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Chnpter I
INCRODUCTION AXD TEVINY 0P 7HER DUmmpsasusn

The Loupkart resetion is perhmps beedt defined as o process
for the refuctive avinntion of zldchydes or lhotones by form&a,
arronium formte, or fomie acld vwith forramide. The recetiom is
carried out by heating o mixtore of the carbonyl compound and the
amide or its dorivative, Primary ond secondary cmines produced in
the reasction are obbalned as the formyl darivatives} tertiory amines
are obtained as the formates., The reactlon con be 1llustrated by
the folloving genesel equationst

RRYCO + ZHCONINY, - TRVCHNACHD + 2,0 + 1ol5 + 00p
MUCHEMO + H,0 - RRUCIDN, + HOOM

The rosotion wng diseovered by &melaart.,l w}m in 1885 roport-
ed the resulie of en atiernpt to prepare mawli&enaﬁifomaﬁ&a by
hoating bonzaldehypie with formsnide., Instead of the ewpooted produet,
he obtzinod bemsylordne, dibenzylamine, and tribenzylonine, as well
as the formyl derivatives of the first twe, Armoniug formate wae found,
%o react in the same wvay as the anide:; and Vennzophsnone ocould be used
in place of tho cldehyde, slthough the eoniitions for the reaction wers
sonevhet riore drastle,
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In the yoars following, Teuckart®=5 voried rainly vith aro- |
retie sldehyles ond Yotonesi Vallach?=13 ond Kijner spplied tho ro-
action %o oliphotic carbonyl compounds,t*

The nethod recoived little further nttention until 1036, vhen
Ingersol133 end his essocintes revieved the eubject and zpplied the
reaction to the oynthenis of m‘hstitﬁtpﬁ anphswlawl erdnon, About
Pifty z»a;més and one veviewt® nave been jublished on the subjeot
since 1936.

In spite of this cusntity of work, thore is little agr’eﬁmt
concerning the rechanien of tho resction axong the workars in the i‘irsm.
In foet, thore hos beon no published hypothesis which covers rore than
the first steps.

Vallaohl3 proposed that tho intisl steps of tho reaction are
as followss

H@Oi% - HCOOH & tmg

FRICO 4 THy -~ FR'C(OH) W,

Forrie acid then roduces this product %o the amine, which muibsequont-
1y rezets vwith more formie meid to give tho final product, o substiinted
formertdes |

TRVG (OR) T, 4 HCOOR - TRVCHIEL, 4 H,0 + 00,
RRVOHNM; + HOOOM « RV + B0

Novel1317 lantor choved that tho roaction could be wsed to proe
re secondary cminos by reacting monosubatituted formamides with lmtones,
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Croasley ond Hoorel published in 194 o very exoellent |
paper in vhich they roporied o corparison of the efficiongy of the
various reactants vhich ray be used in the Touclwrt reaction, They
reported that formanide, ammonium formete, o mixture of formamide
and formiec neld, or o mixture of formamide and srvoniun fornate oy
bo used vith s carbonyl corpound %o plve the reaction and that the
mixture of forranide and forpie nold rproduces the best ylelds,

In theiy short dlseussion of the nechanism thoy mpe#t the
propogel of Wallsch, while sugrosting the following as o possibility:

RRIC (OB) Hil, - FRVC=NH + H0
The vesulting inins is then reduced by formle anid.,
A% showt the semo time, Doevre snd Comrtolsl? suggested thnt
the initisl step in the resction wes the cddition of formamide to
the carbonyl proup! | |

FRCO 4 ILNCHO = PR (OI) OO

vihile Davies ond Togere?0 thought that both of the proposed nochsniams
mieht e operative. |

In 1946, Shive ond Shiv 2 mpartsaé? that at soom temperature
formoride adds to pyruvic zneid to give a-hyiroxy a-faméman propion~

ic neid. Upon dehydration,q «formdmido propionie seld vas obtoineds

o ot
%ﬂm + Hzfmﬂ - Gﬁgm ?m CO0H "-'iﬁ"
AHCHO

Gl =1CRD
coot
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They were £ble to isolate both of these compounds in falr ylelds.
Ohis reaction, thoy statef, shows thot the ndditlon of formamide to
tho carbonyl group is the first step in the Leoueknrt recstion.

The noxt sttemnt ‘b’d clarify the nechenlsnm of the reaction
wos rade by Alemanfer ond Vildren.®2 he objeet of thoir work ves
to deternine if thore vere conditlons such that the resction could
‘be earried out vith armoniun Torrats ut not with formamide.

They found thnt vhen acotophenone is heated with formamide
in diethylens lycol tamtian at 120-130°, no resction securred
ovon after as long as £iftesn hours, vhile o yield of 10 per cent
was obtained with amonium formate and acotophenone after fonr hours,

In order to explsin the faet that fcrmmiaia iz o satiefacmy
reogent ot highor tarperatures, they ‘gmpo@ that the follovins
equilibeiun operates ot temperatures sbove 165°:

mom, + o=t 2 moom= ol 4 mo

5O + ncgzmz T OHO0O® & Iat
ond that the srmonivm formate thus profuced is the moterial whilch
ontors into the Teuskart resotion.

