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HISTORICAL

This thesis 18 a report on the asyntheses of subatances
which elther have been or are to be biologically tested for
analgeslc activity., It fits into a largzer plece of work
which might very ambitliously be dsscribed as an attempt to
recozgnize those structural features of an organic molecule
which either cause or leoad to deadening of pain or, as pro-
bably betiser described, "increzse of pain thresholda", The
historical portion of this thesis deals primarily with thqse
investizations which havs been carried out along this line
and aince the investigetion reported in this thesis does not
relate to the aynthesis of morphine, as such, the chemical
work on this natural product is not included.

A quick examination would seem to indicate that a wide
variety of unrelated compounds have beern syntheslzed, but
many of them can be related, on closer inspectlon, to certaln
featurea of the mcrphin@'molecule. For purposes of later
reference the accepted structurs of the mnorphine molecule is

given below,

morphine
HO

‘me widely studied group of compounds is the aralkyle
amines, primarily the phenethyl or phenpropyl derivatives,

Inapection of the morphine moleculs shows clearly thst both



of these structural unlits are present; the phenyl group
saparated from the nitrozen atom by two and by three carbon
atons.

A large number of amines have been reported whieh can

be included in the general formula:

LY ¥
\
égc@a/ﬁ'
X1l Xt

Suter (1) has reported compounds of thie type where:

1) R is B or CHzy R' is H or CHg; Y is H; X 1s H or OH and
X*,X'' {s H, OH or OCHg

2) R i1a Hy; R' 1s H, CHs; Y is CHy and X,X',X'' is H

%) R is H3; R' is H, CHa, CsHy, C4Hg, CgHsCHp; Y is Clx;
X,X' 1s H and X'*' is KHp, CHz, CHzO, OH, CHzCOO,

Hildebrandt (2) prepared similar compounds where R 1is
H, mlkyl or cycloalkyl, K' is alkyl with at least two carbon
atomes, ¥ is CHz, X and X' are E and X'' i3 OH by eondensation
of p~hydroxybenzylmethyl keton> with the alkyl or cycloalkyl
anine followed by reduction to the desired compound,

Several amines exhibiting high anesthstic activity were
synthesized in a #imilar manner by Heinzelman (3). Fourteen
compounds {n which B and K' were hydrogen or various alkyl
groups, Y was methyl, X was hydrogen or an alkyl group, X!
was methoxyl and X'' was hydrozen were reported,

A related compound possessing slight analresic activity
a8 the hydrochloride is the amineé prepared by Avison and
Horrison (4) by the reactlion of benzylmethyl ketone with

formaldehyde and methylallylamine.



Calp=CH=CH -MCKs
675 §:@ 2" NcnocH=CHigp
He

Smith et. al. (5) prepared ten «~aminocphenascylpyridines
and quinolines by the treatment of the «=bromophenacyle
heterocycle with the secondary amine., The compounds prepared
were of the general formula R)fHCOHZ where ~lRp was dlethyl-
amino, piperidyl or m@rpbolinyl,le was pyridyl or quinolyl
and Ko was phenyl or pechlorophenyl. Two of these compounds,
4=(ole{l=piperidyl) ~phenacyl)pyridine dihydrochloride and 2«
{K~(1l=piperidyl)~d-chlorophenyl)pyridine dihydrochloride
approxinate codeine in thelr activity.

A large number of Ne-aubstituted 1,2«dlarylethylamines
have been prepared by Moffett (6)(7) by the reaction of
benzgylmagnesium chloride with the Schiff's base resulting
from the reasction of a primary amine with a substituted
benzaldehyde. Vanlillin, wm-hydroxye, p-~hydroxy-, m-ethoxy-,
2,%-dimethoxy-, and J,4-dimethoxybenzaldehyde ars examples
of the compounds used. The general formula of the resulting
amines is Argggﬂgaﬁﬂ5 where Ar l1s the substituted phenyl
group. Xoat of these compounds exhiblted weak anaslesic
activity and were tested mas the hydrochlorides.

¥ePhee and Erickson (8) studied aimilar compounds as
well as the P-hydroxy derivatives. The PB-hydroxy compounds
wore synthesized as follows:

o Friedel= : Hpy e,
ArH+ CeligCHRCOCL 222" 7-75 Ar(CHaCsHs5 > Ar{i-4=-Cels
Crafts g g ﬁca

raduction ArCHCH«Cgls
> SH.%EQ




The most active compounds were found to be X-phenyl-f-
(Z3-methoxy~-4-hydroxyphenyl)ethylamine and o&phenyl-B-
(4~hydroxyphenyl)~B~hydroxyethylamine.

Some Nealkylated-l,2-diphenylethylamines have also
been prepared by Goodson et. al. (9) by the Leucksrt re-
action and were found to exhibit slight analgesic activity.

Burger and coworkers (10)(11){(12) have studied several
heterocyclylethylamines. For example, tetrahydropyranyl
amino aleohols of the formula g(’—_‘ECBEECH2HR2 were pre-
pared where NKRg was diethylamino, morpholinyl or piperidyl.
These compounds exhibited some analgesias. Similar compounds
in which the tetrahydropyran group was replaced with a
2,3=-dlhydrobenzofuran group were prepared and showed mild
analzesla at nearly toxic doses. A pyridine derivative,
B~(6~methyl-2«pyridyl)isopropylamine, was also found to
have slight activity.

Suter (1) hass reported a large group of arylpropyl-
amines, the homologues of the arylethylamines first mention-
ed. In addition, CGeigy (13) has found analzesic activity
in a group of phenoxyphenylalkylamines. An exauple of
these compounds is 1-(4-(p-methoxyphenoxy)phenyl)-2-methyl=-
Z~athylaminepentane.

Good analgesic properties were exhiblted in a seriles
of l~(p-hydroxyphenyl)-3-alkylaminobutanes prepared by Kulz
(14). The alkyl group was allyl, cyclopentyl, methyl, butyl
or benzyl,

Burckhalter and Johnson (15) synthesized several ¥-

arylpropylamnines of the following structure, GeﬁngCHg§g~R"',
¢

1t



where K 18 H or phenyl, &' and H'' are H or alkyl and R'!!

is prhenyl or methyl. It was thelir purpose te deternines

the eoffect of large space-occupying groups in the phen-
propylamine skeleton which mlight posslbly result in & spatial
relationshlip more similar to that found in morphins, A=
(Benzhydrylmethyl)bensylanine, Ggﬁsgﬁ—Cﬁggf-ﬁgﬁg, was found
to have an activity approaching morphine while 4,4-dlphenyle
2«butylasine, CalHsCH-CHpCH-CHs, was less effective. 411

of thess amines weriﬁ?aunézte be rather toxic.

2={3~Dlethylanino=l-hydroxy-n-propyl)-g-methylcarbazole,

QﬁCEgUﬁgl’i( Cplis)ps Prepared by Ruberg and
' O

CHg

Small (16) by catalytic reduction of the aminoketone re-
sulting from a annich reaction of Z2=-agstyl-S-nothylecarba~
zole, approaches codeine in snalgesic action but exhibilts
a dlsadvantageoua convulsant effect.

An interesting group of compounds which can be cone
sidered related te the phenethylamines 1ls the aminophthalidyle
alkanes synthesized by Ullyot et. al. (17). This molscule

COOH I"?\w CZ Ho
CH + "2 of S i

0 R? R= H, CHsx
{}H-...? Rt= H n-alkyl
has the aminoalcohol bhengoate structure found in local ane-
esthetics as well as the phenethylamine astructures, Some

of theseo coapounds exhiblted analgesic amctivity but no local



anesthesia. If K= hydrogen there was no activity; if R=
methyl the activlity was slight and increasing R beyond ethyl
to pentyl decrsased activity and increased toxicity. HFo
activity was present 1f the amino group was substltuted.

Various quinoline and isoquinoline compounds have been
studled. In most instances these compounds exhibit anti-
spasmodie, rather than analgesic, activity. However, quin-
oline compounds with a baslc side chaln of adequate length
in pesition 8 were found by Sinha (18) to exhibit anesthetic
activity. 2~-Alkoxy-de-aminoquinolines and Z~alkoxy=3-amino=-
guinolines were synthesized by Wojahn and Kramer (19) and
exhibilted anesthetlic activity., HMartin and Hanslick (20)
reported that the mineoral acld salta of &,8-bis{diethyl~-
aminomethyl)quinoline are analgesics, Coates and coworkers
(21) aynthesized a number of monopyridyl, dipyridyl and
aubstituted pyridylguinolines all of which were nctiﬁ& anti-
spasmodics,

Conaiderable work on the isoquinolines has been done
by Kulz and Hornung (22) who found antispesmodlic and ansle
gesic activity in certain of these compounds. The nitrogenw-
contalining mucleus could be hydrogenated, non-~hydrogenated,
or partially hydrogenated., At least two entirely or partial-
ly esterified or etherified hydroxyl groups in one phenyl
nucleus and no hydroxyl groups, {ree or otherwise, in the
other phenyl nucleus were necoessarye. Also required was ar-
alkyl group substitution in the l- or Z-position.

Fodor et. al., (23) found spasmolytic activity in 6,7-
dlethoxy=3-ethyl=, =3~propyl=, and «3=-phenylisoquinoline



and 6,7-diethoxy=3-phenyl«l-methylisoquinoline.

An extensive survey of the work done on phenanthrene
derivatives has been reported by Small et., al. (24) and
therefore will not be dlscussed here.

It ean be seen from an inspection of the morphine mole
ecule that there is a phenyl group situated in the 4-position
of a piperidine ring. Compounds of the 4-phenylpiperidine
type, usually further substituted in the 4-positlion, have
received considerable interest.

Blicke and Krapcho (25) reported the synthesis of le-
methyl-leketo~4,4~diphenylpliperidines and Sperber, Sherlock
and Papa (26) prepared l-methyle4,4-diphenylpiperidine.
These compounds showed no activity.

liost of the 4-phenylpipsridine compounds studled are
those Iin which there 1is another group substituted in the
4=-position. One of the most well-known compounds of this
type 1s the drug "Demerol" (also known as Dolantin or pethe
idine), le-methyl~4~-phenyl-4~carbsthoxyplperidine hydro-
chloride., Eisleb (27) synthesized Demerol and related
piperidine compounds by the sodamide alkylation of phenyl-
acetonitrile with the dichloroamine, CHgN{CHgCHaCl)z,
followed by hydrolysls of the nitrile and esterificatlion
of the acld formed.

Hergel et. al. (28) synthesized Demerol and easters
other than the ethyl ester by the following seriles of re-

actionss



_-CligCHa OCH=CHg

ceEscugcny NaBlHp > celise
2 ClCHpCHpOCH=CHg g}:«* CEgCHROCE=CHg — >

. ,/GEQCHQOH 1)50C1l2 _-CHgCHg l}hydrolyze
cﬁhsg\\c | > Ggﬂﬁg\\ T/N~GH5 >
K CligCHpOH  2)CHaNHg N~CHgClg 2)esterify
CHoCE
CoHg0L 2_%§ﬁ5633
O CHgCHg
R

Thorp and ¥alton (29) studlied the effect of other alkyl
groups on the nitrogen atom of Demerol, They determined
that the toxlicity increases with the length of the alkyl
chaln and analgesia lnereases slighily up to n-propyl.

In order to slmulate the hydroxyl group in morphine,
Morriseon and Rinderknecht (30) prepared ethyl 4-(m-hydroxy-
phenyl)-l-methylpiperidine~4-carboxylate. This compound
18 known ss "bemidone",

Ziering and coworkers (31)(32) prepared compounds
sinilar to the Demerol structure in which the carbethoxy

group is replaced by an acyloxy zroup.

0 CgHs ogn
1) CglgMgX
2) acvl ehloride

i H

R R

l-¥ethyl=dwphenyled=-prepionoxypiperidine was found to
be as active at a level of 1 mge. as 2B mgz. of Demerol or
3 nge. of morphine, Incresse in R above methyl or substlitu-
tion in the phenyl group results in a decrease in activity.
These workers feel the increased activity may be due to the

fact that Stuart models show the acyloxy side chaln seems



to simulate the cyclohexane ring in meodels of morphine,
The 4~phenyl group was replaced with 4~alkyl, 4-cycloalikyl
or 4-heterocyclyl groups and in most instances decreased
activity resulted, The PB-pyridyl derivative was found to
have half the actlivity and half the toxiclty of Demerol,

Ziering and Lee (33) in an sffort to determine to what
extent the remalning parts of the cyclohexane ring in mor-
phine contribute to the analgesic effect sudbstituted a
methyl group in the 5~poaiti$n of le-methyl~4-propionoxy-
piperidine, As was expected two forms were obtained, one
mach more active than the other and probably spatislly re-~
lated to dilhydrodesoxymorphine,

A very extenslve study of compounds containing a keto
alde chain In the 4-position of the 4-phenylpiperidines was
carried out by Kagl and Miescher (34). The druz known as
"Cliradon™, lencthyl-4-(m-hycroxyphenyl)-4-piperidylethyl
ketone, was the result of this work. Thls material exhibits

more asnalgesic sctivity than morphine.

CHgCH
KaNHg

BrCHpCHpBYr
C1(Clg) gli(CEg)g —>

NaNHp

O
QH N

CHg~ 1 ~CHg
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OH heat
D™
_ = you
Ca¥sighr | Cliradon
> N
COCoHR
Cﬁs

A large number of related compounds were prepared to
study the effect of lengthening the keto aside chain, of
moving the hydroxyl group to the ortho position, and of
acetylation or methylation of the hydroxyl groups It was
found that the compound contalning the ethyl ketone and
the fres meta hydroxyl group was the most effeétive one,.

Clirsdon {also known as ketobemidone) was later pre-

pared by Avison and Horrison (35).

CHpCN ocH
27" CHgN(CHECHRCL)p_ S 1) Colis¥ahr
NaNHg 2)HRY
OCH4 CN
OH

N
Clig

COCollg

Q@
b5
R
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Spielman (36) has reported snalgesic activity in 4-
phenyl=l-alkylpiperidine scld lactones. The le-methyled-
substitutedphenyl-4d~cyanopiperidine was prepared and treate
ed with hydrogen bromide to form the lactones. The phenyl
group in these compounds was substituted in the 3 or € po-
aition with hydroxyl, methoxyl or alkyl groups.

The morphine molecule also contains a Z2-bengylpiper-
idine structure. Anker et. al. (37) synthesilzed Z-benzyl-
piperidine, l-f-methoxyethyl- and l-P-sthoxyethyl-Z-bengyl-
pipsridine. Lee et. al. (38) prepared & group of compounds

with the general formuls e If the phenyl group
2

W (Clig ) nCeHs
Ry

was attached directly to the plperidine nucleus (Ry= CHsg,
o= H, n=0) the compound was inactlve. If the phenyl
group was linked to the plperldine ring by a -CHg- group
the compound was s8till inactive. Low asctivity was exhibited
when the slde chaln was 1incressed to two carbon atoms,.

The 3-phenyl derivatlves were synthesized in order to
compare them with the 2- and 4-phenylpiperidines. dAvison
and Yorrison (39) prepared ethyl 3-phenyle=lemethylpiperidine-
3=carboxylate {(metadine) and related compounds.

oslln N

1o CHo CHab oG 00Co e Pd=C HCOCH
ClCHgCﬁgGﬂg$HGOOGQH5

HCHQG
Cglig CIOCgHg
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HwCH "’CH
® CoHsMgX S
>
CgHg TOOCgHg CgHg COCgHs
metadine

In view of the activity of metadine, the Jeacyloxy-dw
phenylpiperidines were prepared for comparison with the
highly active related 4-phenyl compounds. Both the 3=
propicnoxy and the 3-ethyl ketone compounds were less act-
lve then metadine itself, The relation between structure
and activity does not follow parallel paths in the 3« and
4-phenylpiperidine series., Apparently the analgesic action
of metadine is exerted through s different mechanism than
the morphine«iike drugs since 1t stimulstes respiration and
antagonizes the morphine-induced Straud reaction.

The open~-chain analogues of the 4-phenylpiperidine
compounds are of considerable importance as analgeslcs.

The most widely kmown drug of this type is "Amidone" (Meth-
adon). Th; reaction of diphenylacetonitrile with Z2~chloro-
l-dimethylaminopropane results in two nitrlles which, in
turn, yleld two iscmerlc ketones on treatment with a Grig-
nard reagent. The structures of the two nitriles and the

two ketones have been established (40)(41)(42).

(CeHg)oCHCN +C1CHCH2N(CHz)o NaNH2  (CgHs)2G~CN
CHs —— %HOHQN(CE&)Q
Hz ™A™
(CgHp) 2¢-CHN
S gﬁggm(cﬁg)g
HS ”B“



13

‘ HH
nav CRUBMgBr_  (gglig)gC-CeColis Byd.  (cgHg)e ~é?02ﬁ5
> HCHgXK(CHz)2 HCHoN(CEs) e
¥ H

iz
isoanidone

’;Bﬁ cz}isﬁ{gﬁr ( 0635 ) 2 .&D(’;z}is
> gHgSKK(CHg)g
BHa anidone
A synthesis of amidone which gives a very poor yield
but only one isomer has been reported and confirms the strue-~

ture given above.

-H CN + CH=CHCH, HaRHp H -=C = hH
{CgHg)pCHCHN Clgqﬁ; o > (Ce 5)2? zp ¥ Phrs
CHeClicHy 2
(CgHg ) gG=CH (CHZ)2KE (cgHg)pG=CN C2HBUEBY  amidone
6 agﬁg HCHz > g

nggﬁ( CHzY2
3

Sletzinger and Tishler (43) have reported that iso-
amidone 18 less toxlc and more sctive than the lsomer amie
done.

