-isomer (CLXVII) in the product may be due to an equilibrium 

(between the en.do- and the exo-isomers) which although it favors the 

endo-isomer, still leaves some of the exo-isomer . .Alternatively, the 

rate of formation of the exo-isomer from the carbonium ion may be 

of the same order of magnitude as (or even greater than} that of the 

endo-isomer but due to insufficient time given for equilibriation, some 

of the exo-isomer still persists in the product. 

1 
The terms "exo-isomer" and "endo-isomer" refer to the cyclic , 

compounds where the double bond is exocyclic {outside the ring) and 
endocyclic. (inside'· the ring) respectively. 
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5. 1, 7-Dimethyl-1, 2, 3,4-tetrahydronaphthalene (CLXIX). 

CLXVIII 

+ 

WCH3 
CH2. 

CLXVII 

Pd/C + H2 
CLXIX 

-+-

(major 
product} 

(minor 
product} 

The preparation of r, 7 -dimethyl-!, 2, 3, 4-tetrahydronaphthalene 

(CLXIX} was carried out by the catalytic reduction of the unsaturated 

hydrocarbon, C 12H14, which, as discussed in the previous section, was 

83 

assumed to contain mainly 1, 7-dimethyl-3, 4-dihydronaphthalene (CLXVIII} 

and only minor amounts, if any, of !-methylene -7 -methyl-1, 2, 3, 4-

tetrahydronaphthalene (CLXVII). A solution ofthe unsaturated hydro-

carbon, C l2H !4 in absolute ethanol was stirred with palladized charcoal 

(10%; previously saturated with hydrogen} in an atmosphere of hydrogen 

at room temperature and at atmospheric pressure. In the procedure 

adopted, the weight of palladized charcoal was about 1/20th of the 

1 
weight of the unsaturated hydrocarbon The absorption of hyd;rogen 

was very rapid and stopped spontaneously when 62. 9% of the calculated 

1 
In three experiments, the ratio of the weight of the hydrocarbon to 

that of the catalyst was increased from 15:1, through 20:1 to 30:1. The 
maximum increase in the. volume of hydrogen absorbed was about 1. So/o. 









It must be pointed out that the above mentioned meta-orientation 

in the first step of the above process is in conflict with the observation 

of Colonge and Grimaud (85) who obtained 82% of the expected ester 

(CXCIX) from the same reactants. However, Mukherjee et a:l.(84) used 

CLXIX CLXX 

a larger proportion of anhydrous aluminum chloride than Colonge and 

Grimaud (85). It is possible that this large quantity of anhydrous 

aluminum chloride was responsible for the formation of the abnormal 

product (CXCVI}. 

It should be mentioned that the reported properties of the 

intermediates (CXCVI; R = H) and (CXCVII) were different from those 

of the corresponding intermediates (CLXIV) and (CLXV) of the present 

sY.,thesis leading to the tetralin (CLXIX). 

It has been mentioned that during the catalytic reduction of the 

unsaturated hydrocarbon, c 12H 14. the volume of hydrogen absorbed was 

only 62. 9% of the calculated volume. Yet, the yield of 1, 7 -di;methyl-

1, 2, 3, 4-tetrahydronaphthalene (CLXIX) was 78o/o. This result as well 

as the result that 1, 7-dimethylnaphthalene (CLXX) was isolated from 

the reaction mixture can be explained, if it is assumed that transfer of 

hydrogen between two molecules of 1, 7 -dimethyl-3, 4-dihydronaphtbalene 

(CLXVIII) had .occurred during reduction. 
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Assuming, that the quantity of hydrogen absorbed was used in 

the direct reduction of an equivalent quantity of l, 7-dimethyl-3,4-

dihydronaphthalene (CLXVITI), the rest of which disproportion.ated, 

the number of rrioles each, of 1, 7 -dimethylnaphthalene (CLXX) and 

l, 7 -dimethyl-!, 2, 3, 4-tetrahydronaphthalene (CLXIX) was calculated. 

These figures were compared with the number of moles of each of the 

above· compounds that were isolated. This comparison is listed in 

table VI (page 1119). It was found that the recovery of the tetralin 

(CLXIX) was between 90-95"/o of this calculated amount in three separate 

runs. The recovery of pur·e 1, 7 -dimethylnaphthalene (CLXX) was 75"/o 

in one run, whereas in two other runs, the recoveries of the crude 

hydrocarbon (CLXX) were 75"/o and 100"/o respectively. The low percent 

recovery of 1, 7 -dimethylnaphthalene (CLXX) in two experiments can 

be explained by the fact that part .of it was invariably present in the 

intermediate fract:lon and some was present in the residue in the 

distilling·pot as hold-up liquid which was not further investigated. 
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It is therefore reasonably certain that transfer of hydrogen between 