Thoy alo found thot the sddition of avhyirous ealeinet sul-
fate to o mizture of formamide ond ncetophemons rescting at 165-170°
lovered tho yleld Zram 30 to 17 por cent. They regard this fact os
proof of the equilibrivum proposcd sbove. o |

On the basis of this wirk, they state thet srmoniun formate
is the required renetent snd that the mechonimp proposed by Wellach

is correct,
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Almost simdtaneously vith the propossl of Alexnnder and
%:immu eane the vork of Webers end Drucw,<s They found that vhen
forrardde is used as the reactant, neld catalynis ineroose the yleld
meykedly. In direct contrast to the work discussed above, they pro=-
pose that the remuired reactont is formmide and thot the funotion
of the neld eatelyst is to incresse the pelority of the earbonyl
group. They sugeost the following as the £irst step of the Tenckart
resctions '

HaNORo
TRYCO 4 M'emes ROV COH oot

2
CH 8111

Y
mcgmmm et Ratgmma + o

During the following yoor, Bennett ond Nerks®* fovnd that
26id extalysts inerease the yield of tortisry amines prepared from
gubstituted forromides and lwtones,

Indiontive of the confusion on this subjeot is the fact that
in his recently published book Alexanderss repeats thot apmonivem formate
is the vequired rosotont end that the correct mochanien is that orl.
sinal ly vroposed by Wallech. He does not nention any other mseibﬁihy;
loore, 16 in his recent veview of the Teucknrt reastion, diccusses both
of the ;}ropusm mochanisns but does not reach o dofinite aanc‘maién -

as to wvhich 12 correct.



Chapter 11

A COMPARISON OF THE LEUCEART REAGHNS

4 stuly of the litersture on the Jeuekart rezotlion revemls
soveral factors ihich rmst bo considered in any corperison of the
effictency of the various reagents vaich moy be used.

‘vaimxaly, f;he temperature ot vhich 2 resction is corrled
out affeets the resction tremendously; 4t st Sherefore be carefully
controlled,

Some vorkers hove removed water from the mixtuve during the
cource of ths rezetion, while othara either hove hot done 8o or have
not roported the fact, Ii seens clear thot the removal of vater ine.
creases the yleld vhen eny resgent-other than formamide is used, It
is not olear, however, vhothor the presense of wator 4sereases the
yiold beeouso it emses the rosction Semperature to bo lover or be-
cango it is itsolf invelved in the reaction.

In on effort to determine the role of zxm water, the rons 1o
corded in Teble T vere ourriod out. These data shov that vater is
involved in the resction. As more and tove wntor 48 removed, the
terperaturs rises: tut ylelds are degreased if an omount of water
approaching the theoretical quantity is vemoved.



™ML ERFECT OF THY RAMOVAL OF WATIR UPON RIACTION TEHDFRATURS AND

Four lolen of fArwonits Formate snd One lole of ﬁcatoyham

Tiquid Removed  Dive robure Yield
0n) (Fre) m?gc.; @
TOTE L 135 16
36 3 U b2
65 & 151 69
7 isv 157

A comparison of the efficiency of the vorious resgents is
shown in Table IX. This series of reactions wos cavried out without
the removel of water ot 1350, the highest mgamm at otnospheric
pressure at vhieh euch o emﬁsaa conld be tods., '

TARLE 1T
A COMPANISOT! OF REAGERTS AT 135°

Tloagent | Tield
loles por lme of Asetop}mmm ~ B

&mﬁmf&mﬁewmgﬁ),.. s 2 s s b e s s uae s oib
ondun formate (2 moles) and Formemide (2 moles). - + 28
Forropide (2 moles) and Fowmlo 2023 (2m0168) &+ 4 & v « v o « 2 2L
Formade (Hmoles)s « o « v o e 2 oo s o s b an o nsona

»
»
t 3
*
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Bofore cny mechanien con ‘f:é proposed for the resotion, one
othor souree of confusion mst be removed. The contention of Alexani.
or that oomonium formate is the reqnired renctent comnot readily be
reconciled with the other g@eﬂmatai date vhich have besn reporbed.
Therefore, it was declded to atterpt some low temporature ms with
agetophenons and formamide, | |

A edzfgérism of seversl of the ﬁmkart raaganﬁs at low
terperatores, vith end without solvends, is shnm in ’i‘é‘bls 111,
Hote tant slthoush the ylelds obtainod with formenmide are low, they

are ronl,.

TATLE 11X
1OV TEINRATURE LOWICKARY REACTIONS

Resgont | | { Solvent i é é ‘» ggj}%‘;\
' Acotophonone {1 mole) plust | :
FTormomide (I rolen) i L J1s b
Soremide ( poles) | Demsens |30 | m5|;
- Ingersoll® (4 moles) | ‘ Bmm |25 03 j25
Formgmide (4moles) and Formie ascid (1'@13* ﬁn&aml % :m 50
Fornamide (4 moles) o |outpifereate |8 10 |7
 Formemids (4moles) and Fornic sckd(t mole) | Bt formate | # | 123 |13
Formamide (4 noles) , Potyl acetats b 155 8 :

BIngarsoll's Ressonb: Vator io distilled from a mixture of 210 ml. of
formde neld end 215 g of cormoreinl armonium carbonate until the pot
perature reaches 165% The resulting mixture is used as the ree

. L4
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Tio renson can be advznoed Yy the suthor for the fallure of
Alexznider to shtain o yleld vhen using ferpomide at lov temperatures.
However, it should he noted thet while he earried out the reaation
in dlothylons glycol at 130°, the precent work vee concerned with
tho renction in verlous solvents at thely Boiling points. Furthsrtore,
whon an aleohol was the solvent, 2 portion of the formemide was Yow
noved from the rexction due to the formation of o formate ester of
the elechol. XFurther investigation moy show whether this faot is
significant,



Chapter 111
A STIZURY OF U507 PACTORS APRRCTING THRE REAOTION

4 careful study of the literature anl of the work which hns

Just beon outlined yiolds o muber of facts concarning the resstion.
They can bs best mmmarized as follows: - |

1.

2.

k.

5

6.

'

8.

