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!HE STRUCTUBE OF DIPYRROLES AND INDOLE FOBMATIOB FROI{ 

PmROLES 

A. structure of Dipyrroles 

Part 1. Historical 

B7 analogy with the struoture (l) assigned to the 

dlmeria form of-diphenylcyclopentadienone in 1933 (1) \ and 

with structures lIs, lIb, Ills, IVa assigned to the dimeric 

forms of dicyolopentadiene (2,3) a tew years ago. Allen and 

Spanagel suggested at that time (1) that the dipyrroles had 

a similar ring system. formed by a diene synthesis,and that 

they should be represented as IT. instead ot being written 

as one of the possible cyolobutane derivatives V in current 

use. 

IIa 

H 

I 

lIb 



lila lIn 

---c~HRn 

IVa 

In 1936, Robinson (4' evidently unaware ot the pre

Yious paper, suggested similar struotures YI and VII tor di

and trip71'role-. 

R·o---~I[----~--~mn 

a-I I 

Va Vb 

H----.cH 

H H 

VI VII 

!he usual tautomerism ot unsaturated nitrogen com

pounds, as in IVb, does not affeot the position ot the link

age ot the carbon ring.. !o secure evidence that would eD-
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able a structure to be assigned to the dlpyrroles, whether 

V, IV, or some other, Young (46) studied the reactions and pra

parties of diphenyldipyrrole; he showed that II was unten

able and that IV seemed to be highly probable. 

The structural formula of pyrrole (VIII) shows that 

this substance oontains a diene linkage and would be capable 

of taking part in the "Diene Synthesis R • 

·VIII 

Since 1 t is known that furan adds to form IX, by 

analogy N-methylpyrrole should give X. 

B--.cu 

B---cu 

IX x 

However, Diels (4) found that the reaction between 

alpha,beta-unsaturated acids and anhydrides and pyrrole and 

its homologs dld not give the anticipated l,4-additlon pro

ducts. In these.investigatlons an aqueous solutlon ot mal~ 

eie acid was generally used, to avoid the experlmental diff-
:' 

ieulties encountered with the dry aoid. In aqueous solution, 



maleic acid and pyrrole reaoted at room temperature. When 

the reaction mixture was gently heated two moleoules ot oar

bon dio:xid·e and one molecule ot ammonia were spl1 t oft form

ing a nitrogen-tree diketooarboxylionac1d. fhi. acid, which 

was identical with the one obt,ained by Kehrer and HotackerC 5) 

trom delta-furfural-levulinic acid, was dile~linic acid (XI). 

CH"'a---CH2 

_- CH2CH2!O lCH2r2 
loOR COOR 

XI 

Reduction ot the new acid gave sebae1c acid; since this was 

a straight chain aoid the oarbonyl groups were assumed to be 

in a l,4-positlon. In the reaotion mixture, there was also 

tound a small amount ot pyrrole-2,5-dlproplon!o acid (XII)" 

identical with the acid obtained by Kehrer (5) from dilev

ultnic aoid and ammonia. 

-----nH 

XII 

CH2yH2 

AoOH 

!his aoid (XII) might have been produced by the aotion ot 

tree ammonia upon dilevu11nlc aCid. but it was believed to 

have been formed direetly trom the starting materials. !.he 

meohanism ot this reaction was oleared up by studying the 
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add1tion o~ maleic aoid to 2-methylpyrrole in acqueous sol

ution. In this case. the addition product was iSG'lated and 

was found to contain both substanoes in the ratio of l:l.It 
\ 

was 2-methylpyrrole-5-succinio acid (XIII). and furnished 

2-methylpyrrole-6-proplonic acid upon gentle heating. 

CH OR 

CB3~ »--.CB----CH2 

~ !oOR !oOR 
XIII 

Xeh~er(6) has shown that alcoholic hydroohloric aoid con

Terted furfural acetone into acetonyl-levulinlc acid,which 

in turn tormed 2-methylpyrrole-6-proplonic acid when it was 

treated with ammonium aoetate solution. From these facts it 

was evident that pyrrole and aqueous maleic aaid first 

tor.med pyrrole-2,5-disuccinic acid (XIV) which then lost two 

molecules of oarbon dioxide to give pyrrole-2.5-dipropionic 

acid (XII); hydrolYSiS ot the latter yielded ammonia and di

levulinl0 acid (XI). 

CH CH 

XIV 

In the same way, B-methylpyrrole and aqueous mal-
. 

8ie aoid furnished B-methylpyrrole-2t5-~isuocinic .acid (XV), 
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which lost two molecules of carbon dioxide on gentle heating 

to produce B-methylpyrrole-2,5-4isuccinic acid (XVI). 

em H 

<tHr-<iH-IL .. , ----f1-yH2 

&OOB &oOR &oOB &oOB 
R3 

XV 

Since this acid proved to be muoh more resistant to hydro

lysis than XII. the proportion of dilevulinic acid (XI) 

formed was ver7 small. !he constitution of XVI was known, 

tor its ester was identical with that obtained from the es

ter ot dilevulin1c acid and methylamine. It should be noted 

that in a non-aqueous solvent B-methylpyrrole and maleic an

hydride formed B-methylpyrrole-5-succinic anhydride (XVII). 

XVII 

LikeWise, 2,4-dimethylpyrrole and maleic anhydride in a non-
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aqqeou-s-: solvent yielded 2.4-dimethylpyrrole-6-succinl0 an

h7dride (XVIII)- t whereas with c1 traconio anhydride 2 t 4-di

'methylpyrrole-6-methylsuocinio anhydride (XIX) resulted. 

XVIII 

XIX 

'0 the same oatagory belongs the addition ot acetyl

enedicarboX7l10 acid and its esters to pyrroles (7), 2-Kethyl

pyrrole and methyl aoetylenedicarboxylate oombined additively 

at room temperature to y1·eld two stereoisomeric dimethylesters 

(XX. XXI). 

iCOOO~ 
OB$COOtH . 

xx XXI 

!hese esters stand in a ois-trans relationship to one another 

since on catalytio reduction they both yield 2-methylpyrrole-

6- succinic acid. 



Ia 1886, it was ~irBt shown by Dennstedt (8, 9) 

that some pyrroles tormed hydrochlorides of bases when 

treated with dry hydrogen chloride iB dry ether; in most 

cases. however, the position ot the substituent groups in 

the starting pyrrole was not definitely known, and the des

oription of the resulting bases (or polymers) was largely 

of an indefinite, qualitative nature. The dlp,rro1e salts 

thus formed, were 8QDverted by alkali into the free po1y

pyrroles (10. 11). !hus, it was observed that dlpyrroles 

gave monoacidic salts. 

Working in this manner. Dennstedt isolated a di~

pyrrole by polymerization of 2.3-dimethylpyrrole. P1loty 

(12. 13) showed that this dipyr~ole distilled unchanged in 

vacuum, and could be converted into an indole by removal of 

ammonia. 

Hans ~ischer (14) converted 2,4-dimethyl-3-ethyl

pyrrole ( orytopyrro1e ) into XXIII and 2,4,5-trtmethyl-3-

ethy1pyrro1e ( phyllopyrrole) into XXIV. 

XXIII 

12R
S T2R

S 

CBS C C - CH3 I I 
OR3 C CH3 

!H3 XXIV 



!hese reactions were brought about by the older hydrogen 

'ohloride method or by a new one. which consisted in heating 

the mo~-p7rrole picrate in ethyl acetate. When XXIII was 

heated above 2000 in vacuum. it was depoly.merized. The "bis

phyll~p7rrolen (XXIV) was much more easily depolymerized,i.e. 

by steam distilling or by heating to 1500 in vacuum. From 

these examples it is seen that the dlpyrroles from tri- and 

tetra-alkylated pyrroles differ from those of the mono- and 

di-alkylated pyrroles of Dennstedt in that they can be de

polymerized by heating, and also, as will become evident,in 

that there is no formation of corresponding indoles,~ischer 

(15) has obtained indoles directly from pyrroles by treat-

ment of thepyrrole either with hydrogen chloride in ab

solute alcohol or with hydrogen bromide in formic acid.From 

2-methyl-6-carboxypyrrole-3-propionic acid, he obtained 2,4-

dimethylindole-3,6-dipropionic acid. !.he latter is an app

arent exception since it Is' 8 tr1-substltuted pyrrole, how

ever, in this instance the loss ot the group in the 5-position 

in the pyrrole by decarboxylation, makes it equivalent to a 

pyrrole with groups on but one side of the ring. 

In acid media (16) the aromatic properties of 

pyrrole were destroyed to a large extent and the oompound 

showed a marked~tendency to polymerize. A large number of 

oomplex polymers could be obtained, but the majority were 

mixtures and were not single substances. The best known de

finite polymer was tripyrrole (XlTal. isolated as the hydro-



ohloride, by treating a dry ethereal solutton of pyrrole with 

dry hydrogen ohloride; the tree base was thrown down as col

ourless orystals by neutralizing a solution in dilute hydro

chloric aoid with ammonia. 

XXV a XXVb 

C~H 
I - JI 
CH JH ~ .... 

When tripyrrole was heated to 300°, it decomposed into pyrrole t 

indole,and ammonia. These produots could be obtained without 

isolating the tripyrrole if the polymerization mixture was sub

jected to dry distillation (17). This reaction m~1 be viewed 

as a case of reversibility of a diene synthesis. Schmitz~Dumont 

has recently claimed to hay. isolated the dimer of pyrrole it

self,as a result of some work on the addition product of stannic 
/ 

chloride and pyrrole, SnC14~ 2C4HSN. 

From the history of dipyrroles the following facts 

are evident: 

(1) fripyrrole Should be written as an open-chain 

compound (XXV). 

(2) In the "Diene Synthesis" pyrroles do not react 

• like other dienes, but rather as HA compounds • .. - .. '~'" 

'An HA compound consist. of H and some such radical as: 

-H, -CB, -1m2, -liHR, -CH2CHO, -NaS03, -OR (as in HOCl) , 

-OSH5.-00H3 t -¥gOl. -IHOH. -OH(OOOR)2' -OSHS,HOB. -OH2B02• 
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!he exaot mechanism of Robinson's (19) tropinone synthesis 

is unknown,but it.seems highly probable that it is 6 true 

diene synthesis at some step in the reaction. 

CHat aqueous AU 
~ w;13 

solution 
of 

2 

!he yield in this synthesis was small, but an improvement 

followed on the replaoement of the acetone by a salt of 

acetone dioarboxylio aoid. In this oase, the initial pro

duct was a salt ot tropinone dicarboxylio acid, whioh lost 

tWG molecules of oarbon dioxide with the formation of tro-

pinone when the solution was acidified and heated. -Tro

pinOne was also obtained by the hydrolysis of the product 

ot oondensation of succinic dialdehyde with ethyl acetone

dioarboxylate and methylamine in alcoholic solution. 

(8) Polymerization in the pyrrole series takes 

place as follows: 

Ca) Pyrrole itself gives tripyrrole ex

cept under special conditions when dipyrrole results. 

(b) Pyrroles substituted unilaterally 

for their equivalent) give relatively stable dipyrroles. 

- (e) Other pyrroles give dipyrroles that 

dissooiate to the monomeric form on heating. 

(4) Dlpyrroles form monoacidie salts. 
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Part lIe Introduction 

Yrom the examples cited in the historical section 

it was seen that pyrroles reacted with themselves to form di

meric addition produots. It was also pOinted out that pyrroles 

did not enter into what 1s considered to be the usual type of 

diene synthesis hence some structure other than IV seems more 

p~abable for dip7rroles. Such possibilities are illustzated 

in XXIIa and XXIIb; these are only two of the five theoret

ically possible forms t and the only ones which present any 

new complications. 

XXIIa 

RI 

R"~ 
~ 

XXIIb 

Formulas IV and XXII are very ~ml1ar; the latter may be con

sidered as a very probable intermediate in the formation of 

IV in a stepwise diene ... synthesis. The evidence that has led 

us to adopt XXII and discar4 IV is outlined below. 