two molecules took place during the reduction process. The presence of 

small amounts of !-methylene -7 -methyl-1, 2, 3, 4-tetrahydronaphthalene 

(CLXVII) in the unsaturated hydrocarbon C l2Hl4, does not invalidate 

this conclusion. This hydrocarbon (CLXVII) if present, may be directly 

reduced to the tetralin (CLXIX). On the other hand, it is not inconceivable 

that it could have been catalytically converted to the thermodynami-

cally more stable isomer (CLXVIII) and the latter was then reduced with 

hydrogen. However, the possibility of direct reduction to the tetralin (CLXIX) 
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molecular cyclizations. The procedure for cyclization with anhydrous 

hydrogen fluoride is simple. The free acid is allowed to stand with an 

excess of anhydrous hydrogen fluoride in an open polyethylene bottle 
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at icebath temperatures for a few hours. The excess acid is then 

evaporated at room temperature. The formation of gummy and tarry 

products is practically negligible. In most cases, the product can be 

crystallized directly after short treatment with aqueous alkali. The 

yield of the pure product obtained by this method is almost always high. 

On the other hand, sulfuric acid often causes sulfonation of the 

naphthalene nucleus and almost al-ways furnishes gummy by-products 

which render it difficult to obtain the main product in a pure form. The 

yield of the pure product is low. Cyclization with anhydrous aluminum 

chloride or stannic chloride is a two step procedure in which the first 

step is the preparation of the acid chloride. Besides, the yield of the 

pure product is not as high as that in the method in which anhydrous 

hydrogen fluoride is used. 

It must be emphasized, however, that hydrogen fluoride is cor­

rosive and toxic. Consequently, it is es13ential to perform any experi­

ment with anhydrous hydrogen fluoride in a well ventilated hood and 

behind a safety-glass shield. Moreover, all precautions mentioned by 

Fieser (120), Johnson (118} as well as by Wiechert (119) must be taken 

before handling hydrogen fluoride. 

In the procedure adopted, the actd (CLXXXII) was treated in an 

open polyethylene bottle with a large excess of anhydrous hydrogen 

fluoride at icebath temperatures for forty-five minutes. After evaporating 
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the excess of the anhydrous hydrogen fluoride, the product was treated 

with alkali. The phenanthrone (CLXXXIII) which remained insoluble was 

ex:tracted with ether. After removal of ether, the residual crude 

phenanthrone (CLXXXID) was purified by crystallization from petroleum 

ether, The best yield of this pure product was 77"/o. 

The phenanthrone (CLXXXIII) was characterized by its orange 

2, 4-dinitrophenylhydrazone. The ultraviolet absorption spectrum in 95"/o 

ethanol (cf. Fig. 17 and table XV1) of 4-oxo-l, 2,8, 10-tetramethyl-

l, 2, 3, 4-tetrahydrophenanthrene {CLXXXIII) was very characteristic 

of 1-acylnaphthalene, as reported by earlier investigators (121}, These 

compounds show three regions of maxima. These max:ima occur at or 

i'round 222, 250-255 and 330-340 millimicrons. The maximum at the 

highest wavelength is generally broad. On the other hand, the 2-acyl­

naphthalenes,. such as {CCXIV} (R = -{CH 2}zCOzH) show absorption 

maKima at or around 255, 290 and :340 millimicrons. The absorption 

CCXIV CCXV 

maxima for 4-oxo-l, 2, 8, 10-tetramethyl'-l, 2, 3, 4-tetrahydrophenanthrene 

(CLXXXID) occur at 220 millimicron (log e 4. 68), 256 millimicron {log€ 

4. 26} and 334-340 millimicrons (broad}{log € 3. 59}. The wave length 

maxima for 4-oxo-6, 7, 10-trimethyl-l, 2, 3, 4-tetrahydrophenanthrene 

(CCXV) published by Carruthers and Gi:ay {121} occur at 222 millimicron 









(cf. Fig. 18B and table XIX) of 1, 7, 8, 9-tetramethylphenanthrene was 

obtained in 95"/o ethanol. The pattern of the spectrum is characteristic 

of an alkylsubstituted phenanthrene {31). 
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I 

D. Conclusions of the Present Research • 

.A rational method for the synthes-is of the new compound 

1, 7, 8, 9-tetramethylphe-nanthrene {I) is reported. 
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Direct comparison in two different laboratories has demonstrated 

that the aromatic hydrocarbon derived from cassaic acid {Ill) in 

accordance with the sequence of steps summarized in6hart 6, page 30, 

as well as by a different route is identical with this authentic sample of 

synthetic 1, 7, 8, 9 -tetramethylphenanthrene (I). Consequently, the 

present synthetic investigation, taken together with the results of 

investigations of earlier and contemporary workers, hq.s made possible 

a demonstration that the ketonic carbonyl group of cassaic acid {III) and 

of cassaine {II) is located at position 9 of the perhydrophenanthrene 

ring e:ystem, as previously suggested, but not proved, by Humber and 

Taylor {7) as well as by Tondeur {11). This research has also 

CH3 

CH3 

flO 

CH3 H3C CH3 

I II 

CH3 
I 

CH COOCH;z.CH2. N 

CH3 
I 

CH_;, 

HO 

H3c 

III 

Ct<3 

cH co._H 
CH3 

demonstrated that during hydrogenation of 1, 7 -dimethyl-3, 4-dihydro­

naphthalene (CLXVIII) over palladized charcoal, a portion of the 1, 7 -di­

methyl-3, 4-dihydronaphthalene {CLXVIII) forms 1, 7 -dimethylnaphthalene 

{CLXX) and 1, 7 -dimethyl-1, 2, 3, 4 -tetrahydronaphthalene {CLXIX) by 

disproportionation. 