A reduoing

then water is removed, a mixture of fornanide end formie

weld gives the best yields

Jrmonit formate glves beottey ylolds then formanmife, although
m does not give yieolds so high as formie acid and formemide
combined, _ '
4 mizture of formamide ond montum formate ia 5% good as,
g no bettor than, smmontum formate nlone.
At lov Mgzéram when water is ot removed o MQ of
ermontim formte ond formrmide seems to bo best.
With any recpant other than forpanidn, ylelds nro Lrproved
when water is removed frem the rezstion rixturs.
The yleld is lovered vhen n dehydrating sgont is used slong
with formanide,
Seconinry sni tertiary crmines may be ;;rez:ama' by use of
substltuted Lormmnides,
Aold eatclysts increase the yleld vhen formamide is used os
¥he vospont.
’ ngent is required,

10
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It vill Do obnerved thot in overy case formanide is initlally
present or con ensily be formed by dehyiration of comonivm formate,
that vater smst bo somehow concermed in the venction, and thok
o rednoing agent is roguized. Turthewnove, the faniliar resonanoe
forms of tho ketone [RRNCO & RR 6= 0" ] mst alse be considered
for tholir offeot upm; any possidle nochanimm,



A PROPOSED HEGANISH

On the basis af tho preeeding summery, it is pessidble to
propose © peneral mochoniem for the Leuckart reaction uhich accounts
for all the facts. The following mechomisr is proposed:

. o on
-0 TLNCHO m*%iiagzm - mv&mm (1)

A% the tepersture of $he reaction {1350 oy highor) water

lits out:
on B
ARYCEEOND - MRIO=H- 00 4 I0 (2)

The produst of step 2, having a conjugated syaten of two

double bonds, chowld have the following resonence Tormat
, o T

TRIOE N €= 0 2 MG TZ Coe O
The water obtained in ctep 2 then hylrolyzes somo fortrmide
%o give o small concentration of mrmoniun foreste vhich con sorve
as the redusing egent which the resetion requires. ﬁm introduntion
of o dehydrating agent wvould decrense the smount of crwonium formmte
vhich eonld be forned; thorefore, the yield of the reduced profuct
would be diminished,
12
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It will be recellsd thnt Alexander and Wildmen®® reported
thet the aﬁéition of onhyirous celelun snifate to o, veaction rixture
contelning Zornemide end ceotophemons desronsed tho yicld from %0 to
17 per cent. |

In e solution containing formmide [vhich hen a vory high
dicleotric constent] srmonium formate is pmb@ly hhly mmaﬁw
The most reasonsble mechanism for the reductlion ﬁy t}m Zormate lon
consiats of the addition of the formate lom to the poaitive center
of the formirido compound, followed by o hydride ion Qﬁii‘t uith the
subsequont. pelenss of corbon dioxder

R " - . &
« 1 § N T
RMCa N Cow 0 4 ™ 020 = | Rt 0mlim Cme O
] 0
1
L B 4
T I
B CmB= G| o [FRVIC Y= §0™) + 00, W
i
"§00

The final step is aceomplished when the smmonium ien cives
up o proten to the interediate vhich was formed in step i

B 1
vy _ ; ) 1
(MR HO—=Cm 071 & I = RRMO—N=m C— OR + N

FRYHCBHONO (5
In this case stopes I ond § 1inmdt the resetion, sines the con-

emtration bf' the redusing cgent 18 very small,



Yielde are incressed when formie acid is added to o recotion
nixture eontaining the Loetone and formmrdde. This can b easily
ancounted for on tha basls of the proposed nechanisn,

| Steps 1, 2, ond 3 aro eusentislly wnchanged, slthoush formic
ooid prododly inoreases the ool form of the kmetons. Since formlic
20id 45 present, tho concentration of tho effective raducing agent
1s mch higaer then in Cade I. Therefore, steps I ani 5 procede
rore ropldly and the yield is therody improved.

frmoniun formbe gives botter yiclds then formamide, This
15 explained ss followas '

Upon hesting, amwoniunm formate 19 casily dehydrated to formoae
mide. The formemide thus profuced ~dds to the Imtons, ond tho re-
action procesds Just sns in Case 1. Ample momonlum formate is presont
to sexve as o reduoing ngent.

Viater st be removed in order to insure good yiolds vhen
ey resgent other than foriamide is used. Theve gre obriously tw
ronsons :‘;Gz? this, ¥irst of sll, the removsl of wator foollitates
the f&mﬁﬂn of forpamide from the srwonium formste né well s the
formstion of tho intomsdints of step 2, Turthermore, the presence
of & large W‘Ei‘@ of water leeps the isemperam : ‘

low. Tote, hovever, that according o the dsta of Toble I, 4% 1s



15
unvigse to remove too mich weter. Vhon thiﬁ iﬁ done, substantially

211 the srmondun formate has Doon convertod $o formemide at the
oxpense of the redueing agont; end ylolds ars decressed,

Caso IV. Renctonte:r Fommamdde snd Ammonium Formate

then water 1o removed, mized formomide :md ormoniuvn formate
is as good as srwoniun formate alons tut no better. However, when no
water is removed, the riiztm is botter thap armonium formate slons.

The sere goneral mechaniem :'1%3 the behavior of tho rosctlen
mixture vien both formamide ond ammonianm formate are prosent. Some
wetor s mmwe& 4n ovder to foros step 2 fovand, since this wator
18 not uned up in the formation of & reducing ngent. In thls case
only o small mﬁ of uator should be removed, raeh loss then wimn
amoniun fornate alone s present.

Yhen no water is mmm, 09 vas the mmmm&am
of Table II, the mixture is better then srmwrdun formate nlone,
becsuse the concentration of formamide iz rmch hizher.

