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PART I 

EFFECTS OF ALKYL SUBSTITUENTS IN THE 

CHROMIC ACID OXIDATION,OF 

TETRALINS 



CHAPTER I 

INTRODUCTION AND HISTORICAL 

Chremic acid exidatien af hydrecarbans has been intensively 

la b studied. ' In general, far aliphat;lc hydrecarbE>ns, the relative rates 

of exidatien of prim,ary, seaendary, and tertiary C-H bands have been 

reporteQ te be 1:110:7000.lb Altho~gh c~nsiderable data exist cencern

. 2a b 
ing the exidatien 0f aremat:lc-aliphatic systems, ·' very little infer-

matien is available an oxidatien ef hydrecarbans centaining ~ 

equivalent benzylic pesitiens in partially hydrogenated polynuclear 

arematic cempeunds. Thus, Linstead3a has demenstrated.the presence of a 

pronounced electronic effect in the exclusive exidation of 6-methoxy-

tetralin (1) to 6-meth~xy-l-tetralene (g_). 

~ 
CH~ 3 

1 

0 
II 

Cr0 3 ~ 

---.---8e- CH O~ 
3 

2 

3b More recently Ghosal ebserved a similar effect for the exidation 

of 9-methoxy-1,2,3,4-tetrahydrophenanthrene (]) te 9-methoxy-2,3-

dihydro-4 (l!!)-phenanthrone (.2). Gh0sal suggested that this selectivity 

2 



results from the ease.ef hydrid~ ejectien from position C-4 ef 1~ The 

mesomeric contribution ef the 9-methexy group is illustrated in struc-

ture i· 

~ e. ~ e. ~ 
OCH3 CocH3 OCH3 

3 A 5 
I 

Detai+ed mechanist:lc studies have been reported fer the chromic 

acid oxidaticm ef substituted diphenylmethanes. Za Wiberg used the 

diphenylmethane nucleus to shew that electron-releasing groups attached 

para to the site of methylene oxidation moderately enhance the rate of 

3 

oxidatien to the corresponding benz;ephencme •. The same investigater also 

demonstrated that a linear free energy relationship existed between ki

netic· data from the oxidation of substituted diphenylmethanes and the a+ 

4 2 values of Brown and Okamoto.. Wiberg a proposed a hydrogen atom ab-

straction as the rate-determining step for the oxidation,. basing his 

argument on the observed correlatien with er+ values and the fact that he 

+ obtained a value ef -1;17 for p . The latter is in geed agreement with 

an earlier observationthat values of p for hydr0gen atom abstractions 

from toluene fall between -0.75·and -1.S. 5 In addition, a very large 

kinet;ic isotope effect, 1)il~ = 6.4 at 30°, was neted for the oxidation 

of diphenylmethane-:a,a-d 2 • In the course 0f correlating kinetic data 
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+ 2a with a values, Wiberg noted that rate data from the oxidation of 

,E.-methoxy- anq ,E.,.E.' .... dimethoxydiphenylmethane gave a poor Ut. This lack 

of correlatian was ratiemalized on the basis of a mechanism c)lange lead-

ing te a.catien intermediate fer the.methoxy-substituted diphenylmeth-

6 anes. Wiberg also demonstrated that the chromic.acid oxidatien of 

(+)-3-methylheptane (§) produced (+)-3-methyl-3-heptanol <D with 70-85% 

re.tentien of ccmfiguratiem. 

Rocek has shown that the rates of chremic acid oxi.dation of hydro-

carbons parallel the rates. for selvelysis ef .the correspanding tosyl-
7 .. 

ates and has further concluded that steric hindrance is not important 

8 in the oxidation of alkylcyclohexanes. These data and all· earlier 

9 10 .. 
e>bservat;i.ans were rationalized ' by regarding the initially formed· 

v O=Cr (OH) 3 

8 

Figure 1. Mechanism for the Chromic Acid Oxidation 
of Hydrocarbons9 . 
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species in the oxidation as a resonance hybrid of an alkyl-radical-Cr(V). 

complex and a carbonium ion-Cr(IV) complex as shown in Figure 1. The 

hybrid would be expected to possess less energy than either canonical 

form and would account fer the radical-like and carbonium ion-like char-

2a 6 7 8 acteristics observed in earlier investigations. ' ' ' The mesomeric 

hybrid may then ce>llapse·to give.the Cr(IV) ester .§.fellowed by further 

oxidation to-benzophenone! 



CHAPTER II 

DISCUSSION AND RESULTS 

The study of the chromic acid oxidation of tetralins was prompted 

lla by an earlier observatien. that .-some .alkyltetralins · may be converted 

to l~tetralones in high yield with considerable-selectivity; the reac-

tion prevides otherwise less accessible ~etenes, as shown in Figure 2, 

in which 3,6-di-tert-butyl-l-tetralene (20c) is the exclusive product 

from the oxidation of 2,7-di-~'"".butyltetralin (20a). The oxidation 

,_,_a_[> ~ + 

15a 14a 

0 0 

~ ~ + ©r\· 
19a •· 14b 14c 

a h c H2, Pd/C, HOAc. AlC13 , Toluene. Cro3 , HOAc, H20. 

Figure 2. Preparation and Selective. Oxidation 
of tert~Butyltetralinslla 

c. 
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TABLE I 

CHROMIC ACIP OXIDATION PRODUCTS 

% Yld. Combined 
Tetralins a 1-Tetralones Ratio b:c 1-Tetralones 

~ 

©O ©6 55 

lOa lOb 

0 0 

©Cr 
II 

©CJ ©Q 1.0:2.1.b,a 72 

lla llb llc 

~ 
R 00 ~ 

b 60 1.0:1.3 

12c 

0 0 

)§() )§6 m 2. 7:1.0b,a 72 

13a 13b lTc 

0 0 

@:f ©Ci< ~ 
b.a 70 1.0:5.8 

14a 14b 

0 

~ Jq9 )§9 b 58 2.4:1.0 
-

lSb 15c 

0 

J§6 ~ l99 1.0:4.4° 62 

16c 

0 0 

~ )§('.) m 2. o: 1. od, e 65 

17a 17b 17c 
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TABLE I (Continued) 