'. 
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IV. EXPERIMENTAL PART 

Notes on the experimental part. 

1. All melting and boiling points reported in this section are uncorrected, 

unless stated otherwise. The melting points were recorded in open 

capillary tubes, using a Hershberg type melting point apparatus 

containing silicone oil, unless stated otherwise. 

z. The refractive indices were determined using a Zeiss Refracto­

meter. 

3. Ultraviolet absorption spectra were recorded in 95% ethanol, using 

either a Beckman DU Manual or a Beckman DK-1 Automatic Spectro­

photometer, unless stated otherwise. 

4. Infrared spectra were recorded using either a Perkin Elmer Model 

lZC or by using a Perkin Elmer Double Beam Model 21 spectrophoto­

meter. 

5. Microanalyse_s were done by Schwarzkopf Microanalytical Laboratory, 

56-19 37th Ave., Woodside 77, N.Y. Semimicroanalyses were done 

by Dr. Carol K. Fitz, ns Lexington Ave., Needham Heights 94, 

Massachusetts. 

6. Solvents for chromatography, such as, ether, benzene and petroleum 

ether were dried over sodium wire. 





and salt. After about half the quantity of anhydrous aluminum chloride 

was added, a dark brown pasty solid had separated. The addition of 

anhydrous aluminum chloride was completed in about six hours. The 

dark mixture was stirred at 20" fo.r two hours and it was then heated 

on the steam bath for four hours. The mixture was cooled in a bath of 

ice and salt. Decomposition of the complex by treatment with crushed 

ice (600g.) and ice -cold. concentrated hydrochloric acid ( 1 liter) was 

accompanied by vigorous evolution of hydrogen chloride gas. After 
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the decomposition was complete, the solvent was rer:overed by 

distillation in steam and the hot mixture was poured into a large beaker 

(4 liters). The mixture was diluted with crushed ice (600g.) when a grey 

granular solid separated. Afte;r cooling overnight in the refrigerator, 

the mixture was treated with concentrated hydrochloric acid (10-15 ml.) 

but no more precipitate separated. The solid was collected by filtration 

and the residue was washed with distilled water (1. 5 liters in three 

installments). The residue wa.s sucked dry. The granular residue 

weighed 1. 2kg. This granular solid was coarsely powdered. 

For convenience in handling during purification, this crude product 

was divided into three batc)les each weighing 400g. Each batch of 

crude product ·(400g.) was treated with hot dilute sodium carbonate 

solution (15"/o; 1 liter). This hot solution was separated from the 

insoluble residue by filtration. The residue was washed with hot 

di.stilled water. The combine.d filtrate .and washings were cooled .in ice 

to about 10° and was then acidified with ice -cold concentrated hydro­

chloric acid with stirring. Care was taken to avoid loss by frothing due 
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chloride, these. crystals melted at 128-131°. The melting point (128-.131°) 

of the purified product in the above experiment compares well with the 

values (127"){76), (129°){75), (124-126°){77), (126-12S0)(78} reported in 

the literature• 

Table I summarizes all of the preparations of 3 -(4 1 -methylbenzoyl)-

propanoic Acid. 

TABLE I. 

Preparations of 3-(4•-Methylbenzoyl)-propanoic Acid. 

Moles of Moles o£ Moles of 3 -(4' -Methylbenzoyl)-
Tolue·ne Succinic Anhydrous propanoic Acid 

Anhydride A1Cl3 Yield Melting Point 

o. 21* Q. 2 0.45 60o/o 128-130° 

1. 1** 1. 0 2.4 70o/o 127-129°. 

3.5*** 3.5 7. 2 82o/o 124-127° 
. ·• ... 

. 

* The procedur.e of Barnett and. Sanders (75) was followed. 

** Nitrobenzene.was used as solvent. 

*** The procedure described was followed. 
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TABLE II 

Preparations of 4-(4• -Methy1phenyl) -butanoic Acid. 