In view of the activity of amidone, a& large numbsr of
related compoundz have been syntheaized. Ofner, Thorp and
Walton (44) prepared the piperidyl analogues of amidone and
iacamnidone. The analgeslia was found to be simllar in duration
to that of amidone and with g small degree of undesziradble
gside effects. Attenburrow et. al. (45) synthesized the mor-
pholinyl analogues and found high activity.

Ofner and Walton (46) studied the effect of variations
in the baslic side chain of amidone by using the followlnp
groupsy 2-piperilidinopropyl, 3-piperidinepropyl, 2-diethyl-
aminoethyl and 2-dlethylaminopropyl. They concluded thsat



14

me Lhyl branching in the basic side chain, particularly B
to the quaternary carbon, 1la an important factor. Small
varlations in the baslec group have a minor effect; the B
amlinopropyl group exhlbilts the maximum effect.

VWalton, Ofner and Thorp {(47) varied the keto side chain
in both amidone and 1soamidone by employing various Orige-
nard reagents. The methyl, ethyl, propyl, iso-propyl,
butyl, phenyl and beneyl ketones were prepared. In both
series the activity was a maxioum with the ethyl ketone and
much less in ths hicher and lower analozues.

Konig and ¥agyar (48) prepared l-(l-piperidyl)«3,3-
diphenyle-4~-hexanone hydrobromide (Hexalgon) as well as a
nmumber of other compounds related to the amidone structure
and concluded that the following correlations exist be-
tween structure and analsesic effect: 1) any changes in
aryl ring or exchange with heterocyclic chaln may diminish
or eliminate analgesic effect; 2) changes in basic group
had less effect; the nlitrogen waas nost effective when lo-
cated at a distance of two carbons from the central carbon
and a methyl group on the carbon next to the nitrogen atom
increased activity whereas methyls further away diminished
the effect; 3) the stronsest analzesia was found in com=-
pounds with the ketone alde chain, the ethyl ketone belng
the most effectlve.

Shapiro (49) preparsd amldone derivatives in which one
phenyl group was substituted with a bromo, methoxyl or methyl
group and where one phenyl group was replaced with g ben-

gyl group and found no activity.
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Cheney et. al. (50) preparecd ketimines and acylket=
imines related to amldone and isocamidone. In both serles
the order of decreasing toxiecity and increasing activity
index is ketone: ketimine: acylketimine.

Lithium alumlinum hydride reduction of amidone and iso-
amidone was studied by Yay and MHosettig (51). Heduction to
the carbinel reduced analgesie and acetylation nearly re-
stored it. Dehydration of the alcohol to an ethylenie
compound had 1ittle effect. An attempt to reduce the car-
bonyl group in a Wolff-Kishner reaction resulted in cleavage
of the molecule %to form (Cglis)gCHCHCH(CHz)N(CHz)g which
was lnactlve,

Speeter et. al. (52) also studied the effect of reduce
tion of emidone to the corresponding carbinel and found
that the alcohol was less toxic than the corresponding ke~
tone but the analpesic activity was unpredictable, The
acetate osters were more active but also more toxic than
the ketones,

Pohland, Marshall and Carney (53) reasoclved methadon and
the related carbinols and esters. l-iethadon was found to
be twice az active as dle-methadon, the 1 form of the alecchol
was more active than the 4, and ths & form of the eater was
the rost active., Speeter, Cheney and Binkley (54) prepared
halogen-containing esters related to methadon. It was
found that the activitlies of these compounds were consider-

able higher than the sctivity of methadon.
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(051{5)g?~éﬂﬁ‘gﬁ5 Ho= ClCiHpCO, BrlHpCO
{.'H" »ii@({.}ﬁ&)z
By
Bockmithl and Ehrhart (55) synthesized compounds of the
A

general formuls Rgc< where X was a ketone, ester or anlde
group, Y was various basic slide chains and K was & phenyl
or substlituted phenyl zroup. If X was agn ester or amide
group the activity was poor regardlsss of the rest of the
molecule., If X was a ketone other than ethyl or 1 onse
phenyl group was substitutsed the activity wes low, If X
was «COCgha, the most effective Y group was -CFgEiﬁ(CHs)g
or -Gﬁggﬁﬁ\ ,D { the branched methyl group was vsry im-
portant)‘

Dupré et. al. (568) synthesized a number of compounds
related to amidone.

Br(CHg)Br + (Cglig)gCucy aiiz

Br{CHp)oC{Cels ) 2CHN

(CHz)2RH 1}ROH, H 1) ester

(CHz)N{CHg) 2C(Cglig) oCH
2)drignard 2) ketone

(CHz)oN(CHg) pC(Cglg) 2CO0H uﬁfffg; (CHz)eN(CH2)2C(Calin)2C0C1

CHo / 3,3=diphenyl-l~methylpyrrolidone-2
1 CES

Burckhalter and Johnson (57) prepared ketones similar
to amidone in which ones phenyl group was replaced by a
mnethyl group. The analresle activity was very low and 1t
is possible that the phenyl group of amidone locks the
aliphatic group into s morphine-like spstlial arranzement
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thﬁa establishing the apparently requisite rigidity. The
me thyl group appears to lsck the necessary size for this
steriec hindrance.
Anker and Cook {53) found a similar low degree of
activity in the related enters.
Hz
cﬁﬁﬁgucﬂgm{gﬁ( CHz)p
00CoHg
A number of esters of o=(2~dialkylamincethyl)benzyl
alcochols were synthesized by Burckhalter and Johnson (58).
The structure of these compounds c¢an be wrltten to simulate
portions of the morphline skeleton. NHo 1lmportant analpgesic
activity was found in these eaters and thils was attributed
CHx-N-Clig

]
Q

to the probable lack of the necessary rigidity in the mole~

cule.

Bergel et. al. (60) prepared a 2,3~dlhydrobengofuran
derivative with the following formula:

HeoCHx

¢]

2-Koto=3-0thyl=3~(B~dinethylaninoethyl)-7-methoxy~2,3-
dihydrobenzofuran was synthesized by Horning and Shock (61).
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E ol gnacrzzczz
CHpCN HCN ;=CoHe
"2ER ey CHy= CHCN R s
OCHs > OCH > OCH
3 ColsI 5 S
OCHe OCHz OCHsz
ClgClgC O N 1pCHpN( Gl ) 2
Ime CHpCHz 1)80012,%2?59 CHoCHsg
2R OOH
3)HCHO,HCONH
ecna

Other compounds, structures of which can Ye related
to the morphine molecule, have been prepared, Ii{'or example,
Suter (1) reported the synthesis of phenylalkyl-B-cyclo-
hexylethylmethylamines, HO<Z::3>(GH2)QK(033)2<<::::>> .
These compounds are slishtly active but 1t is unlikely that
the activity is due to any simllarity to morphine,

Barltrop and Kicholson (62) synthesized l-dinethylamino-
ethyl-l=phenylcyclohexane e« lePhenyleZe

N(Cla) g
dilalkvlaminoalkyleyclohexanes have been reported by Suter
(1) to exhibit negligible analzesic activity.

zaugz, Freifelder and Horrom (63) felt that the im-
portant features of amldone are the quatarnary carbon atom
to which are attached two phenyl groups, a carbonyl croup
and a basic side chaln and attempted to determine whether
a different arrangement of these groups around the quater-
nary carbon would still result in activity. The following
anino derivatives of 2,2-diphenylcycloliexanone were pre-

pared. Both of these compounds exhlbited a low order of
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(CeTs)p KRo (Cglis)a CHgkRg

analgesia. Burger and Bennet (64){(65) prepared the asame
conpounds a2 well ag the S-dimethylanine substituted com-
pound.

Barltrop (66) synthesized the following compounds which
can be related 1n structurs to some portion of the morphblne

molecule and found they exhibilted slight analgeslic activity.
0

Q
i 11
CHg O CHgNRg CHx O KRgp
Claz® CHg 0
2=dialkylaninomethylef G- 2-dlalkylaninow=t G-
dimethoxyindanone~l dimethoxyindancna=-l
CEgCHgHRp

O ,
[:::::[::i::rz E= piperidyl, morpholinyl

l-dialkylaninoethyltetralone~2
(4

5=( o=ne thoxyphenoxy) -
iaogquinoline

OCHg,
Several interestins types of heterocyelic compounds

have been prepared as potential analgesics, Hanns (67)

prepared lephenyl=2,3-dimethyled¢-(2'-phenylquinolyl-4')-

anino=-5-~pyrazolone and found 1t and related compounds
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useful as analgesiecs.,

Spielman (68) reported analgesic activity in the
aspirin range and low toxiclty for 3,5,b6-trimethyloxazo-
lidine -2 ,4~dione.

CHz

| |

Buchi et. al., (69) synthesized a large number of 3,5
dloxopyrazolidines with the feollowing general formula:

R
éfi——— =0 Rg 4= H, alkyl
05&\\ ~Eo Ry= CgEg, CglisCHg
W
Ry Rz= H, Cgls, CgHsCHp
R CONCgHg NH2 R R
2 oot s BSOSO s pgp—p=0
RE COOCgHS Ry S '
0=C__JH O=C_MNRg
Ny

Ry £y
¥any of these compounds exhlibited analgeslc activity but
were very toxic.
A brief glance at the types of compounds which exhiblt
antispasmodic activity is of interest to show the differences
in these structures and those that show analgesic activitye.

One large group of antlapasmodics 1s the amino aleochol
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ester type. Jome representative examples of active cone
pounds of this type are the dlethylaminoethanol esters of
X-phenylvaleric acid (70)(71)}, bengilic acld (72), diphenyl-
acetic scid and alkyldiphenylacetic acid (73), leindanyl-
phenylacetic acid {74) and the benszylmethylaminoethanol
ester of dibenszylacetic acid (75).

Other esters which are useful as antispasmcdics are
those in which the basic residue ls in the acidie portion
of the ester. IExamples of this type are the esters pre-
pared by Bockmithl and Ehrhart (76) with the genersl fore
mala RjRpRaCCOORq where Ry and Rg are aryl groups, Rz is
8 tertiary aminoalkyl agroup and Rg is an alkyl or aralkyl
group.

The alkyl amides and phenylsubstituted acetamida; are
sctive as antispasmodics. liany of them are hypnotics and
a few have exhiblted analgesic activity. Tertiary saturated
alkylsubstituted mcetamides of five to seventeen carbons
are good antispasmodics {77)(78). Certain tertlary butyl
aliphatic smides such as the methylamide, allylamide and
cyclohexylamide of A-bromo-t=-butylacetic acid show hypnotilce
effects (79).

Papa et. al. {80) synthesized N,N-dialkylamides with
the structure RCH=CR'COH(R''), where R 1s aryl, heterocyclic,
R' is hydrogen, alkyl, aryl or alicyclic and K'' is hydro-
gen or lower malkyl. Thesa'ccmpaunds exhiblited an analgesic
sctivity comparable to aapirin,

H,N'«3Substituted X~gminodiphenylacetamides of the for-



mula {(CgHglg -§~E<Rg where all the H's are hydrogen or
%ﬂl Ry

alkyl have been prepsred and are active antispasmodics (81)

(82).

Trialkylacetic aclds eontaining‘a total of fifteen to
twenty carbon atoms show antispasmodic activity (83). &
large group of alkylamines have been synthesized and found
to be antispasmodics. Examples of these are; methyldi-
B~cyclohexylethylasine (84), methyldi-n-octylamine and
methyldli-B-3-methyleyclohexylethylamine (85), 8-di and tri-
alkylethylamineas containing eleven to elghteen carbons (86),
2-methyl-iso~-amylaminooctane (97) and unsaturated ethyl-
amines such as S5-benzylaminc-l-hexene (88},

Kilz and coworkers (89)(90) prepared a larze group
of amines of the type (RKCHoCHp)zNH where R 1s phenyl, di-
me thoxysubatituted phenyl or an slkylsubstituted phenyl.
Alkylation of the bengene rings resulted in an lncrease in
activity whereas alkylation of the nitrogen atom produced
an irregular effect. A methyl group on the niltrogen caused

a marked wsakening of activity and increasing the number

of carbon atoms gradually increased activity.
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Several types of compounds with structures indicating
the possibility of analesasic activity, or the study of
whilch 1s necessary in an attempt to correlate structure
with this biologlcal activity, have been of interest to
this laboratory.

Schwartzman (91) synthesized a series of spiro(eyclo~-
hexasne=-1,1'-3'-aminoindans) in order to study thelr anal-
sesic activities, Of particular interest In the structure
of these compounds 1ls the quaternary carbon atom and the
tortisry amine groups both structural units found in the
morphine molecule, Spiro{eyclohexane-1l,1'=3%«~dimethyl~
aninoindan) was prepared by ths followinz seriles of re-

actions:

0
I HO OH N
CaCp c=c HpS504 C=c
-0—--—-—-} -——-————9
[:::::] o [:::::j 40% k\\v//‘

HCOOH ‘

a3 PA=GC 1) KlgOH _
90% — >
% ; 2) PtOg,H,

| l EEEE%; I apiro{cyclohexane-
Y -
X o  HCHO [ A 1,17-3%-aimetnyl

LH aminoindan)
i KHo }i”%{c 5
Kz

An extension of this work {(92) was the study of the



effect of substitution in the aromatic ring. Spiro{cyclo-
hexane=1,1'=3'=dimethylanincindan) was nitrated and the
nltro compound reduced catalytically to the dlamime, splro-
(cyclohexane«l,l'=x'wanino=3'=dimethylaninoindan). The
position of the nitro group in the dbenzene ring was not
eatablished., The diazoniunm compound prepared from the di-
anine was converted to the phenclic compound., The dlamine
was acetylasted and the amide reduced with lithium aluminum
hydride to spiro{cyclohexene-1,1'-3'w~dimethylamino~x'»
ethylaminoindan).

It was found that spiro{oyclohexane=1l,1'«3'edimethyl-
aminolindan) zave reasonable yilelds of the corresponding
ketoamine in a ¥Friedsl«Crafts reactlon with acetlc anhydride,
propionic anhydride or nebutyryl chloride., FHReduction of
the ketoaninea with lithium alumlinum hydride produced the
amlinoaleohols.

A aimilar group of compounds, 3,3-dimethylindanamines,
in which two methyl groups occupy the position of the cyclow
hexane ring was prepared in this ladboratory dy Goo-0n (83).
The parent compound for these syntheaes was 3,3«dimethyline
danone~l1l prepared by the cyclization of the acld obtained
by a hypochlorite oxidstion of the methyl ketone resulting
from a Friedel-Crafts reaction of mesityl oxide with bene
zene,

The oxime of 3J,3=-dimethylindancne~l was prepared in
the usual fashion and reduced catalytleally to 3,3-dimethyl-
l-aminoindane, This anine was readily converted to the 4dl-

methylaminoe derivative by treatment with formaldshyde and
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formic acid.

CHz
Hz
3,3-dimethyl=le
dime thylaminoindane
i(CHz)2

This amine was nitrated and the nitro group reduced
catalytically to the corresponding dlamine. The dlamine

was converted to the acetoxy-indanamine using standard re-

actions,
CH3
Hg
Gﬂsgo S ,3=~dlne thyl=-x~ace toxy=
l-indananine
N(CHz)2

In order to determine the effect of varyin; the groups
on the quaternary carbon atom it was desired to syntheslize

indanamines with the following general formula:

R
"
RHg

R1 and Rpo would be simllar or different alkyl groups with
one or mors carbon atoms,

The first member of this series is J3,3-dimethyle-l-
aminoindane, the compound prepared by Goo-Un, The second
menber of the series, the molecule in which Ky i1s methyl
and Rg is ethyl, 1s the compound synthesis of which was
attempted in the course of this re=search,

Investigation of the possible methods of synthesis of
the desired parent compound, 3J-~sthyl-3-methylindanone-l,
indicated the moat frultful avemue of approach should be



26

a Prledel-Crafts reactlon between benzene and a wolecule
wlth the structure ca;:,gggg’mmﬁ where R could be H or an
alkyl group, followed by cyeclization of the acid formed to
the desired 3,3-disubstituted indanone,

ne possibls route to the mocleeule of the structure
Just shown was & Reformatsky reaction with ethyl methyl
ketone and ethyl bromoacetate, followed by dehydration of
the B-hydroxy ascid to the A,P-unsaturated acid. Thia method
was not aomaiﬁsr&d applicable for two reasons; 1) in many
instances dehydration of a molecule of this type results
in the B,V-unsaturated acid (94) and 2) an attempted Friedel-
Crafts reaction carried out by Goo-in (83), with benzene
and B,B-dimethylacrylic acid, to synthesize the desired ine
termediate for the preparation of 3,3-dimethylindanone~l
was completely unsuccessful,

In view of the many iInstances of successful ¥Friedele
Craftas reactions with tertiary slecohols (98) 1t was decided
to use the product from the Heformatsky reaction, the B-
hydroxy eater, in the Friedel-lrafts reaction., If the re-
anction procesdsd as desired the necessary acid intermediate
(B-methyl=Bwphenylvaleric acid) needed for the preparation
of the desired indanone would be obtainsd by hydrolysis of
the ester.
oot BrCH2CO0C2HE —mes> Cgﬂsug-gﬂgcfi){}(}gﬁg _....__936&5
CaHg )

He
§~HE¥QC%%2H§

2Hp



27

The Reformatsky reaction was caerried out in good yleld
(60%) to cohtain ethyl B-hydroxy-B-methylvalerate. The
hydroxy ester was subjected to a Friedel-Crafts reaction
with benzene and anhydrous aluminum chleride. The resaction
was carried out at 0-50C. and gave a good yield (82%) of
an ester which was presumed to be ethyl B-methyl-B-phenyl-
valerate,

The product from the Frledel-Crafts reaction was hye-
drolyzed readily with methanolic potassium hydroxide. The
resulting acid was cyclized by elither of %two methods; 1)
treatment of the acid chloride with anhydrous sluminum
chloride or 2) treatment of the free acid with concentrated
sulfuriec acid. In either instance the yield was 40-50%,

The product of these reactions was a ketone as indicat-
ed by the formation of a 2,4=-dinitrophenylhydrazone and a
semicarbazone., Analysis indicated the ketone was either
the desired indanone or an isomer.

