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A STUDY 0F TJi JACOBSEN REARRAGENT OF 
6-n-FR0FYL-7-M1THYLThTRAL IN 

INTRODUCT ION 

Rearrsngements involving polyalkybenzenes, halogenated ooly- 

a1iybenzenes an polyhalogenated bnzenes, which occur when these 

substances are sulfonated and their sulfonic acids are allowed to 

remain in contact with sulfuric acid, are classified as Jacobsen 

rearrengements. 

Although this rearrangement was discovered in 1S86, it was not 

till 1944 that a plausible mechanism for the rearrangement was pro- 

posed by Arnold and darnes (1, o. 961). ihile this mechanism ac- 

counted for the necessity Lf having sulfuric acid present, e fact 

which previous mechanisms had completely ignored, it will neverthe- 

less require further refinement if it is to be applicable to all 

cases. 

in 1948 Smith and Lo set out to test the validity of the pro- 

posed mechanism. Arrcld and Larnes regarded the igrating sikyl 

group as being split off as a cation. This cation in tian displaced 

the more hindered sulfonic ada group of the resulting disulfonic 

acid and thus gave rise to the rearranged sulfonia acid. Smith and 

Lo (18, p. 2210) concluded that if the mikrating group was n-propyl, 

it would rearrange to an isopropyl group under the rearrangement 

conditions. 

On choosing 6-propyl-7-methyltetralin as the compound undergoing 

rearrengeinent, Smith and Lo (18, p. 2210) found the product to be 

5-propyl -6-methyl te tralin. 
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The formation of this product necessitated the migration of a 

propi group ureltered or alternatively, the migration of the non- 

eromtic ring. The prosen work was undertaken to obtain more cori 

elusive evidence about the identity of this migratory grout. 
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iiIST0 ICAL 

The present work concerns only that part of the Jacoosen rear- 

rangement involving polya1k:oenzenes so this section will review 

onl' directly related terial. 

In 1886 Jacobsen had noted that durene underwent rearrangennt 

in sulfuric acid (5, ç. 1209-1212). During e process, the liquid 

darkened and sulfur dioxide was liberated. The products obtained 

were l,2,3,4-tetrarnethylbenzene-5-sulIonio acid, 1,2,4-trimethyl-- 

benzene-6-sulfonic acid and hexamethylbenzene. Ihe main product 

was 1,2,3,4-tetramethyloenzene--5-sulfonic acid. 

entEmnethylbenzene when subjected to the same ooitions gave 

rise to hexaxnethylbenzene and l,2,3,4-tetramethylbenzene--5-sulfonic 

acid (, p. 896-898). Since hexrsubstituted benzenes are found in 

these reactions they may be regarded as eni products of the reaction 

and must be stable to sulfuric acid. On the other hand, trimethylated 

benzenes do not rearrange but are merely sulfonated (15, . 1614). 

It can, therefore, be ccnc1ed that rearrangement is possible only 

in the case of tetrc-and-penta-alkylbenzenes. 

un investigating the reaction of sulfuric acid on durene, Smith 

and Caes (15, p. 1614-1615) found that whilst aurene underwent rear 

rangement on heating with sulfuric acid, no rearrangement occurred 

on refluxing with phosphoru8 pentoxide. Durenesulfonic acid, however, 

rearranged in the presence of sulfuric acid or phosphorua pentoxide. 

ientamethylcenzsriesulfonic acid when placed in a dessicator c&er 

sulfuric acid underwent rearrangement w}e reas rent amethyl benzene 



under the seme conditions did not. It is, therefore, evident that 

it is the sulforuio acid which urderoes rearrangement. 

The products resulting from the treatment of durene with sul- 

furie sold indicate that an intermolecular rearrangement must occur. 

Thus, l,2,4,5-tetraiieth1benzene gives rise to tri-, penta- and hexa- 

methylbenzonos. In the 088 Of the conversion from 1,2, 4, 5-tetre- 

methylbenzene to l,2,3,4-tetramethylbenzone the mode of migration 

is not ocvious. That an intramolecular rearrangement does occur 

at least in sons cases is clearly demonstrated in the conversion 

of octahydroanthracene to octahydrophenanthrene (13, ç. 2036). 

1y-products of Jacobsen rearrangements, exceçt those involving 

tetraethlrenzene, are sulfur dioxide and polymeric materials ranging 

fruta tars to insoluble infusible solids. It has been ooncii1ed that 

the 1ibers:io. of si1fur dioxide is not an integral part of the rear- 

rangement process. Herre, it need not be accounted for in a rear- 

rangennt mechanism. 

Based on the foregoing chemical evidence, any mechanism proposed 

for the Jacobsen rearrangement must be able to account for the fol- 

lowing fsctors;- 

(1) The fact that tetralkylbenzenes and pentalkylbenzenes 

undergo rearrangement whereas the tria1ky1benzenes, 1,2,3,4-tetral- 

kylbenzenes and hoxalkylbenzenes do not. 

(2) hat it is not the hdrcoarbon but the sulfonic acid de- 

rivative of that hdrocarbcn which undergoes rearrangement. 

3) That intra as well as intermolecular migration occurs. 
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Jacobsen end later Smith and Casa proposed mechanisms for the 

rearrangement but neither was able to meet all the above requirements. 

In 1944 rnold arid carnes (1, . 961) proposed a mechanism which 

had certain similarities to the previous mechanisms but which had a 

more satisfactory theoretical basis. It was based on two enera1iza- 

tions whioh imediate1y accounted for marj of the differences in 

cehavior of the various pc1yalkylbenzenes:- 

(i) It is neoessar: to he able to sulfonate the hydrocarbon by 

entry of the sulfonic acid group into an unsubs-tituted position on 

the ring. 