Pyrroles seldom torm salts with acids. and meth

iodides are practically unknown. Since dipyrroles form salts 

with one equivalent ot acid t at least one of the nitrogen 

atoms must be different, henoe one of the oharacteristic 

pyrrole linkages has disappeared. Both nitrogen atoms ar_ 



alike ill V. but are different in Formulas IV and XXII. so V 

can be excluded from consideration. !he pyrrole ring system 

is still present in XXII. henoe monoacidic salts would be ex
pected; Bothlng 1s known of substanoes like IV. so it is im

possible to predict the behavior of the nit.rogen atoms. 

~r the purpose of securing solid substances, fao

ilitating manipulation, and simplifying degradation products, 

Young (46) investigated some of the reactions of 2-phenyl

pyrrole. It did not give .. a methiodide but readily formed a 

dlpyrrole, whiah gave salts with three acids, as well as a 

monomethiodide. ~is methylation involved refluxing in methyl 

-iodide as a solvent (over twenty equivalents). With sodtUm 

hydroxide an 011 resul ted, whioh again added methyl iodide to 

give a salt, insoluble in water, and unaffected by potash. 

Retluxlng with a suspension of silver oxide in aqueous aloo

hol brought about a decomposition and depOSition of silver 

iodide. but it was impossible to recognize any ot the organiC 

material. 

!7rroles do no~ form methiodides, whereas the re

duced pyrroles or pyrrolidines are oompletely methylated by 

excess methyl iodide. In XXIIa. the -NH- should undergo ex

haustive methylation under Young's treatment, which involved 

retluxing with tw~nt7-three moles of methyl iodide. whereas ' 

actually only one methyl iodide molecule added. !his behav

ior makes possible the exclusion of all the tautomeric forma 

of If and XXIIa except those of the type XXIIb. In this, the 
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nitrogen atoms ~e dissimilar; one is still a pyrrole, in

capable ot for.ming salts, whereas the other is like a Schiff 

base, it could add but one molecule of methyl iodide (XXVI) 

(20) or methyl sulfate -(21). 

2 ,eR r-r 
~~a C6HS 

XXVI 

It might be thought possible to differentiate be

tween nila and XXlIb, even though XXI1 a is excluded, by a 

determination of the number of active hydrogen atoms. Hydro

gen atoms undergo a tautomeric shift is pyrroles, in that the 

usual reagents give derivatives of either possible form, i.e. 

HB02 givesfnitroso derivatives only. even with pyrrole it

self; and aoylating agents usually attack the carbon alpha to 

the nitrogen atom. !he Grignard reagent should show the pre

sence of two active hydrogen atoms, but the use ot this re

agent as a method for determining structure in pyrrole series 

is known to be unreliable. For example Young treated the con

densation produot ot 2,5-dimethylpyrrole and acetone with 

methyl magnesium iodide in the RGrignard maohine w and tound 

three active hydrogen atoms where normally one would expect 

two active hydrogen atoms. !herefore, the use ot this reagent 

here would be ot no value. 



!he reaction with alkali, ~ollowed by addition o~ 

one more molecule of methyl iodide, ~s ~ound experimentally 

by Young, is best explained by Corwin (22) which 1s that the 

true base. primarily formed, at once rearranges to the more 

likely form of the pseudo base (XXVII). !his now contains a 

nitrogen atom capable o~ further methylation, as Young ver

itied experimentally. 

XXVII 

!hese reaotions render highly probable the new akel. 

etal atruoture of dipyrroles. and indicate that the nitrogen 

atom is conneoted to an adjacent carbon by a double bond. In 

the partioular example the phenyl group was placed at the top 

by analogy with the reaction of 2-methylpyrrole to tor.m 2,4-d1-

methylindole with mineral acid. !he taot that the only -rec

ognizable oxidation product was benzoic acid indicated that 

probably the phen7l group was attached to a doubly-bo~d carbon. 

!he cyolobutane structures V have to be discarded, for in not 

a single point are the7 in agreement with the above eTidence. 

It was always diffioult to explain indole formation trom them, 
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whereas all that. is necessary with the new structure was to 

have the diene synthesis continue to give a substance of the 
~ 

type IV. Diels and Alder (23) have shown that the addition 

produot trom furan and maleic acid oan be converted into 

p~th~lio aoid by a series of five reactions involving four 

intermediate produots, whereas VanOampen and Johnson (24) 

have removed water from similar addition products and ob-

tained phthalic anhydride in one step. 

From the examples Cited, it seems evident that 

like any sub·stance of the type HA pyrroles should add to 

the conJugated system of a second reactant. When there is 

-nothing else present for the pyrrole to combine with, it 
~. 

should add to itself for it contains the necessary conjug

ated system. Since pyrroles can be kept unchanged for long 

periods of time, this tendenoy cannot be very great. The 

addition~however.takes place in the presence of strong acids 

or zinc salts which remove t~~ dipyrrole from the equilib

rium by formation of an insoluble salt, or by elimination of 

ammonia yield the indole. As described under indole formation . 
Young excluded the possibility of a hydrolysis mechanism in 

the formation of indoles directly from pyrroles by Showing 

that there was no evidence that the pyrrole ring was opened 

by acidic reagents • 
• 

~ Since nothing like IV is known, its properties cannot be pre-
dicted by analogy with the furan-maleic anhydride addition pro
ducts in which the elements of water are easily removed, the 
loss ot ammonia Should be easy. 



!he reason that a dipyrrole does not lose ammonia 

in its preparation by Dennstedt's method with hydrogen chlo

ride (26) is due to the strictly anhydrous conditions ot the 

experimeat; the indole preparations were invariably done in 

the presenoe of water. !.he function of the zinc acetate in 

Plancher's method for preparing indoles (26) is probably 

merely to eliminate ammonia from the dipyrrole which was first 

formed. !his is oomparable to the use of zinc ohloride in 

eliminating a moleoule of ammonia from a hydrazone in Fischer's 

indole synthesis (27). That the presence of zinc salts was not 

essential, however. was demonstrated by the tact ~hat the re

moval of ammonia had been accomplished by many other methods. 
p 

Among these might be mentioned. treatment of the hydrazone 

with sulfurio acid (28) or with a mixture of hydroohlorio and 

acetic acids (29). 
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B. Indole Formation. from Pyrroles. 

Part 1. Historical 

In 1888, Dennstedt (9, 10, ll t 25) found that certain· 

P7rroles dimerized in the presence of acids and that sub

sequent treatment of the resulting dipyrroles with dilute sul

furic aoid affeoted the elimination of ammonia. He obtained 

2,4-diisopropylindole (XXIX) from 3-isopropylpyrrole (now 

known to be 2-1sopropylpyrrole)(11); 3.5-dlmethylindole (XXX) 

from 2-methylindo1e; and 2.3,4,5-tetramethylindole (XXXI) from 
~ 2,3-dimethylindole. 

xxx 

-

XXIX 

XXXI 

SDennstedt wrote his intermediate dipyrrole with a cyclobutane 
structure V and numbered accordingly, this has been shown in 
this thesis to be erroneous. The numbers are ec,r:rected on th.8 
basis that the intermediate dipyrrole has. an open-chain strUo
ture (XXIIb). 
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Dennstedt t however, did not prove the-position 

ot the substituent groups in these indoles by synthesis. 

He merely assumed that the dipyrrole formed had the oyclo

butane structure V whioh formed an indole by ring splitting 

and eTolution of ammonia. If this meohanizm were true, the 

resulting indole would ha~e struoture (XXXII). 

Rn~~ft oan 
R'!~/' 

XXXII. 

Earlier in this thesis, it was shown that a di

pyrrole has the structure XXIIb, hence the resulting indole 

would be expected to have the arrangement of groups in XXXIII. 

RI 

R" ~--O·Rn 

• 

XXXIII. 

Conversely, if the position of the groups in the indole is 

established, the structure of the dipyrrole can be deduced. 

In th1s series, there are three methods for pre-

paring indoles, none of whioh give high yields: 

(1) From the pyrroles by long heating with zinc 

salts and acetic acid. 
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(2) From the dipyrrole and sulfuric acid. 

(3) From aoetonylacetone and pyrroles. 

Starting with 2-methylpyrrole and procedure (2) 

Dennstedt (9) prepared a dimethylindole which he represent

ed as the 2.6-1somer assuming the dimethyldlpyrrole had a 

cyclobutane structure. 
, 

Plancher (26. 30) found that a dimethylindole was 

formed by procedure (1) from 2ymethylpyrrole. He believed 

that the first stage consisted in the hydrolysis of the 

starting material to levulinic aldehyde, which then react-

ed with a further quantity of 2~methylpyrrole to give 2,4-di

methyllndole and two molecules of water. This view was supp

orted by the tact that acetonyl acetone, which is a 1,4-di

ketone, was shown to condense with pyrrole to give 4,7-di

methyllndole(XXXIV); and by the known ease of ring opening 

of 2,5-dimethylpyrrole by acids (31). 

XXXIV 

It such a mechanism were true. either a 2,4- or a 2,7-d1met

h,llJ'J.dol.~ would be expected from the condensation ot levul

into aldehyde and 2-methylpyrrole, depending upon whether __ , the 
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levullnio aldehyde reacted so that in the product _{he methyl 

group was in the 4- or 7- position as indicated in (a)and (b). 

Ca) 

CHS 

(b) B 

~o CH OR 
+ t ~OH3 .. 

~3 V 
H3 

P1ancher synthesized an indole from the m-tolylhydrazone 

of acetone (xXXV), which could give either a 2,4- or a 2,6-

'dimethylindole, depending upon which of the two positions 

ortho to the nitrogen was involved In ring closure; this in

dole was found to be identical with the one prepared from 

2-methylpyrrole. 

xxxv 

Since the same substance resulted from both procedures, 
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Plancher considered it to be the 2,4-isomer. He arao stated 

that his 2,4-dlmethylindole was probably identical with Denn

stedt's product, obtained from the dipyrrole of 2-methylpyrrole 

(9). I~ Plancher's mechanism was correct, it follows that the 

dipyrrole must hay. first dissociated into the monomeric form, 

and hydrolyzed; Young showed that the hydrolysis was extremely 

improbable if not non-existent and that there was no dissoc

iation in the case of diphenyldipyrrole. The reasons that led 

Young to discard such a mechanism are outlined in the follow

ing paragraph. 

'0 establish the ring opening reaction as the mech

anism, it sho~ld be shown that pyrroles are hydrolyzed under 

the conditions necessary for ring formation. With a view to 

securing evidence on this point, a considerable variety of 

pyrroles was treated by Young in acid solution under such con

ditions in the presence of 2,4-dinitrophenylhydrazine. This 

reagent was selected because it is known to combine with car

bonyl compounds with great rapidity and because of the relat

ive insolubility of the expected products (32.47). As the . '. 

formation of an indole from pyrrole and acetonylacetone is a 

slow reaction, one would expect to be able to detect any 

hydrolysis product (carbonyl compound) produced by ring open

ing. The necessary conditions involved 24-48 hours of re

fl~ing, during whioh time most of the reactants were lost 

by tar formation; by interrupting after varying intervals 

it was possible to isolate unchanged pyrrole and hydrazine. 
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Only in one instance, that of 2,5-dimethylpyrrole, was there 

detectable ring opening. Wben a mineral acid was used, the 

bis-dinltrophenyIhydrazone ot acetonylacetone was formed in

stantly (33); the rate was slower in acetic acid, but the pro

duct was the same. The ketones 2-acety~- and 2,4-dimethyl-3-
< 

acetyl-5-carbethoxypyrroles gave dinitrophenylhydrazones with

out ring opening, but the others were unaffected. Finally 2-

methylpyrrole was converted into 2,4-dimethylindole with the 

same yield in the presence and absence of dinitrophenylhyd

razine. Thus there was not the slightest indication that ring 

opening was a step in the reaction. 