% Yld. Combined 
Tetralinsa 1-Tetralones Ratio b:c 1-Tetralones 

0 

'@() w ,fil La: 8. ad, e 66 

18a 18b 18c 

~~~ 1. a: 3. ad, e 75 

0 0 

w~~ a. 0: Lad, e 71 

~ ~ ~ 
I 

c 74 1. a: 24 
. 

0 

~ w w 0 l,a:6.lc,d_,e 57 

22c --

a Consult experimental for preparation of tetralins. 

bRatio determined and separation achieved by glc. 12a,b,c 

cAuthentic samples of llb, 12c, 13c, 14b, 16b, 16c, 2lb~ 2lc, and 22c 
were available. 

dRatio determined by pmr analysis based upon the differences in chemical 
shifts of protons contained in the alkyl substituents at.C-2 and C-3. 
It is assumed that the C-2 alkyl is deshielded relative to the C-3 
alkyl group. 

e 12a,b,c, 
Ratio verified by triangulation of glc curve. 
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of lli afforded 14b and 14c as a mixtl.lre (Table I). Recrystallization 

of this mixture provided 14c in 50% overall yield.Ila Pure 1!! required 

for this exidatian is. mere readily ebtained as shown in Figure 2 from a 

mixture of lli and 20a than by hydrogenating 2-tert-butyl":"naphthalene. 

(.2,). Chromic acid has been previausly used in the.conversien of indans 

llb to indanones in high yields. · 

The data presented. in Table .I provide ample evidence that an elec-. 

tronic effect .is eperative in the exidation of alkyl-substituted 

tetralins. This·is apparent from.the ratie ~f tetralones 12b:l2c 

(1.0:1.3) and .13b:l3c (2.7:1.0). Comparison of the latter ratio to that 

of 15b:l5c (2.4:1.0) shews tha~ the methyl and tert-butyl group.possess 

appreximately the same electronic effect. The electronic effect respon-

sible for the formation of the ratio of.products obtained from 12a and 

13a is manifest throughout the ent;ire series. Steric effects may result 

from alkyl groups at the peri pesitien of the aromatic ring or. frem an 

alkyl group sitm;1.ted adjacent t0 a potential carbonyl site (C-2) in the 

saturated.ring. The latter is illustrated by the preducts frem.lla and 

14a. The most obvieus cembined effect, steric and electr~mic, is exhib-

ited in the oxidation of 19a, 20a, and 2la. Less prenounced steric 

influences appear in the oxidation of tetralins lla, 17a, 18a and 22a 

which have methyl groups rather than ~-butyl groups. 

A subtle diminutien in the ratico. owing te. steric influence of 

methyl at C-2 appears in the ratio of products ebtained from exidation 

of 13a and ~' in which there .. is a change from 2. 7: 1. 0 to 2. 0: 1. O. 

Comparison of .the ratios of the 1-tetralones obtained from 15a, 19a, and 

20a indicates a very pronounced alkyl (tert-butyl) steric effect at the 

C-2 position. As expected, this effect decreases in changing te methyl 

for 13a, 17a, and 18a. 
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The electronic effect; fram alkyl groups in.the aramatic ring may 

have a p:renounced influence on the ratio of 1-tetralanes, as evidenced 

by cemparison of- the products frem 12a and 16a, in which 12c and 16c 

predominate.ever 12b and 16b respectively despite pessible-ster:t.c inter-_ 

ference of the methyl group at the peri pesition. 

The ratio ef 1-tetralenes formed fremtetralins by chromic acid 

ox:i.datien may beceme .established· at the. time ef initial hydregen ab

straction erat the next stage, during cenversien ef alcehel er related 

species to ketc.me, We believe the former is mere important since we can 

point to the exidatien ef 20a te 20c with none of 20b being formed. We 

argue that differences in rate ef exidation (:)f alcrohols can have ne 

influence if ene ef. the alcehals is not formed. 



CHAPTER III 

EXPERIMENTAt12 

Preparatien ef Tetralins .- The tetral:j..ns used in this study we.re 

13a ebtained in part from eur.API hydrocarben synthesis pr0ject · and as a 

. ft 13b gi • These.tetralins were synthesized as outlined belew and their 

purity established by glc and spectral data. 12 

Tetralins lla. 13a2 16a. and 2la ,,.._ These were prepared via a pre ... 

viE>usly described general Friedel-Crafts synthesis14 applied to benzene 

and methylsue,cinic anhydride for !lb, toluene and succinie,anhydride far 

13c, ~-xylene and succinic anhydride for 16b, and .E,-xyletle and methyl-

succinic anhydride for 2lb and 2lc. Hydrogenelysis was used, te> convert 

15 15 16 14 llb, 13c, 16b, and 2lb or 2lc t<;> lla, · 13a, 16a, · and 2la 

respectively. 

Tetralin 14a.- A 210-g (1.14-mel) sample E>f 2-tert-butylnaphtha

lene (2) 17 in acetic acid (750 ml) in the presence ef Pd/C (3 g, 10%) 

was hydregenated fer 60 hr at 45 psi and 45° te a mixture ef 15a:l4a 

12c (1.1:1.0). This mi~ture was-distilled and then treated with A1Cl3 

(44 g, 0.33 mol) in dry teluene (6.1 1., 55 mel) at 25°, 18 After.15 

min, the reaction mixture was peure~ onto ice water (4.4 1.) and ex-

tracted with toluene (2.2 1.) and the extracts were combined, washed 

with water, dried . 01gS0.4), and concentrated. The resulting oil was 

diluted with petreleum ether (250 ml) 12d and deceler;ized by. elutien 

through a cQlumn ef acidic alumina (12 cm x 2.5 cm diam.). Distillation 

11 



12 . 

gave 79 g (81%) of pure 14a, bp 72-80° (O.lnun); mass spectrum (70 eV) - . 

m/e (rel intensity) 188 (48), 132 (78), 131 (100), 130 (29), 104 (35), 

57 (64); pmr spectrum (GC14) o 6.91 (s, 4, ArH), 2,87-2.34 (m, 4, 

ArCH2), 2.04-1.75 (m, 1, ArCH2C,g), 1.59-1.11 (m, 2, ArCH2cH2), 0.92 (s, 

9, !!!1-bu tyl) • 

Anal. Calcd fer c14H20 : C, 89.29; H, 10. 71. Found.: C, 89.20; H, 

10.76. 

A similar procedure applied ta a mixture of 19a:2Qa (1.0:1.6) 

resulted in an 84% yielc:l ef 14a. 

2.6-and.2.7-Di-tert-butyl-l,2,3,4.-tetrah¥sironaphthalene.(19a) and 

17 (20a) .- A sample (240 g, 1. 00 mol) of a mixture . ef 2, 6- and 2, 7-di-

~-butylnaphthalene (l. 0: 1. 6) 12c was ·hydregenat~d for 60 hr using Pd/C 

catalyst (6 g, 10%) and acetic.acid (1.25 1.) as·described abeve •. A 

werk-up analegous to that previously described gave 236 g (97%), bp 138° 

(0.5 mm), of a mixture ef 19a and 20a. 

isolation of 19a and 20a Using Thiourea.~ Application of a proce

dure19 described prevfously for the separation 0f 2,6- and 2, 7.-di:-tert-

butylnaphthalene tea mixture of 19a and 20a gave 19a as the thieurea 

adduct whereas 20a was excluded. Hydrocarbon 19a was leached frem the 

12d thiourea adduct by Soxhlet extraction with petroleum ether. Concen-

tratiQn and crystallizatien gave 19a, mp 90-92°; mass spectrum (70 eV) 

m/e (rel intensity) 244 (19), 230 (19), 229 (100), 57 (64), 41 (36), 

29 (26); pmr spectrum (Cc14) o 7.05-6.76 (m, 3, ArH), 2.92-2.26 (m, 4, 

ArCH2), 2.07-1.78 (m, 1, ArCH2CH), 1.61-1.16 (m, 2, ArCH2C.!i2), 1.27 

(s, 9, ~-butyl attached at C-6), 0.95 (s, 9, ~-butyl attached at 

C-2). 



Anal. Calcd for c18a28 : C, 88. 45; H, 11. 55. Found: C, 88. 53; 

H, 11. 48. 
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Hydrocarbon 20a, excluded from the thiourea adduct, was ebtained·as 

colorless crystals, mp 40-42°; mass spectrum (70 eV) m/e. (rel inten~ity) 

244 · (17), 230 · (20) , 229 (100) , 57 (73) , 41 (36), and 29 (23); pmr spec-

trum (CC14) o 7.04-6.76 (m, 3, ArH), 2.93-:-2.28 (m, 4, ArCH2), 2;10-1.78 

(m, 1, ArCH2C!!.), 1.61-1.17 (m~ 2, ArCH2C!!,2), 1.26 (s, 9, t'ert.,-butyl 

attached at C-7), 0.94 (s, 9, J:.m-butyl attached at C-2). 

Anal. Calcd for c18H28 : C, 88.45; H, 11.55. Found; C, 88.58; 

H, ll. 53. 

Tetralin 15a.- Prepared by J:.ill"""butylatfon of tetralin. 17 

Tetralins 17a and 18a.- Prepared by Pd/C .... catalyzed hydri::>genation 

of the corresponding naphthalenes in acetic acid. The purification of 

20a 20b the gift dimethylnaphthalenes was accomplished via their picrates. 

General. Procedure for Chr0mic Acid Oxidations,-· - To a magneticC).lly 

stirred solution of 0.04 mol. of hydrocarbon in 1 1. of acetic acid was 

added dropwise 170 ml of 10% aqueous Cro3 acetic acid s0luti0n21 over a 

period of 30 min. The reactien temperature was maintained between 17-

21° using an ice bath.. Each reactien was allewed te preceed te comple

tion (ca. 2 hr) as evidenced by glc. 12a,c !he reaction mixture was then 

diluted with 6 l; of distilled water and extracted with ether (2 x 1.5 

L), The combined ether e~tract was washed with water and saturated 

NaHco3 , dried (Na2so4), decanted, and concentrated, The resulting crude 

products were.distilled and ratios determined by pmr and triangulation 

of the glc curve. 

Yield Optimization of 1.,-Tetralone (lOb) from Tetralin (lOa).- A 

series of five experiments in which the mol ratio of Cr03 :10a ranged. 
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from.7.4:1 to 3.1:1 were carried out to determine optimum, conditions. 

The maximum yield of lOb was ·ebtained with the ratio 5:1 as described 

above. In addition, three experime~ts varying the volumn of acetic acid 

indicated that dilution over the recommended amount in the·procedure 

lowers.the yield and allows suryival of tetralin. 

llb: bp 76..,78°. (0.3 mm) [lit. 22a 135-37° (16 mm)]; ir (neat) 

-1 1680 cm (C=O); mass spectrum (70 eV) m/e (rel intensity) 160 · (47), 131 · 

(17), 118 (100), 90 (61), 89 (21), 28 (26); pmr (CDC13) o 8.03-7.79 · 

(m, 1, ArH peri to carbanyl), 7.49-6.94 (m, 3, ArH), 3.05-2.72 (m, 2, 

ArCH2), 2.67-1.29 (m, 3, ArCH2CH2C!!.), 1.16 (d, 3, ArCOCCH3). 

!1£: bp 78° (O. 5 mm) [l:f.t, 22b 142-43° (16 mm)]; mass spectrum 

(70 eV) m/e (rel inten,sity) 160 (53), 145 (39), 118 (100), 115 (15), 91 

(15), 90 (42); pmr (CDC13) o 8.00-7.75 (m, 1, ArH peri ta carbenyl), 

7.52-6.92 (m; 3, ArH), 2.91-L79 (envelope, 5, ArCH2CHCH2), L07 (d, 3, 

ArCH2CHCH3). 

,m: mp 48..,50°; mass spectrum. (70 eV) m/e. (rel. intensity) 160 

(63), 132 (100), 104 (56), 103 (22), 78 (23), and 51 (22); pmr (CC14) o 

7.73 (d, 1, ArHperi t;a carbonyl), 7.33-6.90 (m, 2, ArH), 2.78 (t, 2, 

ArCH2)' 2. 27 (s' 3; ArCH3)' 2. 60-L 84 (m, 7' ArCOCH2CH2 and ArCH3). 

Anal. Calcd fer c11H12o: C, 82,46; H, 7.55. Feund: C, 82.58; 

H; 7.59. 

12e: bp 75-78° (0.2 mm); mass spectru'Ql (70 eV) m/e (rel intensity) 

160 (48), 132 (100), 104 (35), 103 (17), 78 (19), and 51 (16); pmr 

(CC14) o 7.30--6.76 (m, 3, ArH), 2.86·(t, 2, ArCH2), 2.56 (s, 3; ArCH3), 

2. 72-2.42 (m, 5, ArCOCH2 and ArCH3), 1.98 · (m; 2, ArCOCH2CH2). 

Anal. Calcd for c11H12o: C, 82.46; H, 7.55. Found:· C, 82.39; 

H, 7.55. 
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,ill: bp 75-77° (0.2 mm); mass spec;trum (70 eV) m/e (rd intensity) 

160 (51), 145 (18), 132 (100), 104 (40), 78 (19), and 51 (18); pmr 

(CC14) o 7.76 (d, 1, ArH peri to carbc::myl), 7.06-6.84 (m, 2, ArH)-, 2.81 

(t, 2, ArCHz), 2.19 (s, 3, ArCH3), 2.56-1.86 (m, 4, ArCOCH2qH2). 

~· Calcd fqr c11H12o: C, 82.46; H, 7 .55, Feund: C, 82.60; 

H, 7. 53. 

13c: mp 32-34° [lit. 22a 35-36°]; ir (neat) 1680 cm-l (C=O); mass 

spectrum (70 eV) m/e- (rel intensity) 160 (73), 132 (100), 104 (75), 103 

(23), 28 (21); pmr (CC14) o 7.76 (s, 1, ArHperi to carbenyl) 7.08 (m, 

2, ArH), 2,83 (t, 2, ArCH2), 2;55-1.91 (m, 4, ArCH 2C!!2C!!2), 2;30 (s, 3, 

ArCH3). 

14b:lla bp 109° (O,l mm); ir spectrum (film) 1680 cm-l (C=O); mass 