Some doubt as to the structure of this eyelic ketone
arose as a result of work done by Lederle (96) of this labe
oratory. In an attempt to prepare l-phenylcyclohexaneacetic
acid which could then be converted by means of reduction
of the amide to the amine, l-(2-aminosthyl)-l-phenylcyclo~-
hexane, ledorle carried out a HKeformatsky reaction on
cyclohexanone followed by a Friedel-Crafts reaction on the
hydroxy ester. Instead of the desired l~-phenylcyclohexanew
acetlc acid, the product obtained was 4-phenylcyclohexaneé-

acetic acid. If the Friedel-brafts
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reaction was carrled ocut at room temperature hydrolysils
of the product ylelded sn acid melting at 112-114°C, If
the reactlen was cerried out in bolling bengzene an acld
melting at 86-889C, was obtained. Poth acids resulted in
the same amide, 4-phenyleyclohexaneacetamide, indicating
the posslbllity of cls~trzns isomers.

Other examples of similar rearrangements in the Frledel-
Craftg reaction have been reported., YXenltzescu and cowork-
eras (97)(98) ecarried out an investigation of this type of
raearrangement. In the study of the cyclohexane compound
the unsaturated acld was used instead of the hydroxy ester
with similar results. A simllar resction takes place with
various chloro compounds as 1llustrated by the following

examples

)
[§

CCHy  cgHg Ceng

M
c1 AlCls CgHg
CHga OCHz Ca¥g  CloOCHy
>
ci AlClx CeHs

In view of the rather extenslve evidence of rearrange-
ment in the Friedel-Crafts reactlon it was necessary to
determine the satructure of the c¢yclic ketone, synthesls of
which involved a Friedel«Crafts reactlon of a hydroxy ester
where rearrangement could easlly occur. The product to be

expected from a rearrangement is 3,4~dimethyltetralone-l (IV).
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CEz
CHx
3,4-dimethyltetralone~1

o
It aseemed probable that a determination of the ultra-

vioclet absorption spectrum of the cyclic ketone would
differentiate between the S-membered ring indanone and the
6-membered ring tetralone structure. For comparison pure
poseg the ultraviclet spectra of indanone~l and 3,3«d1e

me thylindanone-l were deternined along with that of the
ketone in question. Inspection of the curves (Fim., I)
Indicates definite agreement in the spectra of indanone-l
and 3,3-dimethylindanone-«l and certalin aspecte of sinmilare
ity in the gpectrunm of the ketone being studied. Comparison
of these spectra with a spectrunm for tetralone«l aas deter-—
mined by Biquard (99) indicated that this methaé of differ-
entiation between the tetralons and indanone structure was
not feasible since the spectra are very similar,

In order to definltely eatablish the structure of the
product from the Frledel-Crafts reaction it was necessary
to carry out a degradation to a known compound. A Barbierw
Wieland degradation of the desired ester would give -
me thyl=ct=-phenylbutyric acid (lit m.p. 60°C,) whereas
degradation of the rearranged product would glve <-methyl-
B-phenylbutyric acid (1lit m.p. 130-132°C).

The ester was treasted with phenylmagneslum dbromide

and the product distilled from a trace of mecld to yield the
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ethyleniec compound (V). 7This was oxidiged with chronmie
acid and the ncld (VI) obtalned melted at 130-131°C,,
indicating resrranrenent in the I'riedel«Crafts reaction
had occurred,

A fuarther indication of the structure of the product
from the Friedel-Crafts reasction was obtalned by a permane
ranate oxidation of the ester (IX), The acid obtained from
the oxldation melted at 119-121°C, and gave no depressien
in 2 mixed melting point with an authentic sample of bhene
zole scid., If the ester had contepined s quaternary carbon
atom adjacent to the benzene ring, oxidation could not
have produced benzole aclde.

The sequence of resctions used in the synthesls ol J,4=-
dinethyltetralone«l and in the deteraination of the struce
ture of ths ester, ethyl B-methyl«¥~phenylvalerate, 1s
shown in Filg. IX.

Another poasihle synthetie approach to the desirsd
acid, B-nethyl-P-phenylvaleric acid waa through the use
of 3-methyl-3-phenylpentanome«2 in a Willperodt reaction,

The postulated series of reacilons ia as follows:

B3 . Hz
- a morpholine & - CHaCNTT 0
s MR L —
258 sulfur 2Hg 5
bydrolysis
CHg
hydrolysis « CHRCOOH
’ oHg

An attempt was made to prepare J-methyle3«phenylpente
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0235
Zn
CHaCOCgHy + BrCiHaCOOC2Hg ~T§3%? CH3-¢.cvgcaeczw5

Cele g}g..- H=-CHpCO00CpHg KOH
AlC1g Hs
s - (62%)
B) HpS804 (81%)
, >
| CeH
1 Cglig¥gBr B H--C—G/ e
(30%) > o
v
ﬁgﬂr0¢ *.gH~0003
""‘""—"-‘—9
(43%) VI
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anone«~2 by the reaction of methylmagnesium bromide with

oeme thyl«~#=phenylbutyronitrile. KXo ketone was obtalned from
this reaction; the starting materlal was recovered in good
yield as evidenced by hydrolysias of a portion of the pro-
duct to xemethyl-ocphenylbutyric acld,

In view of the increassed reactlivity of the alkyl-
l1ithium over the alkylmagnesium halide reagent an attempt
was nade to convert the nitrile to the methyl ketone by
means of resction with methyllithium.

If this reaction was carried out at the reflux temp-
erature of sther only undistillable viscous material was
obtained; 1f the nitrile was added to the methyllithium
reagent at 09C, and the mixture allowed to stir at room
temperature, a good recovery of product was possible but
the propertles of the materlial indicsted a mixture of ketone
and nitrile. The two compounds, =methylecwphenylbutyro-
nitrile and 3-methyl-3~phenylpentanone-2, cannot be sep-
arated by normal distlllation techniques due to the
proximity of their bolling points,

The product from the methyllithium reaction formed a
2,4~dinitrophenylhydrasone derivative with difficulty and
1t seemed advisable to attempt to separate the ketone fron
the starting material in order to determine the yleld ob-
tained in the reaction., It wes also deemed advisable to
have pure ketome for use in the Willgerodt reaction.

An attempt to separate the ketone from the nitrile by
chromstﬁgraphlc absorption of the ketone on an alumina col-

umn proved to be quite successful. For Instance, from 20 g.



of the material from the mothyllithium resction 4 e of
kotonic material which zsave a positive test with J,4w-
dinitrophanylihydrasine reazent was separated with a ree
covary of 16 g. of a materifal which did not give a jpositive
toat with 2,4~dinitrophenylhydrazine resajent. The resultis
of this separation procedure indlcated a yileld of J-mothyle
Sd=phenylpentanone-2 [rom the methyllithiuas reaction too
small to make this method feasible,

An attenmpt to sake J-mathyl-l-phonvlipentanone-2 by
the reaction of methyllithium with xeméthylecwphenyle
butyrio acid, obtalned fronm the hydrolysis of X=methylece
pvhenylbutyronitrile, was also unsuccessful. In thie
instance the problem of separation of the ketone {from the
starting materiasl waz eliminated but only a negligible
anount of product was obtained and 1t gave no posltive test
for a ketone with any of the common reagonts,.

In view of the dirfficulties encountered in attenpting
to gymthesige Je~ethyleJ=aethylindanone~l, it was &&aiaﬁﬁ
to discontimie this phase of the rescarchs

A large zroup of coapounds which have recoived gone
siderable attention as potentlial analreslics wre the aralkyl-
anines, primarily the phenothyl or phenpropyl typeas which
for the purpose of this investigation can be considered as
slmilar in struceture tc e portion of the =morphine molecule,

Rowe (100) of thia laboratory preparsd some 4,4«dle
mothylphenbutyl amines., 4-lethyled-phenylpentanono-2 was
prepared in s Friedel-Crafts rsaction {rom mesityl oxide
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and bengene, This ketone was subjected to a Xindler mode
ification of the Willgerodt reaction and the thiomorpho=
l1de hydrolyzed to d4=methyled-phonylvaleric acld.

it
-CligCOCH CHQOIT
gﬁgigc “®  nmorpholine § ﬁgc‘“@
gulfur
U3
hydrolysis ClpCHECOOH
> b

Three amides woere prepared by treatment of the acid
chloride with ammonia, methylauine, and dimethylaxinae. Tho
anidea wore reduced te the corresponding amines with
lithiun aluminum hydride. Tho three anines ochtalined are

shown below,

=H

iz /ﬁ gzzﬁ - p
HpCligClgh R =Cly, R'= B
@ 2N BT R o

The aynthesis of several ﬁ~atﬁxluﬁ-mathylpmenathyl
anines or 2=mothyl-l-phonylbutylamines was carried out by
tasaser (101) of this laboratory. 7The sories of resctions

resulting in these a=mines is given below,

- Chy
CglsCHoCH a2 CenggHC! e smmi.c %
' Coligl g}‘ﬁ CHal ollg,
ch
"53333 g 935 15 Alﬁi "'gLﬁ Ntg
'y ¥
235 R-nathgluznphﬁnyln
utylanine
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_Ptom | Eza

KN ~cw NH « «CTin NI

K%, Hg 2 Cligliti

Y2504 rop 2"o ﬂa g =8
CEQO Rw(p-ﬁmégfﬂhgnyl)«a-
xemwﬁ nethylbutylanine

Bz CH3
wcﬁgﬁ\ «@ngm
HOp ﬁﬁa

N, Hwdima thyleZ={pearinophonyl) -
Z=mo thylilbutylamine

It seened desirable {o synthesize compounds roelated
to the phensthylanine typos synthesized by Jazser for the
purposs of testing thelr analgesic activity. It was do-
clded gg synthesirze compounds of the peneral formula
celin §6ﬁzﬁﬁg in which R would be wvarious alkyl groups,
Substitution in the phenyl ring es well as substitution
orr the amino group was carried out,

The firet compounds prepared wore those 1In whiech the
R group i1a methyls A schematic outline of the reactions
carried out is ziven 1In Filge. Ill.

The sodio derivative of phenylacetonitrile wna proé-
‘pared by the dropwise addltion of phenylacetonitrile to
sodanide in anhydrous ctber solution. The alkylation of
this sodio derivative was carried out by ths sddition of
n-propyl bromide in the ususl nanner., After deconmpoaltion
of tho reaction mizture «<~phonylvaleronlitrile (VIII) was
obtained in 79 yield.

In the same fashion the sodlio derivative of A«-phenyle

valeronitrile was formed and alkylated with rethyl 1lodide.
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The nitrile waz convarted to the caﬁreapoaazmg anide (X)
by sulfuriec acid hydrolysias, On distillation the amide,
sn extremely viscous material, was obtained in only a 307
yisld., The arystallization of <nethylesphonylvaleranide
could not be ageocmpllished in spite of the extreme viscosity
of tho material, The results of the analysis of the amide
wore slizhtly biszh in the percentage of carbon. It wasa
presunmed that the sample could be impure dus to the hizh
viscoaity of the amide which made complete removal of une
hydrolyzed nitrile or other impurities very difficult.

Awtlpthylwomphonylvaleranide was converted to Z2e-methyle
2~phenylanylansine (XI) iIn high yield %y 1ithium aluminum
hydride reduction, The hydrochloride of 2emothylef-phonyle
aoylanine was prepared by bLubbling dry hydrogen ohloride
gas into an anhydrous ether golution of ths anmine, After
reorystallization a white, atable solid waa obtained,

Hitration of the anine with potassium nltrate and sule
furic acid to yleld Zenethyl-l-{pe-nitrophenyl)amylanine (XI1I)
was achieved in 635 yleld. The nitroamine waz obtalned as
an orange liqulid upon distlillation. The hydrochloride of
Zwne thylel={p-nitrophenyl)anylanine was prepared in the
usual mannore The material turned Inte an nil efter il
tration and was recrystallized with dAifliculty to cive a
hard yellow powder,

Catalytic reduction at low preassure of the nitroamine
zave a 597 yiold of 2e-methylel-{peanincphenyl)amsylamine (XIIX).
The dlamine was a 1izht yellow, viscous 1iquid, The ¢dl-
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hydrochloride of Zenethyle2«{pe~aminophenyl}amylamine was
prepared in the usual mannor. A& white solid formed which
turned yellow and seemed to oll slishtly after filtration.
Fecrystallization zave a white crystalline solid.

The second pgroup of conpounds was aynthesized In which
the E group of the general forpule given previously was
ethyls. A more extengive serles of conpounds was preopared
than wao prepared in the first groupes A4 achematic outline
of the reactions carried out in thils series of synthesea ls
siven in Fig. IV,

X«Phenylvalercnitrile was alkylated by forming the
sodio derivative and adding ethyl lodide in the same manner
as in the previous casoe. A G4F¥ ylsld of esthylecwphenyle
valeronitrile (XIV) was obtalneds. The nitrile was cone
verted to ockasthyl-cwphenylvaleramide (XV) by acid hydrolysis,
xtromely poor yiolds were obtained in the usual method
and sttempts to lmprove the yleld by a slight reduction in
the concentration of the sulfuriec acld which, 1t was hoped,
should retard sulfonation save only slishtly improved row
sults, 7The cwathyleckphenylvaleramide was an extroemely
viacous matoriasl which would not solldify dbut formed a plass
when cooleds. As in the case of Zemothylel-phenylvaleranide
the results of the analyais of the amide were hi~h in the
percentaze of carbon,.

iithium aluninum hyirlide reduction of the amide gave
2eethyl=2~phenylamylanine (¥XVI) in very sood yield (807).
The hydrochlorids of Zeethyl=E-phenylamylanine was prepared
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by the ususl procedure but was soluble In anhydrous sther,
The sther was repleced with petrolesum ether (920-100°) and
the hydroghloride cobtained ss a white crystalline solid.

The nitration of 2~sthyl-2ephenylamylamine to 2eethyle
2-{p~nitrophenyl)amylamine (XVII) was carried out using
the same method as employed previocusly; potamssium nitrate
and sulfurlc acid,

The nitroasmine was obtained as an orange liquid in
40% yleld upon distillation. Difficulty was encountered
in carrying out the distillatlion due to the excossively
high temperature required. Because of this a considerable
amount of product was not distilleds The hydrochloride
of the nitroemine was prepared in the usual menner and was
obtained as & white powdery solid after recrystallization,

Catalytic reduction of the nitroanine zave a good
vield (74%Z) of the diamnine, 2=athyl2-(p-aninophenyl)aznyle
amine (XVIII), & bright yellow liquid, The dihydrochloride
of Zesthyl«Z-{p-aninonhenyl)amylamine was prepared in the
usual nanner, The first precipitate obtalned could not
be recrystalliszed, formninz an o¢il in each attempt, and an
analysis of the unrecrystallized material corrssponded to
the monohydroehloride. This was readlly converted to the
dihydrochloride which recrystsllized easlily to glve a
creany-white, stable solld,

The tertiary amine, K,Nedimethyl-E2e-sthyl«Z2«phenylamnyl=
amine {XIX), was preparsed in zood yleld (81Y) from Z-ethyl-

2-phenylanylamine., The primary amine was refluxsed with a



mixture of formaldehyde and formic acld. After isolation
of the product from the reaction mixture the tertiary amine
was obtained as a colorless liquid with a fishy, amine-like
odor. The hydrochloride of ¥,N-dimethyl-2-ethyl-2-phenyl-
amylamnine was prepared in the usual manner and ylelded a
white, crystalline solid after recrystallization.

The nitration of K,l-dimethyl-2-ethyl-Z2~phenylamylamine
was carried out using potassiua nitrate and sulfuric aseid.
4 good yield (80Y%) of the nitroamine, W,N~dimethyl-2-ethyle
2~(p-nitrophenyl)amylamine (XX), an amber-colored liguid,
was obtained., The hydrochloride of I,K-dimethyl-2-sthyl=
2={p-nitrophenyl)anylanine was prepared in the usual mane
ner to yield a creamy-white s50lid after recrystsllization.

¥, N=Dimethyl-2~athyl-28«(p=-nitrophenyl)anylanine was
reduced catalytically to the diamine, N%,N¥-dimethyl-2-
ethyl-2=-(p-aminophenyl)anylamine® (XXI) in 82% yield. The
dihydrochloride of N#¥,N*.dinmethyl~2-ethyleZ=(p~-aninophenyl)-
anylamine® was prepared in the usual manner but formsd a
yellow, taffy-like material after filtrastion, The di-
hydrochloride was recryatallized with difficulty to yleld
a creamy-white solld which was extremely hyzroscopic. Due
to the hygroscopie nature of the compound good results
could not be obtained on analysis,

The dlamine was converted to the hydroxy compound,
f,H=dimethyl-2-0thyl-2«{p-hydroxyphenyl)amylamine (XXII)
through the use of s dlazotization reaction. N¥* K¥.

Dimethyl=2-ethyle2«(p~aminophenyl)anylanine*dissolved in a
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cold solution of sulfuric acid and water was treated with
s0l1lid sodium nitrite and the excess nitrite ion destroyed
with urea. After isolation from the reaction mixture, the
phenol sclidified and was recrystallized from petroleum
sther (60-80°), A creamy-white, powdery solid (61¥ yileld
after recrystallization) was obtained.