The validity of the reasoning depends upon the as

sumption that the pH most favourable for reaction is the s~e 

for dinitrophenylhydrazone and indole formation. Pyrroles are 

so easily resinifled by moderate concentrations of acid that 

it is impractical to operate in other than dilute solutions. 

Under these conditions carbonyl compounds actually form di

nitrophenylhydrazones, and in the absence of proof to the con-

trary, the above assumption seems reasonable. 2,5-Dimethyl

pyrrole is hydrolyzed, but as it does not form an indole, this 

behavior cannot be interpreted in favour of the hydrolysis 

mechanism. Sparingly soluble bis-dinitrophenylhydrasones 

form almost instantly and quantitatively with most dicarbonyl 

compounds. It is difficult to regenerate the carbonyl com

pound from its dinitrophenylhydrazone and the procedure in

Tolving simple reversal of the reaction has been suocessfUl 
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In a very few instances (34). Reversal by replacement of dlff-
.~ -

erent carbonyl is of no value. strain (35) has recommended the 

use of relatively inaocessible glyoxals or diaaetyl; Rupe (36), 

a 6-hour treatment with alcoholic m-nitrobenzaldehyde; and Cu1es 

(37), picryl ohloride. It has been observed by Collatz and Beu

berg that the regeneration of s·uch substanc~s ~s glyoeric;.alde

hyde and dihydroxyaaetone from their dinitrophenylhydrazones 

could be accomplished by heating in a pressure bottle with & larg 

exoess of aoetaldehyde, acetone or furfural. Macbeath and Price 

(38) have shown that in general 2,4-dinitrophenylhydrasones are 

unstable to alkaline .reagents and Wright (39) has been success

ful in reversing a few reactions using such reagents •. ;~ Thus 1 t 

is conoluded that such reactions are non-reversible and that any 

ketone, if formed, would be deteoted. 

From this historical account of indole formation from 

pyrroles several facts may be noted: 

(1) Dennstedt's structure for indoles derived from a 

dipyrrole written as cyclobutanes are probably incorrect. 

(~) Plancher's mechanism for indole formation, which 

involves Ca) HydrolYSiS of the starting material to levulinio 

aldehyde, and Cb) Reaction of the aldehyde with one molecule o~ 

the pyrrole giving an indole,is highly improbable. 

(3)· 2,4-pinitrophenylhydrazine has been used to show 

that ring opening is not an intermediate step in the formation 

of an indQle from a dipyrrole. 
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Part II. Introduction 

fhe first point to be settled was the identity or 

otherwise of Dennstedt's,and Planoher's dimet~ylindoles. This 

was done by synthesising both. by the described procedures,and 

comparing their properties. They agraed in all respects;fur

ther a mixed melting point of the p10rates was not depressed. 

It was next essential ~o determine t~e location of 

the methyl groups. One 1s unquestionably in position 2. The 

most applicable indole syntheses are those of Salway (40) and 

Verle~(4lt42) which consist of acetylation ofaxylidine 
. ~ . 

tollowed by treatment of the resulting acetyl-derivative with 

sodium ethoxide or sodium amide in the absence of air. This 

required the xylidines having one at the methyl groups next 

the amino-group~ All were secured. except the most desirable 

member, 2,3-di~ethylaniline. When the syntheses were per

formed, the dimethylindoles formed were different from each 

other, and from the Dennstedt-Plancher-isomer. Hence, by ex

clusion, the latter must be the 2,4-dimethylindole as origin

ally proposed by Plancher. 

Since this work was done, the 2,3-dimethylaniline 

was seoured and the synthesis performed; It gave, 2.4-dimethyl
+Verley found that in caseS where the usual dehydrating reagents 
suoh as anhydrous phosphorous pentoxide, zinc chloride, and alUm
inium chloride gave ~egative results that sodium amide brought a
bout the dehydration. He showed that the acetyl derivatives of 
toluidines where heated to a high temperature with sodium amide 
yielded 2-indoles. He applied this synthesis to the preparation 
of 2-ethylindole,2-propylindole, and 2-isobutylindole. 
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-indole~ whioh agreed in all properties with the available sample 

of Plancher and neunstedt, thus proving definitely its structure. 

This therefore, locates the position of the methyl groups in the 

dlmethyldipyrrole, and removes the only arguement that Dennstedt 

had to support his cyclobutane formula. 

By analogy, then, the diphepyldipyrrole would be XXVII. 

Likewise, tripyrrole, as shown in another part of this thesis~ 

should be written as an open-chain structure (XXVa or XXVb). 

Young showed that indole formation from dipyrroles 

required no assumption of depolymerization, or ring opening,and 

it appeared that an indole was formed direo-tly from a dipyrrole, 

the latter being an intermediate in the reaotion, starting from 

a simple pyrrole. In this thesis it has been shown that the form

ation of dimethyl indole from dimethyldipyrrole is almost in

stantaneous, which oorroborates Young1s conclusion that there 

is no depolymerization. 

The question then ar,ises as to the mechanism by which 

~indoles are formed from dipyrrolea. An inspection of the form

ulae below reveals that if the diene synthesis, begun in XXXVIII, 

were completed, a substance XXXIX would result. 

R" R" 

XXXVIII XXXIX 



Rft. " 

." -.,. ~ XL 

!his structure is analogous to the furan-maleic anhydride 

addition products, which lose water to give an aromatic struo

t~re (24) to members of the tropane series, which give dienes 

on exhasutive methylation (43), and to carbonyl bridge oom

pounds which lose carbon monoxide relatively easily (44). No 

substances like XXXIX are known, hence their properties can 

be predicted only by analogy with the instances cited. NOW, 

if XXXVIII and XXXIX were in an equilibrium, which normally 

favours XXXVIII, indole formation by loss of ammonia from XXXIX 

would displace the equilibriqm, and the reaction would proceed 
,,, 

to the right. The proo·edures tor securing indoles involve 

treatment wi th mineral acids or zinc sal ts, bo.th of which enter 

into chemical combination with ammonia, thus favouring the di

rection of reaction leading to an aromatic structure. Owing"to 

the many possibilities tor side reactions, a low yield would 

be anticipated. 

Young found it impossible to convert the dimer from 

2-phenylpyrrole into an indole. This fact is indirectly in 

favour of structure XXII, for although the position occupied by 

the phenyl group on the pyrroline ring is uncertain, it is be-
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lisved to occupy position R' in XXII, by analogy with the cor

responding product from 2-methylpyrrole and because at that point 

it would be expected to offer the maximum hinderance to the nec

essary ring closure. 

Two diphenylindoles were prepared by Bischler's method, 

in order to show that this was not due to the instability of the 

expected indole. Bischler's (45) procedure involved refluxing 

a xenylamine with its phenacyl derivative, or better, by heating 

at a high temperature in a sealed tube. p-Xenylamine gave an in

dole which from the method of -synthesis probably has the phenyl 

groups in the 2 and 5 positions. The synthesiS from m-xenylamine 

is, on the other hand, somewhat ~bigous; but is presumed to be 

the 2,4-compound by analogy with the dimethyl series. These di

phenyllndoles are high melting, unreactive solids, which form 

neither plcrates nor methiodides. 



-29-

Experimental 

I. D1phenylindoles. 

An attempt was made to prepare a series of diphenyl

indoles from 2 t 3,and 4-aminodiphenyl by Bischler's method (45) 

or by heati~ a xenylamlne with its phenacyl derivative at a 

high temperature in a sealed tube with the intention of ascer

taining their properties. On1y,:.in the case of the 3-amino com

pound and the 4-amino oompound was the p~eparation accomplished 

suocessfully; the 2,4-diphenylindole and the 2 t 5-diphenylindole 

presumably obtained did not form piorates, methlodides, or add

ition products wLth trinitrotoluene. 
5 A. 2-Aminodiphenyl. 

1. Treatment with Phenaoyl Bromide. 

One gram of phenacyl bromide and 1.2 g. of 2-amino

diphenyl were dissolved in 6 c·o. of ethyl alcohol and allowed 

to stand at room temperature. No phenacyl derivative was formed 

and the starting materials were recovered unchanged. When the 

same amounts Of~starting materials were heated in a sealed tube 

tor 1 ·hour on a_water bath, a white preoipitate was fo~med whioh 
o 

melted at 232-4 and was insoluble in ohloroform. This high 

melting oompound was not further investigated, but was assumed 

to be o-aminodiphenyl hydrobromide. However, no phenaoyl-

aminodiphenyl could. be isolated. 

2. Picrate Formation 

2-Aminodlphenyl tormed a picrate whioh separated from 

S The Konosanto Chemical Company kindly supplied a sample of this 
amine. 
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aloohol in bright yellow prisms m.p. 163-4°. !his p10rate did 

not lose water upon being dried in vaouum at 76°. 

Anal. Ca1cd. for C1SH140,B4- H20: N, 13.5. Found N. 13.5. 

B. 3-Aminodiphenyl. 

1. Preparation. 
s 

!his amine was prepared from 4-aminodiphenyl by the 

following series of reactions: 

CHZCOOH 

~-.02" XOH 

. 
All steps, except the diazotization and the final one, in the 

above reactions were carried out by employing modifications ot 

the method by Fiohter and Sulzberger (4a). The diazotization 
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prooedure was oarried out aocording to directions given by 

De.iIt and Van Sandt (49) and the prooedure for the final 

reduction is due to Jacobson and Loeb (50). 

(a) 4-Acetaminodiphenyl. 

A mixture ot 50 g. of 4-aminodiphenyl and 36 g. 

(2 equivs.) of glacial acetic acid was refluxed for 15 hours 

in a flask fitted with an air condenser. The product was 

poured into 200 cc~ of water containing a small amount ot 
-hydroohloric acid while still hot. The solid which precip-
J 

itated was filtered and crystallized from alcohol; its melt-

ing point was 1'12°. The yield was 57 g.t or 90% of the'theor

etical amount. 

!his substance formed a picrate which separated 

from alcohol in light red prisms m.p. 1230 whose mixed m.p. 

with picric acid C m.p. 116_7°) was 110_3°. 

Anal. Calcd. for C2OH160SN4: Nt 12.7. Found: B, l2.S. 

(b) 3-Bitro-4-Acetamlnodiphenyl. 

Twenty-five grams of the acetaminodiphenyl w~re 
, 

diasolved in 250 c~. of glacial acetic acid; the solution 

was heated to and kept at 70°, while a mixture of 25 g. 

(17 cc.) of fuming nitric acid (sp. gr., 1.51) and 17 cc. 

of glaCial acetic acid was introduced dropwise over a per

iod ot an hour. The solution was stirred during the addit

ion and for an hour atter, the temperature being maintained 
o at 70 • It was then cooled and enough water added to precip-

itate all the nitro compound. After filteration t the prod

uot was crystallized from alcohol; it separated in yellow 



needles, m.p. 134-5°. !he yield was 23g. or 77~. 

!his substance does not form a picrate. 

(e) 3-m1tro-4-Aminodiphenyl, 

A solution of 50 g. of 3-nitro-4-acetaminodiphenyl 

in 800 oc. ot aloohol was retluxed with 11 g. of potassium 

hydroxide. !he yellow oompound went into solution and almost 

immedlate17 a brigh~ red solid separated. Heating was cont

inued tor 5 minutes, and then the solution was cooled and 

filtered. !he yield, including some produot obtained from 

the filtrate by distilling off the alcohol was practically 

quantitative. The 3.nttro-4-aminodiphenyl separated from al

cohol in bright red needles with a yellow-green fluorescence. 
o 

m.p. 173-4 • 

!his substance does not form a picrate. 

(d) 3-Nitrodiphenyl. 

In 250 cc. of ethyl alcohol were placed 10 g. of 

the nitro amine and 12 g. ot c~ncentrated sulfuric acid.The 

mixture was stirred and cooled to OOin an ice bath; the red 

~Bolid remained largely undissolved. A solution ot 5 g. ot sod

ium nitrite in a minimum amount ot cold water was then run in-

to the mixture slowly over a period ot an hour; a yellow solid 

was now evident. Stirring was continued for another hour, after 

which the bath was heated and the solution brought to boiling 

in half an hour, and then refluxed for the same length of time. 