spectrum (70 eV) m/e (rel intensity) 202 (2), 147 (37), 146 (100), 145 

(27), 131 (19), 118 (19); pmr spectrum (CC14) o 7. 94-7. 80 · (m, 1-, ArH 

peri to carbenyl), 7.40-7.01 (rn, 3, ArH), 3.02-2.84 (rn, 2, ArCH 2), 2,38-

1.69 (rn, 3, ArCOCHCHz), 1.08 (s, 9, ~-butyl). 

Anal. Calcd for c14H18o: C, 83.l.2; H, 8197. Feund: C, 82.87; 

H, 8.82• 

The red-erange 2,4-dinitrophenylhydrazone of 14b melted at 228-

230°. 

Anal. Calcd for c20H22N4o4 : c, 62.81; H, 5.80. Found: C, 62.83; 

H, 5.80, 

14c: 11a mp 68-70°; ir spectrum (CC14) 1675 cm-l (C=O); mass spec.,. 

trum (70 eV) m/e (rel intensity) 202 (24), 146 (100), 145 (37), 117 

(21), 115 (22), 57 (47}; pmr spectrum (CC14) o 7 .98-7 .83 (m, 1, ArH peri. 

to carbonyl), 7.48-7.07 (m, 3, ArH), 3.08-2.45 (m, 3, ArCH 2 and ArCOCH), 

2.38-1.66 (m, 2, ArCOC!! and ArCH2CH), 0.98 (s, 9, tert-butyl). 



Anal. Calcd for c14H18o: C, 83.12; H, 8.97. Found: C, 83.24; 

H, 8. 91. 

The red-orange 2,4-dinitrophenylhydrazone of 14c melted at 223-

224°. 
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Anal. Calcd for c20H22N4o4 : C, 62.81; H, 5.80. Found: C, 62.99; 

H, 5. 79. 

-1 
hp 102° (0.2 mm); ir (neat) 1680 cm (C=O); mass spectrum 

(70 eV) m/e (rel intensity) 202 (24), 187 (100), 131 (18), 115 (13), 91 

(9), 41 (11); pmr (CC14) 8 7.83 (d, 1, ArH peri to carbonyl), 7.30-7.10 

(m, 2, ArH), 2.88 (t, 2, ArCH2), 2.49 (t, 2, ArCOCH 2), 2.04 (p, 2, 

ArCH2cH2), 1.30 (s, 9, tert-butyl). 

Anal. Calcd for c14H18o: C, 83.12; H, 8.97. Found: C, 82.99; 

H, 8. 94. 

The red 2,4-dinitrophenylhydrazone melted at 241-243°. 

Anal. Calcd for c20H22N4o4 : C, 62.81; H, 5.80. Found: C, 62.74; 

H, 5.85. 

15c: mp 99-100° [lit. 22c 101-102.5°]; mass spectrum (70 eV) m/e 

(rel intensity) 202 (19), 188 (15), 187 (100), 159 (6), 131 (11), 115 

(9); pmr (CC14) 8 7.94 (d, 1, ArH peri to carbonyl), 7.46-6.98 (m, 2, 

ArH), 2.88 (t, 2, ArCH2), 2.53 (t, 2, ArCOCH2), 2.08 (p, 2, ArCH2C!!,2), 

1.33 (s, 9, tert-butyl). 

16b: hp 86-90° (0.2 mm); mp 49-51° [lit. 23 50°]; mass spectrum 

(70 eV) m/e (rel intensity) 174 (85), 146 (100), 118 (71), 117 (30), 

115 (28); pmr (CC14) 8 7.56 (s, 1, ArH peri to carbonyl), 7.04 (s, 1, 

ArH), 2.73 (t, 2, ArCH2), 2.27-2.22 (twos, 6, ArCH3), 2.6-1.9 (m, 4, 

ArCOCH2cH2). The red 2,4-dinitrophenylhydrazone became dark at 230° 

and melted at 272°. 
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1§£: 14 bp 105Q (0.6 mm); mass spectrum (70 eV) m/e (rel intensity) 

174 (46), 146 (100), 118 (19), 117 (18), 115 (15); pmr (CC14) o 6.77 

(s, 2, ArH), 2.82 (t, 2, ArCH 2), 2.52 (s, 3, ArCH3 peri .to carbonyl), 

2. 25 (s, 3, ArCH3), 2. 6-1. 8 (m, 4, ArCOCH 2cH2) • 

Anal. Calcd for c12H14o: C, 82.72; H, 8.10. Found: c, 82.83; 

H; 8.35. 

The red 2,4-dinitrophenylhydrazone melted at 202-203°. 

17b and 17c: hp of 2.0:LO mixture, 83-85° (0.2 mm). The ratie of 

the mixture was established by glc12a,cand by integration of the two. 

pmr (CC14) doublets centered at o 1.14 and 1.04 respectiveJ,.y. Mass of 

17b:l7c (2.0:1.0) (70 eV) m/e parent ion (rel intensity) 174, M+ (50). 

!Sb and 18c: hp of 1.0:8.0 mixture, 93-95° (0.3 mm). The ratio of 

h . · bl' h d b 1 12a,c d b · · f h t is mixture was esta is e y g c an y integration o t e two 

pmr (CC14) doublets centered at o 1.13 and 1.00; mass spectrum of 

18b:l8c (1.0:8.0) (70 eV) m/e, parent ion (rel intensity) 174, M+ (49). 

19b and 19c: hp of L0:3.0 mixture, 128-131° (0.2 mm). The ratio 

of this mixture was established by glc12c and by integratiem of the two 

pmr (CC14) singJ.,ets at o 1.05 and. 0.94; mass spectrum ef.19b:19c 

+ (1.0:3.0) (70 eV) m/e, parent ion (re~ intensity) 258, M (20). 

-1 
20c: mp 84-86°; ir spectrum (CC14) 1670 cm (C=O); mass spectrum 

(70 eV) m/e. (rel i~tensity) 258 (28), 243 (45), 202 (59), 201 (39), 187 

(36), 57 (100); pmr spectrum (CC14) o 7.Sl·(d, 1, ArH peri to carbonyl), 

7.30-7.10 (m, 2, ArH), 2.94-2.50 (m, 3, ArCH 2 and ArCOCH), 2.32-1.82 

(m, 2, ArCOCH and ArCH2q!), 1.33 (s, 9, tert-butyl attached at C-6), 

O •. 98 (s, 9, tert-butyl attached at C.;;.3). 

Anal.. Calcd for c18H26o: C, 83.66; H, 10.14. Found: C, 83.59; 

H; 10.14. 
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The red 2,4-dinitrophenylhydrazone melted at 244-245°. 

Anal. Calcd for c 24H30N4o4: C, 65.73; H, 6.90. Found: C, 65.71; 

H, 6.96. 

2lb: 14 bp 95-100° (0.2 mm); mp 20° from isopropyl alcohol; ir 

(neat) 1675 cm-l (C=O); mass spectrum (70 eV) m/e (rel intensity) 188 

(41), 146 (100), 118 (27), 117 (25), 115 (19); pmr (Ccl4) 8 6.95, 6.79 

(AB q, 2, ArH), 2.46 (s, 3, ArcH3 peri te carbonyl), 2.10 (s, 3, ArCH3), 

2.9-1.2 (envelope, 5, ArCH2cH2CH), 1.08 (d, 3, CH3); uv max (95% c2H50H) 

213 nm (log E 4.73), 254 (4.18), and 300 (3.62). 

Anal. Calcd for c13H16o: C, 82.93; H, 8,57. Found: C, 82.89; 

H, 8.43. 

The 2,4-dinitrophenylhydrazone, mp 183-184°, was prepared. 

14 fu: mp 71-72°; mass spectrum (70 eV) m/e (rel intensity) 188 

(65), 173 (25), 146 (100), 118 (31), 117 (27); pmr (CC14) 8 7.01, 6.81 

(AB q, 2, ArH), 2.49 (s, 3, ArCH3 peri to carbonyl), 2.17 (s, 3, ArCH3) 

2.1-1.7 (envel,ope, 5, ArCHzC!!,CH3cH2), 1.07 (d, 3, CH3); uv max (95% 

c2H50H) 213 nm (log E 4.67), 254 (4.08), and 306 (3.42). 

Anal. Calcd for c13H16o: C, 82.93; H, 8.57. Found: C, 82.90; 

H, 8.65. 

The 2,4-dinitrophenylhydrazone melted at 249-250°. 

22b and 22c: hp of 1.0:6.1 mixture, 96-99° (0.3 mm). The ratio 

of this mixture was established by glclZc and by integration of the two 

pmr (CC14) singlets at 8 1.09 and 0.98; mass spectrum ef 22b:11£. 

(1.0:6.1) (70 eV) m/e, parent ion (rel intensity) 202, M+ (36). 
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HYDROGENOLYSIS AND DEUTERIUMOLYSIS OF KETONES 
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CHAPTER IV 

INTRODUCTION AND HISTORICAL 

The use of hydrogen and catalyst for bench-scale conversi.ons. in 

organic synthesis has recently received increased attention. 24 Hydro-

genolysis, molecular cleavage with hydregen and noble-metal catalyst, is 

in ma.ny cases the pref erred technique for removing oxygen at the ben-

zylic pesition. In s,d,ditien, there are several ethermetheds available 

f h . 25 or sue cenversions. 26 Linstead in 1940 first pointed out.the poten-

tial of catalytic hydrogenolysis of 1-tetralones to tetralins. 27 Newman 

in 1943 clearly demonstrated that S-ar~ylpropionic acids may be con

verted to y~arylbutyric acids. Baker28 in 1946 also used the technique 

29a and called attention to its utility. More recently, Rylander has 

demenstrated that the product cempesitien from catalytic reductien ef 

acet0phenone is dependent on choice ef catalytic metal. Palladium was 

shown to catalyze reducti0n and hydrG>genolysis wit;h ne ring hydrogena-

tion. Rhodium, on the other hand, reduces the arematic ring wit;h reten-

tion of. the oxygen attached at the benzylic positian. Platinum gives 

both hydrogenelysis of the carbc:inyl and reduction ef the.aromatic ring 

in a nonselective fashion. Horning29b used Pd/C and hydrogen.in the 

conversion of benzoin (12) to 1,2-diphenylethane (24). 

In this laboratory, we were confronted with the need to conven-

iently deexygenate organic compounds te hydrocarbons in geod yield and 

at times on.a large lab0rat0ry scale as part of our synthesis pregram 
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for the American Petroleum Institute. An early study was to improve a 

conventional synthesis of alkyl-substituted naphthalenes, in this case. 

hydrocarbons analogous to cadalene (l,4-dimethyl-6-isoprapylnaphthalene) 

(12). A common textbook synthesis required seven steps and provided an 

18% overall yield.z9c We verified this synthesis and concluded it was 

not practical for J,arge-scale work. Throug;h use of .. Pd/C. in hydrogena-

tion and hydrogeno1ysis and with other modern reagents, the total yield 

was increased to 65% and the number of steps reduced to those shown in 

Figure 3. A .considerable -reduction in time and effert was also realiz.ed 

Hz, Pd/C r.co H 
CH3COzH I> () z 

Z7 

~PPA 

~ Z8 

Pd/C 

Hz, Pd/C 
<1 

• 
Figure 3. Use of Hydrogenolysis in the Synthesis 

of PE>lymethylnaphthalenes 

so that it is now possible to prepare substituted naphthalenes in good 

yield in days rather than weeks. 14 Hydrogen0lysis of the keto acid Z6 

to 1:1. and the tetralene Zlb to. Zla is aided by acid:(.c solvents, in this 

case, acetic acid. In neutral organic solvents containing an alkali 
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metal hydrox;l.de, hydrogenolysiS·does not occur.29, 3o VanBekkum has 

demonstrated the presence of a steric effect in the hydragenation of 

k ' t 30 e ones. 

An obvieus extensian . of hydragenolysis would be to replace the .. 

reactant, hydro~en gas, with deuterium gas. This technique ceuld be 

used as a convenient methed far selective labeling 0f appropriate com-

pounds with,deuterium. Surprisingly; little has been done.to utilize 

deuteriumelysis in this capacity. A pessible limitatien of the proce-

dure weul,d be. unwanted. incorporation ef .. deuterium in the start;i.ng ke-

tene, as a resultef enelizatien prior ta deuteriumelysis. 

This problem is.expected ta exist in acidic solvents, particularly 

acetic acid-Q.-d. However, attempted deuterium exchange between acetic·. 

acid-0-£. and the methyl hydrogens of acetophenene :I.n the absence 0f 

deuterium gas hasbeen.shii>wn to· be negl;l.gible at 65°.31 Exchange.of. 

aromatic pretium with the deuterated solvent was also shown to be unim-

31 pertant;. Thus, there is a good indication that deuteriumolysis of 

benzylic ketones.can eccur,with select;i.ve placement of det,iterium, 



CHAPTER V 

DISCUSSION AND RESULTS 

The auther underteek a study af ·.the Pd/C-catalyzecl, hydrogenelysis 

of ketonesrelated to acet;ophenene to test fer the presep,ce ef a steric 

32 limitatien.of the reactien. The ketenes used in.the studyare shewn. 

in Table II. It is evident from the.data i;;hewn that reduction to the 

alcohol is retarded by a steric effect in the sid~. chain ef the ketcme. 

Hewever, this effect is minor cempared to the dramatic retardation from 

the steric effect obtained by substituting the arematic ring sf.the 

ketene with alkyl groups. 

In a like ,manner; hydregenol,ytic remevaL af the hydroxyl greup 

(Table. III), the. final step of convers:j.cin t;o hydrocarbon·, is retarded 

by increasing the steric requirements of the side chain. 

In the absence ef steric effects such as the extreme cases cited in 

31,34 Table II, · most ketones related ta acetephenone :respand nicely ta 

deoxygenatien via catalytic.hydrogenelysis and this is a superior methed 

of hydrocarben synthesis. Hewever, in same cases, the available ketone 

and/or the resulting hydrE>carben ceuld net;be brought ta the required 

purit;y and it bec;.ame necessary te resort te preparatien 0f·carbonyl 

d . t. f 'f. . 33 · eriva ~ves or puri icatie~. But since the hydrecarbon was the 

desired.product and the purified ketene was nE:>t :required, we decided to 

investigate. direc;.t hydrogenolysis of ca:rbcmyl derivatives ta hydra..,. 