(2) Rearrangement is only poseible when that sulfone acid 

group is flanked by two ortho alkyl groups. 

The key to the rearrangement, therefore, lies in the fact that 

the sulfonic acid group must be flanked :: two alkyl groups. T} 

presence of the two ortho substituents reduces the co-planarity of 

the ring with the sulfonic acid group. As a result, the contribution 

of the quiriold structure () to resonance is redued. 
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The tetralkylbenzenesulfonic acids which are subject to steno 
inhibition of resonance are, therefore, less deactivating but are 

nevertheless meta-di.reoting. Consequentlì, such sulfonic acids may 

be converted to disulfonic acid8, the entry of the secor sulfonic 

acid rroup occurring meta to the first. Also, as a result of reduc- 

tion in tht contribution of the quinoid structure it is possible for 



sorno of the p-disulfonic acid to be founì which accounts for an 

in-torinoleou].ar displacement occurring. 

Smith showed that t1 most hindered sulfonic acid group was 

most readily hydrolyzed. Similarly, it might be expected th.t the 

most hindered sulfonlo acid group would also be the most readily 

replaced by cationio reagents. 

Thu, Arnold and Bernes (i, p. 969) essentially proposed the 

following meohanisin - 
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Since the more hindered sulfonic acid group is considered to 

undergo preferential displacement by a methyl carbonium ion, the 

formation of 2,3,4,5-tetramethylborizenesulfonic acid (1V), which 

experimental data indicate is the preferred pathway, is accounted 

for. 
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Uti1izin -propy1-7-rnethy1tetr1in .s the substrate, Smith and 

Lo (18 p. 2210) set out to test the validity of the rnechaism pro- 

posed b Jrno1d and Barnes Since the migrating group in the nro- 

pcsed nchanism was free cation c n-propyl. group undergoing mi- 

gration would be exeoted to isorer'ize to an isopropyl carboni 

ion. This iopropy1 carboriium ion wcuId then be expoatd to dis - 

place the uore hincered 8u1fono acid group from the disulfonic 

acid to complete the rearrsnement. Thus, Siith and Lo postu1ted 

that if the rearran;ement proceeded through a free cerbonium ion 

the product obtained from the rearrangemoift of 6-propyl-7-methyl- 

tetralin should involve the formation of 5-isopropl-6-methyl- 

tetral.in. 

subjected to the conditions 

necessary to bring aoix rearrangement. A portion of the rearranged 

uateïrial was oxidized and yielded as expected 1,2,3,4-benzenetetre,- 

carboxylic acid. 

The other portion was dehydrogenated over pelladium on charcoal 

yielding l-n-propyl-2-mothylnaphthalene . 'mith and Lo (is, p. 2210) 

considered the migration of the propyl group as unlikely. On the 

assumption that Arnold and Barnes' mechanism was correct, this would 

result in the formation of l-isopropyl-2-methylnaphthalene. Further- 

more, they showed that -isopropy1-7-methy1tetra1in on rearrengement 

formed 6-methyltetralin. Thus, the isopropyl group became detached 

but did not re-enter the molecule, Due to the bulkiness of the 

isopropyl group it may be impossible for it to displace the sulfonic 

acid group. This experimental evidence makes the migration of a 
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propyl croup seem highly improbable. Thus, the only alternative was 

to assume an opening c1 the ring followed by its closing ortho to the 

propyl group. 
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it is the intent of this disoussion to consider in soi detail 

the influence o hot concentrated sulfuric acid on -propy1-7-sthy1- 

tetralin. Ps noted previously this reection hes been reported by 

Smith and Lo l8, p. 2210) to íive 5-propy1-6-meth-1tetra1in in 25., 

yield. In the study of anj reaction mechanism it ìs important that 

r" 

the nature of the starting material be proven both as to identity 

and purity. This is particularly important with reections giving 

a low yield for should the impurity be carried throuçh the rear- 

rangement without loss it would contribute very significantly to 

the product isolated. Furthermore, it is important to extend the 

same careful survey to the product in order to ascertain the nature 

of the uin reaction end the important side processes. 1ocordiníJy, 

the discussion here will be divided into two sections, one devoted 

to each aspect of the reaction process. 

I. Tti 4rfJp 
OF Tth STI3RTING MT}3JIAL. 

ln their study of this process Smith and Lo (18, p. 2213) 

report the rreparation of 6-methyl-7-propyltetralin by the following 

scheme: - 

o 

I 
Z..r C aH3 

4-L C'I3 C3 
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The f-methyl-7-propyltetralin was collected over the range 1300_1350 

(ii nuix.) and had a refractive index n20D = 1.5250. 

Repetition of this synthesis in these laboratorios gave results 

indicating that t1 product was impure. Th product was redistilled, 

therefore, using a Podbielniak ileli-Crid packed 1ini-oal column at 

ari estimated efficiency of 75-100 theoretical plates and seventeen 

fractions were collected. The refractive irdex of each fraction 

was determined, and apparent breaks in the boiling points and re- 

fractive indices served to indicate the presence of at least three 

compounds.. The first boiled over the range 75°-107.3° C (f.5 uirn., 

n2D = 1.4832-1.4972, the second 107.3-124° C (.5 mm.), n25D 

1.5105-1.5250, and the last had a constant boiling point at 124° C 

(6.5 mm.), n25D 1.5260-1.5280. The various fractions of the last 

grou. wore combined and the combined mixture had a refractive index 

of n2lP 1.5290. I gas chromatogram obtained from this mixture gave 

one sharp symmetrical peak indicating a high probability that only 

e single component was present. The oxidation of a sample of this 

fraction with nitric acid in a sealed tube resulted in the formation 

of l,2,4,5-benzonetetraoarboxylic acid indicating the reactant to 

be 6-methyl -7-propyltotral in. 