!he alcohol was removed from the resulting solution by distill

ation and 400 cc. of water were added to the residue. The solid 
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which separated was filtered, and on orystallization from 81-
o cohol, it formed light yellow plates, m.p. 60-1 • The yield ot 

3-nitrodiphenyl was a g., or 87% of the theoretical amount. 

In addition to the above procedure, diazotization 

was carried out as follows: a mixture of 90 cc. of concen-

trated sulfuric acid and 45 cc. of water were stirred and 
o 

cooled to 0 • Then 9 g. of sodium nitrite were carefully add-

ed keeping the temperature at 0°. In the same manner l2~02. g. 

of 3-nitro-4-aminodiphenyl in 60 cc. of pyridine (cooled to 

0° and completely dissolved) were added. T,he reaction will 

not oocur;if the amine is not completely dissolved in the 

pyridine. It was tound best to allow it to stand overnight 

and to filter several times before using. (The addition re

quired 3-4 hours.) Stirring was continued tor another hour. 

Then 300 cc. of alcohol at 00 were added and the mixture was 

stirred at OOfor an additional hour, after which it was slow

ly heated to boiling on a water bath and refluxed for 30 min

utes. The alcohol was removed trom the resulting solution by 

distillation and 400 cc. ot water were added to the residue. 

The 3-nitrodiphenyl which separated out was filtered off and 

orystallized from alcohol. This process gave the sameyleld 

as the first one. 

3-Nitrodiphenyl does not torm a picrate. 

ee) 3-Aminodiphenyl. 

For some unexplained reason the 3-nitrodiphenyl was 

not reduced to 3-aminodiphenyl with iron and hydrochloric acid 

but tin gave the desired result. 



-34-

Five grams ot 3-nitrodiphenyl and 9 g. ot_granulated 

tin we·re placed in 50 ec. ot ethyl alcohol. The mixture was 

gently ret1uxed while 100 cc. ot concentrated hydrochloric acid 

were added in small portions through a dropping tunnel. This 

solution was allowed to stand overnight, tor this increased the 

lield of the tinal product. The resulting solution was cooled 
o 

to 0 ; made alkaline with potassium hydroxide; and steam dis-

tilled. The distillate was collected until it had become clear. 

!.he first small portion contained only pyridine and water, and 

was discarded. The oil was extracted with ether, and then dried 

over calcium chloride. After distilling the ether, the last 

traces of ether and pyridine were removed by heating the 3-

aminodiphenyl very gently over a smoky flame and the amiDe was 

cooled to crystallize it. !he procedure gave 3 g. of the amine 
o 

m.p. 30, (70% yield), which was white, but rapidly turned to a 

dark purple due to"" oxidation. The 3-aminodiph'enyl could be ob-. , 
tained directly trom the reaction mixture atter neutralization 

by extraction with ether. but the product was not as pure and 

the" separation trom the tin salts was very laborious. 

2. 3-Aoetaminodiphenyl. 

Betluxing this amine with acetic_aoid by the same pro

oedure used in the case ot 4-aminodiphenyl, yielded 3-acet-

aminodiphenyl, as expected. Atter recrystallization trom al-
- 0 

cohol, its melting point was 149 • 

3. Picrate Formation. 

3-Aminod1phenyl tormed a piorate; this separated 

trom ethyl alcohol in yellow prisms, which decomposed at 1960
• 
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4. !reatment with !henacyl Bromide, 

!reatment of 3-aminodi~henyl with an equivalent 

amount of phenacyl bromide in the manner previously des

cribed under At resulted in the formation ot 3-phenacylamino

diphenyl. !he substance separated from alcohol in pale yellow 
! ' 

leaflets, m.p. 134°. 

Anal.Calcd. tor C20H170N: If t 4.9. Found: N, 4.7. 

'5. !reatment with 3-Phenacy1aminodiphenyl. 

!he phenaoyl derivative and an excess ot the amine 
o were heated at 200 tor an hour, and the resulting mixture 

poured into dilute hydrochloric acid while still hot. Extrac

tion with ether and evaporation of the latter, yielded a residue 

whioh.·was decolourized with charcoal in alcohol. Treatment 

with picric acid gave the picrate of 3-aminodiphenyl;there was 

no depression of the mixed melting point with the known sample 

mentioned above. 

When 1.2 g. of 3-aminodiphenyl and 1.7 g. of 3-phen

acyl~nodiphenyl were heated at 3000 for an hour in a sealed 

tube and allowed to stand for 12 hours, a greenish mass was 

obtained. ~is mass was extracted with ether, after the sol

vent had been allowed to evaporate at room temperature, the 

resulting mass was ~ecrystallized from chloroform using Nu

Char. After crystallization and filtration, the filtrate was 

poured into methyl alcohol. The white solid, 2,4-diphenylindole, 

separated from the chloroform-methyl alcohol mixture in prisms 
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c. 4-Aminodipheny1. 

1. Treatment with Phenacy1 Bromide. 

!his reaction was carried out as described under A. 

A mixture of the hydtobromide and the phen~yL derivative was 

obtained. Separation was acoomplished by treating the mixture 

with chloroform, the hydrobromide remaining undisso1ved.After 

evaporation of the chloroform, the 4-phenacy1aminodipheny1 
o crystallized from alcohol separated in pale yellow rods,m.p.148 • 

Anal Ca1cd. for C20Hl ,ON: Nt 4.9. Found: N, 4.9. 

This compound formed a picrate which separated from alcohol in 

prisms, m.p. 130-10 
- mixed m.p. with picric acid (116-7°) is 

106-10°. 

Anal. Calcd. for C26H200aN4: Nt 10.8. Found: Nt 10.7. 

The 4-aminodiphenyl hydrobromide was recrystal1i2ed from water, 

in which it was sparingly soluble. It formed white leaflets, 

whi~h decomposed at 340°. 

Anal. Ca1cd. for (C12HllB)2HBr: Nt 6.7. Found: Nt 6.7. 

2. Treatment with Phenacy1 Chloride. 

4-Aminodipheny1 and phenacy1 chloride react much 

more slowly than this amine and the bromide. 1~e solution has 

to stand overnight pefora the 4-phenacylaminodiphenyl and the 

4-aminodiphenyl hydrochloride separate out. The latter sep

arated from water in finely divided gray needles which de

oomposed at 290°. 
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3.Treatment with 4-Phenacylaminodiphenll. 

!he phenacyl derivative and an excess of the amine 

were heated at 2000 for an hour, and the resulting mixture· 

poured into dilutehydrochlorio aoid while still hot. Ether 

extraotion of the acid solution yielded a solid, which was 

fairly insoluble in alcohol. It separated from an alcohol

chloroform mixture in fine needles, which shrank at 2000 and 
o 

melted at 210 • This produot did not form a picrate and an-

alysis oorresponded to that of 2,5-diphenylindole. 

Anal. Caled. for a20H15B: Ot 89.2; H, 5.6; Nt 5.2. 

Found: at 88.8; H, 5.6.; N, 5.3. 

!he same indole was obtained by the sealed tube 

method described under B. It gave a positive Ehrlioh's Test 

i.e. a pale pink oolour upon addition of hydroohlorio acid 

whioh ohanged to a taint yellow colour upon addition of one 

drop of sodium nitrite solution. It also gave a positive 

pine shaving test. It formed no piorate, no methiodide, no 

addition produot with trinitrotoluene, and no aoetyl der-
• 

ivative. When the mass from the sealed tube was extraoted 

with warm glacial acetic acid and water was added to pre

oipitate the indole, the filtrate yielded a small amount of 

a solid whioh separated in prisms, m.p.272°. Found:N,lO.3. 

This solid was not further investigated. 

4. Piorate Formation. 

4-Aminodiphenyl formed a picrate which separated 

from alcohol in pale yellow needles, m.p. 198-90 • 
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Anal. Caled. for C1SH140,B4: .t 14.1. Found: B. 13.9. 

,D. Besults of Ehrlioh's Test Using Indolee (51). 

Indole 

Indole 

Colour 
with HCI 

Very pale 
pink violet 

Colour 
with laB02 

Deep Crimson 

2,4-Dlphenylindo1e Very pale pink Pale Yellow 
• 

2,5-Diphenylindo1e Very pale pink Pale Y~llow 

Colour after 
standing 12 
hours 

Deeper Yellow 

Deeper Yellow 

2,4.7-Dimethylindole Deep purple Reddish Purple Red 

II. Pyrroles. 

CH2Cl 

+ 
HO 

HC:---r02Et 

H'\m/CHa 

A. 2-Methylpyrro1e. 

1. Preparation. 

twenty grams of freshly distilled~~-diChlorO-diethYl ether 

and 13 g. ofrethyl acetoacetate were placed in a clean 600 ac. 

flask. (It was found that this reaction took place more quick

ly when a clean fla~k was used for each run.) !hen 100 cc. of 

10% ammonium hydroxide solution were added as quickly as poas-
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lb+8 while the mixture was rapidly stirred. The reaction soon 

took place with the evolution of a considerable amount of heat. 

!he mixture was stirred rapidly until it had cooled to room tem

perature. !hen it was poured into a beaker and cooled in an 1ce

bath and a heavy dark-coloured oil s~parated, which partly sol

idified. More solid could be obtained when it was seeded out 

with a few crystals of ethyl 2-methylpyrrole carboxylate. The 

solid was filtered from the oil by suction and the oooling was 

repeated until crystallization ceased. 

The soltd from five preparations oarried out as des

cribed above. was oollected and the mother liquors, which still 

oontained a considerable amount of the desired product, were 

mixed with an equal volume of 10% sodium hydroxide solution and 

left for 48 hours. After cooling and seeding out, the crystals 

were filtered out and the resultant mother liquors kept until 

nothing more crystalli~ed. The various orops of crystals were 

pressed as free from oil as possible, and reorystallized from 

alcohol. The weight of ethyl 2-methylpyrrole 2-carboxylate, 

m.p. 8l-2°.as 26-30 g., i.e. 32-9% of the theoretical quantity 

oalculated on the ethyl acetoacetate taken. Crystallization 

from aloohol was found an unnecessary procedure at this point~ 

Fifty-two grams of this ester were boiled under a 

reflux condenser for 2 hours with a solution of 40 g. ef po

tassium hydroxide in 200 cc. of 5Q~ alcohol. When hydrolYSiS 

was complete, a test portion remained clear on dilution with 

water. The alcohol was removed by distillation in vacuo and 
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the residue in the flask was steam distilled. When no more 2-

methylpyrrole passed over,;:~ the distillate was saturated wi th 

salt and extracted twice with ether. The ethereal solution was 

weI! dried with anhydrous sodium sulfate and the solvent re

moved by slow distillation under ordinary pressure t in a flask 

fitted with a long fractionating column. The residue was dis

tilled in vacuo and the 2-methylpyrrole boiled at 76-7o/24mm. 

Practically no residue remained in the flask and the weight of 

pure 2-~ethYlpyrrole was 19 g., i.2. 66% theoretical calculated 

on ethyl 2-methylpyrrole 3-oarboxylate. 

fhe above method of making ethyl 2-methy1pyrrole 3-

carboxylate is due to Benary (62), while the conversion of this 

ester into 2-methylpyrrole was taken fromH. Fischer, Beller, 

and stern (53). 

Other methods of preparation are those from pyrrole 

2-aldehyde by reduction wit~ sodium ethylate (63), from the 

conversion of B-methyl into 2-methylpyrrole (54), and from 1e

vulinio aldehyde and ammonia (55). 

2. Conversion into '2 ,4-Dimethylindole. 

fa) With Zinc Acetate in Acetio Acid. 

A mixture of,3g. of 2-methylpyrrole, 5 g. of zinc 

acetate, and 2000. of 90% acetic acid was refluxed for 16 

hours and then submitted to steam distillation. The acid in 

the distillate was neutralized by sodium hydr~xide. This distill-

ate was extraoted .wl th ohlorof'orm; the extract dried over anhydro

us caloium chloride; and the solvent distilled off. When a sat

urated alcohol solution of picric acid was added to the reSidue, the 
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2.4-dimethylindole was converted into a picrate whi£h cryst
o 

allized from dilute alcohol in red-brown needles, m.p.158 as 

described by Plancher (26). 