34 carb0ns. 

..,.., 
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TA.BLE II 

HYDROGENOLYSIS OF KETONES RELATED TO ACETOPHENONE 

(r 

Hydrogenation Time (seconds) 

~ 10% of * For Z5% of 
Theoretical Hz Theoretical Hz Completion 

0 
II 

~ 390 1011 1.38 hr 
40a 

0 
II 

~ 385 998 Z.4Z h:r 

12. 
0 
11 

@::r 463 1199 1. 55 hr 

0 
II 

~ 607 1594 1.07 hr 
(to alcqhol) 

©{ 380 1357 1. 90 hr 
11 

AC Too Slow 
TSTM To Mea$ure 

33 

'¥ TSTM TSTM 

34 

*GLC data show that only the alcohol is present at this point. 



OH 

if' 
OH 

©1-
36 

OH 

©TY 
]]_ 

OH 

©(>< 
38 

TABLE III 

HYDROGENOLYSlS OF ALCOHOLS RELATED TO 
o<.-METHYLBENZYL ALCOHOL 

25 

..------Hydrogenation Time (seconds)------\ 

(r 10% of ;For 25% of \ 
Theoretical H2 Theoretical H2 Completion a 

196 484 1. 22 hr 

314 780 1.78 hr 

4348 7.40 hr 

TSTM TS'I'M TSTM 

a . 
Monitored by comparison of GLC peaks. 

6nuplicate result. In one run, an equal molar amount of cone. HCl was 
added at 25% theoretical H2. The reaction quickly proceeded to comple
tion (1. 65 hr.). 
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y 

39c, y 

39d, y 

39e, y 

12!, y 

Figure 4. 

Pd/C, H2 

= NNHC 6H3 (N02) 2 
= NNHCONH2 
= NNHC 6H5 
= NOH 

Hydrogenolysis of Carbonyl Derivatives of 
Benzophenene 

26 

As applied to. benzophenene (39a) of Figure 4 er acetophen~me (40a) 

ef Figure 5, which. were used te screen fer the most suitable derivative, 

the 2 ,4-dinitJ;"ephenylhydrazene appear~ to. be the mH.t effective deriva"':' 

tive fer hydregenolysis to.pure.ill and 40b. The results of hydrogen

elysis experiments applied te .·several carbonyl derivatives (Figure 5) 

are shewn in Table IV. 

Gas-liquid chromategraphy (glc) studies were used to. determine the. 

extent ef hydrogenolysis and hydregenation. For example, acetophene~e 

phenylhydrazone (40e) gave smp.e phe.nethylamine as well as cyclohexyla.,.. 

mine. Additional hydr0genolysis·converted the former te ethylbenzene 

and extract;:ien with aqueeus hydrechJ,0ric. acid remeved. the latter. Glc 

studies were als0 used t;0 identify the hydrecarbons re~ml ting from 

hydregenolysis andte determine the yield ef 39b, 40b, fil, 42b, and 
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¥ 
y y 
II II 

y ~ ©O II 

y = 0 

y = H2 
y = NNHC 6H3 (N02) 2 

0 
II 

y = NNHCNH 2 
y = NNHC 6H5 
y .. NOH 

c6H5CCH3 

40a 

40b 

40c 

40d' 
40e 

40f 

41a 42a 

4lb 42b -.-
41c 42c 

Figure.5. G0mpounds Used in Hydrogenelysis Studies 

!Ob __._,_ 

!Oa 

lOc 

!Oa. The nitrogenous hydregen(;)lysis-}lydrogenation products 0f 0ximes, 

semicarbazones and 2,4..-dinitrephenylhydrazenes were not investigated. 

In general; the hydrogenolyses could be braught te completion in 

3-7 hours. H0wever., 41a and its derivatei:i .fu and 41d were resistant te 

hydrogenelysis as compared ta 39a and 40a anQ. their derivatives. As a 

result of pre longed treatment,. 11overhydregenation" was observed for 41a 

and 41d but surprisingly, the.2,4--dinitrophenylhydrazone 41c cleanly 

hydrogenolyzed te the corresponding hydrocarbon i!.]2..· Overhydrogenatien. 

may result. frol!l prolenged er severe treatment ef 39a er 40a and. their 

derivatives. This was. absen_f; in 42a a~d 10b and.their 2,4-dinitro-

phenylhydrazones. 

Since catalytic hydregenolysis may be used ta cemvert .benzylic 

ketenes, ketone derivatives, and alcmhels ta hydracarb0ns, it seems 

reas0nable that deuteriumelysis .of ketemes, at least in principle, would 

be.an elegant and ecenomical means fer introducing deuterium at the 
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TABLE IV. 

HYDROGENOLYSIS OF CARBONYt·D~RIVATIVES 

Compound a Reaction Hrs % Yield.b 

39a - 1.5 95 

39c 7 92a 

J9d 6 93a 

39e 6 96a 

39£-. 4 96a 

40a -........ l.5 95. 

40c 6 81 -
40d 5· 97 ..,_ 

40e -· 5 94 

4@f 3 82 

41a 2.5 92 -
41c 21 84 -· 
4ld 10 75 

lli 1 87 

42c 3 71 

l©b 1 94 -
10c 4 95 

a 
Fer preparatie111 .and melting paints .,ef these derivatives except .as 
neted,.see R. L• Shriner, R. C~ ~use'J;l, and D. Y. Curtin, "The Systema
tic Identificat:ien .ef 0rganic. Cempl!lunds, 11 ·Jahn. Wi],ey and. Sens,. Inc. , 
New Yer'k, 5th EQ.., 1964, pp. 147, 253; 289; 363,. and 364. The melting 
po:ints .. of these derivatives agreed .with literature values. 

b 
Glc cemparisqn with standards. 

a 
Gravimetrically 4etermined as well. 



benzylic positien. A possible limitatien1 is the exchange ef aromatic . 

35 36 protium by deuterium. · ' 

To determine whether this was a suitable methed for synthesis ef 

hydrocarbons labelled with deuterium at the benzylic pesitien and to 

ascertain whether exchange ef aromatic pretium weuld take place, the 

deuterialysis. of benzephenene (39a) was studied. · 

The reduction ef 39a was studied in acetic acid and acetic acid~ 

.Q.-d; Figure 6, at atmosph1ar:i..c.pressure-with Pd/C using hydrogen and 

deuterium. The deuterium centent ef the phenyl rings ef 43 was deter.,. 

29 

mined by pmr-integratien ef the arematic.abserptien signal using cycle

hexane as the internal standard. 37 

0 
II 

H2' Pd/C 

CH3co2H I> c6H5CH2C6H5 I> 

39b 

D2, Pd/C 

CH3co2D I> c6H5cn2c6H5 

Figure 6, Hydroge~elysis and Deuteriume~ysis 
ef Benzephenene 

II 

.lli. 
0 
II 
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TABLE V 

NORMALIZED AROMATIC PROTON RA':r!OS 
FOR 39b .AND· 43 

Number ef Phenyl Pretons b 

Compound in Melar 
Sample Cyclohexane RatiQ a A-60 HR.-60 

1 Diphenylmethane 1.1619 10.499 a 
± Q.lOld 

10.607 ± 0.096 

2 1.1470 10.469 a 10.150 .0.146 ± 0.118d ± 
:)..0.574 ± 0.103 

3 1.3018 10.456 a 10.201 0.109 ± 0.097d + --, 

10.467 ± 0.091 

4 1,2587 lQ,457 ± 0.091~ 10.153 ± 0.109 
10.521 ± 0.136 

AV 10.498 ± 0.036 10.171 ± 0.068 

5 Dipheny:).methan~.,.. 1.1566 10.717 + 0.],42(] 10.029 ± 0.098 ...,. 

cx,cc..,.d2 
10.491 ± 0.088 d 

6 1. 0735 10,465 a 10.086 ± 0.104 ± 0.096 
10.623 ± 0.09ld 

7 1.1562 . 10.540 ± a 10.139 ± 0,092 0.114a 
10.652 ± 0.091 

AV 10,569 ± 0.041 10.087 ± 0.056 

a Melar ratie of 39b:cycl0hex.;ine or 43:cyc10hexane.was chei:ien se that the 
abserptiens ef the phenyl:cyclehexYT pretens were aa. eq:µal. 

bNermal,ized to a cyclehexane value of 12 with an average ef 15-20 inte
grations 0f each sample at twe different amplitudes. A 5% errer in 
sample preparati0n was assume~ in calculating standard deviatiens. 

c,dData obta.ined at different integral ampl;i..tudes. 
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averages were weighted in proportion to the reciprocals of the squares 

f h . d d d i . 38 e t eir stan ar .ev ations. The atom fraction of hydrogen in the 

aromatic rings of 43 is 10.569/10.498 or 1.0068 ± 0.0052, yielding 10.07 

± 0.05 atoms of aromatic hydrogen. These results were verified by use 

of the HR-60 spectrometer. As seen in.!able V, the deviation from 10 

far the number of aromatic protons of 39b is less for HR-60 data than 

for A-60 data. The HR-60 data.yields an atom fraction ef aromat:ic 

hydrogen for 43 of 10.087/10.171 or 0.9918 ± 0.087. The atoms of aro-

matic protium are thus 9,92 ± 0.09. 

The determination of the deuterium content of the aromatic rings of 

43 by mass spectrometry is complicated by the observation that both 

methylene and aromatic hydrogens are involved in the loss of c6H5 from 

the molecular ion of 39b in forming m/e 91. 39 

This problem was-reselved by reoxidation ef 43 to benzophenone 39h 

with chromium trioxide in acetic acid. To establisl'). the absence of 

exchange accompanying oxidation, 39b was oxidized to benzophenone 12&. 

with chromium trioxide in acetic acid-Q-.Q.. The presence of an M-1 ion 

at all values of the ionizing voltage great em:iugh to produce a useful 

molecule ion intensity precluded determination of the deuterium content 

in 12& and 39h frem the molecular ienregion of its spectrum. The 

intense fragment ion at m/e .105 in the spectrum of 39a was chosen 

because of the.absence of peaks (a) at lower mass, (b) at m/e 106 and 

107 in excess of natural abundance isotope peaks fer m/e 105, and (c) 

ions from m/e 108 through 110, Since any isotope effect on less of c6H5 

should be negligible, the atom % deuterium in the mf e 105 ion will be 

equal ta that in the molecular ion. 



0 
II + 

c6H5-c-c6H5 

M/e 182 M/e 105 

Figure 7, Fragmentation of Benzephenone 

Comparisc:m of the intensities .f!>f m/ e 106 and 107 from the spectra - . 

ef 39a and 12& (Table VI) shews that within experimental error, the 

exidation ef 39b .in acetic aQid-Q-d proce~ds without incorporation ef 

deuterium in,the aromatic ring. 

TABLE VI 

ION INTENSITIES IN THE SPECTRA OF 39a AND39g 

M/e --
105 

106 

107 

100.0 

8.],5 

0.70 

a Intensities 

100.0 

8.00 

0.69 

a Average ef data f~om ten each 15 and 16 eV 
Spectra 
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In the mass spectrum of 39h, Table VU, small res:i,dual intensities, 

which may be w:i,thin experimental errar equal to zero, are observed at 

m/e 106 and.107. From these average values, the percep.f;ages of species 

containing O, 1, and 2 atoms of D were calculated (Table VII). The atom 

percent of aromatic hydrogen in 43 and 39h is calculated to be 99.9 ± 

0.4%. 

lOS 

106 

107 

TABLE vn 

RESIDUAL ION INTENSITIES IN- THE MASS 
SPECTRUM OF 39ha 

Intensities b Species 

100.0 do 

0,287 :!;: o.470 dl 

0.064S ± 0.0499 d2 

Percent of Total 

99.6S 

0.29 ± 0.47 

0.06 ± a.as 

a Based upon data from ten scans ~ach at 1s,o and 16.0 eV and corrected 
fer naturally accurring heavy isotapes. 

b Derived by cemparing spectra af 39a and 12&• 

Thus, be·th metheds of analysis indicate that na mc:>re than 0. OS% 

deuterium becomes inc~rporated in the aromatic rings of 39a during 

deuterialysis or in the aromatic rings ef 39b during oxidation with 

chromic acid. Because ef the relative law cost of gaseous deuterium and 

the simplicity of-the pracedure, this method promises to be a useful 



technique for specific introduction of deuterium at the benzylic posi

tion. The general applicability of th~s process is under study. 
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CHAPTER VI 

EXPERIMENTAL12 

General H:ydregenolysis Procedure • ....- A water-jacketed.glass reaction 

vessel (300 ml) is charged,with 0.5 g ef 10% Pd/c40a and 75 ml of acetic 

acid. The glass.hydrogenation system is evacuated and flushed·with 

hydrogen.twice, and the ca1;:alyst.sat;urated with hydrogen over a peried 

of 30 minutes •. The reaction temperature is maintained at 30° ± 0.5 

using a circulating water bath.1 A sample (O. 0125 mol) of the ketone or 

alcQh<;il is then intreduced by means ef a sample in;l.et on the reaction 

vessel, A recerd.af hydr0gen.consumpti0n versus time32 at·ene atmos,-

phere hydregen presstire is taken. · A mercury res.erveir is used fer hy-

dregen storage. See Table II or Table III. 

Hydregenel:zsis ef Ketene Derivatives.- The purified carbonyl 

derivative (0;03 mol) is introduced into a 300-ml stainless steel hydro-

genatien vessel centaining 50 ml of acetic acid and 0.6 g of 10% Pd/C 