Moles of Moles of Volume 4-(4' -Methy1phenyl)-
4-{4' -Methylbenzoyl)- amalgam- of Cone. butanoic acid 
butanoic acid ated zinc HCl 

Yield Melting point 

0.026 0.076 32.5 ml. 60% 57-59° 

o. 65 3. 0 650 ml. 79"/o 59-60° 

o. 57 3.5 638 ml. 82"/o 59-60° 

o. 92 * 3. 1 650 ml. 88% 59-60° 

* The procedure described was followed. 
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The deep brown residual liquid in the distilling pot weighed o. 7 g •• It 

was not further worked up. When a few drops of fraction 2 were tested 

with a 5o/o solution of bromme in carbon tetrachloride, as des.a:ribed by 

Shriner, Fuson and Curtin. (110), the color of bromine persisted for at 
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least ten minutes after which the solution was decolorized with evolution of 

hydrogen bromide • 

.An analytical sample prepared from a different batch distilled 

25 
at 55-57° "(0. 15-0. 18 mm.) and showed an index of refraction, '1\:D 1. 5302 • 

.Analysis1 Calcd. for c 12 H16: C, 89. 94; H, 10.06 

Found C, 90. 2 ; H, 10. 1 

.As described below (cf. section E 3, page ii.5 } , this fraction 

(l. e. fraction 2} on aromatization with palladi'lliil on charcoal furnished 

1, 7 -dimethylnaphthalene. 

From the above evidence, fraction 2 was accepted as 1, 7 -dimethyl-. 

1, 2, 3, 4-tetrahydronaphthalene. In this experiment, the yield of the pure 

product was 78%. 1, 7-Dimethyl-1, 2, 3,4-tetrahydronaphthalene (CLXIX) 

which has been prepared previously by Mukherjee et a1.(84) was reported 

to boil at 100 ° (6 mm. ). These authors established the structure of their 

product by aromatization to 1, 7 -dimethylnaphthalene. 

The infrared spectrum (Fig. 2.A)(Neat liquid) of 1, 7-dimethy1-1,2,3,4-

tetrahydronaphtha1ene possessed no band at 12. 36 micron , 

1
semimicroanalysis by Dr. ·carol K. Fitz •. 
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was cooled in Dry Ice a:o.d acetone bath for about an. hour and the tube 

was opened by making a file mark around the sealed part and by press-

' ing an inc.andescent glass rod against the file -mark. The seal was' 

broken with a loud report. The mixture of..white solid and liquid was 
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transferred to a beaker with the help of some distilled water. The mixture 

was heated on the steam bat\1 to furnish a clear solution. Excess qf 

nitric acid was removed on the steam bath. The residual gummy solid 

(600 mg.; 8lo/o of the calculated yield) was crystallized from distilled 

water after treatment with Norit. The pale yellow crystals melted at 

255-265° qn the Fisher melting point block and weighed 450 mg. Re-

crystallization of this material from distilled water after treatment with 

Norit furnished white prisms. This product dissolves readily in cold 

dilute sodium bicarbonate solution (5o/o). After drying at 105° in a drying 

oven for two hours, the crystals melted at 270-271° on the Fisher melting 

point block. The melting point of the same product dried at 1050 

recorded in a Hershberg melting point apparatus is 262-264°. The liquid 

solidifies on cooling and remelts at 274-276°. The melting point (262-

2640) which varied with the rate of heating was determined by immersing 

the product (dried 1 at 105° in a drying oven for two hours) at room 

temperature, heating rapidly to within 10° of the melting point and then at 

the rate of 40 per minute. 

The melting point of hydrated 1, 2, 4, 5-benzenetetracarboxylic 

1 . 
Before determining the melting point of pyromellitic acid, a sample 

must be dried at 105° to constant weight. This takes two hours app:roxi­
mate1y. Otherwise, erratic melting points are observed. Tile· pro(iuct 
after drying at 105° corresponds to the composition C 1oH608• 2H2o. 





and distilled water (2. S 'rn1.) was added and the mixture was refluxed 

for four hours. The resulting gUinmy solid was collected by filtration 

1S9 

and washed under suction with distilled water. The residue was dissolved 

in hot dilute potassiUin carbonate solution (lOo/o; 2S ml. ). This deep red 

alkaline solution was heated on ,the steam bath with dilute potassiUin 

permanganate solution (S%; SO rnl.) for one and one -hal£ hours when the 

color of permanganate was discharged and a reddish brown precipitate of 

manganese dioxide separated. The mixture was further heated for six 

hours on the steam bath with an additional volume (SO ml,) of S% 

potassium permanganate solution. .At the end of this period, the mixture 

was heated on the steam bath for another ten hours with an additional 

volUine (SO rnl.) of the same permanganate sclution. Finally, the mixture' 

was boiled with continuous stirring for two hours, The pink color of the 

permanganate persisted. The residue was removed by filtration and it 

was washed well with hot distilled water, The combined filtrate and 

washings were de colorized by heating on the steam bath with excess 

absolute alcohol (12S rnl. ). .After boiling for about ten minutes, the 

precipitate was removed by filtration and the residue was Wbshed with 

distilled water. The combined filtrate and washings were concentrated 

to about, SO rnl. Some insoluble solid separated on cooling this solution. 