(b) By Acid Treatment of Dlmethyldipyrrole 

Hydrochloride. 

When dry gaseous hydOrogen chloride was passed int,o 

2-methylpyrrole; d1methyldlpyrrole hydrochloride was formed 

as a reddish sticky mass. 

When a portion of the sticky hydrochloride was diss

olved in water and made alkaline with sodium hydroxide solu

ttoDf.:a flooculent precipitate appeared. This amorphous sub

stance had an indefinite melting point and was not further 

studied. It was at once dissolved in water by addition of a 

little sulfuric acid and the mixture steam distilled. The in-

dole came over very rapidly and a strong odour like acetamide 

was noticed. A portion was treated with aold aqueous maleie 

acid, but no solid separated as indicated by Die1's work, 

hence the amount of 2-methylpyrrole present, if any, must 

have been very small. The steam distillate was extracted with 

chloroform' and the solvent evaporated. An immediate red pre

cipitate formed on the addition of a saturated alcoholic sol

ution of picric acid. This decomposed at 145
0 

before recryst

allization. 

A mixed m~ltlng point of the above picrate and the 

one prepared from 2-aathy1pyrrole, as described above under 

2:,la) was not depressed, indicating their identity. Their 
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colour and orystal form were indistinguishable. 

A similar distillation of the hydrochloride after 

addition of a little sulfuric acid at once gave the indole. 

The same reaction also occured when 1 g. of the 

hydrochloride was allowed to stand for 24 hours at room tem

perature with 19 cc. of water and 1 cc. of concentrated sul-

furic acid. 
fit 

B. 2-Phenylpyrrole. 

1. Solubility. 

One gram of 2-phenylpyrrole dissolved in 15 co. of 

boiling Skelly Solve C. 

2. Colour. 

Unless completely substituted, pyrroles rapidly turn 

red or purple on keeping; this has usually been attributed to 

oxidation. The following experiments were o.arried out to de

termine the cause of the colour production. 

Ca) Crystallization in Air. 

!WO grams of this pyrrole were recrystallized from 

Skelly Solve C in air, lielding"a dull ooloured product sim

ilar to that in the reagent bottle. 

!WO grams of the pyrrole were recrystallized from 

Skel~y Solve C in air after purification in bone charcoal.fhe 

resulting crystals were definitely lighter in colour and ot 

a pearly pink nature. These remained white for two months; 

6 The effect of light, air, moisture, and acid was studied in 
part by Mr. W. J. Poyner.His assistance is gratefully acknow
ledged. 



in sunlight they acquired a faint pink tinge which ~oon changed 

to brown.: 

(b) Crlstal11zatlon in a Nitrogen Atmosphere. 

Three grams of the pyrrole were reqrystallized from 

50 co. of Skelly Solve C in a nitrogen atmosphere. !he res

ultant crystals were a dark violet hue, whioh intensified on 

standing. !his result was obtained several times. 

(0) Crystallization in the Absence of Light. 

!.hree grams of the pyrrole were crystallized from 

Skelly Solve C at night in an amber beaker. The resultant cry

stals were white and a specimen in an open beaker (amber glass) 

exposed to all the laboratory fumes for three weeks, acquired 

a very faint pink tinge. 

Cd) Exposure to Sunlight. 

Solutions of 2-phenylpyrrole in Skelly Solve C and 

in ethyl alcohol exposed to sun,light for a week acquired a 

deep pink colour and contained a small quantity of a preo

ipitate whioh was diphenyldipyrrole. 

Some of the orystals obtained from the charooal 

purification in air were placed in test-tubes, tightly stop

pered after adding the following constituents, and placed in 

the direct sunlight for three weeks (April). 

(1) Dry Air. 

(2) Dry Bitrogen. 

(3) Moist Nitrogen. 

(4) 'Nitrogen plus one drop of hydrochloric acid. 



!he last three turned a pale pink in a few minutes ~ut the col

our changed to tan in a day; the first one became tan without 

a pink colour. There was no further visible change except with 
-

the last one, the container wall of which appeared muoh browner. 
o !he meltlng point of each except the last had dropped about 5 ; 

all were found to be essentially unchanged 2-phenylpyrrole by 

mixed melting points, whereas admixtures with the diphenyl~ 

di 1 d d 200. pyrro e were epresse over 

From these observations it is concluded that the pro

duction of colour is associated with traces of Bn"impuriety 

that is affected by sunlight. 

5. Conversion into Diphenyldipyrrole. 

!he 2-phenylpyrrole was recrystallized in an atmo
'1 sphere of ni trogen and the saturation wi th hydr'ogen chlor-

ide was performed in the same apparatus. 

A solution of 10 g. of 2-phenylpyrrole in 50 cc. 

of dry peroxide-free ether was saturated with hydrogen chlor

ide. the gas being passed through at the rate of one bubble 

per second, while the reaction flask was' cooled in ice-water. 

After closing the flask and allowing it to stand overnight 

the ether was decanted from 9.8 g. of a brownish resinous de

posit. After several washings with acetone, 5.4 g. of a yellow-

"!he apparatus for .working in an atmosphere of ni trog-en was bull t 
by Mr.W.J.Poyner.Cammercial nitrogen from a cylinder was passed 
succel.fvely over h·eated copper gauze, and through absorption towers 
containing Fieser's solution,lead acetate, sulfuric aCid,and Dess
ichlora,and finally bubbled through sodium benzophenone in p-cymene. 
The hydrogen chloride was generated by dropping concentrated sul
furic acid into concentrated hydrochloric acid, dried by passage 
through concentrated sulfuric aoid, and passed over heated copper 
gauze. 



bronze leaflets, m.p. 202-3°.with decomposition. 

Anal. Calod. for C2OH19ClN2: Nt 8.7; Cl, 11.0; HOI, 11.3. 

Bound: Nt 8.6;C1, 11.1; HOI, 11.3. 

The actual yield was variable, the above being an average val

ue, whether done in air or nitrogen. The presence of moisture 

may be beneficial, for the best yields were obtained from air

dried pyrrole; a specimen from the same lot carefully dried in 

a Fischer pistol for 3 hours and run at the same time under the 

same conditions gave no salt. The resinous by-product is great

er if the ether oontains peroxide, or if the pyrrole contains 

If-phenylpyrrole. 

c. Results ot Ehrlich's Tes't Using 17rroles ( 51). 

mrole 

2-PheD.Jlpyrrole 

2,o-1?1methyl-

pyrrole 

2,4-Dimethyl-

5-acetyl-6-

Colour 
with HCl 

Bluish purple 

Colour 
with ma. 

Pinkish orange Deep Red 

Colour atter 
s 'tand ins· 12 
hours 

carbethox,J pyrrole Kedium Pink Pale Yellow Deeper Yellow 

Pyrrole 

2-A.cetylpyrrole 

Deep Pink Nearly Black 

Very Pale Pink Slightly De~er Deep Purple 

Dlphenlydipyrrole V~ry Deep Pink Slightly Deeper ________ __ 

Z-Kethy~-Z-

oarbethoxy pyrrole Pale Pink Deepens to same 
shade as diphenyl
dipyrrole 
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1-11. Synthesis of Dimeth~lindole's Related to the Dt)?yrroles 
,.' 

1. 2,4-Dimethylindole from 1,2,3-o-Xylidine. 

(a) Attempt to isolate 1,2.3-o-Xylidine 
<0 

from Technioal o-Xylidine (56). 

Teohnical o-xylidine 1s supposedly a mixture of 1,2-

dimethyl-3-aminobenzene and l,2-dimethyl-4-aminobenzene. !he 

formyl derivative of the 1,2,3-isomer is a solid at room temper

ature and should orystallize out on standing. 

When 9 g. of technical o-xy1idine and 13.6 g. of 25% 

formic acid (25 g. of 85% formic acid and 60cc. of water) were 

mixed, heat was ge~erated. This mixture was heated to the boil

ing point with a free flame and then warmed for 3 hours on a 

water bath with an air condenser. It soon became cloudy and an 

oily formyl derivative separated which floated on top-then set-, 

tIed to the bottom of the flask. When this was chilled and 

allowed to stand 12 hours, no change occurred. After it had stood 

for one month, no solid separated. When concentrated formic acid 

was used in this procedure, a similar result was obtained. 

Thus it is seen that technical G-xylidine contains too 

small an amount of the 1,2,3-isomer to be isolated by this tech-
l ~. 

nique. 

ta 
This was very kindly supplied by E. I. Dupont de Nemours Company 

Incorporated. 
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9 
(b) 2,4 Dimethy1indole (41, 42) • 

2. 2!5-Dimethylindole from l,3-Dimethyl-4-

Xylidine. 

(a) Preparation of the Acetyl Derivative(57). 

Into 250 cc. of water, 8.3 cc. of concentrated hydro

ohloric ac~d and 12 g. of l,3-dimethyl-4-xylidine were poured. 

The 011 was brought into solution by stirring and decolour1zed 

by stirring for 5 minutes with 3 g. Nu-Char and filtering. !he 

colourless solution was warmed to 500 ,11.6 g. of acetic an-

hydride were added and 15 g. of sodium acetate in 50 cc. of 

water were immediately added. The acetyl derivative, m.p.128-90 

separated out and was filtered off after the solution had been 

cooled. 

(b) Conversion of Acetyl Derivative into 

2,5-Dimethylindole (40). 

The acetyl derivative of l,3-dimethyl-4-XYlidine was 

placed in a 3-necked flask with an equal weight of dry sodium 

ethox.lde. Nitrogen was passed through the system for a few 

minutes. This was slowly heated up to 2800 using a metal bath 

and held at that temperature for an hour. It- was found necess

ary to pass nitrogen through the apparatus all the time, for

otherwise the reaction would not go. This reaction was not 

9 This compound was kindly prepared by C. F. H. Allen of the 

Eastman Kodak Company, Rochester, New York. 
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vigorous, for only a few white fumes were given off. Then water 

was added and the whole mass was steam distilled. The sOlid. 
o 2,5-dimethylindole, m.p. 114 , was filtered off. It gave a posi-

tive pine shaving test. 

(c) Conversion of the Indole into the 

Picrate. 

2-,5-Dimethylindole gave a dark red picrate, m.p. 1550 0 

3. 2,6-Dimethylindole from 1,4-Dimethyl-5-
,a 

Aminobenzene. 

(a) Preparation of 2,6Dimethylindole. 

Twenty cc. of 1,4-dimethyl-5-aminobenzene were convert

ed into 23.2 g. of the acetyl derivative by Fieser's procedure(57) 

from which 2,6-dimethylindole was prepared by Verley's procedure 

(41.42). Eight grams of the acetyl derivative were put in a 10000. 

distilling flask, 16 g. of coarsely pulverized sodium amide were 

added,. and the air displaced by illuminating gas. This was heated 

with a smoky flame and ammonia was evolved. After 10 minutes i~ 

was put in a metal bath and gradually heated to 2750 when foam 

nearly filled the flask. After this had cooled, 5cc. of 95% 

alcohol were added, 20cc. of benzene, and 50% alcohol-water in 

small portions as the reaction permitted. The sodium amide dis

solved slowly. The solvents, the unused amine, and finally the 

'~is compound was kindly furnished by E. I. Dupont de Nemours 
Company Incorporated. 
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indole were remo~ed by steam distillation. !he indole soli

dified in the condenser. It was extracted with chloroform, 

dried o~er calcium chloride, filtered, and the solTent evapor

ated. It separated from Skelly SolTe B (disso1Ted only at b.p.) 

in white ~r~sparent hexagonal leaflets, m.p. 850 • 

Picrate. 