Although the latter fractions were shown to be -methyl-7- 

propyltetralin, there were still at least two unidentified ooinpo- 

nents present. It was of some importance to determine the identity 

and the source of these conteininants. 

Cne possible explanation for the low refractive index oQtained 

for the first three fractions, n25D 1.4832-1.4972 was the formation 
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of 2-methyldecalin in the reduction of 2-methylnaphthalene to 6- 

methyltet.ralin. there exists, also, the possibility that the sub- 

stituted ring was reduced giving rise to 2-methyltetralin. 

A further source o contamInation lies in the substitxion pro- 

ocas involving 6-methyltetraline Since 6-methyltetralin and psou- 

dooumer my be regarded as l,2,4-tri.alkylbenzenes, the substitution 

patterns of the former might be expected to cive some insiht into 

those of the latter, which have not yet received adequate study. 

In the bromination of pseudocurone, U. a1lach and i. k-ìeusler 

( 21, p. 233) reported the formation of 5-broicopseudocuinone. 

Jacobsen, however, found 3-broiopsoudocumene was formed as a by- 

product. iaith and iioyle (17, p. 8) showed that the chlorination 

of pseudocumene ga've -ohioropseudooumene in 34; yield . The 

filtrate was reported to be made up largely of 3-ohioropseudocuinene. 

In the treatment of 6-methyltetralin with phthalio anhydride , the 

only case reported, the saine workers noted that substitution took 

place at the 7-position. however, the yield ws low (42) and the 

crude acid was reported to contain a considerble amount of other 

acidic materials. 

it may be concluded that in the substitution of 1,2,4-trialkyl- 

Denzenes, there exists a distinct probability of 3- end 5-suosti- 

tuted isomers being produced simultaneously. 

Smith and o (18, p. 2213) proved by oxidation to the tetra- 

acid, that the main product o°tained y the propionylation of 6- 

methyltetralin was the 7-propionyl derivative. They did not prove, 

however, the absence of the 5-propionyl derivative. rihiS point 
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niust bo given serious consideration since the reduction of this 

ketone would ie rise to 5-propy1-6-meth1tetra1i.n, the compound 

reported by Smith nd Lo (18, p. 2210) to be the product of the 

Jacobsen Rearrangement. Since the yield on rearrangement was reported 

at 25 and since an l-propyl-2-niethyltetralin might be expected to 

pass thrcurh the rearrangement process unchanged, a small percentage 

of the 5-propionyl -6-methyltetralin derivative produc ed in the 

acylation step could have great sinifioance in the composition of 

the final product. 

A third spot at which complications might occur is the Cleniensen 

reduction of the ketone. Steinkopf end olfam (19, p. 125) found that 

styrene, styrene polymers and the 'inacolone of acetophenone were by- 

roduots of the conversion of acotophenono to eth:rlbenzene. Conse- 

quently, in the reduction of propionylmethyltetralin some propenyl- 

methyltetralin might be formed. 

in view of the possìilities for sido reactions, it was deemed 

essential to investigate each step. of the synthesis of f$-prop)l-7- 

methyltetralin in order to determine the source of trouble. 

To insure the absence of any naphthalenic material in the 6- 

methiltetralin, the latter was synthesized from tolueno according to 

the followins route:- 

)ciI:II 
o 

o cw 

Ö - 

cw,:- c 
fliC!3 o 

lOLV4t 
I, 

C. -CH-Cj2COO 
i 

C b - 

o \o 

zO 

°(Ht/-COOH tiIIIIIIIIIIJi:III-" 

Cu3 

'cf 
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The 6-methyltetralin obtained in this manner was xarnird by means 

of gas ohromttographje One sharp peak was obtained, inicatin the 

probability of a pure compourd having been obtained. The resulting 

produot was then 'ropiony1ated and a sample of this product was intro- 

duced into the vapor fractometer. There was again only one peak but 

in this oase it was unsyrietrica1 and too broad to be trustvrthy 

evidence for the presence of a single component. Thua, a sempie of 

the 2, 4-dinitropherylhydrazone was prepared arid a chromatographic 

separation was carried out on aluminum oxide. One main band was 

obtained with one minor band end two trace bands, it wes concluded 

that prepionylation gives rise to isomoric ketones. 

The propionyl derivative was reduced to the corresponding 

methyipropyltetralin by a Clerumensen reduction. The product was 

found by gas chromatography to contain two components. Fraction- 

ation of the mixture followed by gas chromatographic analysis 

showed the minor component was concentrated in the early fractions 

so that a single component was obtained in the later fractions. 

That this compound was 6-methyl-7-propyltetralin and not -meth.1- 

6-propyltetralin was proved by oxidizing a semple of the last frac- 

tion to the corresponding acid. it was shown to be the 1,2,4,5- 

oenzerìetetracaruoxylic acid which was obtained. Furthermore, the 

minor component could not have been an isomerio propylmethyl- 

tetralin because its peak was too far from that of the major frac- 

tion. This material has not been identified. Based on the above 

evidence it was concluded that a pure sample of -propyl-7-mothyl- 

tetrelin was now available. furthermore, the substitution of 
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-methyltetralin has been shovrrì to 4ve a mixture, arid since the 

emount of isoxneric ketone present seems less than the amount of 

conte.minant alter the lemmensen reduotion, further difficulty may 

be arising in that step as well. 