40a catalyst. The ve$sel is evacuated, hydrogen is introduced, and the 

vessel is shaken at 30-50psi and50-60° C until.the pressure drop 

40b ceases. Excess hydrogen is vented, and the vessel cemtents are 

filtered through Dicalit;e t;e.remc::ive 1:he catalyst. The· filtrate is 

diluted with 200ml of water and extracted with eth.er (2 x 100 ml), and 

the extract is washed with l.0% NaOH (2 x 100 1111), dried· (Mgso4), an,d 

concentrated by distil.latiem or evaperatiep. under reduced pressure. 

Other details are given in Table.IV, 



Preparation of Carbonyl Derivatives.-- The carbonyl derivatives 

used were prepared according to published procedures (Table IV) and 
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were purified by recrystallization from 95% ethanol except for 4lc, 

(2,4-DNP), which was best purified by successive recrystallization from. 

nitroethane 41 and isepropyl alcohol. 

GLC Studies of Hydrogenolysis Products.-·-· A standard solution of 

the product hydrocarbon in ether (ca. 2%) was prepared and the glc curve 

was obtained42a with duplicate or more injections (4 µl) onto a 1/4 in. 

x 11 ft. column of 5% UC W-98 coated en 80-100 mesh, acid,washed, DMCS-

treated Chromosorb G heated at 190°. The peak areas of average injec-

tiens were used to compare with peak areas obtained for each hydrogen~ 

olysis product. The yields (Table IV) were derived from .. these data and 

also gravimetrically for benzcrphenone derivatives. 

Reduction of Benzophenane (39a). (a2 Deuteriumolysis to Diphenyl ... 

methane-a,a-d2 (43).-- To a dry 300 ml hydrogenation flask containing 

10 ml of CHf020 and 1.82 g of 10% Pd/C catalyst, saturated.with 60 ml 

of D 2, was added 9~1 g (O. 05 mE>l) of lli, dissolved in 50 ml af CHJCO 2n. 

Reductien at atmospheric pressure was- continued fer 5.4 hr until 2535 ml 

(0.105 mal) ef D2 was c1Dnsumed, The· catalyst was filtered out with 

Dicalite and the filtrate was made basic with 10% NaOH. Extracting with 

ether (2 x 200 ml), drying (Mgso4), concentrating by rotary evaporatian 

und.er reduced pressure, dissolving in 100 ml petroleum ether, bp 60-68 °, 

and filtering threugh a 0.5-in. (OD) combination column. (2 in. silica 

gel on top and 1 in. basic alumina at bottom) gave a colorless solution 

which was concentrated to yield.8.2 g ef 43. 

(b) Hydrogenation ef Diphenylmethane. (39b) .-- The· procedure 

described under part (a) was repeated using H2 te give 39b. 
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Chromic. Acid Oxidatign of Diphenylmethane (;~9b)· in Acetic Acid-
• ' · · . • · r " ' · 4 ' I • . , 

0-d.- A 0.84-g sample of l.2E, was added tQ 21 ml of CH3co2o. A s()lutien 

of 0.66 g cro3 in 0.33 ml o2o and5.8 ml CH3co2D was added dropwise ever 

18 min to the.magnetically stirred solution. The temperature of _the 

mixture, cooled with a water bath, rose from 20° 1;:o 25°. After-a 21-h~ 

period of stirring, a second identical portion of the oxidiziqg mixture 

was- added.· The temperature. rose 1°. After_ 24 additional. hours, a third. 

portion of exidizing agent was added and the temperature.,rese 1° ~ After. 

a total ef 52 hr, the reaction mixt4re was diluted. with 1C!l0 ml ·H2o and 

made basic with 10% NaOH. 

Extraction'(2 x 100 ml ethe~), drying (Mgso4), and concentrating 

gave 0.5 g ef a 70:30 (l2g_:39b) mixture. The mixture was- separated by 

chromatography with petroleum ether;- bp 60-68°, an a 0.5-in (OD) cam-

binatisn celumn (2-in. silica gel, 1 in. basic alumiµa, and.l in. acidic 

alumina - top to bottom), Eluti9n af. 39_b and 39g was accomplished with 

petraleum ethe~ and ether, respectively, 

Oxidation of Diphenylmethane-cx,cxd2· (43) .- A. 1. 7 ... g (0.01 ·mel) 

sample-of 43 was oxidized as described in the preeeding experiment 

excep_t that sufficient exidizin~ agent (5~28 g, 0~053 mel Cro3) was 

added aver 81 hr to. convert 43 to· 39h, whicJ:i was- obtained as 1. 3 g (72%) 

ef calerless crystals free E>f 43. Recrystallizat:J.an frem petroleum 

ether, bp 60~68°, gave 39h: mp 47-48° •. ----. 



PART III 

SYNTHESIS AND PURIFICATION 

OF HYDROCARBONS 
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CHAPTER VII 

INTRODUCTION 

The American Petroleum Institute (APl) initiat;ed the AP! Hydrocar

bon Research Project (AP! HRP) in 1938. 43 The prim$ry objective of the 

program was to synthesize and/o+ purify g.;i.soline-range hydrocarbons for 

engine testing, instrument calibration, and thermodynamic-studies. More. 

recent emphasis under API Research Project 58A has been on the synthesis 

44 of hydrocarbons to serve as standards for the petroleum industry and 

for use.in continuing thermodynamics studies at the Bureau of Mines 

Energy Research Center, Bartlesville, Oklahoma. ln add:i,tion, a need bas 

developed for pure polynuclear aromatic (PNA) hydrocarbons45 for use by 

the petroleum industry.in such areas as pollution, atundant health 

hazards, and refining operatic.ms. Because of these .needs fer PNA hydro-

carbons the AP! hydrocarbon synthesis project at Oklahoma State Univer-

sity, Stillwater, Oklahoma, is currently involved in the- synthesis of 

several specific fused-ring.hydrocarbons. 45 



CHAPTER VIII 

HISTORICAL 

Alkylnaphthalenesas·a whole have received. considerable attention 

16 because of-their occurence. in petroleum. Bailey · et a:;L. have described 

syntheses of the ten possible dimethylnaphthalene!:I; hqwever., for 1, 8-

dimethylnaphthalc:me <!i)· the synthesis invc;>lved a chain,,..lengthening step 

whic·h is unsatisfactory for large ... scale preparation, · Ried46 utilized 

reduction of 1,8-bis(chlorome~hyl)n,aphthalene ~ with lithium alumi

num hydride as a route to 44. The foi'lller requires ~reparation of ~ 

obtained by treatment of 1,8-naphtfialenedimethanol Ci§) with gaseous 

hydrogen chloride. A more, desir.able preparation of 44 would be direct 

catalytic hydrogenolys:ls of the di(!)l .i§.. Sarett47 and Plakhov48 have 

used the hydrosenolysis of 46 as a· source ... of ~ but experimental details· 

are meager and .the side products of the reactfon were.not mentioned. 

Procedures have been develeped thlilt provide pure alkylnaphthalenes 

fr.om petroleum sources. Separation of hydrocarbon .fracti(>ns has been 

49 achieved using dehydrated zeolitic metallic aluminosil:l,cates and 

l 1 . 50a,b Of i l i 50a . h . f mo ecu ar sieves. part cu ar nterest is t e separation o 

2;6-dimethylnaphthalene (!i!) fr~m 2,7-dimethylnaphthalene (~. 

Mixtures of 47 and 48 form a binary eutecticwhichcannet be broken.by 

distillation or so.lvent crystallization. · 'l'he seRaration is. achieved by 

selective· adsorp,tion of 48 with sodiµm type Y molecular siev~. The 

unadsorbed raffinate then yields pure 47. 

i.n 
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The purification of aromatic hydrocarbons has also been achieved 

via picrate.formation, purification of the derivative and regeneration 

of the hydrocarbon. The cleavage of arene picrates to the hydrocarbons 

may be accomplished by extraction of picric acid from a benzene solution 

f th · · h · h d 'd SOc di b o e pl.crate .wit ammonium y roxi e or aqueous so .. um car on-

t 50d a e. The separation of arenes from picric acid may al.so be done by 

adsorption of the latter on a column of alumina.SOe The arenes are then 

recovered from the benzene eluate. These tecq.n:Lques a:i;eadequate for 

small-scale isolations, but they become cumbersome, ted:Lous, and expen-

sive when larger quantities are involved. 

Hydrocarbons conta;i.ning more than two rings may be synthesized with 

1-tetralone (!Ob) as starting material. Orchin51 has used 1.QQ. in the 

preparation of 2-(3',4'-dihydro-1'-naphthyl)-3,4-dihydro-1(2H)-

naphthalenone (49). The latter synthesis involves using gaseous hydro-

gen chloride as a catalyst to. dimerize !Ob and dehydrate the. resulting 

HC! 

alcE1hol. The position of the doµble bond in 49 was origin.ally in 

doubt, 51 but recent work52 has sho.wn it to be S,y to the carbonyl func-

tion. Dehydrogenation of 2.2. with Pd/C prov:Lded a low yield of 1,2'-
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binaphthyl (lQ). 1-Tetralone (lOb) was also used in the synthesis of 

l-(Q.-tolyl)-3,4-dihydronaphthalene (..21) and 1-(£,-tolyl)naphthalene (~. 

However, in the course of this synthesis, a crystalline side product 

was isolated in 19% yield from the reaction mixture of lQ.Q. with 

£,-tolylmagnesium bromide. Analysis of the side product showed it to be 

c27H28o2, and its structure was shown to be l-(g_-tolyl)-l,l'-dihydroxy-

1,2,3,4,1' ,2' ,3' ,4'-octahydro-2,1'-binaphthyl (53). T:i::eatment of 53 

with boiling formic acid yielded~ hydrocarbon c27H24 . Structure .. 

assignment for this compound was made on the basis of ultraviolet 

adsorption data. The spiro hydrocarbon 54 was suggested as the most 

53 likely structure. 

. .HCOOH 



CIJAPTER IX 

DISCUSSION AND RESULTS 

The synthesis of 1,8-dimethylnaphthalene (2!) was· undertaken to 

provide the Bureau of Mines E;nergy Research Center, Bartlesville, Okla-

homa, with a substantial quantity of high-purity ~4 for thermodynamic. 

studies. Earlier syntheses of 44 have utilized l,B~naphthalenedimetha-

47 48 46 
nol <.!§.) ' or the corresponding dichloride.. W~ chose Pd/C hydro-

genolysis of .!§. for the preparation of ~ ~nd found the reaction to be 

remarkably simpl~. We.have found tha~ depending upon reaction condi

S4 tions, 46 may be canverted to a mixture ef 44 and 12. or of SS and .. 

l,2,3,4-tetrahyd:ro-8'"1D.ethyl-l-naphthalenemethanol (21). The diol 46 may --
be.hydJ;'ogenated to a m:$.xture of . .22,:l§, (S5:4,5) in ethanol -11nd in the 

absence of mineral acid. 

Since traces of E were observed as a product in all· hydrogenations 

of 46, it became of int~rest to prepare 2,_ and subject it te the same 

hydrogenation conditioJis to determine whether it may serve as an inter-

mediate to f!!i, SS, or S6. Under hydrogenation co~dition e of Figure 8, 

there was no apparent reaction and 2J... was recovered unchanged. However, 

mo:i;-e vigorous canditions (f of the Figure) gave the hexahydronaphtho-

[1,8-ad]pyran W in 84% yield. Therefore, we do. nor consider E to be 

a significant hydrogenatio.n of hydragenolysis intermediate in the forma-

tion of 44, 55, or 56:.. Als.o-, the rapidity with which .i§. is '!;."educed (f 



44 

of the Figure) to 12, and .!§.militates against regarding 2.. as an int.er-. 

mediate. 
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44 46 58 
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55 56 .22. 

aDIBAH:.§Q (2:1) in toluene. 

bDIBAH:60 (4:1) in ben~ene or NaAl(c;2H5) 2H2:60 (2:1) in xylene. 

a Amberlyst-15 in benzene.at re~lux. 

d Dilute Cro3 in acetic aqid·. 

~H2 , Pd/C in acetic acid and hydrocl)loric acid at-room temperature and 
one atmosphere. 

fH 2 , Pd/C in 95% ethanol at 50 psi at 60° 0 

gPd/C, !::. • 

Figu~e 8 •. Synthesis of 1,8-Dimethylnaphthalene 
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It is of interest that dehydrogenation of 56 provides the expected --... 