The hydrochloride of ¥,Nedimethyl-Z2-athyl-2-{p-hydroxy-
phenyl)amylamine was preparsd in the usual manner and formed
a pinkish-white solld whiech olled on standing. After re-
crystallization & creamy-white, stable solld was obtalned.

A third series of compounds in which R in the zeneral
formula 18 n~amyl was prepared. The n-amyl compound was
chosen because 1t was felt necessary to determine the effsct
of a five carbon alkyl zroup since a number of instances sre
known where a four carbon group produces the maxinmum bio-
logical effeet and this effect falls off with the intro-
duction of a five carbon group. It seamned advisable to
ascertaln wheter thre same effect occurs in thie group of
compounds. The schematic outline of the reactions involved
is given in Pig. V.

=Phenyl=-en=-propylheptonitrile (XXIII) was prepared
in 70% yleld by the alkylation of x-phenylvaleronitrile
with neamyl bromide in the manner described previcusly.

The nitrile was converted to the amide, X=pheénylwcen=
propylheptamide (XXIV), by scld hydrolysis. In the 1so=-
lation of the amide the acidification of the baslc extracts
vielded an appreciable yellow layer which separated from
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the strongly acld solution. This yellow material wss ine
soluble in ether and s8oluble in water which would seen to
indicate that it was the product of & sulfonation reaction
which occurred during the hydrolysis,

Distillation of a gmall portion of the amide was attempte
ed. The material was so viscous that distillation was ex-
tremely difficult, In the small portion distilled only a
small amount of nitrile was recovered sc the crude amide,
without distillation, was used for the reduction. It was
felt that a trace of nitrile should have no effect on the
lithium sluminum hydride reduction. In transferring the
X=phenyl-c=ne-propylheptanide from one containsr to another,
evidence of a white solid was noted., Several grams of the
erude amide, a yellow liquid, was dissolved in petroleunm
ether (60-80°) and on cooling a white solid was obtalned,

Even though it would seem likely that this amilde, bew-
ing a solid, could be more esaslly purified than the previous
ones which were viscous liguids, the rsesults of the anal=-
ysis were still high in the percentage of carbon after seve
eral recrystallizations. Yo explanstion for the inablility
to obtain pure samples of thess amlidesa has been dlscovered.

The amide was reduced to 2~phenyl-~2-n-propylheptyle
amine (XXV) in a very poor yleld (26X based on the crude
amlde; purity of which was unknown)., The lithium aluminum
hydride reduction was carrled out as described previocusly,.
In this instance the reaction was very slow and external

heating during the addltion of the benzene sclution of the
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amide wag necessary to maintain reflux. The hydrochloride
of Ze~phenyl-Z~n-propylheptylamine was prepared in the usual
manner but was soluble in anhydrous ether. After removal
of the ethser and the addition of petrolsum ether {(40-809°)
a white solid crystalllzed. The results of the analysis
were poor even after throe recrystallizations,
2-({p=Nitrophenyl)~-2-n-propylheptylanine {(XXVI) was
prepared by nitratien of Z2-phenyl-2-n-propylheptylamine in
the usual manner using potassium nitrate and sulfuric acid.
The nitroamine was obtained in 58% yleld as an orange-red,
viscous liguid. The hydrochloride of 2~(p-nitrophsnyl)=-
2=-n-propylheptylamine was prepared with difficulty. It
was obtained as a cream-colored solid after precipitation
from anhydrous ether with petroleum ether (60-80°),

The nitroamine was reduced catalytlcally te the diamine,
Ze{p-aminephenyl)-2=-n-propylheptylamine (XXVII) in 70¢
yvield. In all cases, the diamines were difficult to dis-
till. Therefore, the product from thls reduction was con-
verted directly to the dihydrochloride by the standard
method., On analysis, a small residue was observed, Seve
eral recrystalligzations of the dihydrochloride did not
eliminate this residue, The limited amount of material
svallable made it impractical to attempt to obtaln a purer
sample of 2-~(p=aminophenyl)-2-n-propylheptylamine.

The tertiary amine, N,N-dimethyleZephenyl«2«n«propyle
heptylamine (XXVIII), was prepared from 2«phenyl-2-n-
propylheptylanine by the formic acid-formaldehyde method
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described previcusly. A 67% yleld of the tertiary amine
wae obtained. The dihydrochloride of the tertiary amine
was prepared in the usual manner and was obtsined as a
white, crystalline solild after recrystallization,

In order to study the effect of varistions in ths
structures of conmpounds of this zeneral type 1t was desired
to syntheslize a diamine wilth both amino groups in the alkyl
residue instead of one in the benzense ring,

The synthesis of several 2,2-diphenylel,d-propanedi-
amines has been reported recently (102)(103). Diphenyle
acetonitrile was rescted with dimethylamine, diethylamine,
piperidine and morpholine under the conditions of the Man-
nich reaction to yleld amino nitriles with the general
fornmuls (Csﬂs)gg-CN .

HoRRg

Lithium aluminum hydride reduction of these nitriles

yvielded the 2,2-diphenyl~l,3-propanedlamines.

CeHg -NRg = N{CHs)2, piperidine and
CeEsC-CHRNHR morpholine
lgNRg

In the compounds prepared ln this investization one
phenyl group was replaced by a methyl group and the baslc
side ehaein introduced was the diethylaminopropyl group.

o-Phenylpropionitrile (XXIX) was prepared in 78¢ yield
by the alkylatlon of phenylacetonitrile using the method
described previcusly.

CgHgCHpoN  CHBI  cemecHCN

-~

“ﬁ;ﬁﬁg CHxz XXIX
In a similar manner «-phenylpropionitrile was alkyl=-

ated with 3-dilethylaninopropyl chloride in 47< yileld to
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give o=(dalethyC2H5)gN(CH2)8Cl phenylpropionitrile (XXX).

Csﬁggﬂcw {CoHg)oN(CHp ) 5C1 Cgﬁ§_wCK‘ XXX
H YaiTis > (Cllz) sH(C2Hs) 2

The hydrochloride of o{dlethylsminopropyl)-~phenyl-
propionitrile was prepared in the usual manner, After ree-
crystallization a white, extremely hygroscopic solid was
obteined, Oood results in the analysis were not possible
because of the hygroscoplic nature of the material.

The aminonlitrile was reduced to 2-{diethylaminopropyl)-
2-phenylpropylamine (XXXI) in 608 yield using 1lithium alum-
inua hydrids,.

Ha, LiA1K4
-CH -Cﬁg?ﬂiz
HQQEQCHgﬁfﬁgﬁs)g EgCEaCHgﬁ(GQFQ)Q

All attempts to prepars the dihydrochloride of 2
(diethylaminopropyl)-8-phenylpropylamine were unsuccessful.
The so0lid which formed on the addltlion of hydrogen chloride
to the ether solution of the diamine was extremely hysro-
scopic and could not be retalned as a solid after filtration.

Sublimation yielded a white solid which turned liquid
hefore 1t could be removed from the sublimation apparatus.

The Adlsulfate could only be obtained as an oil., Since
the results of the analysias on the diamine were very gsood
it was declded not %o attempt the preparation of any other

derivatives,



EXFERIMERTAL

Ethyl Behydroxy-g-methylvalerate (I)., The procedure

of Bohnsack (104) was used. In a l-l, three-necked round-
bottomed flask, equipped with a Hershberg stirrer, a 250~
ml. dropping funnel and a reflux condenser fitted with a
calcium chloride dryiny tube, were placed 250 ml, of ane
hydrous bengene and 180 z. of zinc-copper alloy turnings
(8% copper). Sevseral crystals of 1odine were added and the
benszene heated to reflux temperature.

A mixture of ethyl bromoacetate (250 g., 1.5 moles)
and ethyl methyl ketone (108 z., l.5 moles) dissolved in
200 ml. of anhydrous benzene was added from the dropping
funnel at a rate to maintsin santle reflux. Heating of the
bengene to reflux temparature hefore the addition of the re-
acting materials was very essential. If thils was not done,
a large portion of the reactants had to be added bhefore
the reaction was initiated and then the reaction occurred
violently with a ecnslderable evolution of heat. If the
benzene was at reflux temperature, the reaction took place
immediantely.

The addition required two hours. External heating was
not necessary during the addition. After the addition, the
mixture was hested under reflux for one hour,

The reaction mixture, after cooling, was decomposed
by pouring into one liter of dilute (10%) sulfuric acid.
The benzene layer was separated and the aqueous layer e&x-
tracted with two 100e-ml, portions of benzene. The come

bined benzene extracts were washed with water until neutral,
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dried over anhydrous magnesium sulfate, and the benzene
removed uﬁﬂer reduced presgsure,

Distillation yielded 142 g. (60%) of the hydroxy ester
boiling at 87-939/25 mm.l (Lit. b.p. 88-1009/20 mm.(104))

Ethyl B-methyl-¥-phenylvalerate (II). In a 500-ml,.

three-necked round-bottomed flask, equipped with a Hershe
berg stirrer, & 1l25-ml. dropping funnel and a reflux con-
denser with an outlet for evolved hydrogen chloride, were
placed 300 ml. of anhydrous, thiophene~free bengene and
220 g. (1.7 moles) of anhydrous aluminum chloride.

Ethyl B-hydroxy-B-methylvalerate (70 g., 0.44 nole) was
added over a period of one hour while the mixture was cooled
by means of an ice bath. During the addition the golor
chansed to a yellowlahezreen and hydrogen chloride was
avolved., Stirring was continued for one hour with cooling
and then the mixture was allowed to warm to room tempersature
with stlirring. &Stirring at room temperasture was continued
for fifteen hours,

The reaction mixture was decomposed by pamring into
an ice=hydrochlorlic acid mixture. The benzene layer wes
separated and the agueous layer extracted with two H50-ml,.
portions of benzene. The combined benzene extracts were
washed once with water and then washed with dllute (2%

sodium bicarbonate solution untll the washings were basic.

111 boiling points are uncorrected.



1

The benzene solution was washed with water until neutral,
dried over anhydrous magnesium sulfate and the benzene
removed undsr reduced prossureé.

Distillation ylelded 79 g. (82%) of ethyl Be-methyl-Z=
phenylvalerate bolling at 125-135%/2 mm.

B-lethyl~Z=phenylvaleric acid (III). In a 500-ml,

one-necked round-bottomed flask were mixed 65 z. (0.29 mole)
of ethyl B-methyl-Y-phenylvalerate and 20 g. of potassiunm
hydroxide dissolved in 250 ml. of methanol., The mixture

was heated under reflux for elight hours. The color of the
mixture was a deep red.

| The major portion of the methanol was removed under
reduced pressure and the residue poured inte water. The
unsaponified ester was removed by extraction with three 50
ml. portions of ether. The aqueous layer was acldified with
dilute (20%) sulfuric acid and extracted with four 50-ml.
portions of ether. The ether extractes were washsd with
water untll neutral, dried over anhydrous magnesium sulfate,
and the ether removed under reduced pressurs,

Distillatlion yielded 41 g. (627) of B-methyles-phenyl-
valeric acld which boiled at 108-110°/0.,1 mm. The product
was very viscous and slichtly yellow in color. (Lit. D.p.
175°/13 mm.{105))

Removal of the ether from the unsaponified eszter yielded

19.5 gz, (230%) of startins material,

3,4=-Dimethyltetralone~l (IV), Two methods for the

-

cyclization of B-methyl-%-~phenylvaleric acid to the ketone,
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3,4=-dinethyltetrelone~-l, were used.

l. Cyelization of the acld chloride with aluminum
chloride.

In a 500-ml, three-necked round-bottomed flask, equip-
ped with a Hershberpz stirrer, a reflux condenser rfitted with
a caleium chloride drying tube, and an addition flask for
so0lids, were placed 200 ml., of anhydrous bengene and 27 g.
(0.14 mole) of Be-methyl-¥-phenylvaleric acid. Phosphorus
pentachloride (50 g., 0.24 mole) was added over a perilod
of one hour. The mixture was then heated under reflux for
two hours on the steam bath., Anhydrous aluminum chloride
(30 g., 023 mole) was added slowly; the mixture beconing
very dark red curing the addition. Refluxing was continued
for three and one~halfl hours.

The complex waz decomposed by pouring into s mixture
of 1ce and concentrated hydroechloric acid. The hengene
layer was separated and the aqueous layer extracted with two
50-ml. portiona of benzene., The combined benzene extracts
were washed with water until neutral, dried over anhydrous
magnesium sulfate, and the benzene removed under reduced
pressure.

Pistillation ylelded 11.%5 g. (42%) of the cyclie ketone
which bolled at 97-989/1,.5 mm.

2 Cyclization of the free acid with concentrated
sulfuric acid,

B~liethyl=Y~phenylvaleric acid (37 g., 0.2 mole) was
added dropwise to 500 al, of concentrated sulfuric acid
contained in s 1l-l, Irlenmeyer flask equlpped with s
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mechanical glass stirrer. During the addition the mixture
was atirred and cooled in an ice bath to 0°. The addition
was carrled cut at sueh a rate as to keep the tenperature
around 0°C., After the addition of the @e-msthylef-phenyle
voaleric aclid, the mixture was warmsd to 509, on the steam
bath and imnedlately poured onto 1lce.

The acld solution was extracted wlith five 100=-ml,
portions of ether. The ethsr extracts were washed with die
lute (10%) potassium hydroxide until the washings were baslc
and then with water until neutral., The ether sclution was
dried over anhydrous magnesium sulfate and the ether re-
moved under reduced pressure,

Distillation yielded 18.5 z. (51%) of 3,4~-dlmethyltetra-
lone-l: b.p. 108-1120/3 mm.; nfS1.5500%, (Lit. b.p. 142
1439/13 mn.; nl1.6524 (105))

Analysis3 Calculated for CjpgHig®: C, 82,723 H, 8.10.
Found: C, 82.,47; H, 8.00,
The 2,4~Ainitrophenylhydrazone of J,4-dimethyltetra-

lone~l waz prepared In the usual manner and melted at 180w

190© after several recrystallizationa from an ethanclwethyl

acetate nixture.

Analysis Calculated for CjigH1pNgO4t C, 61.01; H, 5.12,
Found: C, 61.18; I, 85,00,

gﬁefractiva indices were taken with an Abbe refractometer.

Sa11 analyses wore carrled out by Frofeasor MHMary Aldridze
and Miss Kathyrn Cerdemans,
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The senlcarbazone of 3,4«~dimethyltetralone-~l was prew

pared in the usual manner and melted at 174-1752 after two
recrystallizations from an ethanolewater mixture. v. Eraun
reported a melting point of 1779 for this derivative,

The ultraviolet absorption spectra of indanone-l,
3 y3=dimethylindanone~l, and 3,4-dlmethyltetralone-l were
determined. A Beckman spectrophotometer, with cells of
1.000 om. length was used. All of the spectira were deter-
mined using spectro grade isooctane ss the solvent, The

data for these spectra are given in Tables l-4,

3-tethyl-l,1,4~triphenylpentene~l (V). A 500-ml.,

three-~necked round-bottomed flask, equipped with a Hershberg
stirrer, a 250-ml, dropping funnel, and & reflux condenser
fitted with a calclum chloride drying tube, was dried by
flamins under an atmosphere of nitrogen., Mapnezium turne
ings (3.7 g., 0.15 g. atom) and 50 ml, of anhydrous ether
were placed in the flask and several crystals of lodine
added, Freshly distilled bromobonzene (25,5 g., 0.15 mole)
dissolved in 100 ml,. of anhydrous ether was added dropwise
at a rate to maintsain gentle reflux, The addition required
one hour. The mixture was heated under reflux for an addil-
tional hour. Ethyl @-methyl-F-phenylvalerate (10 3., 0.046
mole) dissolved in 100 nml. of anhydrous ether was added
over a perliod of one hour. M1ld external heatinz was re-
quired to maintain reflux temperature. The alxture was
then heated under reflux for one hour,

The reaction mixture was decomposed by pouring onto
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Table 1. Ultraviolet Absorption Spectrum of Indanonewl
{concentration, 1.28 x 10™4nmoles/1liter)
mu A € ma g T '3
226 15.9 6.23 x 109 252 82,8 6.4 x 102
228 10.8 754 253 84,1 .9
230 T8 8.66 25¢ 82.2 Ge'7
232 5.9 9.59 255 81.8 6.9
233 5.8 9.66 256 83.1 6.3
234 4.9 1.02 x 104 257 85.0 S5e¢5
235 4.1 1.08 258 B4.9 5.6
236 2.6 1.24 259 84,9 5.6
238 32 1.17 260 770 8.9
240 Be3 9,97 x 103 261 80,8 72
241 547 976 262 772 8.8
242 a4 9.88 263 79.3 7.9
243 5e¢5 9.82 264 79.0 8.0
244 5.0 1.02 x 104 265 78.2 Bed
245 5.8 9.66 x 109 270 70.3 1.18 x 105
246 9.4 8,03 275 61,0 1.68
247 18.3 5,76 280 50.5 2.31
248 32.8 .78 285 85.1 2.14
250 B83.9 1.52 295 81,0 7.1 x 102
251 76.2 g.2 x 102 300 96,0 1.4
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Table 2., Ultraviolet Absorption Spectrum of 3,3-Dimothyle
indanone~l
(concentration, 1.27 x 1l0~4moles/liter)

ru € T € ru <7 <
226 14,2 6467 x 109 261 66,0 1,42 x 0%
oo 12.9 6,98 252 7%.8 1.08

228 10.5 770 283 761 9.3 x 102
229 9.2 8,18 254 78.8 8.2
230 8.2 Be55 2556 79,5 Te9
231 6.8 2.18 256 78,8 B.2
1037 6.2 9,50 257 77.8 3,6
233 5.6 9,87 258 7.2 8.9
234 4.8 1.04 x 10% 259 7641 9.3
238 4.3 1.07 260 75,0 9.8
236 Bed 1.15 261 74.3 1.02 x 109
237 3.2 1.18 262 74,0 1.03