This gonsral mochenien, thereford, seems o £it &1l the Leots
concerning o1l the possible resctonts used in the Leuckart reaction.



Chapter ¥V

THZ PROOF OF TER PROPOSKD MECHANISK

In order to investigate a mechanism {t is nececsary to determine
the order of the resctlon, which represents the mumber of concentration

fastors eppearing in the eguation for the rate. The obvicus method of
accomplishing this is to voary the concantrations of the possidble re-
agtents and to determine the effect of these changes. Integrated
equations based upon varlous orders are applied to tha 4ata wnbil one
ie Tound to fit. '

1t Mmﬁhmm%&mﬁm%&taﬁaﬁeﬁn
vation of the various ate equations. A list of the integrated forms
together with the simple methods for determining if the data fit should
o suffiofent.

Firet Ordexs A - Exedugte

elog o= k2,303 4 ©
vhere g 1o the concentration at any time, $3 and §, & conetant of
‘integration. A stralght line &s obtained when log g i plotted sgalnst

ond Ondext A + B - Prolugts

ai - ng o=kt +# ©
where g0 1s the ini#fal concentration, g is the concentratien at any
time, 4i and O, nnother conmstant of integradfon., A stralght line is
obtatnod when 1/ g in plotted against time,
16
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1 Bla-x) L .
A B amd Ta(bx)

vhere z ond b are initia) concentrations, ond x s the amount rew
acted in time, 3, ,ss straight line is obtained x*‘m log -3-(-?2:-;-
is plotted a@ﬂmt time,

Iﬁxfartmmy. the Louckart rosction, as it is normally
carried out, Goes not lend itself to kimetle invostigntions, One
of tho basie conditlons of the Ifinetié theory of solutions is that
t}m medium in whiea the recsotion ccours rmst be reasonabdly constant.
Binee in most cames tz:zs Louskort recction in carried ot :eif.hant o
solvent, the concentrations ave vory hlgh end the nedlum chonges
- constantly s the renction procseds.

Furtheymers, vhon the recctonts present aro only a kotons and
formemide or armoniunm formtbe, no reliable rothed for mmm;
econcentrotions is svalloble. The anlﬁ ons posgible in this ‘case,k thoe
ronsurenent of carbon dloxide evolved, is snsuitalle beemse part of
the onrbon dioxide L6 tropped in the condenser in the forn of srmonium
Gaxbarnte.

Tims, it soens thet only the reestion botween formmide,
forrde aeld, and o ku&t@m ean 'ba adopted to a kinetio study, aincc
4n this case no armonia con be evolved,: |

In oxder to doternine the oxder of the firet step of the Te-
oetion, it im necessary to cvold the possibility of the m@cﬁi&i |
_ step belng the rate-detormining ono. This may be nost casily ac:ma-
plished By the employment of formie 20)4 as the aelmt. Under these
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conuitions the neld concentration is mah gronter than that of the
other ronctants: the reduction step should ccewr rmich more Fapidly
than tho inltial otep.

Several prolinminary runs wore corrisd out in order to de-
tornine the most practicsl conditions for kinotic meseurements, It
wos found that m:aiively low temporatures and high é&ncantmtiona‘,
ore recuired. Vhen water is not removed, the roflux terperature
of the rozction nizture decronses ns the ronction proceeds, It is
therefore necessary to carry out tho reaction st o temerature belovy
the reflux temperature of the nixture ot the complotion of the re-
action, It vas declded to operste ot o temperaturs of sbout 1257,

At this tem:ergsmre solutions in whiech hoth forramide snd
sestophenons vore 2 molar resulted in reaction rates which were much
too glow to Do yraetlienl. Iven with eoncentrations of 3 mlar,‘ the
resction would be ono-half complete only aftor shout 3306 hours,

The rote constonts shich have boen ohtained ore corpiled 1:!.
Toble IV, The date eollected during the voricus rums nre listed in
Tables ¥ through IX; the detomminations of recction order ave shown
40 Flgares L and 2,

Braminstion of ¥igures 1 and 2 reveals thzt the reaction
under these conditions is moet cortainly seecond order. Very emnm
straight 1ines were obianined vhen the proper identities for o seoond
order resction were plotted.

The dete vhich sve compiled in Teble IV, howevor, show that
the volues for the rate constont do not chedlc vory well. Tote that
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Figure 1.

EINRTICS OF THE LEUOEART REACTION

Solvent -~ 904 Formic Acid

A, B == 4 M Acetcphenons and Formamide
C —— 3 M Acetopherone and Formamide
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Figure 2

 KINETICS OF THR LEUCKART REACTION
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the volue is ‘fai‘rly constant when the totel coneentyation of reastonts
is 6 mlar, tat that the volue cbtmm&f vhen both enide end ketone
are !} molar aa§s not check with the othor thres.

TLE 1
RATE COVSTANTS OF T TRUCKART REACTION
Aestophenons ond Formeedde 4n 907 Formie Acid
Initiel Comcentretion in Moles per Iiter | Rote Constant
Kotons r T pmide {Moles por liter-hour)
oy 4 24 x 1070
i L | 2.2 x ,1’0“""}3
2 & 1.5 x 1073
s 2 1.3 = 073
3 3 1.1 x 107

It must bo consluded, therefore, that tho consentrations used
in these deteminations sve too high: the requirenent that the yoe
setion medium be unchanged during the esurse of a determination hag
not boen mot.