• • N, 9.7 Found: 1,9.6 • 

(b) ConTersion ot the Indole into the 

2,6-Dimethylindole gaTe a picrate which was dull red 

·in colour and melted at 1320 • 

. , 

• 
Anal. Ca1cd. for C16H1407 14: 1,15.0. Found: N, 15.0. 

4. 2,7-Dlmethy1indole from l,3-Dimethyl-2-

AminQbenzene. 

Ca) Preparation of 2.7-Dimethylindole. 

l,3-Dimethy~-2-aminobenzene was converted into its 

acetyl deriTative, m.p. 163-40 by Fieser's procedure, using 

acetic anhydride in water. The reaction went Tery smoothly, 

and the solid separated in less than a minute. Fourteen grams 

of the starting material yielded 16 g. of the acetyl deriTstiTe. 

This was subjected to Verley's procedure as described aboTe 

(41,42). In this case, the air was displaced by nitrogen and 

the fusion temperature was 3000 • The 2,7-dimethylindo1e pre-

" pared in this mann~r boiled at 129-l310 /2mm. After three weeks 

this compound crystallized, m.p. 350 • 

Micro boiling point by Dr. G. F. Wright. 
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(b) Conversion of the Indole into the 

Picrate. 

The 2,7-dimethylindo1e yielded a carmine coloured 

picrate,m.p. 149° (shrank at 135°). 

Anal. Caled. for C16H1407 N4 : N, 15.0. Found: N, 15.2 t 15.2. 

The picrates of dimethylindoles prepared in this 

way were identical with the picrates prepared trom the hydro

lysis products of dlpyrroles. 



-51-

SUMMARY 

(1) 2,4-Diphenylindole and 2.5-diphenylindole were pre-

pared and their reaotions investigated. 

(2) 2-Kethylpyrrole was prepared and conTerted into 

2,4-dimethylindole by two different procedures. 

(3') '2-Phenylpyrrole was con'Verted into diphenyldipyrrole. 

(4) A number of pyrro1es were submitted to Ehrlich's test 

and their oolour reactions compared. 

(5) 2,4-Dimethylindole, 2 t 5-dimethylindole, 2,6-dimethyl-

indole, and 2,7-dimethylindole related to the dlpyrroles studied 

were synthesized. 
\ 
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STEREOCHEMISTRY OF LINALOOL 

fheoretical 

For a long time it has been known that optically 

actiTe straight chain seoondary aloohols can be conTerted 

into optically actiT8 secondary halides. Piokard and Kenyon 

(1) haTe conTerted a great many optically actiTe oarbino1s 

into the oorresponding optioally actiTe halides and express

ed the belief that there was little or no racemization.They 

found that the conTersion in eTery case inTestigated was 

accompanied by a ohange in the sign of rotation. For example: 

methYlethYlaarbinOl.~;7.8 : + 14.03 yielded the iodide 
17 19 

~D :-31.98 and d-methy1-n-propylcarbinol t c(n : + l3.86;the 
17 

iodideo( : -37.15. !.heir attempts to reconTert these hal
D 

ides back into the optically pure alcohols were howeTer un-

successful. 

Later, McKenzie and Clough (2) prepared d-phenyl-
20 

ethyl oh1oride,~ ; + 50.6 from d-phenylethyl alcohol and 

thionyl ohloride. They be11eTed that no raoemization ocourad t 

for they always obtained the same rotation from Tarious 

preparations. 

More recently howeTer Hughes, Ingold, and Master

man (3) haTe prepared halides of straight ohain aliphatio 

secondary oarbinols such as methylhexylcarbinol under a Tsr-

iety of conditions such as saturation with the dry gaseous 

hydrogen halides and treatment with thionyl halides. They 

found that there was always some racemization, for the ao-
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tiTity of their halides Taried with the method of conTer

sio~. The amounts of racemization Taried from 50% to as 

little as 3~. 

Now during the conTersion of any carbinol into its 

halide, at some time the hydroxyl group must be remoTed from 

the rest of the molecule. Th:e remaining posi tl ve fragment 

Rl-~-R2' if really an intermediate as p~stulated by Whit

more (4), Jones (5), and Stieglitz and stagner (6), must 

therefore be sufficiently stable to retain its asymmetry, 

although in most oases a change of oonfiguration ooours due 

to Walden InTersion. Very little work has been done with 

tertiary alcohols, because of the difficulty in resoiTing 

them. The only type studied extensiTely so far is the tri

phenyl-carbinol type resolTed by Wallis and Adams (7),whiah 

were found to yield completely racemized halides. 

In order to avoid this complex type so bound up 

with possible free radioal formation, an investigation was 

made of the simple optically actiTe tertiary alcohols. As 

there were no methods for reso.lTing them, natural substances 

had to be considered. Linalool seemed to be well adapted to 

this work as it was readily aTailable in an optically active 

form and could be reduced to the simplest type of optically 

active tertiary-oarbinol poselble-

where all the Re are Simple alkyl groups. To be sure lin-



alcol is a tertiary alcohol itself and has been ~eported as 

having been converted into an optically active ohloride by 
• 

Vanin and Ohernoyarova (8). These results may not however be 

entirely r.eliable. It is well known thatC<, ~ -unsaturated 

alcohols rearrange readily when converted to their halides; 

and in the case of linalool ~other different rearrangement 

produots are possible. For example: Ikeda and Takeda (9) 

found that linalool with both dry gaseous hydrogen chloride 

and hydrogen bromide gave among other products an/optically 

aotive terpene, presumably monooyolio, which must have been 

the result of a deep seated rearrangement. 

In order to avoid this oomplication. l-linalool(I) 

was first reduced to a saturated compound hetore conversion 

into its halide derivative. Complete reduotion was possible 

in glacial acetic acid using Adams platinum catalyst. Sev

eral other methods were tried, but this was the only one 

which gave the desired result. When the reduction was carried 
,-

out in ethyl alcohol using Adams platinum catalyst, the hydro

genation stopped after addition of two hydrogen atoms-that is, 

with the formation of dihydrolinalool (II) - the terminal 

double bond alone having been reduced.!he remaining double 

bond was reduced in glacial acetic acid using Adams platinum 

catalyst. Dupont (10) with essentially the same process re

corded this same· stepWise reduction and obtained first di

hydrolinalool and then tetrahydrolinalool (III). The struc-

tures of the optically aotive reduoed derivatives were proven 



by oomparison with synthetio dihydro- and tetrah7dro-linal-

001. ttnt"ortunately Dupont failed to reoord,the optioal aot-
• 

ivity of his tetrahydrolinalool. 

I 

II 

CH3 

(C~)2CH(OH2)3-~-OH2OH3 
I 
OR 

III 

, 

• 

Barbier and Looquin (11) and Paal (12,13) re

ported tetrahydro1inalool (III) (from l-linalool) 'as being 

leTorotatory, whereas on the other hand some of the samples 

of tetrahydrolinalool prepared here were dextrorotatory. 

In as muoh as the dihydrolinalool (II) is red

uoed only with difficulty-and as it has a oomparatively 

high levo rotation-it is not improbable that the levo read

ings reoorded may have been due to inoompiete reduotion. 

Indeed there were found in several oases after what app-
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eared to be complete reduction, considerable am~unts of un

saturated compounds, These were removed .by potassium per-

manganate oxidation. 

However, the rotations of the purest sample ot 

tetrShydrolinalool (III) were so low as to be on the border 

line of experimental error~ Therefore a number of attempts 

were made to make sure that optically active tetrahydrolin

alool actually was at. hand, by oonversion to a derivative of 

possibly much higher rotation-but all to no avail. It was 

necessary to conclude, therefore, that as it is highly un

likely that racemization occurred during hydrogenation, 

Simple aliphatic tertiary alcohols must have very low ro

tations and in the case of tetrahydrolinalool (11,1) the 

maximum (M)D is probably in the neighborhood of + 0.250
• 

On the other hand, the maximum values found for methyl-

and ethylhexyl carbinols, which are typical secondary 
o 0 alcohols, were 12.7 and 10.6 • 

Du~ to this low activity, at first it was thought 

that it would be better to employ the dihydro1inalool (II) 

for this study of the preparation of optically active ter

tiary chlorides. However, this substance gave no definite 
I 

products. It was necessary therefore to turn to the optio-

ally active tetrahydrolina1ool. 

In this case it was possible to prepare with ease 

a very pure chloride using hydrochloric acid. The activity, 

however, while higher than that of the original carbinol,waa 



20 
still very low~ : + 0.23, and of the same sign-of ro

D 
tation. 

Hydrolysis of this chloride yielded a carbinol of 

the same sign and value as the original alcohol, but again 

due to the low values, it was clear that the results were 

not conclusive enough to make any definite statement as to 
I 

~he amount of racemization taking place either during ha~

ogenation or during hydrolysis. 
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Experimental 

Purification of Linalool. 

The sample of llnalool(I) used in this work was ob

tained from Dr. Theodor Schuchardt Company, and had the follow

ing physical constants: 

20 20 
d : 0.8632; n : 1.4650; M.R.: Calc. 48.97. Found: 49.24; 

4 D 

23.5 23.5 
~ : -14.07; M : -25.2. 

D D 

Dispersion. 

1. Homogenous. 

28 28 
6438 0(. • -11.55; M • -20.8 • • 

Cd Cd 
26 28 

5890 0<. • -13.70; M • -24.6 • • 
D D 
29 29 

5461 
0<... Hg 

• -16.20; M • -29.1 • • 
Hg 

29 29 
5209 o(Ag 

• -18.01; M • -32.4 • • 
Ag 

29 29 
5086· ex. • -18.99; M • -34.1 • • 

Cd Cd 
29 29 

4722 o<..Zn, • -22071; M • -40.9 • • 
Zn 

29 28 
M /11. • -40.9/-24.6 = 1.66 

Zn D 



-62-

2. In Solvents (Conoentration 0.8412-g. I lOco.) 

a. Carbon Disulfide. 

24 24 
6438 0<. • -1.50; M • -2.68 • • 

Cd Cd 
24 24 

5890 0{. • -1.75; M • -3.12 • • 
D D 
24 24 

5461 c(. • -2.11; M • -3.78 • • 
Hg Hg 
24 24 

5209 oLAg 
• -2.28; M • -4.07 • • 

Ag 
24 24 

5086 
0(. Cd 

• -2.50; M • -4.47 • • 
Cd 

24 24 
4722 01.. • -2.76- M • -4.93 • , • 

Zn Zn 
24 24 

M 1M = -4.93/-3.12 = -1.57 
Zn D 

b. Chloroform. 

24 24 
6438 0<- • -1.15; M • -2.05 • • 

Cd Cd 
24 24 

5890 c;I... • -1.22; M • -2.18 • • 
D D 
24 24 

5461 ot.
Hg 

• -1.39; M • -2.48 • • 
Hg 

24 24 
5209 o(Ag 

• -1.52; M • -2.72 • • 
Ag 

24 24 
5086 

oZ...Cd 
• -1.71; M • -3.06 • • 

Cd 
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c. Benzene. 

24 24 
6438 01... • -1.29; ]I[ • -2.30 • • 

Cd Cd 
24 24 

5890 ~ • -1.46; M • -2.6Q • • 
D D 
24- 24 

5461 
eX... Hg 

• -1.69; M • -3.02 • • 
Hg 

24 24 
5209 o(Ag 

• -1.93; M • -3.44 • • 
Ag 

24 24 
5086 0( • -2.04; M • -3.64 • • 

Cd Cd 
24 24 

4722"" ~ • -2.25; 111 • -4.02 • • 
Zn Zn 

24 24 
M 1M = -4.02/-2.60 = 1.54 

Zn D 

d. Ethyl Ether. 

24 24 
6438 ol.. • -1.28; M • -2.28 • • 

Cd Cd 
24 24 

5890 t:tJ(f • -1.34; M • -2.39 • • 
D D 
24 24 

5461 
0(.. Hg 

• -1.59; M • -2.84 • • 
~g 

24 24 
5209 • -1.67; M • -2.98 o<.Ag • • 

Ag 
~4 24 

5086 c:( • -1.94; M • -3.46 • • 
Cd Cd 
24 24 

4722 0<- • -2.16; M • -3.86 • • 
Zn Zn 

24 24 
Pi 1M - -3.86/-2.39 = -1.61 -Zn D 
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This linalool(I) was now p~rified by fractional 

distillation, using a 60cm. packed total reflux column. The 
. 

following fractions were obtained, and their physical con-

stante determined. 