The mixture was acidified with acetic acid (pH 6; Hydrion paper .A). 

This mixture was heated and the insoluble residue was removed by 

filtration; The combined filtrate and washings were boiled and the hot 

solution was treated with a hot solution (10%) of bariUin ,chloride till no 

more white solid 'separated;, .Addition of excess bari= chloride was 
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and the ether by distillation, The ·residual yellow liquid, which furnish­

' ed a precipitate on treatment with 2, 4-dinitrophenylhydrazine reagent, 

' weighed 0. 8 g. This residue was not further investigated. 

The co:mbined aqueous alkaline solution was heated on the steam 

bath to remove dissolved ether, The hot solution was treated 'with Norit 

1 
and filtered, The filtered ic'e-cold solution was acidified with hydro-

' chloric acid (2 N) to furnish a white solid, The • resulting mixture was 

extracted with ether, The ethereal solution. was washed with water till 

the aqueous washings failed to give an acid reaction, After drying the 

ethereal solution overnight over anhydrous sodium sulfate, the drying 

agent was removed by filtration and the ether by distillation at room 

temperature under vacuum produced by the water aspirator. This pale-

yellow viscous residue which weighed 8. 9 g. was further purified by 
'!' • 

reprecipitating the acid from its solution in dilute potassium hydroxide 

with dilute hydrochloric acid followed by extraction with ether, as 

described before. Thus purified, the J.someric mixture of 2-methyl-3-

(·3 1 , <51-dimethyl-5 1, 6•, 71, ·8 1 -tetrali'ydro-2' -naphthyl) -3 -butenoic acid 

was obtained as a very pale-yellow highly viscous mass weighing 8. 2 g. 

(79. 3"/o). ·This viscous mass sets to a glass on cooling in Dry Ice but 

the glassy solid becomes viscous again when brought to room temperature, 

N. E. Calcd. for C 17H22o2 (l COOH group), 258,34. 

Found 256, 8 • 

When tested with a S.o/o solution of bromine in carbon tetrachloride 

according to Shriner, Fuson and Curtin (110), the acid immediately 
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H. Methyl 2-methyl-3-(3', 5!-dimethyl-5', 6•, 71, 8 1 -tetrahydro-2'­
naphthyl) -3 -butenoate {CCXV:t), 

Ether 

3 

....:; 

CQ:z, C H!> 
I 
CH-CH3 
I 
C=cH2 

. 

CJ-13 

CCXVI 

An ice-cold solution of 2-methyl-3-(3 1, 5 1 -dimethyl-5 1i6 1, 7',8'­

tetrahydro-21-naphthyl)-3-butenoic acid (N.E., 259. 3; 300 mg.; 1.16 

millimole} in anhydrous ether ( 5ml.) was treated with excess of an ice­

cold, dry ethereal solution of diazomethane (prepared from 1 g. of 

N -nitro so-N -methylurea). After allowing the mixture to stand overnight 

in the refrigerator, ether and excess diazomethane were removed under 

reduced pressure (water aspirator } and at room temperature, A solu-

tion of the residue in anhydrous ether {20 ml,} was extracted with dilute 

sodium carbonate solution (lOo/o; 8 ml, in two installments}. The ethereal 

solution was washed with distilled water till the washings failed to turn 

red litmus paper blue, On acidification, the aqueous alkaline solution 

furnished no precipitate, 

After drying the ethereal solution overnight over anhydrous sodium 

sulfate, the drying agent was removed by filtration and the residue was 

washed with small quantities of ether, The combined ethereal solution 

was distilled from the steam bath under reduced pressure provided by 

the water aspirator. After drying overnight over anhydrous calcium 



chloride, the residual viscous liquid weighed 300 mg. 

This residue was accepted as an isomeric mixture of methyl 2-

methyl-3-{31, 5 1 -dimethyl-5 1, 6•, 7 1 , 8 1 -tetrahydro-2 1 -naphthyl} -3-

butenoate. 

The ultraviolet absorption spectrum (Fig. 14) of this product in 

95% ethanolic solution (4. 7 ·x 10-5 moles /liter) shows only a single peak 

at 281 millimicron "(log e 3. 23). 

The infrared absorption spectrum (Fig. 5)(10. 8o/o carbon tetra­

chloride solution) of this material shows the following maxima: 

3. 23 micron (weak), 5. 76-5.82. micron {broad}(ester carbonyl), 6. 11 

micron {1637 cm-l)(medium intensity)(unsaturation), 10.99 micron 

(medium intensity)(terminal methylene group).. 
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TABLE IX 

Preparations of 2-Methyl-3-(3 1 , 5 1 -dimethyl-5 1 , 6•, 7 1 , 8 1 -tetra­
hydro -2 1 -naphthyl)-butanoic Acid (Is orne ric Mixture}. 