II. FRODUCTS OF TH REACTION 

A sample of 5-C14-6-iropy1-7-methyltetra1iri had been syntho- 

sized prev1ousli from 2-methyl-4-C14-naphthalene (10, p. 38-39) in 

the same manner as the nonactive compound was prepared from 2-meth- 

ylnaphthalene. Llanee, any by-products which were inherent in the 

synthesis of the cold material were also preseri in the active 

material. The product was not fractionated on the 'odbie1niak 

column due to its activity. 

in a pre1iininari test carried out to stiy the extent of the 

proLlems arising from the us 01 the contaminated active compourrì, 

the specific activity of the d1uted material was determined b a 

wet oomcustion (3, p. 37e), the compound rearranged arid the s:e- 

cific activity again deterraird. It was found tha the specific 

activity had almost doubled during the rearrangement. Thi8 result 
made it evident that the percent of impurity carried through the 

Jacobson was high, while the yield of rearranged product from the 

acid starting material was suustantiaily lower. Consequently, the 

rrcentage of active impurity in the product was very significantly 

increased over that oriinaily pre8ent in the re&ctnt. 

As previously pointed out there was reason to believe that 

5-prop.1-6-methiltetra1in might be the main impurity in ths sample 
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of 6-propyl-7-methyltetraliri preparer3 by Smith nd Lo (18, p. 2213). 

Consequently, a pure smp1e of 6-proy1-7-rnethy1tetr1in was run 

through the rearrenement ster. The rroduct wss then dehydrogenated 

to give the corresponding aromatic ooinpound froir whoh a picrate 

was formed. This picrete melted between lO.5-111° C end the 

melting point was depressed when the picrate formed from the ero- 

matized starting material was added. On the other hand, when a 

picrate was prepared from the rearrangement product of 6-propyl- 

7-methyltetralin which had been prepared in the manner of Smith 

and Lo, it was found to melt at 118° C. A mixed melting point 

with the picrate from 5-propyl-6-methyltetralin showed no depres 

siori in the melting point. This tenda to confirm the belief that 

5-pro pyl -6-methyltetral in was the oro babl e impr ity. 

The fact that a possible impurity was identical with one of 

the expected products posed the problem of determining how much of 

this product was due to rearrangement and how much was due to irr- 

purity. It is, of course, possible to determine the nount of con- 

tamination in the active reactant by viona1 tetrasubstituted corn- 

pounds via oxidation end isotonic dilution analysis. This cen only 

set an up'er limit on the amount of 5--propyl-6-methyltetralin in 

the product arising as a result of prior contamination. 

In order to asoert&ìn how Smith and Lo could have missed 

reasonably large amounts of isomeric contaminants a study of the 

fractional crsta1lizaion of the mixed tetraorboxylic eaters 

was made. The pure tetracarboxylic acids were prepared and con- 

verted to their corresponding esers. mixture of the three 
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tetramethylesters was compounded in the ratio 8:1:1. It was found 

that the ester present irítia11y in the larger amount was isolated 

in pure form after three reorystalliz&tio!As. The results of this 

experiment showed that Smith and Lo coùld have overlooked the pres- 

ence o1 5-propyl--6-methyltetralin in what they believed to be pure 

6-propyl -7-methyl te tralin. 

In order to study the nature of the rearrangement product in 

semiquantitativo fashion recourse was had to gas chromotography. 

This showed that the rearrangement product consisted of three major 

oomponents and four minor ones. 

in an attempt to identify tiese substances some of the more 

probable rearrangement products were synthesized. These, in turn, 

were oomared chromatographically with the Jacobson product. in 

this nenner peaks oorresporing to those of 6-methyltetralin, 6- 

propyltetral in and 6-çropyl-7-methyltetral in were identified as 

minor neaks in the rearrangement product. 

in an attempt to prepare possible major components, 5-prol- 

-methylnaphthaler was obtained by the reduction of 5-allyl-6- 

methylnaphthalane. ittempts to reduce this compound to the corre- 

sponding tetralin ¡ret with no success. For comparison purposes, 

therefore, a sarapia of the Jacosen rearrangement product was 

aromatized and a gas chromatogram obtaird. This showed that 

l-propyl-2-methylnaphthalene was a possible component of the mix- 

turc, since addition of authentic l-ropyl-2-methylnaphtha1ene to 

the aromatizad rearranged material showed that the major peak in 

the chromatogram of the latter had been enlarged. 
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Another pos ible re arrangement prod uct 5-methyl -6-propl - 

tetralin was prepared via the ch1ormethìation of 6-propyltetralin, 

followed b hydrogenolysis . A 50-53 mixte of this product and the 

Jacobsen reerrangement product was subjected to gas chrornatograohy. 