B. P. Temp.of 20 20 M. R. 24 24 
Oil Bath d n Calc. Found 0( M 

4 D D D 
-, ,. 

83-60 /14mm. 134-60 0.8634 1.4642 48.97 49.28 -13.99 -25.1 

86-7o/14mm. 134-60 0.8624 1.4630 48.97 49.25 -15.23 -27.3 
. 

Residue .... ----- 0.8775 1.4680 48.97 48.82 -11.73 -20.6 

Reduction of Linalool. 

1. In Glacial Acetic Acid. 

A. Pure Linalool. 

As linalool(I) would not reduce in a homogenous state, 

it was necessary to reduce it in a solvent. 
24 

Eighteen and one half grams of linalool(I),~ :-l5.23~20cc." 
D 

of pure glacial acetic acid, and 0.1 g. of Adams(l4) freshly pre

pared plattnum catalyst were shaken under i50 pounds pressure in 

an atmosphere of hydrogen un~il no more hydrogen was absorbed. 

Then 0.1 g. more catalyst was added, and the mixture was Shaken 

for three additional hours. !he absorption of hydrogen conformed 

to that required for 4 hydrogens. 

After the catalyst had settled, the liquid was care

fully pipetted off and washed with a large"quantity of distilled 

water, and finally ext~acted with a good grade of ether (distilled 

from a small amount of sodium hydroxide) and dried over anhydrous 
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potassium carbon_ate. After drying the ether was removed in 

vacuo. The crude linalool(I) was stable to potassium per-
• 

manganate indicating complete reduction. Upon distillation, 

the following fractions were separated and their physical 

constants determined: 

)Taction B. P. Temp. of 20 20 M. R. Amount 

1 

2 

3 

Oil Bath d n 
D 4 

Up to 770 !Smm. ----- -- 1.4339 

77-S0/Smm. 1140 0.8396 1.4354 

Residue-viscous and yellow in colour. 

Calc. Found 

-------- 2.5 g. 

51.6. 49.7 12.5 g. 

-- - -- - 1.5 g. 

The Rotary Dispersion ot 7raction 2 Was As Follows: 

28 28 
6438 0( • -0.12; M • -0.229 • • 

-Cd Cd 
28 28 

5890 0<- • -0.08; :M • -0.153 • • 
D D 
29 29 

5461 0<-. • -0.09; M • -0.171 • • 
Hg Hg 
29 29 

5209 ~ • -0.05; 14: • -0.095 • • 
Ag Ag 
29 29 

5086 0<.. Cd 
• -0.03; M • -0.057 • • 

Cd 
29 29 

4722 0<. Zn 
• -0.09; M • -0.171 • • 

Zn 

29 28 
-0.171!-0.153 M 1M - - 1.12 - -

Zn D 



I'raction 

1 

2 

B. Crude Linalool. 
23.5 

twenty-eight grams of linalool(I),ot : -14.07, 
D 

30cc. of pure glacial acetic acid, and 0.1 g. Adams (14) freshly 

prepared catalyst were subjected to the above procedure, which 

was repeated until seven 2S.g. samples of linaloo1(I) had been 

hydrogenated. 

!hese eight hydrogenations were immediately worked 

up as before and the ether extracts w~re all dried over an

hydrous potassium carbonate. Atter removing the greater part 

of the ether in vacuo, the liquid was found to be slightly un

saturated as evident by reduction of potassium permanganate. 

The material was therefore further purified by the following 

procedures. 

B. p~ 

Up to 7So/Smm. 

7So/Smm. 

(a) Distillation. 
Temp. of 20 20 
Oil Bath d n 

4 D 

0.8620 1.4359 

M. R. 24 
Calo. Found cI.... 

D 

51.6. 50.03 +0.33 

24 
M 

D 

+0.634 

0~83l7 1.4374 51.6 49.7 +0.09 +0.1'11 

3 Residue - Fairly vtscous and dark in colour. 

-
!he tetrahydrolinalool{III) purified in this way did 

not reduce potassium permanganate. 

fhe Rotary Dispersion of Fraction -,2 Was As Follows: 

27 27 
6438 0<. • +0.02; M • to.038 • • 

Cd Cd 
2'1 27 

0<- • +0.09; M • to.171 • • 
D D 

5890 

27 27 
0<. • ","0.13; --M • +0.248 • • 

Erg Hg 
5461 
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27 27 
5209 CJ(. • +0.15; M • 40.286 • • 

Ag Ag 
27 27 

5086 0/... • +0.19; - M : +0.362 ~ 

Cd Cd 
2'1 27 

4722 0<... • ","0.27; M : .0.514 • 
Zn 'Zn 

27 27 
M 1M. - +O.514/~O.17l = +3.01 -

Zn D 

TetrShydrolina1oo1(III) prepared in this way gave a 

dispersion of-~O.OO in anhydrous carbon disu1phide, chloroform, 

be_zene. and ethyl ether. 

(b) Potassium Permanganate Treatment. 

The crude linalool(I)before distillation was shaken 

with equal volumes of ioe-cold potassium per.manganate until the 

latter was no longer decolourized after standing for 10 minutes. 

Atter separating the layers, the remaining tetrahydrollnaloolCIII) 
,. 

was washed thoroughly with distilled water; extracted with ether 

distilled from sodium hydroxide; and the latter after being 

washed with an aqueous solution of potassium carbonate was dried 

in ether over anhydrous potassium carbonate and distilled: 

iJraction B. P. Temp. ot 20 
011 Bath d 

20 M. R. 24 24 

-;it 

I 

2 

3 

------

4 
n 

D 

1.4355 

0.8333 1.4364 

Cal c • Found cl.. )( 
D D 

---- 2,0.00 :l0.00 

51.6 49.7 -0.02 -0.0381 

-----

Residue - pale yellow in'oolourl.4356 ----- ----- ----
and very turbii. 
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-Tetrahydrolinalool(III) prepared in this way gave a 

silver mirror with Tollen's reagent only upon prolonged heating 

and a positive test with Schiff's Reagent after standing over

night. 

(e) Potassium Permanganate and Sodium Bisulfite 

Treatment. 

The crude linalool(I) before distillationwas previous

ly Shaken in a·separatory funnel with an aqueous solution of 

potassium permanganate until the latter was no longer decolour-
\ 

lzed. Then solid sodium bisulfite was carefully added until 

the potassium permanganate colour was destroyed. The tetra

hydrolinalool(III) was extracted from this and the washings with 

ether which was washed thoroughly with an aqueous solution of 

potassium oarbonate and dried over anhydrous potassium ca~bonate 

and distilled: 

B. P. Temp. ot 
011 Bath 

Up to 7So/Smm 

78-9o/Smm 

---

20 
d 

4. 

---
0.S146 

20 
n 

D 

1.4355 

1.4632 

M. R. 24 24 
Calc. Found 0/.. M 

D D 

---- ----- --- ---
51.6 50.8 

3 Residue - Pale yellow in colour and very turbid. 

The Rotatory Dispersion of Fraction 2 Was As Follows: 

6438 

5890 

27 
0( :±O.OO 

Cd 
27 

0( :+0.05 
D 

27 
M • ~O.OO • 

Cd 
27 

M • +0.097 • 
D 
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27 27 
5461 0(, • +0.13; M • +0.252 • • 

Hg Hg 
2'1 27 

5209 0<.. • ~0.19; M • +0.368 • • 
Ag Ag 

This gave the same results with Schiff's reagent 

as the tetrahydrollna1oolCIII) treated with only potassium 

permanganate solution. 

2. In Ethyl Alcohol. 
23.6 

Twenty-eight grams of the crude llnalool(I)t~ 
D 

• • 

-14.07, were shaken with 30cc. of pure ethyl alcohol and 0.1 g. 

Adams (14) platinum catalyst in an atmosphere of hydrogen under 

~60 pounds pressure until no hydrogen was further absorbed. The 

amount of hydrogen absorbed amounted to approximately two hydro

gens. This procedure was repeated using 56 g. and 60 g. lina-

1001, respectively. 

After the catalyst had settled. the liquid was plpetted 

and washed several times wi th a large quantity of water in order 

to remove the alcohol. Finally it was extracted with a good 

grade of ether, and dried over anhydrous potassium carbonate. 

After the ether had been removed in vacuo, the liquid was dis

tilled, and then the physical constants of the different frac-

tiona were determined: 



frflct10n 
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B. P. Temp. of 20 20 M. R. 24 24 
Oil Bath d n Calc. Found c(. M 

4 D ,! D D 
~ 

85-7o/l5mm 1180 0.8576 1.4570 49.44 49.5 -0.80 -1.46 

870 /15mm 1180 0.8575 1.4567 49.44 49.5 -1.24 -2.25 

87-So/16mm 11So 0.8575 1.4569 49.44 49.6 -1.33-2.29 

Residue --- ------- 1.4712 ---- ---- _ .. -... ----

The Rotatory Dispersion of Fraction 3 Was As Follows: 

" 6438 eX. '2'1 : -1.14; M27 • -2.08 ~ 

Cd Cd 
27 27 

5890 0( • -1.34; !vI • -2.44 • • 
D D 
27 27 

5461 
o(,Hg 

• -1.63; M • -2.'18 • • 
Hg 

27 27 
6209 0< • -1.63; M • -2.96 • • 

.Ag Ag 
27 27 

5086 0( • -1.72; M • -3.13 • • 
Cd Cd 
27 27 

4722 0(. • -1.85; M • -3.37 • • 
Zn Zn 

27 27 
./ 

M 1M • -3.37/-2.44 = 1.38 
Zn D 

" 

The Rotatory Dispersion of Fraction 3 In AnhydrouB 

Solvents Was As Follows: 

1. Carbon Disulfide. 

23 
6438 

23 

0(. Cd : 
-0.19 M : -0 0 346 

Cd 

Amt. 

50.5 g. 

65.6g. 

20.4g. 

-4.46g. 
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0( 23 23 
5890 • -0.22; M • -0."401 • • 

D D 
23 23 

5461 
0( Hg 

• -0.30; M • -0.546 • • 
Hg 

23 23 
5209. 0( • -0.36; M • -0.655 • • 

Ag Ag 
23 23 

5086 0( • -0.39; M • -0.710 • • 
Cd Cd 

2. Chloroform. 

23.5 23.5 
6438 <X • -0.05; M • -0.091 • • 

Cd Cd 
23.5 23.5 

6890 0( • -0.08; M • -0.124 • • 
D D 
23.5 23.5 

5461 0<- • -0.11; M • -0.199 • • 
Hg Hg 
23.5 23.5 

5209 0< • -0.17; M • -0.310 • • 
A.g Ag 
23.5 23.5 

5086 0( ·Cd 
• -0.20 M • 0.364 • • 

Cd. 

3. Benzene. 
. 

All the polariscope readings with this solvent 

were to.OO. 

4. Ethyl Ether. 

All the polariscope readings with this solvent 

were t.0.OO. 
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Reduction ot Dihydro1ina1001. 
27 

The dihydrolinaloo1,~: -1.34.(II) was converted into 
10 D 

tetrahydrol1nalool(III) in the usual way in glacial acetic acid, 

and the product distilled: 

Fraction 

1 

2 

B. P. Temp. ot 20 
Oil Bath d 

4 

------ ----

20 
n 

D 

1.4353 Up to 78o/8mm 

/ 78-90 /8mm 114
0 

0.8317 1.4361 

M. R. 
Calc. Found 

51.6 49.7 

3 Residue 

Tetrahydrolinaloo1(III) prepared in this way did not 

reduce potassium permanganate. 