I 

Moles of Weight of Moles of 2-Methyl-3-(3•, 5•-dimethyl-
2-Methyl-3- Platinum hydrogen 5 1 , 6•, 7 1 , 8•-tetrahydro-2 1 -

(3 1 , 5 1 -dimethyl- {IV) ox:ide absorbed naphthyl)-butanoic Acid. 
5 1,6 1 , 7•,8•-tetra- Yield Neutral Equivalent hydro-2 1 -naphthyl)-
3 -butenoic Acid Found Calcd. 

' 

0.037 o. 3 g. 0.04 95o/o 261. 8 260.4 
' 

o. 1 
' 

1.05 g. o. 1 97"/o 262.3 260.4 

. 

. 
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{unconjugated <ester carbonyl}. 

The product of this reaction was accepted as a mixture of isomers 

of methyl 2-methyl-3-(3', 51 -dimethyl-5 1 , 6•, 7 1, 8 1 -tetrahydro-21-

naphthyl) -butanoate. 

Table X summarizes all of the preparations of the isomeric 

mixtures of methyl 2-methyl-3 -(3 1, 5 1 -dimethyi-5 1, 6•, 7', 81 rtetrahydro-

21 -naphthyl) -butanoate by following the procedure described. 



TABLE X 

Preparations of Methyl Z-Methyl-3-(3 1 , 5 1 -dimethyl-5 1, 6•, 7 1 , 8 1 -

tetrahydro-21 -naphthyl)-butanoate (lsomerll:; mixture). 

Moles of Methyl Z-Methyl-3-{3 1 , 5 1 -

Z-Methyl-3-(3', 5 1 -dimethyl- dimethyl-5 1 , 6•, 7 1 , 8 1 -tetra-
5 1, 6 1 , 7', 8•-tetrahydro-Z•- hydro -Z' -naphthyl)-
naphthyl)-butanoic Acid butanoate 

Yield 
. 

0.030 94% 

0,096 98% 

-'· 
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were combined. This combined fraction, which will be called fraction B 

weighed 7. 7 g. 

The column was next eluted with a mixture (3:2, by volume) of 

petroleum ether and benzene till no further material was eluted by this 

solvent mixture, The eluate was collected in one 1700 ml. portion. On 

evaporation of the solvents as described be:fore, 1. 7 g. o:f colorless 

viscous residue was obtaine.d. The in:frared spectrum 1 of this fraction . 

(fraction C) was identical with the in:frared spectrum of fraction B. 

Further elution of the column with petroleum ether-benzene (1 :3, 'by 

'Volume) as well as with benzene eluted small amounts of yellow gummy 

material which was rejected. 

The total recovery of the partially purified product from the 

; column was 19. 8 g. (95o/o). 

Fractions B and C were combined. . This combined fraction (B and 

C) was saponified as described below. 

Saponification of Combined Fractions B and G. 

The combined fractions B and C weighing 9. 0 g. was refluxed for 

three hours with methanolic potassium hydroxide solution (lOo/o; 30 ml. ). 

After removing methanol under reduced pressure, the residue was 

dissolved in water. The hot solution was treated with Norit. After 

filtration, the ice-cold solution was acidified with dilute hydrochloric 

acid (2 N). The precipitated white solid was taken up in ether. This 

. 1 The in:frared spectra were recorded in ca:tbon tetrachloride solution 
(ca. 10%) using a Perkin ElmeJ," Model 12C Spectrophotometer. 







The infrared spectrum (Fig. 7}{3o/o carbon tetrachloride solution} 

of 2-methyl-3-{3 1 , 5'-dimethyl-2 1 -naphthyl)-butanoic acid shows a strong 

' peak at 5. 87 micron (carbonyl of nonconjugated carboxyl group}. 

'' '·. 



TABLE XI 

Preparations of a single isomer of dl-2-Methyl-3-(3 11 5 1-dimethyl-2 1-
naphthyl) -butanoic .Acid, 

Moles of Methyl 2-methyl- 2-Methyl-3-(3 1, 5 1-dimethyl-21-
3 - {3 I, 5 I -dime thy 1-5 I> 61, 7 I, 8 I -

I 
naphthyl) -butanoic .Acid. 

tetrahydro-21-naphthyl)-
butanoate, "/o Yield Melting Point 

+ 0,016 12% 129-130° 

t 0,038 13"/o 130-131° 

* 0,09 24, 7"/o 130. 5-132. 5° 

. . 