It will bo recslled that 4% wae proposed thet the first step
in the Leuckert rosction consists of the addition of formamide te
the ketone, Yhen this is the rote &e%eminim; step, as it should be
under the m&iitkm outlined sbove, the reaction should indesd bo

socond order,

Tha fret that the kinetie study discussed above shows this to
be true constitutes manmk support for this step of the proposed
nechanism,



22

TAELE ¥
EITHICS OF Ti0 ISUCKARE REACTION

I+ i Acetovhenons, % }f Formomide in 907 Formie Acid. Terperaturesz 1250

Time | Ceorbon Dioxids iwolved ’(tblxtﬁ:?? '- &
(Hrs.) (3%19‘3/ teor) . e ¢
| iter Rotone ond imide |

0 | 3.85% 1 o.250n
1,00 0.0l 3.810 2625
2,00 | 0.087 1 s | e
5,00 | ﬁ.xsi; | 3,700 2703
6.00 0.22% 3.630 | .o
9.00 | - osm | . 253 | .80
1200 | o 3436 | .m0
22,00 ol | sam | oaws
oo | oo IR X U R 7
36,00 04993 | 2861 3495
47,00 1,182 1 e | ome
Csteo | v 28 | .60
36,00 1,345 b 2 1 .88
6200 R Coadmo | s
72,00 1,567 _—— 2.287 4371
80,00 | 1.672 2382 | By
800 | 1.730 ) zax | w07
96.00 | 1.860 I 1.59% .5015
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KIOTIUS OF TH3 JLEUCKART REACTION
2 § Acstophemons, 4 N Fornmedde in 9070 Formic Aeld. Tomperatures 1259

TATLE VI
KIMETIOS OF THE LSUCKART REACTION
I Y Acotophemono, % }{ Fornamide in 907 Formic Acid. Terperatures 125°
’*i‘iraa cm Moxide Mm T Congentration | ' q
(Hra,) | (tblea / s.i*‘be?) | %E;;e% T
0 3,990 I 0.2508
1.00 0,02 3.965 22
2.00 062 3.928 +2513
13,00 210 3,580 2793
21,00 622 5.366 +2960
26,00 78 322 43085
37,00 973 - 3.007 N5
TABLE VIT

Tino Oaxbon Diowde Bvolvod Concentrntion bl

(frs,) (101es [ 1iter) M I“’gm

0 eene | 20w 3.9%]  ©.00000
1,00 0,012 1 1.002 30902] om0
5:25 055 | ?§~'859 3,851 .00651
24,00 L6 a6 | a.68) . L0195
12.00 .182 sz | amz| . o2;
22,00 230 ‘1684 } 368 02928
26,75 273 1.6 3.6 03543
35,00 B 1,566 3.566]  .oum
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TAVIE VIIX
KIMRI0S OF THY TIUORANT REACTION

I i Acotophenone, 2 1 Fornanide in 907 formic Acid, Terperatures 125°

Tine Cesbon Dioxide Fvolved |  (rosoariates) | zog 2{2=2)

(ﬁrg,) : (¥oles / Liter) | Toome 1 e | | a(b-x
o 1 3.983 | 1.98 000000
2,00 0,021 | 3.962 1.962 .00232
4,00 .00 3.9%3 1943 | .oouly
8.00 | .075 | 2.908 1908 | .ooms
12,00 ReTs {286 | 86| .oamo
24,00 ~ .219 34764 1760 | .02626
30.00 .263 L3 | wr2o] o322
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CARLE IX
FINITICS OF TIN LUUCRART REACTION

3 K icetophenone, 3' Y Formenide in 907 Formic seid. Yerperatures 125°

Dire Carbon mm Brolved | Cenceﬁmtim ]
(ies.) | (toles | 15t0r) | poblesfiiten) -} ©
o s | 2093 | 0.0
2,00 | 0,013 1 2,980 | 3356
508 +031 2962 3376
7.00 059 BR-X-: S S
10,00 .088 1 2,905 a2
14,00 27 | | 2,866 | e
22,75 | .206 | a8y 3588
2225 | 2 26 | .3
F00 29 | C26% | .amo
38.75 335 o 2,658 1 .ama

Obviously, the Jdnctic otudies just outlined can be of volue
only for the clarifieation of the first step of the reaction. Thore
doos not soen to bo a practicsl method for investigating ths remaine
inz stens fron tho stondpoint of IHnstie studlen. ,

It now becoros nocenozry to advones sons proof of the yroge

encs of en intermedlate of the {ype RN C=NCHO.
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In rocent yeors, ultra-violet shsorption spectroscopy hae
proved volusble for the deteomination of compounis of Imown or un-
Inovn strusture, since tho chsorption of ulira-violet light is de-
torninod by the clectronic structure of the moleculs.

The absorption sveoctmm of a substance is the spoctmoz oblained
vhon the nbsorbent, or sblution of 4% in o suitable transperent 0l
vent, is placed in the path of tho light emitted by some msource. The
spoctrun s obteined by moans of mecsuremsat of the propartion of
11ght which is bsorbed. Tiis is accorplished in modomn instruments
By the use of a photoslectric cell wiich is exneble of compering the
intensity of o bem of 1ight which has passed throush tho pure solvent
with thot which has passed tiwough the solution wer imvestigation.