44 but in addition, 12, is formed as _the major product, the 44:59 ratio 

being 7:93. It is assumed that dehydrogenation of 56 to an aldehyde 

takes place and then decarbonylation ensues, 55 We have no evidence that 

56 may be intermediate in the dehydrogenation of 58 to 59. 

The preparation of the diol 46 precursor to 44 is carried out by 

reduction of 1,8-naphthalic anhydride (§Q) with diisobutylaluminum 

. 56 56 
hydride (DIBAH). DJBAH is a remarkably versatile reagent. We have 

found that addition of DIBAH to a slurry of 60 in toluene at 10° gives 

the l;a_ctone 61 in 86% yield as the sole product. It is of interest that 

reduction of 60 with sodium borohydride in dimethylformamide, a reagent 

reported to convert anhydrides selective],y to lactones, gave a complex 

57 mixture of products.. lH,3!!,-Naphtho[l,8 .... od]pyran..-1-one (§.!.) has bee;n 

prepared as a mixture.of products by high--pressure copper chromite 

58 hydrogenation.of 60 in an_unspec;ified yield. Chromic acid oxidation 

of the pyran .22. produces §1 in 59% yield. 59 

The purification of 44 is achieved by repeated recrystallization 

of its pi.crate.from 95% ethanol. This is a convenient procedure for the 

purification of hydrocarbons which form stable.pi.crates, but regenera-

50c d e tion of the arep.e.after purification is often troublesome. ' ' ' 

A procedure has been devised for dissociation ef pi.crates of arenas 

tha,t depends upon the_ leaching acti1;m of, petroleum ether, which dis-

solve!;! the arena but essentially n<;> picric acid; this permits recovery 

of picric acid for reuse and considerably reduces the amount of hydro-

carbon solvent and alumina need_ed for the separation. Most of the pie,,. 

ric_acid remains undissolved and out of contact with the.alumina. The 

arena is then recovered by removing the solvent by rotary evaporation or 

d . ·11 . 50f 1st1 ation .. 
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We describe in detail the application of this procedure to 2,7-

dimethylnaphthalenebecause of the attention its isolation and purifica-

. h . d 49,50a,b tion ave receive • We have also applied purification via the 

60a picrate to 1,8- and 2,6-dimethylnaphthalene. Our glc data show that 

a 2% impurity of 2,6-dimethylnaphtha1ene60b was removed from 2,7-

60d dimethylnaphthalene by this procedure. It is of interest that a 0.2% 

impurity (m/e 170) in zone-refined 2,6-dimethylnaphthalene was also 

removed. 

We sough~ to extend the technique for cleavage of hydrocarbon pie-

rates to those of more complex arenes~ The picrates of phenanthrene, 

fluoranthene, and pyrene were prepared and tested. Of these, the :pie-

rate of phenantqrene was readily cleaved as described for that of 2,7-

dimethylnaphthalene. However, the picrates of fluoranthe~e and pyrene 

are more stable and less soluble in petroleum ether and therefore 

require more time (double or triple) for cleavage. As expected, with 

prolonged reflux the liberated picric acid is dtssolved and penetrates 

the alumina column. Consequently, there is no advantage in u~ing th~ 

extraction apparatus of Figure 9. For this type of picrate, the pre-

50e viously described procedure ·of using alumina to adsorb picric acid 

from a benzene selution of th~ picrate may be used; it is rapid and 

effective but more solvent and alumina are required, for example, the 

cleavage of 1 g of fluoranthene picrate requires 500 ml of benzene and 

at le~st 15 g of basic alumina. 

The choice between benzene and petroleum ether for cleavage of the 

hydrocarbon picrate may be made.by testing the.solubility in boiling 

61 petroleum ether_ and observing a change in appearance or a loss in 

weight due to extrac~ion of hydroc~rbon. The petroleum ether extraction 
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of an equivalent weight of picric acid serves as a good-comparison• It 

should be noted that the number of rings and molecular weight of the 

hydrocarbon are not al~ays reliable criteria in judging wbet;her a hydro-

carbon picrate will readily decompose in petroleum ether; for example, 

the picrate of l',2',3',4'-tetrahydro-1,2'-binaphthyl (4 rings, c20H18> 
62 is readily cleaved by petroleum ether in the extracl;:ion apparatus. 

The current emphasis on.pollution and pollution control.has created 

a demand for high~purity standards for use in detection and character-

ization of potentially harmful chemicals. The p~esence of polynuclear 

aromatic (PNA) hydrocarbons.in engine exhaust gases and products of 

combustion is an established fact. 45 Many l'NA hydrocarbons.are recog-

nized carcinogens. As a result, emphasis ii!! currently being· pla~ed on 

the synthesi~ of selected fused-ring hydrocarbons to serve.as standards 

for th~ petroleum industry. 45 

1-Tetralones are valuable ~tarting materia~s in the.synthesis of 

PNA hydrocarbons. Of particular interest is the unsatur.;ited ketone 

51 52 . 49, ' obtained from the smooth self-condensation of 1-tetralone lOb 

in the presence of .. Am,berlyst-15 sulfonic acid resin 63 in boiling tolu-

ene. The 2,1' linkage of 49 was substantiated by conversion to 1,2'-

binaphthyl (SO) via 62 in 80% yield from !Ob. 

The S,y-unsa1:urated ketone !2, was alse tre~ted w:J.th phenylmagnesil!-m 

bremide .to learn whether it and the diene g are possible intermediates 

in the formation of the spiro hydrocarbon _§1. We.first obtained the 

latter.as a low-yield side product in the preparation of 1-phenyl-

64a naphthalene via lOb anc1 64. The formation of 65 during preparation 

of 64 appears to be.dependent upon order of addition64b and judicious 

use of acid during work-up. 65 Thus, addition of 1Ql to a stirred 



solution of phenylmagnesium bromide followed by acid treatment during 

work-up provided the maximum yield of §i (67%) and a small pot resi

due 64b from which ..§1 was isolated in 2-3% yield. Inverse addition64b 

gave 12% of 65. We also noted.that the reaction of 49 with phenylmag-

nesium bromide, regardless of mode of addition, was incomplete with at 

least 30% recovery of 49. 

49 

The best preparation of ..§1 (55%) resulted from addition of phenyl-

lithium to 49 (cf. e,a of Figure 10). The latter was completely con-

sumed. 

In our opinion, the sequence leading to ..§1 during the addition of 

a solution of lOb to phenylmagnesium bromide (Figure 10) involves base-

catalyzed formation of i2_ or a related species which in turn reacts with 

Grignard reagent to give an alcohol precursor of §1. The diene 63 may 

be isolated when i2. is treated with phenylmagnesium bromide and acidifi-

65a cation is accomplished with cold aqueous hydrochloric acid, The 

sequence leading to.65 is completed by cyc:J.ization of g using 

Amberlyst-15. 63 , 65b 

To establish the.structure of 65, it was dehydrogenated to the 

spiro hydrocarbon .§.§.. by heating in the presence of Pd/C. The strongest 

argument for the structure of these spiro hydroca~bons is the aniso-

tropy exhibited by the C-1, C-11, and C-8' protons in the pmr spectra 

(100 MHz) of both hydrocarbons ..§1 and .§.§_. Dreiding models of ..§1 and .§.§.. 

indicate that the C-1 and C-11 protons shol.lld experience deshielding. 66a 

For 65, this strong interaction results in a downfield triplet at 7.88 8 

for both protons. For .§&. the C-1 and C-11 protons give separated 

signals (pair of doublets) shifted to 8.79 and 8.37 8 respectively. 

Strong shielding is observed for the C-8' proton of ..§1 and .§&.. These 
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Figure 10. Spiro Hydrocarbons and Dibenzo[_£.,,E_]Chrysene 
From 1-Tetralone. 
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high-field shifts appear as doublets centered at 6.49 and 6.25 o respec:-

tively. Dreiding models of 65 and.§.§. also show that the C-8' proton is 



situated above the aromatic rings.of the fluorene system and hence 

66b should be influenced by aromatic ring currents. 

Aromatization of. 66 to dibenzo [_s_,_p_] chrysene (fiD was accomplished 

by heating it in th~ presence of Pd/C and sulfur. 66c The structure of 

&]_ is supported by its high-resolution mass spectrum, which shows a 

51 

molecular ion peak (m/e 328), peaks resulting from loss of 1, 2, and 4 H 

atoms, and the formation of doubly charged ions.m/e 164 (M)++,163 

++ ++ (M-2H) , and 162 (M-4H) , The m/e 326 ion apparently loses CH and 

c2H2 to yield doubly charged ions m/e 156.5 and 150, These fragmenta

tions are characteristic of condensed polynuclear aromatic hydrocar-

b 67a,b ons. The pmr spectrum of &l. shows a multiplet of 6 aromatic pro-

tons at o 9.56-8.19. This corresponds to the bay protons at positions 

C-1, 4, 5, 10, 11, and 16. The remaining 10 protons give rise to an 

upfield multiplet centered at o 7.93 •. A similar spectrum was report-

67c ed for dibenzo[.s,,.E,]chrysene. 



CHAPTER X 

EXPERIMENTAL12 ,GO 

DIBAH Reduction of Naphthalic Anhydride (60). A: To 61.-·- To a 

22-1. vesse168 fitted with stirrer and a dropping funnel with wide-bore 

Teflon stopcock and equalizing sidearm was added 4 1. of dry toluene and 

400 g (2 mol) of 60. The reaction mixture was cooled in an ice bath to 

5-10° and held in this temperature range during addition of 579 g (4.1 

56 mol) of neat DIBAH over 2 hr. The direct addition of DIBAH from 1-1. 

storage bottles to the dropping funnel was readily accomplished through 

69 use.of a simple adapter, The reaction mixture was then poured onto 

4 kg of ice and water. The salts were decomposed with 2 1. o~ cone. 

hydrochloric acid. Three l. of ether were.added and the :resulting mix-. 

ture was filtered through Dicalite to remove a $mall amount of suspended 

material. A second 2-1. ethereal extract was c9mbined with the first 

extract and these were dried (Mgso4), filtered, and concentrated to 362 

g of crude solid, yellow lactone (98%). It was purified by dissolving 

in 10% sodium hydroxide and extracting with ether to remove neutral 

material. On acidification to pH 8-9, the lactone crystalized as color

less .§1 (316 g, 86%): mp 154-157° [lit. 58 152..,..155°]; mass spectrum (70 

eV) m/e (rel intensity) 184 (66), 183 (38), 156 (19), 155 (100), 127 

(70), 126 (22); pmr (CDC13) 8 8.30 (d, 1, ArH ortho to carbonyl), 8.13-

7.21 (m, 5, ArH), 5.72 (s, 2, ArCH2). 
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B: To 1,8-Naphthalenedimethanol (46) .-. The apparatus mentioned in 

part A was used for reduction of 60 to 46. A slurry of 600 g (3 mo!) of 

60 in 2.5 1. benzene was added over 2 hr to 1850 g (13 mo!) of neat 

DIBAH56 in 1.5 1. of dry benzene. During addition, the reaction tern-

perature rose until reflux resulted (20 min) and was held at this tern-

perature by addition of the remainder of .§_Q_. After addition was 

complete, reflux was maintained for 17 hr at which time a sample was 

withdrawn. Glc studies12c, 70 showed that 60 had been.consumed. Ethyl 

acetate (2 mo!) was added to consume excess DIBAH. The reaction mixture 

was added to ice and water. Concentrated hydrochloric acid (2. 2 1.) was 