* The procedure described was followed, 

+ Attempts were made to separate the diastereoisomeric acids by 
fractional crystallization, This process was not satisfactory. 
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T.ABLE XII 

Ultraviolet .Absorption Data. · 

2, 3, 5-Trimethylnaphthalene + 
2-Methyl-3-(3 1, 5 1 -dimethyl-
2' -naphthyl)-butanoic .Acid. 

co .. H 

QCACH3 ' Solvent Solvent CH·cH3 I 95% Ethanol. /. Hexane. 
OCCCH-CH;s CH3 

_, CH3 

CH3 
CH.3 

:1 

Cone. Wave length log.€. Wave length log. E:: 
. . maxima (mp) . maxima (mp) 

8x10-4M, 324 2. 36 323. 2 2. 48 

-4 
8x10 M. 318 2. 52 318. 6 2. 70 

. 
313. 0 2. 71 

307.8 2.88 

3x10- 5M. 296 3. 60. 296 3. 76 
-5 

3xl0 M. 287 3 .• 77 283.8 .3.89 . 
3xl0-5M. 276.5 3. 74 . 273. 6 3, 86 

3xlo-5M. Sh268 3. 60 264.8 3. 73 

-5 3x10 M. Sh257 3. 39. 

6xl0 - 6M, 231.5 5.03 229.8 5. 06 

6xl0- 6M. Sh229' 4. 98 . 225.3 s. 06 

Sh = Shoulder. 

+ Reported by Morton and de G:ouveia (115}. 



Saponi#c,atiqn of Fraction A. 

Fraction A (10. 4 g.} was saponified by refluxing with methanolic 

potassium hydroxide solution (10%; 35 ml. ). The reaction mix:ture was 

worked up as described in the c;:ase of combined fractions B and C 
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{Page .Ls:z.) to furnish 9. 2 g. _of a viscous mass which was kept in the ice: 

])ox: for six: weeks when it gradually started to solidify. After two months 

and a hfll,f, the mass solidified almost completely. Th,is fraction was 
' . 
i 

not investigated .further. 





before. This operation ·was repeated twice to remove thiqnyl chloride. 

Finally, the contents were sucked. at 3-4 mm. for fifteen minutes to 

remove traces of thionyl chloride, .A. cold (ca. 0°) solution of the 

residual solid in anhydrouu ether (25 ml.} was decanted carefully 
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through a small plug of glass wool (contained in an L-shaped tube w.hich 

was attached to the flask) into a cold (0-5°} dry, ethereal solution (60 ml.) 

of diazomethane (0. 33 millimoles of diazomethane per ml.) with stirring. 

The container of the acid chloride was washed twice with 10 ml. portions 

of anhydrous ether and the washings after filtration through the plug of 

glass wool was added to the diazomethane solution, Care was taken to 

prevent any residual pyridine hydrochloride from going into the flask 

containing the ethereal solution of diazomethane. The deep yellow 

ethereal solution was allowed to stand at 0-50 for two hours and then at 

room temperature (zoo) for two hours •. Ether and excess diazomethane 

were removed at room temperature under reduced pressure provided 

by a water aspirator, .A solution of the residual noncrystalline yellow 

diazoketone in anhydrous methanol [Baker Analyzed material was puri­

fied by treatment with magnesium according to Fieser (120); 25 ml.] was 

heated to 50° in a three -necked round-bottomed standard taper flask 

{150 ml.) equipped with a water-cooled condenser, a glass-covered 

magnetic stirring bar and a stopper. This warm so:Lution was treated 

with a slurry of .. 500 mg. of silver oxide [prepared before use according 

to Bachmann and Struve (116) from silver nitrate (Baker .Analyzed}] in 

anhydrous methanol, Evolution of nitrogen started immediately. · The 

mixture was warmed to 60-70° with stirring and it was treated with a 



' 

' 
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slurry of silver oxide (250 mg,) in anhydrous methanol, At an interval 

of ten minutes, an additional quantity of a slurry of silver oxide (250 mg,) 

ih anhydrous methanol was added to the reaction mixture. This mixture 

' . 
was then heated with stirring in a wz.ter bath maintained at 60-70° for 

a total period of one and one half hours. During this time, the inside o£ 

the flask was coated with a mirror of silver. The hot mixture was 

filtered under reduced pressure provided by the water aspirator and the 

:.;-esidue was washed with anhydrous methanol. From the combined 

filtrate and washings, methanol was removed on the steam bath under 
' 

nitrogen and the residue was refluxed with methanolic potassium hydroxide 

(15"/o; 15 ml,) for sixteen hours. After diluting the resulting solution 
' 

with distilled water tso ml,}, the mixture was concentrated to one-fourth 

of its previous volume. This mixture was diluted with 25 ml. of watert 
. ' 

:The hot alkaline solution was treated with Norit. After filtration of this 

' :mixture through a bed of Hyflo, the residue was washed with hot water· 

1{50 ml. fn two installments). The combined filtrate and washings were 

•cooled in ice and the solution was acidified with ice-cold nitric acid 

,(10"/o) till the mixture was distinctly acidic to blue litmus paper, The 

resulting mixture containing a white precipitate was extracted with 

ether (120 ml. in three installments). The ethereal extract was washed 

.with water (50 ml. in two installments} and was then dried over anhydrous 

, sodium sulfate. The drying agent was removed by filtration and the 

' , ether by distillation at room temperature and under reduced pressure 

'provided by a water .aspirator. On cooling in ice, the viscous residue 
I 

! solidified. After drying overnight in a vacuum desiccator over anhydrous 











1>,1:. 4-0xo-1, 2, 8, 10-tetramethyl-1, 2, 3, 4-tetrahydrophenanthrene 
· (GLXXX!Il}, 

.Anhydrous HF ) 

CH3 

GLXXXIII 

This experiment must be performed in a hood provided with an 

efficient exhaust fan •. 