The intensity of abaerpiion is rolated to the thickness of
the sbzorbing layer and the caacantratim‘ of the sbsorption by the
fanilinr Beer-Lombort lov, vhich states thot tho fraction of insident
1isht ohsorbed is proportionsl to the mumber of sbsorbent moleenles
in the 1ight path. | |

ﬁzerefom, log Io/ Iz 0.4343 eod, %zhere I, is the inoifdent
1icht and T 4s the trenenitbed 1ight at any ome wave longth, g is the
concontration of tho solution in moles per 1iter =nd 4 18 the mw@.
ness through vhich the 1ight &8 4ronemitted; 8 is tho melar extinction
coeffiolont of the eolute for the partieular wave longth. B

The curve relating wove-length and sbhsorption intensity is
characteristio mf a substionce. Slnee the wvalunes of the oxtinotion B
cosfficlent are oftem lorpe, it is customary to plot log g instend
of g itself,
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The fundemental interpretation of ultra-viclet chsorption
spectra of any tut the simplest of melocules is extremsly complox.
Hoveyer, it is pbasime to defuce the genersl n&m of é, mﬁl@ﬁ&l&
w:rm of ermpirienl corrvelations botwsen aﬁamtm spectra and

structure, | \

Corpletely saturstef aliphstis corpounis sbeord only in tiw
far ultro~viclet reglon of the s;sezetm; vnhile can:gma gont&imng s
sincle unenturnted group show hisheintensity sbsowption in the 170w

200 n o rogzion. mhylem' end enrbonyl groups alse show 1msmma.ty
‘bands in tho netgiorhoed of 270 mym,

Vhen two or rore cliromophores arc present in the some molow
eulo, thelr shsorntion is ususlly cdditive é.s &ng a8 ﬁmy are £opar-
atell by two or poPe single bonds,

Two chrorwphores in conjummtion, however, chow o new typas of
pheorption, The absorption mexirmm due to one of the groups is mt—
1y intensified ond shifted toward tﬁa vi,sible reglon of the spestrung
ond &b the sere time, o new naximm is prodused, For ozmmle, Crow
toncldehyde exhibits ot 7 B end 32 np, vhile othylone

and acotnldehyde both exhibit o single noximw ot 185-150 m]a.

Therefore, 1t sma. not be difficndt to shwﬂaé Prosence
of & coppound eénmming n conjusate systen in tha presense aé: othez
mﬁ@mmﬁ whlch conteln only ons double bond, | '

Tote that in the ease of o simpls aliph-tie kotons, of formie
aeld, ond of the substituted formemtde, the final product of the re-
action, only one double bord is pregent. The provosed mf:éme&iaﬁa,
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however, contoins o conjuznte oystenm of two &s’a"ble bonds., For this
reason, the cbsorption curve of the reaetion mixture after remetion
has oeeurred should be rorkedly changed fronm timt of o mixture of the
reactants and produets,

Prelininery dotersinctions of the edbsomtion cmrve of the
rosction nixture of ncetophenone and forpemide indiented that the use
of this mizbure is inadvissble. Acotophamone has such inteuse
ebsorption mo that the absorption maxima of o compoum in Icm ;
econcentration would be completely obscured, 1f they should be close

to those of acotophensne.

In order to avold such interforence, vhich is due 4o ths
resonance of the benzens ring, 1t wos declded to use nethyl isobutyl
Yotons instosd of acctophonons when thw wltre-violet absorption
eurvos vere to he detornined, | '

Tho abasorption curves of formemide, mothyl isobutyl lotons,
and 2-methyl-l-fomaridopentans, the finel product of the resction,
sre shom in Figure 3. Yote thot the two smides do not chov an a‘!;; o
sorption naximnm chove 220 zafx,, vhile methyl isobutyl letons has a
parimm ot 280 n P |

Figuros I znd § depict typical absorntion curves of the
Louekart rezetion mixmms after veaction has cecurred. |

The yeaction nizture reprocented by the corve of Figure b
contained forremide, formie nold, and mothyl isobutyl kotone. The
reaction wns contimid until most of the kotons hod boen deploted.
lote th:0 oppearasnge of o new paximm ot 340 np and o new Mﬂ.ﬁr‘
which repmmnﬁg & naximom a‘s,_ahm% 280 n Jol
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ULTRAVIOLET ABSORPTION
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Curve A, Figure 5, vwos obtained from 2 reaction in which only
formamlide and he lcetone vors present. Noto thzat in this cose, the
naximm ot 340 n 48 alnost completely obseured by the absorption
of the katons, |

| The voanction nmizture vhich furnished Curve B, Flgure 5, 2ls0
contained formamide and the ketone; and in additien, o smoll emotmt
of anhyllrous calefun sulfate wes prosont. In thie esse the shoulder
at 340 _n/m is roech more proncunced,

‘ If these new obsorntion maxims ere due $o the presence of a
forminido compouni, tho prosence of o dehydreting azent would be exe
pected to couse its cbsorption to be nore intense. Since the adiltion
of onhydrous calolun suifate does indeed cowse 2 more intonse absorp.
$ion ot 240 and U0 za,a, =nd sines these now naxinma cannot be ai;trftnikw
ed to the starting mnterisls o» produects, it scems entire%y;reaeom‘fsle
to complude that an intormedinte of the type MmN :}"::a 1o
indeed formed durinz the gourse of tho Leuckart recetion, .

It 18 sdvisoble, vhorever possitle, to ctploy more than ome
nethod for the identifiention of o renction intermedinte, particulerxly
vhen that intermediate has not been isolnted. Tharefore, it was de-
cided to carry out a pclarpgrapl;&c atody of o Tenckort r%e*kiax_& mixbure.

The polrrographie nethod in sonoral ray bo defined ne an
 anclysis based upon tho eloatrolysis of a very mimute froetion of
o solution in o coll consisding af ono snzll, easily ‘puls:riMa,
and omn large, non-polarizsble, elootrode. 27 The polsrograph is mn
instrumont which reeconds vefuction curremts resulismg Lrom the spplication
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of grofislly incrensing cathodie potentlsls to o dropping merveury
mcman.aﬁ,

“@sn 2 potential is applied mcroos o coll contauining a solution
of an lonic sibstence, the very familisr Om's lew, Bz IR, spplies.
Since the resistonce of the solution iz constant, 28 the potential
is increased the m:r:;ent incrosses mbmﬁlonamy, until the
potentinl bocomss high enough to emuse the reduotion of somo substonce
4n the solution. Vhen this occeurs, ths smount of current consums@
inoreases rapidly.