238 4.0 1.10 263 74.9 9.9 x 102
239 3.8 l.12 264 70.9 1.18 x 108
240 3.2 1.18 2685 72.1 1.12
241 5.2 1.01 266 68,2 1.31
242 Beb 8,90 x 103 268 87,2 1.56
243 5.4 9,96 270 65.2 1.46
244 7.0 9,10 272 60.2 1.81
245 4.9 1.03 x 10% 275 58,9 1.81
2486 7.1 9,02 x 105 280 50.4 Le34

247 12,9 7.00 2885 54 .8 2,08

248 23,9 4,390 290 49.8 2.39

249 39,5 5,17 208 82,8 B.4 x 102
250 54,1 £.11 300 95,2 1.7
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Table 3. Ultraviolet Absorption Spectrum of 3,4«Dimethyle
tetralone-1
(concentration, 1.14 x 10~4moles/liter)
ma T € mm A | €
226 35.0 4,00 x 103 253 19.9 5.15 x 105
227 30.2 4,56 254 24,3 5.38
228 29.0 4,71 255 3led 4,42
229 25.8 5.15 256 44,2 3.11
230 Rle2 b A 287 4.0 234
231 20,6 6.02 258 65.3 1.62
232 20.2 6.10 259 72.8 1.21
233 14.8 7 .26 260 76 .6 1.02
235 1l.2 8.36 262 81.8 77
236 8.8 2.25 265 B2.4 Ted
237 8.6 .35 264 8l1.8 77
238 7.8 9.72 265 3l.2 7e9
239 6.9 1.03 x 104 266 81.0 8.0
240 6.2 1.06 267 80.1 B8e5
241 5.6 1.10 268 79.6 8.7
242 4.2 1,21 269 78.8 9.1
243 3.5 1.28 270 77.6 a7
244 5.2 1.13 272 75, 1.05 x 103
245 6e3 1.05 275 732 1.19
246 5.3 l.12 280 67.6 1.49
247 8.8 3.25 x 103 285 63.6 1.72
248 6.2 1.06 x 104 290 65.2 1.63
249 8.8 9.25 x 109 295 67.6 1.49
250 9.8 S.84 300 BE.3 6.1 x 102
251 11.1 B.37 305 95,6 1.7
282 13.8 7 .55
Table 4. Ultraviolet Absorption Spectrum of Tetralonae-l
(Data taken from curve reported by D. Bicuarad)
@ € mu €
231 5.0 x 103 265 7.0 x 10°
235 Tal 270 7«0
240 8.0 275 1.0 x 109
244 8.3 280 1.3
246 8.1 235 1.5
249 7.0 286 1.8
250 6.6 290 1.3
253 4.0 293 1.2
254 25 296 1.2
258 1.7 297 1.1
260 6,0 x 102 300 8,0 x 102
261 5.0 305 3.0
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ice and 100 ml, of dilute (20%) sulfuric amcid was addsd
to dissolve the preclipitated magnesium hydroxide., The
acid solution was sud jected to steam distillation to re~
move impurilties. Approximstely three liters of distlllate
were collected and discarded.

The residue from the steam distillation was extracted
with three l100-ml. portions of ether, The ether extracts
were dried over anhydroua magnesium sulfate and the ether
removed under reduced pressure, The ether extracts were
not washed to remove the trace of acld present since this
was desirable to aid in the dehydration of the hydroxy con-
pound to the ethylenic compound during distillation,.

Iistillation yielded 4 g. (30%) of a very viscous yel-
low 01l bolling at 165-1709/0.2 mm., This material readily

decolorized a dilute permanganate solution.

X=lethyl-B=phenylbutyric scid (VI). In a 250-ml.

three-necked round-bottomed flask, equipped with a Hersh-
berz stirrer, a 50-ml., dropping funnel, and a thermometer
dipping below the surface of the liquld, was placed 35 nl,
of acetic acid. 3-lethyl-l,l,4~triphenylpentene~1l (4 z.,
0.013 mole) was dissolved in 10 ml. of isooctane and added
to the flask. Chromic acid (4.5 z., 0.0%8 mole) dissolved
in 4 ml, of water and ZE ml., of acetlc acid was added
dropwise while the temperature was kept below 50°C. by ex-
ternal cooling with an ice bath. After additlion of the
chromic acid solution, the mixture was warmed to 509C, for

thirty minutes. The mixture waa then cooled and 10 ml. of
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methanol added dropwise to destroy the excess chromiunm tri-
oxide. The mixture waa concentrated under reduced pressure
to a volume of about 20 xl. and then poured into 180 ml, of
cold water., ko solid acid was obtalined.

The agueous solutlon was extracted with three 5Q-ml.
portions of ether, The ether extracts were extracted with
three 20-ml. portions of dilute (10%) potassium hydroxide,
The besic extracts wers combined snd acidified with dilute
sulfuric acid, with the formation of a yellow oil. The
scid solution was extracted with three H0-ml. portions of
ether, the ether solution decoclorized with charecal, and
extracted with dllute (107) potassium hydroxide. The baalc
extracts were acldified with dilute sulfurilc acid and ex~
tracted with thres H50-ml, portions of ether. After renmoval
of the ether, a light-yellow, viascous oll was obtained,

distiNlation wader veduced pressure

An attempt to purify the acid bxdszbitmstxun WaAS une
succeaaful. Ko distillation occurred on heating to 1809/
20 mm, On cooling, the material partially solidifiled.
After recrystallization from petroleum ether (60-809), 1 g.
(43%) of a white crystalline solid melting at 129-1310
was obtained., H. Rupe et. al. reported a melting point of
130-130,.5° for «-methyl-B-phenylbutyric acid (108).

Cxidation of ethyl B-methyl-d-phenylvalerate to ben-

zole acid., An alksline §erman§anate oxldation of ethyl
B-me thyl-¥-phenylvalerate was carried out in the usual
fashion. Four graas of ester, £ g. of potassium permane
ranate and 2 ml. of 10% potassium hydroxlde in 250 nl. of

waker were heated under reflux in g 500=ml. round-bottomed
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flask., Four additional B-z., portions of potassium per-
manganate were added over a period of two houras. An ade
ditional hour of heating under reflux did not decolorize
the soclution. The mancanese dloxlde was filtered from the
basic solution, the excess permanganate removed by the
addition of several crystals of sodium sulfite snd the
solution acidified with dilute sulfuriec acid. The acld
wss 1solated by ether extractlion and recrystallized from
water.,

The product obtained was a white crystalline solid
melting at 119«121°9, This materlal gave no depression in
a mixed melting point with an asuthentic sample of bengolc

acld.

3=iethyle-3-phenylpentanone-2 (VII). Three methods, the

reaction of “=methyledephenylbutyronitrile with methyl Grige-
nard reagent and with methyllithiug, and the reaction of
ceme thylecephenylbutyric acid with methyllithium, were
attempted to prepare J-methyl-3-phenylpentanone«2,

l. The reaction of Xemethyleaephenylbutyronitrile
with methylmagnssium bromlde.

In a l«l., three-necked round-bottomed flask, equipped
with & Hershberg stirrer, a reflux condenser fitted with
a calcium chloride drying tube, and an inlet tube for methyl
bromide, were placed 300 ml. of anhydrous ether and 10 g.
of masnesium turnings.

¥ethyl bromide was bubbled into the ether over a period

of one and one~half hours until all of the magnesium had
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dissolved. o¢=Methyl-cphenylbutyronitrile (50 g., 0.31
mole) dissolved in 300 ml. of anhydrous ether was added
dropwise over a period of one and one-half hours. The re-
action mixture was allowed to stir overnight following
which it was heated under reflux on the steam bath for two
hours.

The reaction mixture was decomposed by pouring into
dilute (10%) sulfuric acild and was extracted with four 100-
ml. portions of ether. The ether extracts werc washsed
wlth water until neutral,

Since it was possible for the Grignard remsction to re-
sult in imine formation, steam distillation from the acid
medium was indicated., Steam distillation was carried out
and the distillate oxtracted with two 100-ml. portions of
ather and these ether ectracts combined with the original
sther extracts., Only a very small amount of material was
obtained from the steam distillation.

The ether solutlion was dried over anhydrous magnesium
gulfate and the ether removed under reduced preassure. Dis-
tillation yielded 46.3 z. of product: b.p. 73-762/0.3-1 mm.

Attempts to prapare ketone derivatives from the pro-
duet failed completely, Refluxing of 10 g. of the product
for seventeen hours with 1850 nl., of water and 100 =zl. of
concentrated sulfurle acld ylelded 9 g. of KemathyleOe
phenylbutyric acld which melted at 56-589, (Lit, m.p. 60°
(107)) This indicated the material obtained from the iGrig-
nard resction was essentially ctmethyl-cphenylbutyronitrile,

the starting material.
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2. The reaction of X«methvleXephenylbutyronitrile
with methyllithium,

In a 2«1, thres-necked round-bottomed flask, equipped

with a Hershberg stirrer, a reflux condenser fitted with a
calcium chloride drying tube, and a gas inlet tubs for methyl
bromide, were placed 400 ml, of anhydrous ether and 7 g.
(1 z. atom) of 1lithium ribbon cut in one~half inch pileces.
¥ethyl bromide was bubbled Into the ether over a period of
three and one-half hours at whleh time all the lithium had
dlssolved.

K=}ethyle=X-phenylbutyronitrile (80 g., 0.5 mole) dis-
solved in 400 ml. of anhydrous ether was added dropwise over
a period of two hours. during the addition the mixture was
cooled in an ice bath. The mixture became lizght green in
color a= the reaction proceeded. At the end of the asddition
stirring was stopped, the mixture allowed to warm to room
temperasture, and stand for a further three hours.

Ice water (26 ml.) was added dropwlse over a period
of thirty minutes., The color changed to yellow, and then
white with the precipitation of lithium hydroxide. Thirty-
five milliliters of concentrated sulfuric acid in 200 ml,
nf 1ce water wna added dropwiae ovar a periaead of thirty
minutes, A%t the end of the addition, the precipltate had
dAissolved and the ether layer had a fsilnt yellow color,.

Steoam distillstion was carried out from the original
reaction flask. About four liters of distlillate was collect-
oed. The steam dAletillate was extracted with four 250-ml,
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portions of ether, the ether layer dried over anhydrous
magneslum sulfate end the ether removed under reduced pres-
sure., Distillation ylelded 69.5 g. of product which bholle
ed at 108-1100/12 mnm,

The 2,4-dinitrophenylhydrazone of the product was pre-

pared in the usual manner and foramed with difficulty;
requiring stending overnizht before crystallization oceurred.
After recrystallization from an alcoholewater mixture a yel-
low-orange crystalline solid meltinz st 102-104° was obtained.

The semicarbagzone of the product was prepared in the

usual manner and, after recrystallization from an alcohol-
water mixture, melted at 192-1939,

The behavior of the product indlcated the presence of
a nixture of Xemsthyl-d=phenylbutyronitrile and 3e=methyl3=-
phenylpentanone-2 which could not be separsted by fraction-
al distillation due to the proximity of their bolling points.

A separation of the ketone and nitrile by chromato-
graphic ahsorption on an alumina column was attempted with
20 g. of the product from the methyllithium reacticn. Pete
rcleum ether (40-60°) was used asz the solvent. Sixteen and
one«half grams of the materliasl was not absorbed and this
material did not form any ketone derivatives.

The ketone was eluted from the columm with methanol.
After removal of the methanol and distillation, a colore-
leas liquid (3 g. ) bolling at 130-135%9/30 mm. was obtain-
ed, (Lit. beps 112-1169/13 mm. (108))

Analysis Calculated for C3igH3gO: C, 81l.77; H, 9.15,
Found: C, 81.50; H, B8.83,
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Se The reaction of Awmethyl«d=phenylbutyric acid with
methyllithium,

In a 500=-nl. three-necked round-bottomed flask, equip-
ped with a Hershberg stirrer, a 1l25-ml. droppinsy funnel and
a reflux condenser fitted wlth s caleclunm shlcrida drying
tube, were placed 1l80-ml, of anhydrous ether and 3.5 g.
(0.5 g. atom) of lithium ribbon. Methyl lodide (35 gz.,
0.25 mole), dissolved in 100 ml. of anhydrous ethsr, was
added dropwise at a rate to malintain gentle reflux.

K-¥athyleX=phenylbutyric acid (10 g., 0.06 mole) dis-
solved in 50 nml, of anhydrous sthar was then added dropwise
at a rate to malintain reflux. The mixture was heated under
reflux for one and one-hall hours and then poured onto ice,
The ether layer was removed and the basic aqueocus layer exw
tracted with two 50-ml. portions of ether. The combined
ether extracts were washed with water untlil neutral, dried
over anhydrous magnesium sulfate, and the ether removed
under reduced pressure.

A yellow liquid (1 g.) was obtained which gave no pos-
itive test with 2,4~dinltrophenylhydrazone reazent.

‘ﬁ%-?henylvaleronitrile (VIII). In a 3-1, three-necked

round-hottomed flask, eguipped with a Herahbery stirrer, a
500=-ml. dropping funnel and a reflux condenser fitted with
& calcium chloride dryines tube, were placed 450 ml., of an=-
hydrous ether and 172 g. (10% excess) of sodamide. Phenyl-
acetonitrile (468 g., 4 moles) was slowly added with stirring.

et a rate to maintalin constant reflux., The addition re-
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quired about two hours. As the nitrile was sdded, the color
changed to a dark rede-brown and at the end of the addition
all of the sodamide had reacted, After the addition of the
nitrile the mixture was heated under reflux overnlzht to
engsure removal of all the ammonla.

n-Propyl bromide (492 g., 4 moles) dlasolved in 600 ml.
of anhydrous ether was added dropwise at a rate to maine
tain steady reflux. Three hours were required for this
addition, As the halide was added a heavy creasmy-white pre-
cipitate of aocdium bromide was formed. The mixture was
heated under reflux for one hour alfter the addition and
then allowed to cool. Water was added slowly, with ex-
ternal cooling, to decompose the mixture. The precipitated
sodium bromide dissoclved with the additicn of water,

The ether layer was separated and the agqueous layer
extracted with two l00-ml., portions of ether. The combined
ether layers were dried over anhydrous magneslum sulfste
and the ether removed under reduced pressure.

The product was distilled yielding a colorlezs liquid
(496.3 g., 78.5%)t b.p. 140-1489/20-24 mm.; nS%1,5030,

(ILit. b.p. 255-610/760 nm, (109))

Xu¥gthyleX=phenylvaleronitrile (IX). In 2 1l-l, three-

necked round~bottomed flask, equipped with a Hershberg
stirror, a 250-ml, dropping funnel and a reflux condenser
fitted with a caleium chloride dryinz tube, were placed

150 ml. of anhydrous ether and 46 g. (10% excess) of soda-
mide, ©~Phenylvaleronitrile (160 z,, 1 mole) was added from
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the dropping funnel at a rate to maintain reflux, requiring
about one hour. Az in the previous reaction, a dark red-brown
color appeared as the reactlorn progressed, After the addi-
tion, refluxing was contlnued for one-half hour.,
‘to maintain reflux. The sdditlion was slow requirins about
three hours for completion since the reaction took vlace
very readlly with a considerable evolutlion of heat. A
heavy precipitation of sodium lodlde occurred until, at the
end of the addition, the mixture was completely white and
very thick. After the addition the mixture was heated une
der reflux for eightesn hours. The mixture was decomposed
by pouring into water. The ether layer was separated and
the aqueous layer extracted with two 100-ml,. portions of
ether. The combined ether layers were dried over anhydrous
maznesinm sulfate and the ether removed under reduced pres-
sure.,

The product was distilled ylslding s colorless liquid
(130 g., 75%) boiling st 135-1452/20-25 mm., nf¥1.5028,
Analysis Calculted for Cyobjel: C, 83.18; H, 8,73;

Found: C, 82,93; H, 8,96,

Autie thylecephenylvaleramide (X). okifethyl-océphenyl-

valeronitrile (116 z., 0.67 mole) was added with stirring
to 250 ml. of concentrated sulfuric acld contalned in a 1l-l.
Erlenmeyer flask. The mixture turned deep red and stirring
was continued for twenty«four hours. The mixture was then
allowed to stand for thiriyeslix hours.

The sulfuric acid solution was dropped with stirring
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onto crushed ice. A yellow, taffy~like material was obe
tained., The acid solutlion was extracted with gix 200-ml,
portions of ether. The taffy-llike material was not ex-
tremely soluble in ether which necesgitated the use of such
a large volume of ether for the extraction. The ether ex-
tracts were washed with four 1l00-ml. portions of dilute
(2%) sodium hydroxide to remove any acid which might have
formed during the hydroelysis. All of the yellow coloration
was removed in the basic extraction. Subsequent secidifica~
tion of the baslc extracts gave no appreciable amount of
ether-goluble material.,. The yellow coloration remained in
the aqueous layer.

The ether solution was wasied with water until neutral,
dried over anhydrous magnesium sulfate and the ether re=
moved under reduced pressure., The residue zave no indica~
tion of belng a solid.

In the distillation of the product a forerun (10 g.)
was obtalned boiling at 75-950/1.5 mm. The major portion
of the material (48 g., 37.5%) boiled at 125-145%/1.5 mm,
and was extremely viscousz. The product formed a glass on
cooling, but did not cryatallize.

Analysis Calculated for CypHin¥O: C, 75.35; H, 8,96,
Founds: 0, 77.67, 77.29; H, 9.27, 8.99.