The Rotatory Dispersion of Fraction 2 Was As Follows: 

28 28-
6438 0<- • -0.11; M • -0.209 • • 

Cd Cd 
28 28 

5890 0{ • -0.08; M • -0.153 • • 
D D 
28 28 

5461 0<- • -0.09; M • -0.171 • • 
Hg Hg 
28 28 

5209 ~Ag • -0.05; M • -0.095 • • 
Ag 

28 28 
5056 ~ • -0.02; M • -0.038 • • 

Cd Cd 
28 28 

4722. ~ • to.06; M • +0.114 • f 

Zn Zn 

28 28 
M 1M. - +0.114 - 0.746 - -Zn D -0.153 
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Preparation of Synthetic Dihydrolinalool. 

Ethyl magnesium bromide was prepared in the usual 
~ 

manner from 61 g. of ethyl bromide, b.p. 38-9°, and 15 g. of 

magnesium in anhydrous ether. and then 47 g. of methyl heptenone. 

b.p. l71-2o/769mm, in anhydrous ether were added to the 50% ex

oess of the Grignard reagent. After this had stood for a week. 

the reaction product was decomposed in the cold with 10% ammon

ium chloride; extraoted with ether; dried over anhydrous potas-

sium carbonate; and distilled. The pure compound had the fo11ow-
20 20 

ing physical c~nstants: b.p. 83o/9mm, d : 0.8596; n : 1.4569; 
4 D 

M. R. Calc. 49.44, Found: 49.4. The physical constants 

optically active dihY4rolinaloo~(II)-·were: b.p. 
20 ';, 

.. . 

of the 
20 

d 
4 

• • 

0.8676; n : 1.4667; M. ·R. Calc. 49.44, Found: 

870 /15mm; 
21 

49.5;0{ : -1.24. 
D D 

Preparation of Synthetic Tetrahydrolinalool. 

Ethyl magnesium bromide was prepared in the usual 

manner from 33 g. of ethyl bromide, b.p. 38-9°, and 9 g. of magn

esium in anhydrous ether, and then 17 g. of methyl isohexylketone t 

b.p. 159-630 /768mm, in anhydrous ether were added to the 50% ex

cess of the Grlgnard reagent. After this had stood for a week, 

the reaotion product was decomposed in the cold with 10% ammonium 

chloride; extracted with ether; dried over anhydrous potassium 

carbonate; and distilled. The pure compound had the following 
20 20 

physical constants: b.p. 83_,0 /lOmm; d : 0.8182; n : 1.4340 
4 D 

M. R. Calc. : 51.6, Found: 50.3. The physioal constants of the 

tetrBhydrolinalool{III) prepared by different methods were: 



:Method 

24 
Linalool:cJ.-... : 

D 
-15.23 in Pure 
Glacial Acetic 
A.oid 

23.5 
Lina1001: 0<.. • • 

D 
-14.0' in Pure 
Glacial" 
Acetic Acid 
I.Disti1led 

2.Dfn°4 

3.XMnO~ Be 
!laRS 3 

D1hydrolina10ol: 
27 

cA. : -1.34 in 
D 

Pure Glacial 
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B. P. Temp. of 20 
'Oil Bath d 

4 

77-8o/8mm 114° 0.8296 

7So/8mm 11So 0.8317 

78-9 0 /Smm ° 114 0.8333 

78-90/amm 1140 0.8146 

Acetic Acid 7B-9o/8mm 1140 0.8317 

20 M. R. 
n Calc. Found 

D 

1.4354 51.6 49.'1 

1.4374 51.6 49.7 

1.4364 51.6 49.7 

1.4361 51.6 50.8 

1.4361 51.6 49.7 

Attempts to Prepare Derivatives of Tetrahydrolinalool. 

Phthalic Anhydride Derivative. 
28 

Five grams of tetrahydrolinalool(III),ol :to.09, 5.2g. 
D 

of finely powdered phthalic anhydrid~, and 23 g. of dry pyridine 

were mixed and allowed to stand in a well-stoppered flask until 

only a small ~ount of phthalic anhydride remained. The solution 

became bright yellow. The liquid was carefully pipetted off and 

the pyridine removed in vacuo. fhe residue was unchanged phthalic 
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anhydride as shown by a mixed melting point and conversion into -
fluorescein. 

Phenyl Urethane. 
28 

One gram of tetrahydrolina1ool(III), 0( : +0.09, and 
D 

1.1 equivalents of phenylisocyanate were allowed to stand for 

several days in a well-stoppered flask. Then the solid was re

moved, washed with a small amount of Skelly Solve F, and found 

to be diphenylurea by a mixed melting pOint. The reaction did 

not take plaoe when the mixture was warmed for one hour on the 

steam bath. 

~-NaphthYl Urethane. 

An attempt to yrepare this derivative yielded the same 

result as that with phenylisocyanate. 

p-Nitrobenzoyl Ester (15). 
28 

Two grams of tetrahydrolinalool(III), C>t :~O.09~ and 
D 

2 g. of p-nitrobenzoyl ohloride in l50c. of dry pyridine were 

allowed to stand at room temperature for two days. A white solid 

separated out which was soluble in water and did not melt upon 

being heated at 3500• 

2.4-Dinitrobenzoyl Ester. 

The same result as with p-nitrobenzoyl chloride was ob~ 

t'ained when 2 ,4-dini trobenzoyl chloride was used. 

Tetrahydrolina10ol Chloride. 

A. Preparation from Saturated Hydroohloric Acid. 

Twelve co. of concentrated hydroohloric aoid in a tube 

were cooled to-20° surrounded by ice and hydrochloric acid in a 
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Dewar flask. Then the acid was saturated with nry hydrogen 

chlorid~ gas at such a 

at _20°. Three cc. of 

rate that the temperature was maintained 
28 

tetrahydrolinalool{III), ~ : ~0.09, 
D 

was added; the tube was sealed; and placed in a water bath at 

20°. After it had reached the temperature of the bath, it was 

shaken vigorously every five minutes for several hours. Atter 

standing overnight, the tube was cooled at _200 and opened. 

!he top layer was drawn off; washed with iee-cold_ 5% sodium bi

carbonate and then with ice-cold water; dried over anhydrous 

potassium carbonate; and filtered. The liquid gave a positive 

Beilstein test and a precipitate of silver chloride with al

coholic silver nitrate. The physical oonstants were as follows: 

20 24.5 
n : 1.4392; Dispersion Angle: 41.2; ~ : +0.21. 

D D 

Anal. Caled. for C H C1: 01, 20.1. Found: Cl, 19.8. 
10 21 

23 
A larger quantity of tetrahydrolinalool chloride, ~ : +0.20, 

D 
was prepared as outlined above and distilled to determine its 

stabili ty. 

~raction B. P. 20 
d 

20 Disp era ion M. R. 0(.. M 
D 

4 

1 30-10 /0.07mm ---
2 31-~/0.06-

0.08mm 0.8695 

3 Residue -----
Anal. Ca1ed. for 0 

n 
D 

1.4386 

1.4390 

1.4370 

H 01 
10 21 

Angle Calc. Found . D 

40.5 ---- ---- ---- ---
40.9 53.3 53.4 to.23 0.468 

40.6 ---- ----. ----- ----
• C1,20.1. Found C1, 19.9. • 
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Fraction 2 on re-distil1ation boiled~t 73 o/amm and 

the phy~cal constants were as follows: 

20 20 
d : 0.8708; n : 1.4388; M.R. Calc. 53.3, Found: 53.3. 

4 D 

The Rotatory Dispersion of Fraction 2 Was As Follows: 

23 23 
6438 e<. • +0.15; It! • +0.303 • • 

Cd Cd 
23 23 

5890 0( • +0.23; M • +0.465 • • 
D D 
23 23 

5461 0( : +0.26; M : ,,"0.625 
Hg Hg 

Anal. Cal cd. for CIOH21C1: C1, 20.1. Found : Cl, 19.7, 19.8. 

B. Preparation by Saturation of Tetrahydrolinalool with 

Gaseous Hydrogen Chloride. 

Five cc. ot tetrahydrolinalool(III) , 

cooled to _200 and 'saturated with dry hydrogen 

it had stood at this temperature for six hours; 

28 
cA. : +0.09, were 

D 
ohloride. After 

it was treated 

as stated above. !he chloride had the following physicai eonst-

ants: 

20 22.5 
n : 1.4390; Dispersion Angle; 40.3; 0(. : ",,0.21. 

D D 

Anal. Caled. tor C H Cl: CI, 20.1. Found: C1, 19.6. 
10 21 
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HydrolYSis of Tetrahydro1inaloo1 Chloride. 
. 23 

· Five cc. of tetrahydrolinaloo1 chloride, ~ : +0.23, 
D 

were shaken with 2,700cc. of distilled water. At intervals the 

entire amount was titrated with sodium hydroxide using methyl 

orange as an indicator. Due to the great insolubility of the 

chloride in water, the hydrolysis was complete only after 21 hours 

Time in Hours cc. 0.1 N NaOH %Tetrahydrolinalool Chloride 
Hydrolyzed 

1 37.4 15.5 

2 73.2 30.5 

5 161.1 

6 188.3 

8 214.3 

10 221.9 92.7 

17 232.9 97.5 

21 239.1 100.04 

Each 250 cc. was extracted with three small volumes 

of ether. After drying the ether extracts over anhydrous 

potassium carbonate. the ether was removed in vacuo, and the 

oarbinol distilled. It gave no test for chlorine with al

coholic silver nitrate. The following figures indicate that 

the carbinol obtained by hydrolysis of the chloride was the 

original carbinol unchanged. 



B. P./8mm 

Original 
Tetrahydro-
linalool 770 

Tetrahydro-
1inaloo1 
from Tertia- 0 
ry Chloride 76 
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20 
d 

4 

0.8317 

0.8314 

20 
n 

D 

1.4374 

1.4370 

28 -
0<-

D 

to.09 

+0.08 

Odour 

same 

same 

Attempt to Prepare Dihydrolina1001 Chloride. 

!welve cc. of concentrated hydrochloric ~cid were 

cooled to _200 in a tube surrounded by a freezing mixture of 

ice and hydrochloric acid in a Dewar flask. Three cc. of 
21 

dihydro1inalool~ : -1.33 were carefully added. After sealing 
D . 0 

the tube it was placed in a water bath at 21 • 'Upon shaking 

the top .. layer became very viscous. It was allowed to stand over 

night at 21°. Then it was cooled to -200 and ·opened. The top 

layer was pipetted off, washed with ice-cold 5% sodium bicarbon

ate solution and then with ice-cold water, dried for a few min

utes over anhydrous potassium carbonate, and filtered. The dark 

yellow liquid gave a positive Beilstein test, reduced potassium 

permanganate so.lution, and gave a precipitate of silver chloride 

with alooholic silver nitrate. After deco1ourizing with lu-Char, 

it was found to be optioally inactive. 
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SUMMARY 

(1) Pure l-lina1oo1 was reduced to dihydrolinalool in 

ethyl alcohol using a platinum catalyst and then was further 

reduced to tetrahydrolinalool in glacial. acetic acid using 

the same catalyst. Linalool was converted into the completely 

saturated carbinol in the same way as dihydrolinalool was re

duced. The compound obtained was identical in both cases. 

This reduction was carried out to avoid rearrangements in the 

preparation of derivatives which would have occurred if the 

unsaturated carbinol had been used. Tetrahydrollnalool was 

slightly dextrorotatory, whereas all previous preparations 

by other investigators had yielded a levorotatory product. 

(2) Attempts to prepare derivatives of tetrahydrolin~-

1001 of higher optical activity failed. Therefore, it was 

not d~finitely proven that the low dextrorotation of the 

carbinol was not due to impurities, or almost complete racemiz

ation. 

(3) Tetrahydrolinalool chloride was prepared and found 

to be slightly mor.e dextrorotatory than the starting material, 

and appeared to yield by hydrolysis the ortginal carbinol with 

undiminished activity. 

(4) An attempt to convert dihydrolinalool into the corr-

esponding chloride was unsuccessful. 
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