Hlov, whan the slootrode is very small, as in tho case of the
dropping mereury electrode, ond vhen the solution is not stirred,
tho solution zround the surface of the electrode bosomes depleted
in redueible moteriol. This phemomemon is kmovn as concentration
polerizotion., Vhen the potential beeomes lorpe enough so that all
the redueible éu‘hsﬁ:;ma which con et to the surfaea of tho olectrode
during the drop time is reduced, complete concentrotion polariadion
has been abtalined, |

At this point, the purrent can no longor incresse, because
it is detormmined by the rate of aiffusion of redusible mteﬁaﬁ. fm
the bulk of the solutfon. Sines the rate of diffusion is proportional
to the difference in concentretion in the two regions betwoen which
the ﬁifmion ocenrs, the diffusion current is pmpartianul $0 the conm
contration of reducible fons in the tulk of th# solution.

Therefore, it hes ?men‘eatablimhé& that the potontial nt vhich

reduction ocours is charspteristie of the substanee, vhile the é.ifﬁam :

ocurrent at this point is proportionn] to its concentration,
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A large munber of substances, doth inorganic and orgonle,
vhich are reducible at the droppling-nmereury electrode, and o smaller
mirber vhich are oxidizable, glve charscteriatic polarographie ums.%

Included svions the reducible substances are oxygen, oxrhon
dioxide, unsaturated organic compounis, =i eome oldehydoes snd hetones;
vhilo earbon monoxide, slechols, estors, and other eldehydes snd
ketonos ave not roducible.

Therefore, it appoars that 2 compound such ag the proposed
" intermedinte should be dotectsble by means of its polorographie
reduction weve, In ordor to avold any possible intorferonce due %o
the benzene ring, nethyl isobutyl ketono was used instesd of acotow
phenons, |

"The first step in on attempt to show the presence of o ney

substanes mist bo, of course, tho estoblistment of tha polarogreshic
waves of the noterial Emum to be nresent in the resciion mixbture.

Pigare 6 shovs tixa results oblzined vheon am attempt was nade
to reduce nothyl fsobutyl -otons, nsinz & solntion of 1ithiwm chlorlde
as the supporting elestrolyte, Observe that no veduction of the ko-
tone has occurred. The low wnves whieh are presont can only be dus
- o o snall ansunt of dissolved oxygen or s smn Wﬁ; of organie
peroxides dlssolved in the kotone, o'oY

- Since lithivm chloride iteslf is reduced ad aboub ~2.2 volts,

it con only be used as the supporting electrolyte for matorials which
are rofuced at lower potentinls. Therefors, theﬁ deternin-tions upon
the Leugkort reactlon mixtures were mefe with tetremeilyl armonium

broride as the suporting electrolyte. Using this solution it is
poassible to operate wp to o potential of -2.5 volts.
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Pirure 7t 1o the polorogrem of o 0.1 I solution of the nupporbe
ins olectrolyte; 7-B iz the poloropren obiained after the solution hodl
'beem rade 0.1 U in rethyl isotutyl Letone. Obviously, the Let@m
has not beon reduced.

However, the polaroprenm oi‘ & 1 per cent solution 'of the ro-
action nizbure, Figure 7-0, chows that redveldble natorial ia presemt
in the solution. It is thought thot the 11l-defined waves bstwvesn
=17 ond =1.9, at -2.1, d ot -2.25 volts are due to the peculiar

navior eﬁﬁb’ita& by agueous selutlons of fﬁmi&a}l However, the
e ot -2.33 volts is mot chavaeteristic of formmide, and muot be
due to some now substance. |

£ garple of the renction mixture vos then vanhed seoverzl
tines vith wator in oxder to remove 1l the fomamdde, The wtore
insoluble noterisl was then subjocted to polsrorraphie reduction.

ﬁ;?igure 7=D 18 tha pairxoggrm of 2.1 per cent solution of this
mixture. Observe that the veves fue to the formemide hove dissppenved,
vhile tho vave at -2.33 volis is more clearly defined. Thevefors, it
Scens recsonable to state thnt an intermedinte of some type is present
cnd thet its polarographic redustion wave ocours ot -2.33 volts. |

Most simple unsabureted corpownds are reduced ot meh lovor
potentisls then mia. Rowever, vhen the cormound contains o reson-
atinz gysten, the reduotion bLecomes more ﬁii’*”iml‘b ‘”’-ha e
- intensive the resononee, the more anmmz is the m&z:cﬂon. %v
exarple, the reductlon of 211yl zleshol has boen showm to oceur at

~1.6 volts, vhile phytol and tho chlorophylls are reduced at about
~1.9 volte, 32
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Figars 7

POLAROGRAMS IN 0.1 M TETRAMATHEYL AMMONIUM BROMIDE
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~Gince the resanama of the proposed *famimi&o_ em_;mmc‘f.,
ARIG= He~ C=0, is probobly still pore intensive, 1% is not at all

unreasonsble that its reduotion vave showld ooeur at ~2.33 volts.



Chapter VI
BEXPERDLNTAL DETATLS

The acotophensne, nmethyl isobutyl Letons, and formanide
used in this vosearch were €. ¥, cheniesls, carefully dried an&
redistilled before vwse. The formio acid used was commercial 90
per cont formle acid. | 5

| The comparative runs listed in Tables I ani XIT were ecarried
out ot o temperature cuch that o gentle roflux was ;aintcined, The
runs conpiled in Table II weore raintzined nt constant temperature
by moons of a Brownm indieating controller.