added to the gel-like suspension. The white crystals which formed were 

filtered and dried and then added to 3.5 1. of 95% ethanol. The boiling 

ethanol suspension was diluted with 10 1. of water and allowed to cool 

to room temperature, then the layer of crystals (546 g) was skimmed from 

the solution. These were recrystallized from 2 1, of hot 95% ethanol to 

47 give 525 g (94%) o~ colorless 46: mp 154.5-155° [lit. 158°]; mass 

spectrum (70 eV) m/e (re! intensity) 188 (M+, 15), 170 (96), 169 (100), 

153 (26), 142 (36), 141 (92), 115 (39). A pmr analysis was attempted 

but a suitable solvent was not found. Compound 46 is very insoluble in 

common solvents at .room temperat;ure, Reduction of 60 to 46 may also be 

56 conveniently carried out with NaAl(C2H5) 2H2 in xylene. 

Cyclization of 46 to 1H,3H-Naphtho[l,8-cd]pyran (57) with Amber-

lyst-15.- The dehydration of !!:.§.. to 57 was carried out by azeotropic 

distillation of water from a magnetically stirred mixture of 47 g (0.25 

mol) of 46, 500 ml of benzene and 5 g of Amberlyst-1563 during 2 hr. 

The catalyst was f:i,.ltered out, the filtrate concentrated to 250 ml, 

12d and 250 ml of petroleum ether was added. The mixture was passed 
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through a basic alumina column (2 cm x 17 cm). The colorless filtrate 

was further concentrated and on cooling, the filtrate gave 39 g (92%) 

of 2._: mp 81-82° [lit. 71 80-81°]; mass spectrum (70 eV) m/e (rel inten-

sity) 168 (72), 167 (29), 142 (55), 141 (100), 139 (28), 115 (41); pmr 

(CC14) 8 7.72-6.98 (m, 6, ArH), 4.95 (s, 4, ArCH 20). 

Chromic Acid Oxidation of 57 to 61.- To a stirred mixture of 13.6 

g (0.08 mol) of 2._ in 750 ml of acetic acid at 11° was added 107 ml of 

oxidizing mixture (190 ml acetic acid, 10 ml water, and 21 g Cro3) at 

one time. 72 The temperature ranged from 11° to 19°. The reaction mix-

ture was stirred for 100 min, poured into 5 1. of water, and extracted 

with 2 x 750 ml of ether. The combined extracts were filtered to remove 

0.6 g of .§Q. The filtrate was stirred with 500 ml of 10% NaOH to remove 

61 (as the salt of the hydroxy acid). The ethereal layer yielded 4.6 $ 

of 21..· The alkali layer was acidified with cone. hydrochloric acid 

(cyclization back to.§!) and extracted to give 6.1 g (63%) of crud~ 61 

which was purified by dissolving in benzene-petroleum ether (1:1) and 

then filtering through basic al~mina to give 5.7 g (59%) of 61: mp 155-

1570 [lit. 58 152-155°]. 

Pd/C Hydrogenolysis of 46 to l,8-Dimeth:ylnaphthalene (44) and l,8-

Dimethyl-1,2,3 ,4-tetrahydronaphthalene (55).- A 94-g (0.5-mol) sample 

of 46 in 750 ml of acetic acid and 2 ml of cone. hydrochloric acid in 

the presence of 1.6 g of 10% Pd/C was hydrogenated at atmospheric pres-

sure for 4 hr at 25° using a Parr Model 3920 hydrogenation apparatus. 

The catalyst was filtered through a bed of Dicalite. Water (2 1.) was 

added to the filtrate and the mixture was extracted with ether (2 x 500 

ml). The extract was washed with water and 10% sodium hydroxide, dried 

(Mgso 4), and concentrated by rotary evaporation to give 77 g of a 



mixture of dark crude solid 44:55 (9:1) containing less than 1% of .2.§.. 

12d These crystals were dissolved in 400 ml of petroleum ether and the 

solution was decolorized by elution through a 1. 5 x 5 in. column of 
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basic alumina. The petroleum ether was removed to give 70 g (88%) of a 

colorless mixture of 44and12.· The mixture was-qehydrogenated at 265° 

in the presence of 2 g of 10% Pd/C to give after filtration 69 g (82% 

from .§Q) of 44: 50f mp 63.5-64° [lit, 47 62-63.5°]; mass spectrum (70 eV) 

m/e (rel intensity) 156 (M+, 100), 155 (29), 153 (15), 141 (65), 115 

(16), 76 (13); pmr (CC14) o 7.67-7.46 (m, 2, ArH l?§_:rj), 7.30-7.08 (m, 

4, ArH), 2.28 (s, 6, ArCH3), 

Pd/C Hydrogenolysis of 46 to 55 and l,2,3,4-Tetrahydro-8-methyl-l-

naphthalenemethanol (56).- A 47 g (0.25 mol) sample of 46 in 750 ml 

of 95% ethanol in_ the presence of 1.2 g of 10% Pd/C was hydrogenated at 

50 psi and 60° for 4 hr. Filtration through Dicalite and concentration 

12c by rotary evaporatio~ gave 41 g of yellow oil which was shown by glc 

12d 
to be 55 :1§. (1. 2: 1. O). Addition of 50 ml of petroleum ether, refrig-

eration and filtration· ,gave 16 g (35%) of 1§. free of .21= mp 72.5-73°; 

mass spectrum (70 eV) m/e (rel intensity) 176 (M+, 12) 146 (14), 145 

(100), 130 (13), 129 (12), 128 (12); pmr (CDC13) o 7.20-6.82 (m, 3, 

ArH), 3.74-3.42 (m, 2; ArCHCH20H), 3.28-2.98 (m, 1, CH2o!!), 2.89-2.67 

(m, 2; ArCH2), 2.33 (s, 3, ArCH3), 2.29-1.46 (envelope, 5, 

ArCH2CH2CH2C!!) , 

Anal. Calcd for c12H16o: C, 81.77; H, 9.15. Found: C, 81.74; 

H, 9.06. 

The filtrate containing .21:.2.§. (46:1) was distilled to give 20 g 

(40%) of 55: bp 60° (0.5 mm); mass spectrum (70 eV) m/e (rel intensity) 

+ 160 (M, 20), 146 (12), 145 (100), 129 (9), 128 (11), 115 (13); pmr 
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(CC14) o 6.94-6.74 (m, 3, ArH), 3,20-2.87 (m, 1, ArCHCH3), 2.86-2.58 

(m, 2, ArCH2), 2.27 (s, 3, ArCH3), 1.98-1.58 (m, 4, CH2CH2C!!_2), 1.16 

(d, 3, ArCHCH:3). 

~· Calcd fqr c12H16 : C, 89.94; H, 10.05. Found: C, 90.14; 

H, 10.17. 

Pd/C Hydrogenation of 57 to 58.- An 8.5-g (0.05 mol) sample of 

:J]_ was hydrogenated in the presence of 0.85 g of 10% Pd/C in 75 ml of 

95% ethanol at 50 psi and 60° for 7 hr. The product was 8.5 g of crude 

58 which contained about 2% 56. Recrystallization from cold petroleum 

12d 
ethe~ gave 7.4 g (84%) of 58: mp 40-42°, bp 105° (1.1 mm); mass 

spectrum (70 eV) m/e (rel intensity) 174 (21), 145 (28), 144 (100), 129 

(59)' 128 (27)' and 115 (24); pmr (CC14) o 7.06-6.51 (m, 3, ArH), 4.66 

(s, 2, ArC!!,20) , 4.04-3.04 (m, 2, ArCH2ocH2), 2,96~2.38 (m, 3; 

ArC!!,zCH2cH2c!!.) , 2.04-0.78 (m, 4, ArCH2CH2C!!.2) • 

~· Calcd for c12H14o: C, 82.72; H, 8,10. Found: C, 82,60; 

H; 8.12. 

Pd/C DehydrogenaUon of 56 to 4~ and 1-Methylnaphthalene. (59) .- A 

1.76-g (0.01-mol) sample of 2§. under an N2 atmosphere was dehydrogenated 

at 260° in the presence of 0.3 g of 10% Pd/C for 2 hr. Filtration and 

distillation gave 1.3 g of a mixture of 44and12_ (7:93). 

The identity of 12_, obtained. by preparative glc, was established by 

comparing the pmr and ir spectra with those of an authentic sample. 

Pd/C Dehydrogenation of 58 to 57 •. 44. and 59.- The above procedure 

was applied to 58, which gave 1.3 g of :Jl..:44:59 (3:1:21). 

Preparation and Recrystallization .of Dimethylnaphthalene Picrates,-

To a 4-1., wide-mouth, Pyrex crystallizing bottle (Corning No. 1597) was 

added. 78 g (O. 5 mol) of 2, 7-dimethylnaphthalene, mp 92-95°, of 
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approximately 98% purity, 60a,b 126 g (0.55 mol) of picric acid, 60c and 

2 1. of 95% ethanol. The suspension was boiled with a mantle (Glasco! 

No. 0-636) until solution was complete. The solution was allowed to 

cool to room temperature and the picrate of 2,7-dimethylnaphthalene 

crystallized spontaneously as bright yellow needles. After overnight 

refrigeration, the crystals were filtered and dried to give 165 g (85%), 

mp 136-138°. Successive recrystallizations from 1.8 to 2 1. of 95% 

60e 
ethanol gave 140 g (72%); 130 g (67%); 105 g (54%) based on dried wt. 

The final mp was 136-137° [lit. 16 135.5-136°], 

Th 1 ° i d · d60e f i d ' ld f e me ting po nt, n.e wt. o p crate, an percent yie or 

the similarly prepared yellow-orange picrate of 1,8-dimethylnaphthalene 

at each step were: 153-156°, 132 g (68%); 154,5-156°, 125 g (65%); 155-

156.50, 115 g (50%); and 155-157°, 100 g (52%) [lit. 73 154.5-155.5°]. 

Likewise, the picrate of 2,6-dimethylnaphthalene was prepared in 75% 

yield and recrystallized from 95% ethanol to give .a 60% yield of yellow

orange crystals, mp. 141-143.5° [lit. 16 141-142°], 

The Regeneration of Arenes from their Picrates.~ A dried74a 72 g 

(0.18 mol) sample of the purified picrate was added to the glass fil

tration apparatus74 (Figure 9) fitted with reflux condenser and con~ 

taining 80 g of basic alumina (2.2 in. x 2.7 in.). A 5 cm Teflon-

coated magnetic stirring bar was placed on the picrate crystals and a 

1-1. recovery flask containing 500 ml petroleum ether74C was attached 

to the apparatus. The contents of the flask were refluxed at a rate 

which kept a level of condensed solvent above the picrate as shown in 

the drawing. At intervals, the picrate crystals were agitated by manu-

ally manipulating the Teflon-covered magnetic stirring bar to reduce 

channeling. The extra~tion was continued for 5-6 hr until the yellow-
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orange color of the picrate had changed to the pale yellow color of 

anhydrous picric acid. The height of the picrate layer in the apparatus. 

shrank from 2.7 in. to 1.5 in. during the extraction. At the end of 

the extraction period, an orange-colored band (.£!!_. 0.8 in.) had pene-

trated the alumina charge. The remainder of the alumina was colorless. 

The contents of the recovery flask were concentrated (rotary evapora

tion) to give 27 g of 2,7-dimethylnaphthalene: mp 96-97° [lit. 16 96-

97°]. A second extraction for 2 hr yielded an additional 1.5 g of 

hydrocarbon (98% tetal yield for the regeneration). 

The yields of 1,8-dimethylnaphthalene, mp 63-64.5° [lit. 73 62.5-

640], and 2,6-dimethylnaphthalene, mp 109.5-111° [lit. 16 110-111°], ob-

tained by regeneration .from their picrates were 95% and 97% respec-

tively. 

Phenanthrene, mp 97-99°, fluoranthene, mp 106-108.5°, and pyrene, 

mp 148.5-152.5°, were used to prepare the respective picrates. Recry-

stallization in each case from 95% ethanol gave yellow crystals, mp 

144-146.5° [lit. 75 145°]; orange needles, mp 186-188° [lit. 76a 186,8-

76b 188.1°]; and fine red.needles, mp 226-227.5° [lit. 219-220°) res_pec-

tively. Decompesition ef phenanthrene picrate as described for 2,7-

dimethylnaphthalene gave 90% of colorless phenanthrene, mp 98-99.5° 

[lit. 75 100°], while similar decomposition required 15-20 hr for 19 g of 

picrate using petroleum ether, hp 60-68°, and 65 g of basic alumina to 

76a give 80% of colorless fluoranthene, mp 109.5-110.5° ·[lit. 110.6-

111°]. A similar experiment with pyrene picrate gave pyrene, mp 150-

1530 [lit. 76b 149-150°]. 

In a separate regeneration, a 1-g sample of fluoranthene picrate 

dissolved in 100 ml benzene.was added to a 2.5 x 15 cm (50 g) column of 
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basic alumina. Four additional, 100-ml portions of benzene were passed 

through the column. Only a trace amount of fluoranthene was observed in 

the last portion of effluent. The benzene was removed by rotary evapo-

ration to leave crystalline fluoranthene. The color due to picric acid 

extended about 5 cm into the alumina column. 

Conversion of 1-Tetralone (!Ob) to 2-(3',4'-Dihydro-1'-naphthyl)-

3,4-dihydro-1(2H)-naphthalenone.(49).~ 1-Tetralone (292 g, 2 mol), 30 g 