It was found that the main &k was altered as in the revicus case. 

snoe, it is tt present impossible to asoertain experimentally 

whether i-methyl-2-propylnaphthalena or 1-propyl-2-methylnaphthalene 

is the major component cl' the aromatized reerrangement prodtt. A 

nwnber of observations, however, point to the forir as the most 

1ìkel. hus, whereas Smith ar1 Lo obtained tho latter as identified 

via t} picrate, the use of purified material failed to give such a 

picrate. urtIrmore, siflUe propyl groups ry be asswd to be lost 

during the Jacobsen reaction it is logical to expect the product to 

be formed via ring migration. The latter product above could be 

formed then only from, 6-propyl-7-metyitetralin-5-sulfonic acid, 

but this necessitates sulfonation at the more hindered position, an 

unliely occurrence. 
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ÀPJ L NTAL 

P-Toiy1--propionio acid was prepared by the action of suc cinic 

anhydride on toluene in the presence of aluminum chloride as de- 

scried by Limprioht (7, p. 110-iii). After crystallization from 

hot water it irelted at 1270 C. 

acid; - -Toiy1-ß-prooionic acid (20 g.) was refluxed 

with amslgainated zinc (60 g.), water (75 ml.) a hidrochioric acid 

(4 ini.) for twelve hours (8, p. 164). The product obtained in 80 

yield boiled at 180 182° C. Crystallization from heptane gave solid 

melting at 5-59° C. 

7-ethyitetralone was prepared by the action of sulfuric acid (8O>, 

100 cc.) on p-tol;lbutyric acid (20 g.) according to the method of 

arnett and Sanders (2, p. 436). The product, obtained in 75.6 

yield boiled at l3.5-138.5° C. (lo sim.) with ri2°i) 1.5625 and had 

a m.p. of 32-33° C. The reported m.p. was 35° C. (2, p. 436). 

was prepared from the above ketone (110 g.) by 

refluxing with amalgamated zinc (390 r.), ooxic. hydrochloric acid 

(20 ial.), glacial acetic acid (270 ml.) and water (270 ml.) for 

56 hours. The product was fractionated. 

iraction 1. b.p. 97° C. (ii min.) n257D 1.5330 

Fraction 2. b.p. 86.7° C. (8 mm.) n23'8D 1.5340 

Fraction 3. b.p. 97° C. (li mm.) n24D 1.5340 

The product (72 g.) was obtained iz 72;: yield. 



19 

6-eth1tetra1in was 1so obtained by catalytic reduction of 

2-methylnaphthalene. £he product obtained in 9 yield, boiled at 

96-97.5° C. (12 mm.) and had n20D 1.5387. 

6-Fropionyl-7-Methyltetralin was prepared by the treatment of 6- 

methyltetralin (62 g.) with propionyl chloride (40 g.) in the pros 

ence of aluminum chloride (80 g.). The directions of Smith and Lo 

(18, p. 2213) were followed with the exception that thiophenefree 

benzene was used as solvent in place of nitrobenzene. The following 

fractions were obtained. 

Fraction 1. b.p. 62-84° C. (1.4 mm.) n228D 1.5341. 

Lraction 2. o.p. 3.-126° .. (1.5 inni.) n22.Br) 1.5372. 

:raction 3. b.p. 126° 0. (1.5 nun.) n 2i 1.498. 

fraction 4. b.p. 128° C. (1.5 n212D 1.5503. 

The last two fractions were combined (42 g.) giving a yield of 7O. 

A gas chromatogram, obtained on a column of Apiezon on Celite at 

2010 C. with helium as the carrier gas, showed one broad peak. 

2,-Dinitropheny1hydrazone of 6-i1ethyl-7-Iropiony1totrlin was pre- 

pared from the ketone in the usual manner (i'i, p. 111). It was 

nlaced on an alumina column with petroleum ether and eluted first 
with petroluinn ether-benzene (1-l) and finally with benzene. 

Practically all the product appeared in a single band hich was 

eluted and the solvent evaporated in vacuo. The sample was reorys- 

tellized from ethanol-ethyl acetate and melted at 170.5-171.5° C. 

The reported m.p. was 153-154° C. (17, p. 2213). Anl. Calad, for 

C20 li22 N4 (J4: C, 62.81; , 5.80; Found: C, 62.64: iii, .96. J 
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second band gave too little material to identify and was followed 

by two even fainter bands. 

6-Fropyl-7-Methyltotralin was obtained bì a Cleninenson reduction of 

6-propiony1-7-meth1tetralin (18, p. 2213). The product was iso- 

lated by distillation. 

Fraction 1. b.p. 104-109° C. (2.3 mm.) n282D 1.5148 

Fraction 2. u.p. 109.2_1100 C. (2.3 nun.) n2781) 1.5194 

Fraction 3. b.p. 108-110° C. (2.0 mm.) n23D 1.5253 

Fraction 4. b.p. 111-113° C. (2.2 mm.) n238P 1.5290 

The fractions were combined (total 77 yield) ax. distilled on a 

Podbielniak iili Grid packed ini-Cal column. Seventeen fractions 

were obtained but the properties of these fell into three groups. 

o.p. 

1. 96-100° C. 

n24D 

1.4840-1 .4880 

2. 111-115° C. l.ö150-1.52l 

3. 124° C. 1.5260-1.5290 

Presuure Rdflux iatio 

C.5 25/1 

6.5 25/1 

C.c 25/1 

Fractions 11-17 which constituted the third group were combined. 

.A sample (.25 .) and nitric acid (3-1, 4 ml.) were heated together 

in a Carius tube for 8 hours at 185-17h0 C. The solution was evap- 

orated to dryness and the residue taken up in ether. ¡An ether 

solution of diazomethane was added till a ye1lo color rersisted. 

The excess was destroyed with acetic acid and the solvent evaporated. 

The residuo was recrystallized twice from methanol. The product 

melted at 145.5-146.5° C. The literature records nt.p. 141-144° C. 

(il, i.. 119), for tetramethyl-1,24,5-benzenetetraoarboxy1ate. 