2~¥ethyl-2=phenylamylamine (XI). In a l-l. three-

necked round-bottomed flask, equipped with a Hershberg
stirrer, a 250=-ml. dropping funnel, and a reflux condenser

fitted with a calclium chloride drying tube, were plasced 400
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mle of anhydrous ether and 18 g. [(0.48 mole) of lithium
aluminum hydride. *H=Methylec=;henylvaleramide (48 g., 0.25
mole) dissolved in 250 ml, of anhydrous bengzene was added
dropwige at a rate to maintain constant reflux. The addition
required about one hour. After addition of the amide, the
upright condenser was removed, a slde-arm contalning a ther-
mometer was inserted, condenser attached, and the ether re-
noved by distilletion until the temperature resched 70-75°C,
After removal of the ether, the reflux condenser was azaln
inserted and the mixture heated under reflux for asaventeen
houra,

The mixture was decomposed by very slowly adding as
little water as posalble., Very slow addlition was necessary
due to the considerable evolution of heat. Cooling was
used sparingly but could not be emploved to the hest ad«
vantage since freexing of the benzene occurred which, come
bined with the precipltation of aluminum hydroxide, made
the necessary efflclent stirring practically impossible,

The precipitated aluminum hydroxide was removed by filtration
and washed wlth ether. The combined ether and benzene layw
ers were extracted with thrse 100-ml, portions of dilute
hydrochloriec ascid (30 ml. of concentrated seid diluted to
300 ml.)e The acid solution was neutralized with concenw
trated ammonium hydroxide and then extracted with three 100~
ml., portions of ather. %he ether extracts were drisd over
anhydrous magneglium sulfate and the ether removed under
reduced preasure.

The amine was distilled ylelding a colorleas 1liguid
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(30 g., 68%) which bolled at 75-809/1,5 am., n2¢1,5152.

lrcis Calculated for CjygHHigl: C, B1.39; H, 10.31,

Founds: C, Bl.06E8; T, 10.,74.

The hydrochloride of Z-methyl-Z-phenylamylamine was pro=

pared by dissolving 3 g. of the amine in 300 ml, of an=-
hydrous sther and passling dry hydrogen chloride gas through
the solution. A whilte precipitate formed immediately. The
amine hydrochloride was recrystallized from an absoclute
ethanol-anhydroug ether mixture, A white, stable, crystal-
line aso0lid meltingz at 146-148° was obtained.
Analysis Calculated for CigHpokCl: C, 67.43; H, 9.48,
Found: C, 67.83; H, 9.31.

2-ilethyl=2=-(p-nitrophenyl)amylamine (XII)e In a 500-

nl. wide-mouthsd Erlenmeyer flask, equipped with a glasrs

stirrer and s long-stenmed thermoneter diyping below the
surface of the liquid, was placed 250 ml. of concentrated
sulfuric acid., The acld waz cooled to 09C, by means of an
ice=-s21t bath.

2«-Methyl~2~phenylamylamine (27.5 g., 0.16 mole) was
added slowly with the temperature maintained below 5°9C,
Puring the addition of the amine the color changed to a
1ight orange. Powdsred potassium nitrate (18 g., 107 ex-
cess) was sdded slowly, keeping ths tempersture below HOC,
The mixture was hested to 509C, by means of a hot-water
bath and then allowed te cool, with stirring, to room tem-
perature. At the end of this time, the aolution was orange-

brown in color.
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The reaction mixture was poured onto ice and neutrale
ized with concentrated ammonium hydroxlde. A dark red oil
separated which was extracted with three 100-ml. portions
of ether, The ether extracts were dried over anhydrous
magnesium sulfate and the ether removed under reduced pros~
sure. The nitroamine was distlilled ylelding an orange
liquid (22 g., 62.55): D.pe 145-1559/1.5 mm,

The hydrochloride of 2-methyl-2-{p~nitrophenyl)anyl-

amine was prepared by disaoclving 8 g. of the amine in 400
ml. of anhydrous ether and passaing dry hydrogen chloride
gas through the solution. A fine, powdery materlial pre-
cipitated which was very difficult to filtser. On standing
overnizght the material seemed to 0il and then solidify into
a hard, brown material. This brown materiasl was dissolved
in sbsclute sthanol and on the additlion of anhydrous ether
a heavy ysllow precipitate was formed. After filtration
and drying, s hard yellow powder melting at 134-188° was
obtained,
Analysis Calculsted for CypHigNoOnCl: C, E5.,70; H, 7.40.
Found: C, 55.49; H, 7.25.

amylamine (XIII). 2-Methyl-

2=(p-nitrophenyl)enylamine {13.5 g., 0.06 mole) was dissolved
in 50 ml, of 95% ethanol and a small amount of platinum

oxide catalyst added., Eydrogenation was carried out at a
starting pressure of el-hteen p.s.i. and a pressure drop of
thiv teen pounds took plasce over a perlod of forty minutes.
The hydrogenation apparatus was callbrated so that a hydro-

gen uptake of 0.1 mole resulted in a pressure drop of seven
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pounds. On this basis, the theoretical drop for this re-
action was calculated as 12,6 pounds. Luring the hydrogen-
ation an appreciable amount of heat was evolved.

The solution was filtered to remove the cntalyst and
the alcohol removed under reduced pressure, The dlamine.
was distilled yieldins & lizht yellow, viscous liquid (6.9
Z., 59%) boiling at 145-150°/2.8 mm., n2t1.5670.

The dihydrochloride of 2e-matbyle2«(p~aminophenyl)amyl-

amine was prepared by dlssolving 2 g. of the dlamine 1n
200 ml. of anhydrous ather and passing in dry hydrogen
chloride gas. A white precipitate formed which turned yel-
low and seemed to oil alishtly after filtration. After
standing overnight the material had turned hard and yellow
and was recrystallized from an absolute ethanole-anhydrous
sther mixture, A stable, white, crystalline sclid melting
at 206-2090 was obtalned.
Analysis Calculated for CypoHpooNpClp: €, 54.34; H, 8.36,
Yound: C, 54.68; H, 3,29,

A=-Ethyl-%-phenylvaleronitrile (XIv). In a l-l, three-
necked round-bottomed flask, equipped with a Hershberg stir-
rer, a 250-ml, droppinz funnel, and a reflux condenser
fitted with a calcium chloride drying tube, were placed
250 ml. of anhydrous ether and 46 g. (107 excess) of sod-
amide, ™~Phenylvaleronitrile (160 g., 1 mole) was added
dropwise at a rate to meintaln reflux, requiring about one
hour for the addlition, After the addition, the mixture was

heated under reflux for one hour. H£thyl iodide (156 .,
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1 mole) was added dropwlse, over a peried of two hours, at
a2 rate to maintain constant reflux. After the addition the
mixture was heated under reflux for sisghteen hours.

The reaction mixture was poured into water, the ather
layer separsted, and the aqueous layer extracted with thres
100=ml. portions of ether. The combined ether extracts
were dried over anhydrous mazgnesium sulfate and the ether
rexoved under reduced pressure.

The product was distilled ylielding a colorlsss liquid
(119.2 g., 65.6%) which boiled at 98-1029/4.5 mu., n241.85001,
Analysis Calculated for CysHj7N:1 C, 83.37; H, 9.15,

Found: ¢, 83.46; H, 9.12,.

x;ﬁthylu“hghaqylvaleramide (XV)e OCO=Ethyled=phenyle-

valeronitrile (119 g., 0.63 maie) was mixed with 250 ml., of
concentrated sulfuric acid contained in s 800=-ml, Erlene
mneyer flask equipped with a glass astirrer, The mixture was
gtirred for twenty-four hours and then allowed to stand for
twelve hours. At the end of this time, the reaction mix-
ture was dark red 1in color,

The acid solution was dropped with stirring onto ice
and a yellow, taffy-like material separated. The mlxture
was extracted with five 200~-ml, portions of ether and the
ether extracts washed with four 100-ml, portions of dllute
(27) sodium hydroxide te remove any acld which might have
formed during the hydrolysis., As In the case of the hy-
drolysia of Clmethyl~%phenylvaleronitrile, no acid was

obtained on acidification of these hasic extrascta., The
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ether sclution was washed with water until neutral, dried
over anhydrous magnesium sulfate, and the ether removed
under reduced pPressure.

The product was distilled yielding an extremely vise
cous, colorless liquid {27.5 g.) boiling st 122-1259/1 mm,
after a large forerun (58.1 g.) of starting nitrile which
boiled at 80-850/1 mm,.

The recovered nitrile was mixed with concentrated sule
furie acid (150 ml.) and 1f nl, of water was added. Stir-
ring was continued for four days. The amide was 1solated
as before and on dlstillation 30.4 g. of unreacted nitrile
was recovered and 17.7 Z. of amide obtalined,

The nitrile recovered from the aecond hydrolysis (30.4 z.)
was added to 150 nl. of concentrated sulfurlc acid and water
was added until the mixture became cloudy. S8tirring was
begun witk the mixture hemted on the steam bath to 70-800C,
Stirring was continued for two and one-half hours with the
temperature maintained at €0-700C, During this heating
period the mixture became homogeneoug and a very dark red-
browm color. After isolation of the amlde, 8.8 g. of
nitrile was recovered and 14.6 g. of amide obtainsd on dia-
tillation,.

The total yleld of amide from the three hydrolysis
reactions was 590.8 g. (46.17), b.p. 122-1259/1 mm. The
product formed a glass on c¢ooling but would not crystallize,.
Analysis Calculated for C3yzHigNO: C, 76.05; H, 9.34.

Found: €, 77.193; H, 9.54.

2-Ethyl-2-phenylanylamnine (XVI), In a l-l, three-
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necked round-bottomed flask, equipped with a Hershberg
stirrer, a 250-ml, dropping funnel and a reflux condenser
fitted with a calcium chloride drying tube, were placed 400
ml, of anhydrous ether and 24 g. {(0.63 mole) of lithium alum=-
inum hydride. K=Ethyledephenylvsleranide (59.2 g., 0.29 nole)
dissolved in 200 ml, of anhydrous bengene was added drop-
wise to maintaln constant reflux., The addition of the amide
required one and one-halfl hours, After the addition the
ether was removed by distillation and the mixture hested
under reflux for eighteen hours.

A minimum amount of water was added slowly with cooling
to decompose the mixture., The precipltated aluminum hydroxe-
ide was removed by filtration and washed with ether. The
combined ether and bengene golution was extracted with three
100-nml, portions of dilute hydrochloric aclde. The zcld ex-
tracts were neutralized wilth concentrated ammonium hydroxide
and extracted with three 1l00-ml. portions of ether. The
ether extracts were dried over anhydrous magnesium sulfate
and the ether removedé undsr reduced pressure,

The product was distilled ylelding a colorless ligquid
(44.7 g., 80%) boiling at 82-869/0.8 mm., nZ81,5172.
Analysis Calculated for CyzligiN: C, 81.61; H, 11.07,

Found: C, 81l.74; H, 11,04,
The hydrochloride of Z-e¢thyl-2-phenylamylamine was

prepared by dissolving 5 g. of the amine in 300 ml., of an-
hydrous ether and passing dry hydrogen chloride gas through
the solution. Jo preclipltation took place even after

standing overnizht 1n the refrigerator. It seemed probable
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that the anmine hydrochloride was soluble in ether so the

ether wae replaced with hizheboiling (20-100°) petroleum

ether. On cooling, white crystals formed very readlly.

After recrystallization from petroleum sther, a white

crystalline material melting at 15E-160° was obhtalined.

Analysis Calculated for CizllppeNCl: C, 68,545 H, 9.74.
Found: C, 68.,83; H, 9.71.

2«~Ethyl-2-(p-nitrophenyl)amylamine (XVII). To 250 ml,

of concentrated sulfuric acld contained in a 500«nl. EZrlenw

meyer flask, eguipped with a zlass stirrer and a longe
stenmed thermomstser dipping below the surface of the liquid,
and cooled by means of an lce-salt bath, was added Z-gthyle
2-phenylanylamine (20 z., 0.1l mole), The amine wasz asdded
at a rate to keep the tempersture between 090, and 10°C,
Powdered potmssiunm nitrate {(12.4 g., 105 exceas) was added
slowly keeping the temperature below 100C, The ice bath
was removed and the mixture was heated to 509C, by means of
a8 hot-water bath and then sllowed to cool to room temper-
ature with stirringe.

The scld alxture was poured onto ice and neutraliszed
with concentrated aummonium hydroxlde. A dark red oil sep-
arated which was extracted with three 1l00-ml. portions of
ether. The ether extracts were drled over anhydrous mage
nesium sulfate and the ether removed under reduced pressure,.

The product was di=ztllled ylelding an orange liguid
{10.4 g., 40Y) which boiled at 135-1400/0.3 mm. A conaide

erable amount was not distilled since it was necessary to
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heat the oil bath to 210°C, even with a pressure of 0.2 mm,

The hydrochloride of 2-ethyl-2-(p-nitrophenyl)amyl-

amine was prepared by dissolving 1 g. of the nitroamine in
200 ml. of anhydrous ether and passing dry hydrogen chlor
ide gas through the solution. A white precipitate appesred
1mmediately. On recrystallization from an absolute ethanole
anhydrous sther mixture a white powdery solid melting at
206-208° was obtalned.
dnalysis Calculated for CyzHoiNoOpCle: C, 57.23; H, 7.76.
Found: C, 56.89; K, 7.613 C, 57.,06; H, 7.87,

2-Ethyl-2«(p-aminophenyl)smylamine (XVIII). 2-Hthyl-

24(pnnitrophanyl)amylamina (Fed geo, 0.042 mole) was dissolved
in 60 ml, of 95% ethanol and a small amount of platinum

oxide catelyst added. The hydrogenation was carried out

at a starting pressure of fourteen p.s.l. and at the send of
twenty minutes a pressure drop of ten pounds had occurred
{theorstical drop, nine pounds).

The catalyst was removed by filtration and the alecohol
removed under reduced pressure., The diamine was distilled
ylelding a bright yellow liquid (6.5 g., 74%) bolling at
125-130°/0.09 mm,

The dihydrochloride of Z=ethyl-Z-(p-aminophenyl)amyl=
amine was preparsd by dissclving 6 g. of the dlamine in 300
ml. of anhydrous ether and passing dry hydrogen chloride zas
through the solution, A white precipitate formed which
turned slizhtly yellow on standing. Attempts at recrystal-

ligation were unsuccesaful since the material turned into
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an 0ll as soon as it was filtered. An analysis of this une
recrystallized material (m.p. 135-138%) indicated it was
. the nmonohydrochloride of Z=ethyleZ-(p~aminophenyl)amylamnine,
Analvsis Calculated for CjizHpsNgCl: C, 64.31; H, 9.55.
Pound: C, 63,993 H, 0.49.

The monohydrochloride of the diamine was dissclved in
absolute ethanol and.énhydroua ether added until the mix-
ture began to appear cloudy., Thia solution was then sat-
urated with dry hydrogen chloride gas and the dihydrochloride
precipitated. After recrystallization from an absolute
e thanol-anhydrous ether nixture a stable, creamy-white solid
melting at 234-238% was obtained.

Anealysis Calculated for CizlpgNaClp: C, 585.91; H, 8,61,
Found: C, 56.,16; H, 8.57.

K N~DimothyleZ2eethyl-2-phenylamylemine (XIX). 2=Ethyle

2-phenylaaylamine (20 g., 0.1l mole) was placed in a 100
al., round-bottomed flaask with 25 ml. (0.B5 mole) of formic
acid (concentration, 907) and 23 ml., (0.38 mole) of formale
dehyde (conscentration, 40%).

The flask was fitted with a reflux condenser and the
mixturs heated on the steam bath. A vigorous evolution of
carbon dlioxide took place over a period of approximately
one hourj the mixture was heated on the steam bath for
twenty hours.

The excess formaldehyde was removed and, after cooling,
the solution was made bssic with concentrated ammonium hy-

droxide, The basic sclution wrag axtracted with three 100
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mle portions of ether, the ether extracts dried over anhy-
drous magnesiun sulfate, and the ether removed under re-
duced pressure.

The terfiary amine was distilled ylelding s colorless
11quid (19.5 g., 81%)% b.p. 73-77°/0.5 mm., nf1.5020.
Anelysis Calculated for CygHogKR: C, 82,13; H, 1l.49,

Pound: C, 82.35; H, 11.27.

The hydrochloride of N,N~dimethyl-2~-ethyl-Z2-phenyl=-
arylanine was prepared by dissolving 1 ge. of the amine in
250 ml, of anhydrous ether and passing dry hydrogen chloride
zas through the solution. A white preclipltate formed which,
on recrystallization from an absolute ethanol-anhydrous
ether mixture, ylelded a stable, white crystalline materlal
melting at 184-1879,

Analysis Calculated for CjgHggNCl: C, 70.42; H, 10.28,
Found: C, 70.66; H, 10.03.

Ny N-Dimethyl-2-ethyl-2~(p-nitrophenyl)anylanine (XX},
H,N¥«Dimethyl-2-othyl-2~phenylamylamine (18 g., 0.082 mole)
was added dropwise to 250 ml, of concentrated sulfuric acid
contained in a 500-ml, Erlenmeyer flask equipped with e
glasa stirrer and a long-stemmed thermometer dippinz below
the surface of the liguild, and cooled by means of an ice
s8alt bath. DTuring the additlion of the amine the temperature
was kept below 10°C. Powdered potassium nitrate (9.6 g.,
10% excess) was added at a rate to keep the temperature be-
low 109C,

e acld solution was poured onto ice and made baslic
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wlth concentrated ammonium hydroxide. A dark brown oil
separated which was extracted with three 100-ml. portions
of ether. The ether extracts were dried over anhydrous mage
nesium suifate and the ether removed under reduced pressure,
The nitroanine was distilled ylelding an smber~colored
1iguid (17.5 g., S0%) boiling at 123-1279/0.08 mm.