The profuet of cll runs of the Leouakart resction listed
in this work was }igomm& aecording to the followiﬁg genexal nethodt

The resetion mixture wos olleved to cool ond was washed three
times with weter. In order to spsed wp thé separation of lagers,

50 nl. of ’ben?sem vas cdded to the nmixture, After sencrating ns mc};x‘
wator as possible, the benzone layor wes subjocted to aneotropic dis-
t1llotion, with seporation and removel of the lower layer of the
distillate, in oxder to dry the naterial thoroughly.

The resuliing dry pixture zr:as then distilled throvgh a snall
colwm i:m«me of effecting = sepnrstion ocouivalent to a‘hmzt gix
theoretiesd plates. The frection boiling at 138-141° ot 2
pressure vss collected and Teported as the yield of a~phonylethyl

forramide,
39
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The kinstics roosurenents were oblained as follows:

The sicrting natorinls vore wolighed to the nearest millizran, rmode
w2 o 100 ml. with formie zeld and ykced in t}w ronotion flasl,
This flask wos fitted with o reflux coniensor attached o an ab-
sorption trein acﬁsisti:g of two treps contoinlng concentrated
sulforie acld and ons mntaining snhydrous celeivm chlorife. The
entire oysten vas swept by = strean of nitrogen vhich zmﬁ.‘bean first
passed through sulfurie acid ond n tube containinzg Ascarite.

%ﬁa apoumt of earbon dioxide evolved was determined by pasa-
insz the offluent gases through tubos contzining Ascerite. The volght
of earbon dloxide tropoed in o ressured period of time uns then dow

ternined ‘by tho chanze in the welght of tho absorbing msterial.

It ves foupd unnecosssyy and undesirable té'aﬁtaa:p nitrozen

© theough ;hé system contimwusly, sines an novreeizble anount of |
fornie aeld was piched vp by the current of nitrogen. Therefore ,-‘
the eystonm was swept :aut vith nitrogen for ten nimites just before
o #omple was to ba waigh&&; This oweepins time wos fm;né to bo
suffielent o carry the corbon dioxide into the wolghing tube,
A gerles of Blank runs shoved that a blanl: of five nilli

gramag had to ?}é mabireoted i'm -ishg apparent welght of carbon
dioxide. ,

Tho uss of earbon éimm» nessurenonts to fanw t}m course

of thoe mam:ion is bw,;:eﬁ upoen the rensyel’ oagx.tion f‘or the I»mci:ax*t

reactiont
RRICO & HANCHD 4 HOOOR - RRCCHDICNO 4+ Hx0 + O0p
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Tor evory mole of carbon dioxide produced, one role of !mtone
and one nole of formomide ic consumeld. On this 'b;asia, it 1g quite
 simple ‘!;o calcﬁlate miﬂ.t and imtcns ﬁcmentmtim from *hha smpunt
of eoxbon dloxide mlvaﬁ.

Titra-violet anbsorption curves wore obtoined by meons of
o Doclman Hodel TV Quarts Spectrovhotometer. All solutions were
- originally diluted to 2 concentrstion of 1O pér cgn‘b; end farther
dilutions vore rade, as necessory, in steps of ons-tenth. In
nosi cnsen, mmtinns of 10, ?...G;- b.l, and 6.01 per cont were require
ed for the complete absorption curve. The value of og I,/ Y was
rond direotly from the instrument. A nodified extfgnctierx coofiicient
- was then obtained by dlviding this vame by the eonecentration of
solution being measured. Thms, the volnes plotted in K‘igama 3. By

. el 5 were obtained from the emuationt
o - log 1 l I

. e )

g e = log

.Eeaﬂ.iﬁga vore telon at 2 n iﬁtermls ot eriticsl points on the curve
end ot 5 mpm intervals over the remedning ronge. - N

A11 polzrogrons wore nade vith & Sargont-Hoyroveky Hodel XIX
;*ecgr&ingpohmgm;m. The raterials usell to nake up the solutions
of ngpqrtmé eleotrolyte wore annlytiend raageni grcie eZmimlu _
rearyatallize& soverpl emee.‘ These solutions were m&e in 2 mw cent
mter«ethm:oi miﬂzture, fm order to inmare comzslete solution of tho
ketane. .

All temperaturos reported 1n this work refer to the Conti-
erele sealeo. |



Chapter VII

SUIHARY AMD CORCLUSIONS

A eomplote neghonism for the Leuelmrd reaction has boon pro-
poscd.

- 1% Lins been showm thnt this' nechonisn £its 211 tio published
mokerial, with the exesntion of part of the work of Alexonder vhich
has been shown to Yo in error, ' |

Comparative runs with various Leucknrt reagents Lave heon carried
out, anl the resulis obiained correlated with the proposed mochonien.

Three saparate atizeks have bheen mado upon the problen of prove
ing tho neehonien to be & true pleture of zﬁ;at actvally occure in the
course of the Teuckart reaction., o

It has beon shown, by veons of Iinetie studies, that the Jirst
stop of tho resction is second ovder, vhich is to bo expected If the
proposed mechenism is correct.

I% hog beén shown, by noons of spectrophotonetrie studies smél.
'zwlarégmpmc stufiies, thit an intermediate such as 19 proposed as o
part of the recheniem is produced in the esurse of the Leuckord reaction.
| It mat be painte& out hore thot none of this naterial eon be
rogarded ns conclusive proof of the pmechomisnm, Ho?mver,_ the fact that
211 known data, both that of the memm end thot rosulting from
this work, support the mac.‘xﬁgnism in overy detail constitutes strong
evidense of 1ts validity.

Wz
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