21 

2-Propyl-3-methylnaphthalene was prepr.d by dehydrogenation of 

-propyl-?-inethyltetraliri over 10% pclladiuiu on charcoal at 1800 C. 

in a stream of caron dioxide uiìtil no further hydrogen was liber- 

ated. The catalyst was removed and the resulting oil treated with 

a saturated solution of picric acid in methanol. After cr>stallizing 

three times from alechol the icrte me1te at 1120 . in agreement 

with literature value of 110-112° C. fie, p. 2214). 

The Jaoosen Reaction:- 6-Fropyl-7-methyltetralin was treated with 

sulfuric acid according to the procedure of Smith and Lo (18, 

p. 2210). The product was dehydrogenated to the corresponding 

naphthalonic compound whioh was treated with a saturated solution 

of piano acid in methanol. The solid on reorystcllization from 

methanol was found to melt at 109.5_1110 C. The 1ting point of 

a mixture with picrate of starting material was 90° C. The picrate 

of 1-proo1-2-rnethyl naphthalene melts at 118-119° C (is, p. 2210). 

l-ÁlIyl-2-methylnaphthalene was obtained by treating th Grignerd 

reagent obtained from i-bro:.o-2-rrthy1nephthaiene with allyl bromide 

(12, p. 23-24). The product distilled at 1300 C. (5 n.). 

1-Propyl-2-methyinaphthalene:-- The above hydrocarbon was reduced by 

shaking a solution in alcohol with Raney nickel and hydrogen at two 

e.tomospheres for two hours. ihe catalyst was removed uy filtration 

and the product distilled alter evaporation of the solvent. 

Fraction 1. b.p. 117-119° C. (3.5 mr.) n265D 1.5923 

rraction 2. b.p. 119-121° C. (3.5 rn.) n26.5r) 1.5899 
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Frection 3. b.p. 7 121° C. (3.5 mm.) n25P 1.5888 

Fraction 2 was dissolved in methanclic pieno acid, the orange crys- 

tals were separated and crysta11zed from nthano1. The picrato was 

found to melt at 1l° C. The literature value is 118° 0. (18, 

p. 2214). 

1,2,3,ò-renzenetetraoarboxy1io_acid:- Mesitoic acid (5 g.) was oxi- 

dized by alkaline permanganate (11, t. 118). The manganese dioxide 

was removed and washed by centrifugation. The solution after being 

passed through Powex 50 wa evaporated to dryness and the residue 

was boiled in concentrated nitric acid for about one hour. The hot 

solution was filtered and on cooling, white crystals (.24 g.) nrc- 

cipitated. The m.p. was 252-257° C. and the yield 68/. The corre- 

sponding literature values wore 243-247° C. and 78,' (ii, p. 118). 

Tetrainethyl-1,2,3,5-benzenetetracarboxylate was prepared by treatment 

of an anhydrous methanol solution of the above acid with an eher 

solution of diazomethane till a e11ow color persisted. The excess 

diazomethane was destrojed with acetic acid and the solvent evno- 

rated. The residue was cr:sta11ized twice from methanol end once 

from hexano. The m.p. was 11lll.20 C. in agreement with the 

literature value (li, p. 119). 

1,2,3,4-Lenzenetetracarboxlio Acid;- This acid was prepared from 

2-mcthylnaphthoic acid (5 g.) in an identical manner to that used 

in the preparaion of the 1,2,3,3-tetracarboxylie acid. After 

cr'sta11izing from nitric acid the m.p. was 241-243° C. and the 
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yield 67. Reported yield (ii, o. 118) 22 end m.p. 241-244° C. 

The crista1s did not turn purple on standing, as reported. 

Tetramethyl-1,2,3,4-benzenetetraoarboxylate :- This tetramethyl ester 

was prepared from the above acid as desrihed for the preparation of 

the i,2,3,5-tetrsiìethy1 ester. Mter two recrystallitations from 

methanol and one from hexane the m.p. was 132_1330 C., while the 

reported m.p. was 130-131° C. (11, p. 119). 

Tetramethyl_1,2,4,5-benzenetetracarboxylate:- This compound was 

prepared as above, from the 1,2,4,&-tetracarboxylic acid.' After 

recrystallizinp as in previous ease, the m.p. was l44._145.60 C. 

The reported m.p. 143-144° C. (11, p. 119). 

Fractional Crystallization of Tetromethyl-sters:- A :ithcture of the 

l,2,4,d-tetrernethyl ester (56 me.), the 1,2,3,5-tetramethyl ester 

(7 ins. and the 1,2,3,4-tetramethyl ester (7 mg.) was compounded. 

After three recrystallizations from methanol the m.p. was 144.5- 

145.6° C. showing the presence of pure 1,2,4,5-tetramethyl ester. 

5-C14-6-propyl-7-methj1tetral in was rered from l-C14-3-methyl - 

iiephthalene in the identical manner to 6-propyl -7-methyltetralin. 

The s ce cific activity after dilution with 6-propyl -7-methyltetral in 

was determined by the Van Slyke cch method (3, p. 376), and found 

(-jn two runs to be 641,060 and 63Ç,O0O cpm/m. mole of methyipropyl- 

tetrslin. 

* This acid was generously donated by L. i. Smith. 

H This sample prepared b:; . R. Cdell. 
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Jecobaen Reaction:- The above active compound was subjected to the 

Conditions 01 Jacobsen reaction (18, p. 2210). The speculo activ- 

ity was determined as in the orevious case. The results on two runs 

gave values of 1,014,090 and 1,016,850 opnVm. mole of rearrangent 

product. 