The hydroghloride of N,N-dimethyl-2-sthyle2«(p-nitro-

phenyl)amylanine was prepsred by dissolving 1 g. of the
nitroamine in 100 ml. of anhydrous ether and passing dry
hydrogen chloride gas through the solution. The amine hydroe-
chloride precipitated nicely and, after recrystallisation
from an absoclute ethanclwanhydrous ether mixture, was a
creamy~white 801id melting at 1l93-198°,
Analysis Calculated for CygloglpOnCl: C, 59,88; H, 8.38,
Found: C, £9.86; H, 8,32,

H#®, N¥%.Dimethyle2«othyle2«(p-aainophenyl)amylanine® (XXI).
N,FeDimethyl-g~8thyl=-2«{p=-nitrophenyl)anylamine (16,5 g.,

0.063 mole) was disaoclved in 50 ml. of 85% ethanol and a

2amall amount of platinum oxide catalyst added. Hydrogene
ation wes carried out at a starting presaure of sixtesn p.s.i.
and a drop in pressure of thirteen pounds (theoretical drop,
thirteen pounds) occurred in thirty ainutes.

The catalyst was removed by filtration and the alcohol
removed under reduced pressure, The anine was distilled
yilelding an oranze liquid (12 gz., 82¢) which boiled at
135~1409/1,6 mm,

The dihydrochloride of HN# N'.dimethyle2wethyl=2e(p-
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aninophenyl)amylamine® was prepared by dissolving 2 g. of
the diamine in 200 ml, of anhydrous ether and passing dry
hydrogen chloride through the solutlion. A& white precipitate
formed which turned into a yellow, taffy~like materlial after
filtration.
The dihydrochloeride was recryatallized with difficulty
Ifrom an absolute sthanole-anhydrous ether mixture, A creamy-
white powdery materisl melting at 160-163° was obtained.
It was quite hygroscopiec and caused considerable difficulty
in the analysis.
Analysls Calculated for CipHegNeClg: C, 58.62; H, 9.18.
FPound: C, 58,50, B4.22, 55,8933 H, 9.53, 9.15, 9.31.
The compound was recryetallized and dried between each
analysis and before the final analysis 1t was dissolved in
an alcoholeether mixture and the solution saturated with

dry hydrogen chloride gas.

HyNeDime thyle2-othyl-2«(p~hydroxyphenyl)amylamine (XXII).
N%¥ N¥*.Dime thyl-2-ethyl-2«{p-aminophenyl)amylanine® (9 g.,
0.038 mole) was dAissolved in a solution of 9 ml, of concen-
trated sulfuric acid in 125 ml. of water contalned in a
250=-ml, Erlenmeyer flask, equipped with a glass stirrer
and a long=-stemmed thermometer, This mixture was cocled
to 0°C. by means of an ice-salt bath and solid sodium ni-
trite (approximately 3 z.) was added, keeping the temper-
sture below 20C,, until an excess of nitrite lon was present
as indicated by the use of potassium iodide-starch test

Paper,
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35014¢ urea was then added to deatroy the excess nitrite
ion. The mixture was poured into a solution of 20 ml. of
concentrated sulfurie acid and 15 ml, of water and heated
on the steam bath. Evolution of nitrogen began at sbout
659C, and continued for apiroximately one hour.

The mixture was cocled and neutrallzed with concen=
trated ammonium hydroxide to & pH of approximately € (Alk-
acid test paper). On extraction with two 50-ml, portions
of ether most of the color remalned in the aqueous layer
s0o the pH was adjuated to approxlimately 7 with concentrated
ammonium hydroxide and extracted again with three 50-ml,
portions of ether. With this extraction most of the ecoclor
was transferred to the ether layer. The combined ether ex-
tracts were extracted four times with 50-ml, portions of
dilute (5%) hydrochloric eeid. The combined acld extracts
were neutralized with concentrated ammonium hydroxide and
extracted four times with 50-ml. portiona of ether.

The ether extrscts were washed once with water, drled
over anhydrous magnesium sulfate, and the ether removed
under reduced pPressure.

On standing overnight after the removal of the ether,
the phenol solidifled and was recrystallized from petroleunm
ether (60-80¢), The solution was decolorized with charcoal
during the recrystallization. A creamy-white, powdery
s0lid (5.5 g., after recrystallization, 61¥) melting at
P9-1020 was obtained.

Analysis Calculated for C)pHpsNO: C, 76.543 H, 10.71.
Found: C, 76,13; 1, 10,81l.
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The hydrochloride of N,F-dlmethyl-Z-sthyl-2«{p-hydroxy-

phenyl)amylamine was prepared by dissolvinz 1.5 g. of the
phenolic amine 1in 250 ml. of anhydrous ether and passing
dry hydrogen chloride gas through the solution. A white
precipitate formed which turned pink on filtration and on
standing began to oll, Attempted recrystalllzations from
absolute ethanol-anhydrous ether mixtures gave only an oily
product.

The olly material was dissclved in a minimum amount
of sbsolute ethanol and anhydrous ether was added untll the
solution was fzintly cloudy. The solution was allowed to
stand for several days in the refrigerator and s creamy-
whilte, stable s0lld melting at 138-140° was obtained.
Anmlysis Calculated for CiplizggNOCl: C, 66.27; H, 9.64,

Found: C, 66,313 H, 9.38.

d=FPhenyl-cn-propylheptonitrile (XXIII). In a l«l.
three-necked round-bottomed flask, equipped with a Hersh-

bearg stirrer, a 250-ml, dropping funnel, and a reflux cone
denser fitted with a calcium chloride drying tube, were
pla ced 250 ml, of anhydrous ether and 46 g. (10% excess) of
sodamide, <~Phenylvaleronitrile (160 g,, 1 mole) was added
dropwise at a rate to maintain steady reflux, The mixture
turned dark brown during the additlon which took about one
hour. After the addition the mixture was heated under re-
flux for one houre.

n-Amyl bromide (151 g., 1 mole) was added at a rate to

maintaln reflux; the addition required two and one-half
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hours. After the addition the nmlxture was heated under re-
flux for eizhteen houra. The reactlon mixture, alfter cool-
inz, was poursd Into water and the ether layer separated.
The agqueous layer waas extracted with two l00anl. poritions
of ether. The combined ether exiracis were dJried over ane
hydrous magneslium sulfate and the sther removed under re-
duced preszure,

The product was distilled yilelding a colorleass liguid
(160 g, 70%) boillng at 105-1150/0,2 mm., nEO1.4969.
Analysis Calculated for CygHgzMN: C, 83.78; H, 10.11,

Pound: C, 83.93; H, 9,97,

SePhenyl-cen-propylheptamide (XXIV). o«FPhenyleX=n-
propylheptenitrile (160 g., 0.70 mole) was diasolved in

380 ml, of concentrated aulfuric acld contained in a 500-
ml, wide-mouthed frlenmeyer flask aequipped with a glass
stirrer, Twenty milliliters of water was added to the
red ncid solution and, with the addltion of the water, the
solution becane quilte cloudy. The solution was heated on
the steam bath to a temperature of T0-809C, and this tene
perature was maintained, with stirring, for four hours. At
the end of this time, the mlxture was honozeneous and a
very dark brown color.

At the end of the four-hour heating period, 1t wss deée
cided to work up & portion of the reaction mixture to deter-
mine whethar the hydrolysis had proceeded to & reassonable
deogres. me bundred milliliters of the acid solution was
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poured with stirringz onto crushed 1ce. A pink, taffy-like
material separated from the solution. The mixture was ex-
tracted with four 100-ml, portions of ether and the combined
ether extracts wsshed with two 50~ml., porticores of dilute
(29) sodium hydroxide. The ether solution waé washed with
water untll neutral, dried over anhydrous magnesium sule
fate and the ether removed under reduced pressure.

On distillation of the product, a very smsll forerun
(2 g.) of unhydrolyzed nitrile was obtained. A portion of
the émide was distilled as zn extremely viscous ligquid which
boiled at 120-1400/0.,08 mm, Distillation of the amide was
very difficult due to the high viscosity of the material,
Since the forerun of unreacted nitrile was so small from
this portion of the reaction mixture 1t was decided to use
the crude amlide, without dlstillation, in the next step in
the synthesis; reduction with lithlium aluminmum hydride.

The remsinder of the scid hydrolysis mixture was treatw
ed in the same fashlon as the l00-ml. portion. The combined
basic washings were acldified and a yellow oll separated
from a strongly acid solution. This yellow o0ll was insol-
uble in ether and socluble 1in water, indicatling it was pro-
bably a sulfonatlion product.

Af ter removal of the sther, 100 g. of crude o=phenyl-
s=n-propylheptamide, light yellow In color, was obtalined.

On transferring the c¢rude amide from the flask in which it
had been contained as an ether solution it was noticed that
a white solid seemed to have formed a film covering the in-

side of the flask.
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Five milliliters of the crude amide was dilssolved in
petroleunm ether (680-809) and on cooling a white, powdery
80l11d melting at Sl-03° was obtained.

Analyeis Calculated for CiglgpN0: C, 77.68; H, 10.19,
Found: C, T8.52, 78.42; H, 10.24, 9.95.

2«Phenyl-2-n-propylheptylamine (XXV), 1In & 2-1l., three-

necked round-bottomed flask, equipped with a Hershberz stir-
rer, a 500=-nl, dropping funnal and a reflux condenser fitted
with a calclum chloride drying tube, were placed 400 ml. of
anhydrous ether and 38 g. (1 mole) of lithium aluminum hy-
dride. The crude e~phenyl-ocen-propylheptanide (100 g.,
appraximately O.4 mole) dissclved in 400 ml, of snhydrous
bengene was added dropwise over a period of two hours. This
reaction was very slow and external heating was necessary
to malntaln reflux. After the addition, the apparatus was
arranged for distillation and the major portion of the ether
wvas removed. The mixture was heated under reflux. overnight.,
The reaction mlxture was decomposed by the slow addlition
of & minirmuum amount of water. The precipitated aluminum
hydroxide was filtered off and washed with ether. The cone
bined ether and benzene solution was extracted with four
100-mls. portionz of dilunte hydrochloric mcid. The acid ex-
tracts were neutrallzed with concentrated smmonium hydroxide
and extracted with four 100-ml., portions of ether, The
ether extracts were dried over anhydrous magnesium sulfate
and the ether removed under reduced pressure.

The amine was dlstilled yilelding a colorless liguid
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{(24.5 g., 267 based on amount of cruds amide): b.p. 110~
1129/0.9 mn., n281.5062.
Analvsis Calculated for Clglgnpi: C, BR.333 H, 1l.66,

Tound: ¢, 82.,4); H, 11,52,

The ether szolution contalninzy the aclid-inzoluble mater-
1al from the reduction was washed with water until neutrsl,
dried over anhydrous rnacnesium sulfate and the ether re-
moved under reduced pressure., After renoval of the ether,
the resldue was dissolved In petroleunm ether (680e809) and
on cooling the unreacted amide (36.2 z.) was obtalined as a
rhite solid,.

The hydrochloride of 2-phenyl-2-n-propylhentyliamine

was prepared with difficulty. The amine (1 g.) was dissolved
in 200 ml, of anhydrous ether and dry hydrogen chloride gas
was passed into the solutlion for five minutes. No precip-
itation of the smine hydrochloride occurred. 7The esther was
renoved by evaporation and 10 nl. of petroleum ether (40-
60°) added. A white, apparently stable, s0lld crystallized.
This material was recrystallized three times from petrol-
eum ether (40-60°) and melted at 88-020,
Analysis Calculated for CygHoglCl: €, 71.21; H, 10,46,

Founds C, 71.82, 71.81; H, 10.70, 10,50,

2=(p=-Nitropbenyl) ~2-n-propylheptylanine (XXVI), =2-

Phenyl-2-n-propylheptylanine (15 z., 0,065 mole) was added

Aropwiss to 200 ml. of enncentrated sulfuric acild contsined
In a 500-ml, Erlenmecyer flask sguipped with a ~lasss stirrer

and a long-stemmed thermoneter, and cooled by means of an
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ice-aalt bath, DIuring the addition of the anine the tem-
perature was kept below 10°C, Powdered potassium nitrate
(7.5 po, 107 excess) was added in small portions to keep

the temperature below 10°C, The mixture was warnmed to 50°C,
by means of a hotewater bath and then allowed to cool te room
temperaturs.,

The acld solutlion was poured onto ice and neutrslized
wilth concentrated ammonlium hydroxide. A dark red oil sep-
arated which was extracted with four 1l00-ml, portions of
ather, The ether extracts were washed with water until neu-
tral, dried over anhydrous magnesium sulfate, and ithe ether
removed under reduced pressure.

The nitroamine was dlstilled ylelding an orange-red,
viscouas liquid (10.6 g., 58%) bolling at 175-1859/0.9 mn.

A tarry residue (approximatsly 3 g.) remained which could
not be dlstilled.

The hydrochloride of 2-(p-nitrophenyl)e-2-n-propylheptyl-

anine was prepared with considerebls difficulty. The nitro-
anine (0.5 z.) was dissolved in 200 ml, of anhydrous sther
and dry hydrogen chloride gas was passed into the solution
for five minutes. A falint cloudiness appeared but no flltere
able precipltats,

Petroleum ether (60-800) was added to the solution un-
til precipitation occurred. A tan solid was obtained on
f1ltration. This material was dlassolved in a minimun
amount of absolute ethanol and petrolsum ether (60-20°) was
added until the aolution'turnad cloudy. After standing

several days in the refrigerator, a crean-colcred solid
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melting at 159-161° was obtalned,
Analysis Caleulated for Ci1gHpyNp0pCl: C, 61.03; I, 8.68.

Found: C, 61.11; ¥, 8,52,

2-(p-Aminophenyl)-2-n-propylheptylamine (XXvII), 2=

(p-Nitrophenyl)«2-n-propylheptylamine (10 g., 0.036 mole)
was disaclved in 50 ml. of 95% ethanol and a small amount

of platinum oxide catalyst added., Hydrogenation was carrled
out with a starting pressure of thirteen p.s.i. 7The theor-
etical pressure drop of seven and one-half pounds took

place very slowly over a perliod of one hour. Durin;y the hye
drogenation the mixture became slightly warm but consider-
ably less heat was evolved than was observed in the simllar
hydrogenations in the preceding two serles of syntheses,

The catalyst was removed by filtration, and the alecohol
removed under reduced pressure. In previous instances,
difficulty was encountered in distilling the diamines due
t0 the relatively hizk bolling polints and the necesaity for
heating the oll-bath to sn excesslively high teaperaturs.
Becdause of this Adifflculty, it was decided to convert the
cruds dlamine tc the dihydrochloride without distlllation.

The dihydrochloride of 2-(p-aminophenyl)-2-n-propyl-

heptylamine was prepared by dilssolving the dark-red oil
obtalined from the hydrogenation in 200 ml,., of anhydrous ether
and passing dry hydrogen chloride zas into the solution. A
dark tan solid sepsrated which turned Into an oll after file
tration. Elght grams of crude dihydrochloride was obtsilned.

This would correspond to a TO% yield in the hydrogenation.
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Af ter several recrystallizations from an absclute ethe
anol-anhydrous ether mixture, accompanied by decolorization
with charcoal during each recrystallization, a light tan
2011d nelting at 183«137° was obtained.

- Analysis Calculated for Cy1gHsglgCla: C, §59.20; H, 9.41,
Found: C, €1,35; H, 8.,98; residue, 1,6,
C, 60,6535 H, 9,08; o=
C, 80.89; H, 9,023 resldue, 0.,97.

This samp>le was rescrvstallized before each analysis

and g1l efforts to eliminate the naterlal causing the re-

aidue falled,

H,N-Dimethyl=2=phenyleZen-propylheptylamine (XXVIII),

2=-Phenyl-2-n-propylheptylamine (7 g., 0.035 mole) was placed
in & 100-ml., round-bottomed flask with 8 ml. (0.18 mole) of
formic acid {(concentration, 90%) and 9 ml, (0.1Z mole) of
formaldehyde (concentration, 40%).

The flask was fitted with a reflux condenser and the
mixture heated on the steam bath. 4 vigorous evolutlon of
carbon dioside took place over a period of one-half hour;
the mixture was heated on the steam bath for twenty hours,

The excess formaldehyde was renoved and after cooling
the solution was neutralized with concentrsted ammonlum hy-
éroxlide, The bezic solution was extracted with three 50-
ml. portions of ether, the ether extracts drled over anhydrous
macnesiunm sulfate and the ether removed under reduced prese-
sure. The product was distllled yleldinz a colorless liq-

utd {5 g., 67%) which boiled at 117-1199/2 mm., nZC1.4953.
182706
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Analysis Calculated for CigHziN: C, 82,693 K, 11,95,
Pound: C, 82,813 H, 11.73.
The hydrochloride of N,¥-dimethyleZephenylel-n~propyle

heptylamine was propered by dissolving 2 g. of the amine in

200 ml. of anhydrous ether and passing dry hydrogen chlor-

1de gas into the socolution, A white, crystalline material

wag formed which, after recrystalligation from an sbsolute

@thanol-anhydrous ether mixture, melted at 132-136°,

Analysis Calculated for CiglzpRCl: C, 72.573 H, 1l0.83.
Found: C, 72.88; o, 10,79,

HK-Phenylpropionitrile (XXIX). In e l-1, three-necked

round-bottomed flaslk, equipped with a Hershberg stirrer,
a 280-ml. dropping funnel and a reflux condenser fltted
with & calcium chleride drying tube, were placed 43 z. (102
excess) of sodamide and 400 ml. of anhydrous ether,
Phenylacetonitrile (117 g., 1 mole) was added dropwise
over a pericd of one hour, During the addltion the tenpere
ature remained above the reflux denperature, After the
addition the nixture was heated under reflux overnisht.
Yethyl 1odide (1358 g., 1 mole) dissolved In 200 ml,
of anhydrous ether was added dropwlse, with external cooling,
‘&t 8 rate to maintaln reflux, After the addition the mix-
ture was heated under reflux for one hour and then allowed
to stand covernight.
The reaction nixture was poured inte water and the
ether layer separated. The agqueous lavyer was extracted

with two 100-al. portions of ether. The combined ether 6xXe
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tracts were dried over anhydrous magnesium sulfate and the
ether removed under reduced pressure. Distillation ylelded
102 go (78%) of X=-phenylpropionitrile, a yellow liguid boil-
ing at 99-101°9/10 mm.