63 
Amberlyst~l5 and 750 ml of dry toluene were combined in a 2-1. one-

neck flask equipped with a.Dean~Stark trap. The mixture was heated at 

reflux for 4.5 hr with magnetic stirring until production of water. 

(4 ml) ceased. The reaction mixture was cooled, filtered, and concen-

trated with a rotary evaporator. The concentrated oil was mixed with. 

100 ml of ether, and the yellow-white crystals of 49 (37 g) that formed 

afte~ refrigeration for two.days were.filtered out. The mothe~ liquor 

was distilled at 80°·(0.l nun) tQ give 193 g of recovered !Ob. A small 

forerun containing naphthalene was collected. Ether (150 ml) was added 

to the cooled viscous pot residue, which then crystallized on seeding. 

An additional 45 g of 49 was obtained as brown crystals. The combined 

yield of crude 49 was 91% based on recovered !Ob. This mixture was 

washed with ether and recrystallized from acetone to give 49 as color

less crysta].s: mp 132.5-135° [lit. 51 132.5-134.2°]; orange 2,4-dinitro

phenylhydrazone mp 249-250° (dee) [lit. 51 247-248°]; mass spectrum (70 

eV) m/e (rel intensity) 274 (77), 146 (75), 129 (100), 43 (97), 29 (91); 

pmr (CDC13) o 8.24 (m, 1, isolated ArH at C-8), 7.63-7.24 (m, 7, ArH), 

5.88 (t,. 1, vinylic), 3.89 (t, 1, C=CCH and adjacent to C=O), 3.21-2.02 

77 uv as previously recorded. 



Pd/C-Catalyzed Hydrogenation of 49 to 1,2,3,4,1' ,2 1 ,3' ,4'-

0ctahydro-1,2'-binaphthyl (62).- A 100-g (0.36-mol) sample of 49 in 

400 ml of acetic acid in the presence of 5 g of 10% Pd/C was hydrogen-

ated at 50 psi and 65° for 12 hr. The catalyst was filtered out with 
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Dicalite. Water (1.5 1.) was added to the filtrate and the mixture was 

extracted with ether (2 x 500 ml). The e~tract was washed with water 

and 100 ~l of 10% sodium hydroxide, dried (Mgso4), filtered, and dis

tilled to give 89 g (95%) of 62: bp 165° (0.1 mm) [lit, 77 175-180° 

(0.2 nun)]; mass spectrum (70 eV) m/e (rel intensity) 262 (8), 132 (21), 

131 (100), 130 (30), 129 (17), 115 (15), 91 (22); pmr (CC14) o 7.32-6.72 

(m, 8, ArH), 3.08-1.12 (envelope, 14, ArCH, ArCH2 and -cH2-); uv as 

previously recorded. 77 

Pd/C-Catalyzed Dehydrogenation .of 62 to 1,2'-Binaphthyl (50).- A 

89-g (0,34-mol) sample of ~ and 5 g of 10% Pd/C were heated together 

at 300° under nitrogen for 2.5 hr. The cooled mixture was dissolved in 

benzene and filtered through Dicalite to remove catalyst. An equal 

12d portion of.petroleum ether was added and the solution decolorized by 

elution through a 1 x 4 in. column of basic alumina. The solvents were 

removed by rotary evaporation to give 86 g of crystalline 50. Recry-

12d stallizati9n from petroleum ether gave 80 g (93%) of 50 free of 

impurity by glc: 12c mp 76-78° [lit. 77 76.5-77.5°]; mass spectrum (70 eV) 

m/e (rel intensity) 254 (100), 253 (72), 252 (53), 250 (13), 127 (10), 

126 (27); pmr (CDC13) o 8.05-7.18 (m, ArH). 

Conversion of ~~Tetralone (lOb) to 3,4-Dihydre~l-phenylnaphthalene 

(64) and Spiro[5,6-dihydro-7H-benzo[c]fluorene-7,l'-(1',2' ,3' ,4'-tetra

hydronaphthalene)] (65).- The preparation of 64 from 584 g (4 mol) of 

lOb and 4.8 mol of phenylmagnesium bromide was carried out as 
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64a 78 described except that commercial Grignard reagent was substituted 

and Amberlyst-1563 in boiling toluene was used for dehydration. Glc 

studies12c at 240° of this reaction mixture showed the presence of 1-

phenyl-l,2,3,4-tetrahydronaphthalene:64:1-phenylnaphthalene in a ratio 

of 5:80:15. The hydrocarbon mixture was distilled at 95-99° (0.01 mm) 

through an 18 in. vacuum-jacketed Vigreux column to give 486 g (67%) of 

crude 64 and 32 g of distillation pot residue. Redistillation79 gave 

pure 64: bp 91° (0.01 mm) [lit. 80 130.5-135.5° (0.3 mm)]; mass spectrum 

(70 eV) m/e (rel intensity) 206 (100), 205 (29), 202 (18), 191 (38), 

128 (25)-, 91 (22); pmr (CC14) o 7 .36-6.97 (m, 9, ArH), 5.96 (t, 1, 

vinylic), 2.91-2.59 (m, 2, ArCH2) 2.44-2.03 (m, 2, allylic); uv max (95% 

ethanol) 205 nm (log E 4.39), 220 (4.36), 267 (3.91). 

The identity of the glc peaks assigned to l-phenyl-1,2,3,4-tetra-

hydronaphthalene and 1-phenylnaphthalene in. the reacti~n prodijct mixture 

12c o was established by glc comparison at 225 with authentic materials. 

Samples of these hydrocarbons were obtained from 64 by catalytic hydro-

genation and cat~lytic deQydrogenatio~ in the presence of 10% Pd/C 

catalyst •. 

The pot re1:1idue (32 g) was reqystallized twice from benzene to 

give colorless crystals of 65: mp 189-190u; mass spectrum (70 eV) m/e 

(rel intensity) 334 (100), 305 (12), 303 (12), 289 (10), 229 (11), 215 

(21); pmr (CDC13) o .7. 88 (t, 2, isolated ArH at C-1 and C-11), 7. 42-6. 72 

(m, 9, ArH), 6.49 (d, l; ArH at C-8 1 ), 3.08-2.56 (m, 4, ArCH2), 2.50-

1.61 (m, 6, ArCH2cH2 and ArCH2cH2cH2); uv max (95% ethanol) 203 nm (log 

E 4.75), 238 (4.46), 266 (3.87), 294 (3,86), 

~· Calcd for c 26H22 : C, 93.37; H, 6.63. Found: C, 93.23; 

H, 6.79. 
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Inverse Addition of PhenylmagnesiumBromide to lOb to Form 64 and 

&.2,.- To a mechanically stirred solution of 44 g (0.3 mol) of lOb in 

500 ml of dry ether at 10° was added 200 ml (0.6 mol) of 3-molar 

phenylmagnesium bromide78 over a 15-min period. Reflux .was established 

after 5 min and the mixture was stirred for 1.5 hr. The reaction mix-

ture was then added to 500 g of ice and 200 ml of cone. hydrochloric 

acid. The ether extract was dried (Mgso4) and concentrated to give 63 g 

of red-brown oil. The oil was dissolved in 350 ml of toluene and stir-

63 red at reflux for 1.5 hr with 3 g of Amberlyst-15. Filtration and 

steam distillation gave 41 g of volatile hydrocarbon and 20 g of non-

steam-volatile material. The non-volatiles were dissolved in petroleum 

ether12d and percolated through a 2 x 3 in. column of basic alumina; 

concentration of .the effluent and crystallization from petroleum 

12d ether gave 6 g (12%) of g. 

Inverse Addition of Phenylmagnesium Bromide to 49 to Form l-Phenyl-

3 ,3' ,4 ,4.'-tetrahydro-2 ,l' -binaphthyl (63).-To a stirred mixture of 

27.4 g (O.l mol) of !ti in 500 ml dry ether was added 67 ml (0.2 mo!) 

of a 3-molar phenylmagnesium bromide78 solution during five minutes. 

There was no apparent temperature change; the mixture was then heated at 

reflux for 24 hr. The reaction mixture was added to 500 g of ice and 

50 ml cone. hydrochloric acid. Extraction with benzene (250 ml), drying 

12d (Mgso 4), and concentration gave 37 g of yellow oil. Petroleum ether 

(150 ml) was added and 10 g of i2_ was recovered on cooling and filter-

ing. The filtrate was percolated through two,2 x 3 in. columns of Merck 

basic alumina to give 16 g of concentrated oil. This oil crystallized 

from 25 ml of cold acetone after 3 days to give 8.5 g (40%) of 65: mp 

95-97°; mass spectrum (70 eV) m/e. (rel intensity) 334 (100), 333 (12), 



332 (11), 305 (11), 215 (10), 117 (11); pmr (CC14) o 7.26-6.62 (m, 13, 

ArH), 5.54 (t, 1, vinylic), 3.04-2.76 (m, 2, ArCH2 at C-4), 2.70-2.28 
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(m, 4, ArCH2cH2 and ArCH2 at C-3 and C-4' respectively), 2.10-1.81 (m, 2, 

ArCH2C!!2 at C-3'); uv max (95% ethanol) 205 nm (loge 4.65), 267 (3.97). 

Anal. Calcd for c26H22 : C, 93.37; H, 6.63. Found: C, 93.18; 

H, 6.68. 

Amberlyst-15-Catalyzed Cyclization of 63 to 65,- Three g of 63 

were cyclized over 30 min by heating in 150 ml of boiling toluene con~ 

63 taining 2 g of Amberlyst-15. The reaction mixture was cooled, fil-

tered, and concentrated and t~e crude product crystallized from 50 ml of 

12d petroleum ether to give 2.7 g (90%), mp 189-190°, found to be identi-

cal with 65 from other experiments. 

Conversion of 4~ to 65 using Phenyllithium.- Phenyllithium (0.4 

81 mol) was prepared as described from 63 g bromobenzene and 3 g of Li. 

To the stirred reagent.was added, during 40 min at 25-30°, 27.4 g (0.1 

mol) of !J:i dissolved in 300 ml of dJ;y benzene. The mixture was heated 

at reflux for 10 hr. During th.is period the temperature rose from the 

boiling point of .ether to that of benzene. The reaction mixture was 

cooled and added to ice and 300 ml of 10% HCl. Extraction with ether 

gave 34 g of concentrated oil; ir (neat) 3460 cm-l (OH). The oil was 

63 dehydrated and cyclized with 3 g of Amberlyst-15 in 300 ml of toluene 

heated at reflux temperature for 1 hr. Two ml of water were collected. 

The filtered and concentrated product was dissolved in 200 ml of tolu-

ene:petroleum ether (1:1) and the mixture was passed through a 1.5 x 

3 in. column of Merck basic alumina. Removal of the solvent and crys-

tallization from 75 ml of toluen,e gave 18 g (55%) of colorless 65: mp 

188-190°. This sample was found to. be identical with other samples of 

65. 
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Pd/C Catalyzed Dehydrogenation of 65 to Spiro[7H-benzo[c]fluorene-

7 ,l '-(l' ,2' ,3' ,4 '-tetrahydronaphthalene)] (66).-A 18.3-g sample of .§1 

and 3 g of 10% Pd/C were heated together at 310° (bath temperature) for 

20 min under a blanket of N2• The cooled product mixture was dissolved 

in chloroform and filtered through Dicalite, the chloroform removed by 

rotary evaporation, and 50 ml of petroleum ether were added to the oil. 

Refrigeration and filtration gave 16.9 g (92%) of..§..§. as white plates: 

mp 157-159°; mass spectrum (70 eV) m/e (rel intensity) 332 (100), 304 

(17), 303 (52), 302 (6), 300 (8), 151 (13); pmr (CDC13) cS 8.79 (d, 1, 

isolated ArH at C-1), 8.37 (d, 1, isolated ArH at C-11), 7.98-6.95 (m, 

10, ArH), 6.76 (t, 1, isolated ArH at C-7'), 6.25 (d, 1, isolated ArH at 

C-8'), 3.24-3.01 (m, 2, ArCH2), 2.41-1.95 (m, 4, ArCH2C!!,2C!!,2); uv max 

(95% ethanol) 204 nm (loge: 4.70), 237 (4.69), 252 (4.49 sh), 306 (3.97 

sh), 317 (4.10), 326 (4.05), 342 (4.16). 

Anal. Calcd for c26H20 : C, 93.94; H, 6.06. Found: C, 93.79; 

a, 6.14. 

The Pd/C and Sulfur Dehydrogenation of 66 to Dibenze[c.p]chrysene 

i§ll.- A 2-g sample of ..§..§. was heated under nitrogen at 325° in the 

presence of 0.75 g of 10% Pd/C and 0.75 g sulfur for 10 min. The mix-

ture was cooled, dissolved in benzene and filtered through Dicalite to 

give a green selution. This solution was,diluted with an equal volume 

of petroleum ether12d and passed through a 1.5 x 2.5 in. column of Merck 

acidic ~lumina. Concentration and trituration with petroleum ether12d 

gave 1.2 g of yellow fi]_: mp 200-202° (dee); mass spectru~ (70 eV) m/e 

(rel intensity) 328 (100), 327 (33), 326 (40), 324 (15). Accurate mass 

values (±0.003 theoretical) were obtained for the doubly charged ions 

164 (7), 163 (14), and 162 (15); pmr (CDC13) cS 9.56-8.19 (m, 6, ArH), 



8.19-7.66 (m, 10, ArH); uv max (95% ethanol) 213 nm (log E 4.64), 276 

(4.84), 295 (4.71), 305 (4.79), 334 (4.09), 350 (3.87). 

Anal. Calcd for c26H16 : C, 95.09; H, 4.91. Found: C, 95.03; 

H, 4.91. 

65 
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