6-ropiony1tctra11n was prepared b pro.iony1ation of tetrslin ac- 

cording to the method of Smith and Lo (18, p. 2212) the excep- 

tion that thuophane-fre benzene was used in place of nitrobenzene. 

The product was fractionated. 

r&cticri 1. b.p. 118-135° C. (5.3 mm.) n23'6D 1.5458 

rractior 2. b.p. 135-144° t. (o.3 imn.) n248 1.517 

racticn 3. b.p. 14±.b-l45° C. (.3 rrm.) n24'8D l.511 

1raotion 4. b.p. 145-148° C. (5.3 mn.) n26'0D 1.5508 

1racticn o. .p. i48 C. (v.6 mn.; n26'6L höbO7 

The yield based on the lasr four fractions was 76. Physical prop- 

erties previously recorded are b.p. 1690 0. (17 rm.) and n23D 

1.5500 (18, p. 2212). 

6-Prjy1tetra1in resulted from a C1'ammensen reduction (18, p. 2212) 

of the above compound. The product was purified by fractional 

distillation. 

Fraction 1. b.p. 118-123° C. (14 nm.) n20 1.5026 

Fraction 2. b.p. 126.7-127° C. (14 m.,i n2°D 1.5198 

Fraction 3. 'o.p. 125.2° C. (11 un.) n20P 1.5256 

braction 4. b.p. 125.2° C. (11 mm.) n201 1.5262 
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Fractions 3 end 4 were combined, giving a. 93; yield. Smith and Lo 

report, u.p. 123-125° C. (io mm.) and n29r 1.5253 (18, p. 2212). 

gas ohromatograni of' each fraction was obtained utilizing helium 

and an Apiezon-L Celite coluiun at 202° C. The impurities, which 

were preferentially removed in the first two fractions, had parent 

retention volumes of 250 and 270 ml. The third and fcurth fractions 

had only the main peak at 480 ml. 

2-Fropyinaphthaieno was prepared by dehydrogenation of the above 

oompound at 220_2500 C. in a current of nitrogen in the presence of 

palladium on charcoal (lop) for about three hours. The reaction 

product was taken up in other, the catalyst removed and the product 

distilled. 

Fraction i. b.p. 1210 C. (4 mm.) n24.2D 1.5671 

Fraction 2. b.p. 118° C. (3.5 mm.) n24T 1.5732 

Freotion 3. b.p. 119° C. (4.2 mm.) n24D 1.5780 

I gas ohromatogram 0f fraction 1 on a 6 ft. column of Apieon-L 

on Celite at 2030 C. showed two peaks with retention volumes of 

72b mi. and 948 ml. The impurity at 725 ml. was reduced to a 

trace amount in fraction three. 

1icrate- The 2-propylnaphthalene was dissolved in methanolic 

pieno acid and the sciution cooled. The yellow crystals which 

deposited were removed and crystallized from methanol. The picrate 

melted at 91° C, in agreement with the literature (18, p. 2212). 
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Chlororithylation of 2-propylnaphthalene; - 2-Propylnaphthalene 

(9.4 g.) was dissolved in acetic acid (25 nil.) followed by the addi- 

tion of paraforinaldehyde (3.3 g.) (4, p. 299). The mixture was 

cooled on an ice-bath and hydrogen chloride bubbled through until 

the paraformaldehyde had dissolved. The flask was stoppered and 

left at room temperature for eighteen hours, whereupon the solution 

separated into two layers. The oil was separated and the water layer 

extracted three times with benzone. The combined oil and benzene 

fractions were washed three times with water, twice with sodiwn 

carbonate solution (5%) and finally twice with water. Three 

fractions were collected during distillation. 

Fraction 1. b.p. 115-127° C. (2. min.) n2°D 1.5818 

Fraction 2. b.p. 127-137° C. (2.2 mm.) n20D 1.5862 

Fraction 3. b.p. 132-135° C. (1.0 mm.) n20D 1.6011 

The ellcw oil, comprisín, the last fraction, on cooling overnight 

gave white crystals. The solid was separated and crystallized from 

alcohol. It melted sharply at 52° C. The yield was (.62z g.) 11%. 

Jnal. Caled. for C14 H15 Cl: C, 76.87; H, 6.91; Found: C, 76.25; 

, 7.21. 

iydrogono1ysis of Chloromothylnaphthalenes:- The above solid was 

dissolved in acetone and subjected to hydrogonolysis in the presence 

of palladium on charcoal. A yellow oil was obtained having n23D 

1.5713 and giving a ne;ative 'eiistein test. 

Chioromethylation of 6-propyltetralin;- 6-ropyltetrelin (32 g.) 

was ohloromethylated as in the same manner as used in the case of 
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2-pro jy1nahtha1ene. The produot was purified by fractional 

distillation. 

Fraction 1. b.p. 13E-1370 C. (2.5 mm.) n175D 1.5UO2 

Traction 2. b.p. 137-138° C. (2.0 mm.) n18D 1.5527 

krction 3. b.p. 138-140° C. (1.55 mm.) n18T 1.5530 

FracUons 2 and 3 were combined giving a 45;: yield. 

5-iethyl-6-propyltetralin;- The above product (12 g.) was dis- 

solved in scetone and palladium on charcoal (.5 g.) was added. 

Hydrogen was introduced to pressure of 34 lbs. and the mixture 

was shaken for five hows. The resulting solution was yellow in 

color. The acetone was evaporeted and the resulting liquid was 

dsti11ed under reduced pressure. 