Following the general procedure of Johnson {118), 3-methyl-4-
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(3•, 5 1 -dimethyl-2 1 -:-naphthyl)-pentanoic acid (m.p. 100-101. 5°; o. 700 g.; 

'2. 6 millimole) contained in a polyethylene botUe, which was cooled in 

:a bath of ice and salt (0-5°) was treated with anhydrous liquid hydrogen 

'fluoride {used as ;eceived from Matheson and Go,; 25 ml,; 25 g. 

,approximately) from a chilled inverted cylinder equipped with a poly­

ethylene tube, The organic acid dissolved immediately to furnish a brown 

.solution which was allowed to stand in ice with £requent shaking for 

approximately forty-five minutes, .Anhydrous hydrogen fluoride was 

, removed by blowing a stre.am of air. The solution of this brown residue 

in ether {100 ml.) was extracted with potassium carbonate solution (20o/o; 

'25 ml, ). The aqueous alkaline layer was extracted with ether {60 ml. 

:in two installments), · The ·combined ethereal solution was washed with 

• distilled water till the washings failed to turn red litmus paper blue, 

The combined aqueous alkaline solution was heated on the steam 

'bath to remove dissolved ether. The ice-cold solution was acidified with 







•' ' 

' 

carbonyl group in a six-membered ring) and at 6. 25 micron (aromatic 

-C=C- vibration). 

The ultraviolet absorption spectrum (c£. table XVI and Fig. 1 7) in 
I 

95o/o ethanol is characteristic of 4-oxo-1, 2, 3, 4-tetrahydropheanthrenes. 

Table XVI compares the wave length maxima and values of log € for 

4-oxo-1, 2, 8, 10-tetramethyl-1, 2, 3, 4-tetrahydrophenanthrene with 

those o£ 4-oxo-6, 7, 10-trimethyl-1, 2, 3, 4-tetrahydrophenanthrene 

(CLXXXII) which have been published by Carruthers and Gray (121). 

' ' 

























f 

e. The Ultraviolet Absorption Spectrum o£ 1, 7, 8, 9-Tetramethyl­
phenanthrene. 

The ultraviolet absorption spectrum '{Fig. 18B and table XIX) o£ 

.1, 7, 8, 9-tetramethylphenanthrene was obtained in 95% ethanol using a 

·Beckman DK-1 Automatic Spectrophotometer. The wavelength max:ima 

. and values o£ log e are given in table XIX. The light absorption data 

reported by Sherman (12) £or 1, 7, 8, 9 -tetramethylphenanthrene which 
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was derived £rom cassaic acid are included in the same table. Sherman 

reported that the values o£ log 8 £or the degradation product are 

approx:imate owing to inaccuracies in the values o£ the concentration 

o£ the solution used. 

Table XVIII summarizes all o£ the preparations o£ 1, 7, 8, 9-

tetramethylphenanthrene. 

I 
' 

I 
I 











I 

I 
I 
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Q. Note on the Spectra. 

Infrared Spectra 

Figures l-8 were recorded on a Perkin Elmer ModellZC. 

Figures 9-11 were recorded on a Perkin Elmer Model Zl Spectre-

photometer. 

In figures 1-8, atmospheric absorption is present. In figures 

9 and llB(lower curves) only solVent absorption but not atmospheric 

absorption is present. The upper curves in figures 9 and llBare for 

pure solvent. In figures 1-8, the break in the curve around 8 micr.on is 

due to change in speed of scanning. In all curves, the dotted lines indicate 

atmospheric absorption and/or solvent absorption. 

Ultraviolet Spectra. 

In figures 15 and 16, parts of the curves between ZlO and 310 milli-

microns have been replotted from values of "/o transmission recorded on 

a Beckman DK-Z Spectrophotometer which was available for use through 

the courtesy of Dr. George Zimmerman of the Massachusetts Institute 

of Technology. 

All pertinent data for all the ultraviolet spectra are available in 

the appropriate section of the experimental part. 



Figure 1 

1; 7 -Dimethyl-3,.4-dihydronaphthalene 

A, Neat Liquid 

B. · Carbon tetrachloride solution (10. 4o/o). 

-N .... 
"' 





Figure 2 

1, 7 -Dimethyl-1, 2, 3, 4-tetrahydronaphthalene 

.A, Neat Liquid 

B, . Carbon tetrachloride solution (11. 5%) 

N ..... .... 









Figure 4 

Figure 5 Meth 
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