«~(Diethylaminopropyl)-cphenylpropionitrile (XXX).

In 8 500-ml. three-necked round-bottomed flask, equipped

with a Hershberg stirrer, a 250-ml, dropping funnel and a
reflux condenser fitted with a calcium chloride drying tube,
were placed 12 g. (10% excess) of socdamide and 200 ml, of
anhydrous ether,

=Phenylpropionitrile (37 g., 0.28 mole) was added drope
wise over a perlod of one hour at a rate to amintain cone
stant reflux. 7The dark reddish-brown mixture was heated
under reflux for one and one-half{ hours,

3-Diethylaminopropyl chloride (42 g., 0.28 mole) dis-
solved in 100 ml. of anhydrous ether was added dropwise
over & period of one hour, Preocipitation of sodlum chloride
occurred during the addition. The mixture was heated une
der reflux for four hours and then allowed to stand overe
nizht. The reaction mixture was poured into water, the
ether layer removed and the aqueous layer extracted with
two 100-ml. portions of ether,

The combined ether extracts were extracted with lfour
100-mle. portions of dilute hydrochloric acid to separgte the
product from any unreacted starting nmaterial., The acld
solution was made bhaslec with concentrated ammonium hydroxide

and extracted with four 100-ml. portions of ether.
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The ether extracts were washed once with water, driled
over anhydrous magnesium sulfate and the ether renmoved un-
der reduced pressure. The product was a very slichtly
yellow liquid (35 z., 47%): bep. 117-119%/0.5 mn., nf51.4981,
Analysis Calculated for CigHgsNp: C, 78.83; H, 9.90.

Found: C, 78,27, 78,8%; H, 9.71, 9.75.
The hydrochlcride of o«{diethylaminopropyl)-ophenyle

propleonitrile was prepsred by dlssolving 2 g. of the amino
nitrile in 200 ml, of anhydrous ether and passing dry hydro-
gen chloride gas through the solution. 4 white aolid formed
which dould be recrystalllzed from an anhydrous ether-
absolute ethanol mixture giving a product melting at 65-689,
The hydrochloride was extremely hygroscoplc and s good
snalysis was nolt possidle,
Analvsis Calculated for CiglipgsNoCl: C, 68.423 H, 8.97.
Found: C, 66,793 H, 8.78.

2-(Diethylaminopropyl)-2-phenylpropylaaine (X4XI), In
a 500-nml, three~neekaﬁAruunﬁwbottemed flaak, equipped with

a Hershberg stirrer, a 280-ml. dropping funnel and a rseflux
condenger fitted with a caleclum chloride drying tube, were
placed 10 g. (0.28 mole) of lithium sluminum hydride and

200 ml, of anhydrous ether. ©=(Diethylaminopropyl)-c
phenylpropionitrile (33 g., Q.14 mole) dissolved in 150 ml,
of anhydrous ether was added dropwlss at a rate to maintaln
constant rseflux. The addition required one hour. The mixe
ture was heated under reflux for flve hours and then allowed

to stand overnizht.



The reaction nixture was decomposed by adding as small
an amount of water as possible, with cooling. The preclip-
f{tated aluminun hydroxide was removed by filtration and
washed with ether. The comblned ether extracts were e&x-
tracted with four 100-ml, portions of dilute ((:4) hydro
chloric acid., The acid solution was mande basic with cone
centrated smmonium hydroxide end extracted with four 100-ml,
portions of sther. The ather extracts weore dried over ane
hydrous nagnesium sulfate and the ether removed under ro-
duced pressure.

Distillation ylelded 21,1 g. (60%) of 2-(diethylamino-
rropyl)-2-phenylpropylamine, a clear, colorless liguid
boiling at 128-1329/2 mm., n%ﬁl.sogz.

Analysis Calculated for CiglHggNg: C, 77.36; H, 11,36,
Pound: C, 77.37; H, 11,33.
All attempta to prepare the dihydrochloride of 2

(dlethylaminopropyl)-2-phenylpropylamine by the usual nethod
were unsuccessful, The materlal was EXTREMELY hygroscopic
and could not be retalned as a solid for any reasonable
length of time, All attempts to recryastallize this nater-
ial resulted in the formation of an oil.

Sublimation gave a white, powdery material which turned
liquid before it could be removed from the sublimation
apparatus. The dlisulfate was also prepared but could only

be obtained as en oll,.



1.

Ze
Se
4
Se

Go
7.
B,
9
10.

11.

1%
14.
15,

16,
17.

18,
19,

21,

BIBLIOGRAPEY
“ifedicinal Chemlstry™, Vol. I, John ¥iley & Sons, Inc.,
Few York: 10561, pp. 360=468,
Hildebrandt, TU,.,, Zer. 697,305 C.A. 35, 6739 (1941).
Heinzelman, R., Je. Ams Chem., Socs 7§, 921 (1983).
Avison, A. and lMorrison, A., Je. Chem. Soc. 1350, 1474,

Smith, Je., Stowart, H,, Roth, B, and Hothey, E,, J.
Am. Chem, Soc. 70, 3097 (1948).

¥offett, R, and Foehn, ¥%., J. Am, Chen. lioc. £8, 1792
(19479,

f‘}aﬂa?aan,)m and Woffett, R., U.3., 206,888 C,A., 44, 7882
1080) . -

HcPhee, %, and Irickson, k., J. Am, Chem. Soc. 88, 624
(1926),

Goodson, L., Viegand, C., and Splitter, J., J. Am, Chom.
Soc. 68, 2174 (1946).

Harnest, . and Durger, iA., J. An, Chem. Soc. £5, 370
(1943).

Burger, A. and Deinet, A., J. Ane. Chem. Soce. €7, 566
1945) .

i’iﬁrger, Ao an{i glly@t’ ﬁi’ J-. ﬁrG. Cheame “Lg.’ 342 (194‘7).
Geilgy, J., Prit. 620,200 C.A, 44, 5546 (1950).
Kilz, F., U.5. 2,407,167 C.4. 41, 484 (1947).

PBurckhalter, J. and Johnson, S., J. An, Chem. Soec., 7
4830 (1951). P . L2

Ruberg, L. and 3mall, L., J. An. Chem. Soe. £0, 1591 (1933),

Ullyot, G., Stehle, J., Zirkle, C,, Shriner, K. and
Wolf, Fe, Je Orge Cheme 10, 420 (1945).

Sinha, H., J, Pharmacol. 58, 68 (1936)3 C.A. 31,466 (1937),

Wojahn, l., and Kramer, H., Arch, Pharm. 276, 291 (1538)3;
CeAs 32, 6650 (19385, -

%arrin, ?. and Eanslick, R., UsS. 2,507,513; C.A. 44, 8381
1960) .

Coates, H., Cook, A., Hleilbron, I., Hey, D., lambert, 4.
and lewis, F., Je Chem, Soc, 1043, 401,



22,

€3e

24,

2B,

26,

27,
28,

29.
30
3le

324

34
56e
36,
37,

33.

509,
40,

él.

42.

43,

95
xilz, ¥, and Hormuns, C., Brit. 512,5803; C.A. 35, 1185
(1941). U.5. 2,283,375; C.A. 38, 1935 (19417.

Fodor, 2., ¥iss, J. and Szekerkes, ., J. Chen, 3o0c,.
1949, 1681,

Small, L., Eady, H., %anettig& E, ard Himwelsbach, C.,
*Studies on Drup Addlction” U.8. Goverment: 1938,

Plicke, F. and Krapcho, J. 4n, Chenm. Soc. 74, 4001 (19852),

Sperber, H., Sherleck, ¥, and Pupa, L., J. Am. Chen,
Soce 78, 1122 (1983).

Elsleb, 0., Ber. 743, 1433 (1941).

Bergzel, Y., Morrison, A, and RKinderknecht, il., J. Chem.
Soc. 1944, 265,

Thorp, H. and %alton, LK., J. Chem, Soc. 1948, 559,
Morrison, A. and Rinderknecht, H., J. Chex. Joc. 1944, 265,

Ziering, A., Berger, L,, Helnemen, S, and Iee, J., J,.
org. Cheme 12, 894 (1947).

Berger, Ley Ziering, A. and lee, J., J. Org. Chem, 12,
904" (1947). ’ ' ”

Ziering, A, and Lee, J,, J., Org. Chem. 12, 911 (1947).

Kéni, He and ¥iescher, K., Helv. Chim. Acta 32, 2469 (1949).
Avison, A, and Morrison, A., J. Chem, Soc, 1080, 1469,
Splelman, ., U.S. 2,500,714; C.A. 44, 5922 (1950).

Anker, R., Cook, A. and Hellbron, I., J. Chen. 80c,
1946, 917.

Iea, J., Zlering, A., Heineman, 5, and Derger, L., Je
Orze Chem. 12, 885 (1947).

&

Aviaon, 4, and iforrison, 4,, J. Chem, Zoc. 1850, 1471.

Schults, ¥,, Robdb, C, and sprague, J., J. Ame. Chem. Soc,
69, 180 {1947).

Easton, l., Jardner, J. and Stevens, J., J. Ame Chon, SocC.
69, 978 (1947); Ibld £2,2041 (1947).

Easton, He., 3ardner, J., Bvanlick, 4, and Stevens, J.,
Je Aly »\Shﬁfﬁo GOCe 1_0_, 76 (194«8).

Sletzinger, #, and Tishler, i., U.S. 2,0538,130; C.A. 45,
6660 (1951).



44,
45.

46,
47,

483,

49,
50.

5l.
52.

53

58,
59.

60.

61,

624
83,

64,

96

Attenburrow, J., Elks, J,, Fems, B, and Speyer, K., J.
Chem. Soc. 1948, ©ll.

Ofner, P, and Valton, &L,, J. Chem. Zoc. 1350, 2168,

%alton, X,, Ofner, P, and Thorp, R., J. Chem. Soc. 1949,
648,

Kénig, R, and Magyar, K. thyar Kim Folyoirat 56, 77

Shapiro, L., J. Org. Chen. 2._&, 839 (1949).

Cheney, L., Smith, K. and Binkley, S., J. Am., Chenm., Soc.
71, 53 {1949).

Yay, E. and ¥osettlg, E., J. Org. Chem. 13, 459 (1948),

Speeter, ¥, Byrd, ¥W., Cheney, L., Binkley, S., J. Ame.
Chem, Soc. 71, 57 (1949).

Pohland, A., ¥arshall, F, and Carney, T., J Am, Chem,
Soc. 71, 460 (1949f.

Spester, Y., Cheney, L. and Binklsy, 3., J. 4m., Chem,
Soc. 72, 16569 (1850).

Bockmihl, ¥, and Ehrhart, ud., Ann. 561, 52 (1948).

Duprb, L,, Elks, J., Hems, B., Speyer, K. and Evans, R,
Je Chnem. Soce. 1948, 500.

Purckhalter, J. and Johnson, 3., J. Amg Chem. Soc. 73,
4832 (1951).

Anker, A. and Cook, A., J. Chenm, Soc. 1948, 8086,

Burckhalter, J. and Johnson, J,, J. 4m. Chem. 3oc. 73,
4927 (1951).

Bergel, F., Haworth, J., Morrison, A. and Rinderknecht,
Ha, Jde Chem. S0C. 194&, 261,

Horning, E., and Schock, k., J. Am. Chem. Soc, 70, 2941
(1948),

Barltrop, J. and Nicholson, J., J. Chem. Soc. 1951, 2524,

Zaugz, He, Freifelder, . and Horrom, B., J. Orge. Chem,
15, 1181 (1980).

Burger, A. and Bennet, ¥#., J. Am. Chem. Soc. 72, 5414
(1950).



65.
66,
67,
68,
69,

70.

7le
72,
73,
4.

7S
T6e

77«

78,

T3e

380,

84,
85,
38,
87.

97

Bennet, W. and Burger, A., J. Am. Chem, Soc. 75, 84 (1953),
Barltrop, J., J. Chem. Soc. 1046, 958,

Hanns, J., Ger. 637,429; C.A. 31, 817 (1937).

Spielman, M., J. Am. Chem, Soc. 686, 1244 (1944).

Biichi, J., Ammann, J., Lisberherr, R. and Eichenberger,
E., Helv, Chim, Acta 36, 75 (1953), :

Halpern, B,, Compt. rend. soc. blol,, 128, 678 {(1937);
C.A. 32, 1734 (1938). -

Viaud, P., U.8. 2,219,796; C.A. 35, 1072 (1941).
Plicke, F., U.8. 2,401,219; C.A. 40, 5209 (1946).
Blicke, F. and Orier, W., J. Am. Chem. Soc. 65, 1725 (1943),

Protiva, M., Vejdelek, 7, and Jilek, J,, Coll, Cgzech,
Chemt cammns. -2':"2’ :5:.’)1 (1951)0

Itikawa, T., Japan 1%1,529; C.A. 35, 3037 (1941).

Bockmihl, M. and Ehrhart, ., U.S. 2,230,774; C.A. 35,
3391 (1941).

Allardt, H, and Junkmann, H,, U.S8. 2,186,976; C.A. 34,
3450 (1940),

Junkmann, X,, Arche. exptl. Path. Pharmakol, 195, 175
(1940 ; Cia. 35, 1865 (1941). ===

Vhitmore, ¥. and Homeyer, 4., U.D. 2,060,154; C.A. 31,
417 (1937).

Papa, De., Schwenk, b,, Villani, ¥, and Klingsberg, E.,
J. Am, Chen. Soc. Z?__, 3885 195‘0).

Billman, J. end Hidy, P. J. Az. Chem. Soc. 65, 760 (1843).

¥illman, J., ¥ard, L. and Hidy, P.,, J. Am., Chem. Soc.
67, 130 (1945).

Sperber, N., Papa, D, and Schwenk, k., J. Am, Chem, Soc.
70, 5091°(1938].

Blicke, F. and Zienty, F., J. Am. Chom. Soc. 61, 33 (1939).
‘Blickﬁ’ 1’*. and Ziaﬂt}f, }q;o, Jo Amo Qhem. SGG. ﬂ, 771 (19\’59).
Schering A.-3, Brit, 508,726; C.A,. __‘{'?_'}_, 867 (1940),

Klavehn, %. and Wolf, A., U.5. 2,230,752; C.A. 35, 3390
{(1841).



88,

89,
90,

91,
92,

93.
P4,

986,

97«
88,

100,
101,
102,

103.
104,
108,
106,
107,
108,
109.

98

Klavehn, We and Wolf, A., U.3. 2,250,753; C.A. 35, 3391
(1941).

Buth, W., Kulg, F. and Rosenmund, K., Ber. 72B, 19 (1839).

Kalz, F., Rosenmund, K., Eayser, L,, Schwarzhaupt, O.
and Sommer, H.,, Ber. 72R, 2161 (1939).

‘Schwartegman, L., J. Orz. Chem. 15, 517 (1950).

Schwartzman, L. and Woods, G. ¥., J. Org. Chenm. 17, 4928
{1982)

Goo-0n, M., Master'as Thesis, University of Haryland, 1951,

"Organic Resctions”, Vol. I, John Wiley & Sons, Inc.,
Rew York: 1942, pp. 1ll=14, .

Thomas, C., "Anhydrous Aluminum Chloride in Organic

Chemis try", Reinhold Publishing Corp., New York:

1941, pp. 621~-622.
Ledorle, H., Ph.D. Thesis, University of Maryland, 1951,
Henitzescu, C. and Gavat, J., Ber, 70, 1883 (1937).
Henitzescu, C. and Przemetzki, V., Ber, 69, 2706 (1936).
Biquard, L., Bull, socc. chim. 8, 55 (1941),
Rowe, E,, Mastor's Thesis, University of Maryland, 1951,
Gasser, W., Master's Thesis, University of Maryland, 1952.

Zaugg, H., Horrem, B, and Vernsten, i,, J. Ame. Chem.
Soc. 75, 298 {1953).

Zauzg, He and Horrom, B., J. Am, Chem. Soc. 75, 202 (1953).
Bohnsack, H., Der, T4B, 1575 (1941).

v. Braun, J., Ann. 451, 43 (1927).

Rupe, H., Steiger, H, and Fiedler, F,, Ber. 47, 71 (1214).
Blondeau, J., Compt. rend. 174, 1425 (1922).

Favorsky, A., Bull. soc., chin. 3, 239 (1936),

Pickard, R. and Yates, J., J. Chem., Soc. 95, 10168 (1909).



VITA

Hame: Shirley Margaret Orenell

Permanent Address: 3902 Madison st,, Hyattsville, laryland

Dezree to be conferred: Deoctor of Philosophy, 1953

Date of Birth: December 13, 1927
Place of Birth: Towanda, Pennsylvania

Secondary Education: t, Rainler High Schoel
¥t. .Rainier, Harylanad

Collegiate Institutions Attended Dates Legree
University of Haryland 1944-1948 BeS,
University of Maryland 18481353 Fhelis
Positions held:
Laboratory Assistant, University of lMaryland
Graduate Assistant, University of iaryland

Date of
Degree

June 1048
June 19853

1946-1948
1945-19862