Fraction 1. b.p. 134° C. (1.5 mm.) n22.3D 1.5485 

Fraction 2. b.p. 134° C. (1.5 mm.) n2z5P 1.5490 

raetion 3. b.p. 135° C. (1.2 mm.) n22D 1.5494 

The yield was 9.7 grans (96»). Ì gas chromatogram of the product 

utilizing helium and a column of Apiezon-L on Gellte at 220° C. 

showed two peaks. The major product (8o) had a retention vole 

of 800 ml. and was identified as 6-propyl-7-methyltetralin. The 

minor product (20h) having a retention volume of 940 ml. was 

probably 5-methyl-6-propyltetrelin. 

Another sample of chioromethylated 6-propylnaphthalene, having 

251Sfl 1.5990, was dissolved in tetrahidronaphthalene and heated 

under reflux with lithium aluminum hydride (16, p. 75) for eight 

hours. The excess lithium aluminum hydride was destroyed with 



ethyl acetate and the aluminum salts taken up in hydrochloric acid. 

The solution was extracted with petroleum ether and the solvent re- 

moved by evaporation. Distillation of the product save an oil having 

n248D 1.5801 and giving a negative ieilstein test. The yield was 

82. The gas chrorrtogram of this oil obtained on a three-foot 

ooluiun of Apiezon-L on Colite at 219° C. showed three peaks. The 

major one had an apparent retention vclurí of 507 ml while the 

minor ones were 413 nl. and 281 ml. The major product was identi- 

f led by gas chromatography as 6-propyl-7-methyltetralin. Similarly, 

the pea at 281 ml. was sho to be 2-propylnaphthalene. The other 

peak was dedueed to be dt to l-nthyl-2-prop'lnaphthale. 

The Gas Chromatogram of the roduot from Jacobsen 

Rearrangement of 6-propyl-7-methyltetralin - was obtaird on a column 

composed of Apiezon-L on Colite at 201 C. Seven peaks were obtained 

having the following apparent retention vo1uns and percentage 

composition. 

¡pparont retention present 
vo i ui 

1. 1079 nil. 7.4% 

2. 813 ml. l2.9 (6-propyl-7-methyltetralin) 

3. 1270 ml. 50 

4. 282 ml. 2.9 (6-methyltetralin) 

5. 613 ml. 

E. 491 ml. .8 (6-propyltetralin) 

7. 239 nil. .5/o 
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Arornatized Jacobsen Products;- The possiule aromatized Jacousen 

products were pwified via their picrates. The picrates were de- 

coi:iposed by passing them thr ough a oolrin of alumina using hexane 

as eluant. Tht solvent was evaporated in vacuc. The hydroosrbons 

were then subjected to as chromatography on a 3 ft. column of 

piezon-L ori CeÏite at 2200 C. The apparent retention volus of 

the couipouxids oxamnintd were as follows:- 

1-methyl naphtn ale ne 

2-methyl napht hale ne 

2-pr cpyi napnthalene 

1-propyl -2-methyl naphthalene 

1 -methyl -2 -propyl naphthal ene 

2-niethyl-3-propylnaphthelene 

Aromatized Jacobsen 

Aronrntized Jacoosen 

iáixture of l-inethyl-2-propyl 

and 2-methyl -3-propyl naph- 

thalene 

apparent retention volume 

146 ml. 

lb6 ml. 

12 ínl. 

468 in1. 

484 ml. 

503 ml. 

429 ml., 499 ml., 351 ml. 

429 mn]., 48 ml., 343 ml. 

ist trial; ì46 ml., 355 ml. 

2nd trial: 538 ml., 355 ml. 

.j:.ture 01 1-propy1-2-uthy1 ist trial; 51 ini., 343 inI., lo6 ml. 

ano 2-methyl-3-propylnaph- 2nd trial: 484 ml., 335 ml., 156 ml. 

thalenes 
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CO}CLUS ION 

A rather detailed reirrvestigatiori of the Jacobsen rearrangement 

of 6-propyl-7-methyltetralin has been carried out. The results of 

this work showed that the conclusions of Smith and Lo, who previously 

studied this reaction, are erroneous, probably as a result of ixnpire 

starting material. In this reinvestigation, a sample of -methyl-7- 

propyltetralin was prepared whioh was uniform in refractive index 

and to gas chromatography. Rearrangement of this material gave rise 

to a product which gas ohromatography showed to be made up of three 

major and four minor components. Contrary to the results of Smith 

and Lo, we have oeen unable to confirm the presence of 5-propyl-6- 

methyltetralin in that product, but wo have identified three of the 

components as, 6-methyltetralin, 6-propyltetral in and 6-methyl -7- 

propyltetraliri. 

Tracer experiments indicated that the divergence between our 

results anô those of' Smith and io was due to an impurity which 

was more stable to sulfuric acid than was 6-metiyl-7-propyltetre1in. 

. step-by-stec investigetion of the synthesis was carried out in an 

attempt to oonfiru this deduction, out ws not completely successful. 

It was shown that the propionylation of 6-methyltetralin leads to 

trace amounts of isorrieric letones end that the Clemmensen reduction 

of the ketono gives a product in which is present considerable 

amounts of lower coiling substances. ¿tructures for t}se contain- 

mante were not established. Ihe oxidation procedure employed by 

Smith and Lo to identify 6-metryl-7_;ropyltetralin was found on 
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exminstion of synthetic mixtures to be inopab1e of detecting 

impurities ccnposing 1O-2O2 of the mixture. 
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