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ABSTRACT 

Various derivatives of c•phthalimido-(3-ph.enylpropionic acid 

h,ave bet:m synthesized. starting from phenylalanine . The derivatives 

have a doubly bound nitrogen Oll" sulfur atom in place of the carbonyl 

oxygen atom. The goal of the work was to prepare similar derivatives 

of other acylarnino acids for evaluation as substrates i11 studies of 

c\ •chymotrypsin catalyzed hydrolysis. Thia ha.a been accompHahed in 

the case of th~ amido1dmes , aa exemplifiad by the preparation of 

_!!-a -aceta:n:1idc- p-phenylpropionamidoxime. The preparation of this 

compound was accomplished by the use of a new method for cleaving 

the phthaloyl group, discovered during the preaent study. However, 

the above co:rr:pound was not hydrolyzed by G•chymotrypsin at pH val­

ues ranging from five to nine. 

3-!ndolecarbonyl chloride has been prepared by an unusual 

method and uaed to acyla.te c-amino acid derivatives. 

The enzyme-inhibitor dissociation constant of o-chymotryp­

sin and l_• c -acetamido-!3-phenylpropionamidox.ime haa been determined 

using nicotinyl- L -tyrosine hydrazide as the substrate. 
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MODIF ICATION OF T}US: C AR BOXYL GROU P 

0.F ! 'l. 1>:,HNO ACID O :.tRI VATIV E;~; 



A . INT RODUC T~ON 

E sters, amide s, hydroxam ides, and hydrazides of certain 

c - am.ino acids and acylated c.-amino acids have been used as sub­

strates in studies of the alpha-chymotrypsin catalyzed hydrolysis 

of a.:rnino acid derivatives. Various other derivatives of carboxylic 

acids such as the nitriles, RCN, amidoxirnes, RC(=NOH)NH2, imidic 

'=!eters, 11 1C(=NH)OR2, amidines, I-{._C(=NH)NH2, and thioamides, 

RCSNH~ , have long been kno"vn• The studies reported in this sec-
t. 

tion grew out of a long range goal of exam ining the suitability of 

the above derivatives of thG u-amino acids er acylated o-arrdno 

acids as substrates in enz}'-rnahc hydrolyse s . 

Examination of the literature revealed that only a few such 

d erivative s of ct-am ino acids had been prepal'ed, and that the rneth. 00 

ods used were not suitable fo:r obtaining optically active com.pounds 

staxting from the optically active G-an.--dno acids. ,\.ccordingly a 

synthetic study was initiat r.;;d and aimed at developing suitable meth­

ods for converting optically active c-amino acids to the desired 

d erivative Bo 

The investigation \'Vas divided into four parts: 

( 1) the preparation of a few derivaUves of the model com• 

pound, hyd.rocinnar.nic acid 

acids 

a cids . 

(2) the preparation of derivatives of ;-.;•phthalhn ido acids 

(3) the preparation of d e rivatives of other i:1 -acylamino 

(4; the extension of the methods to optically active e• a rnino 
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Duidng the coilrse of ih~ work it was decided that some of the 

derivatives of G.-phth.ali:rnido- j3-phenylpropionic acid were of sufficient 

interest to war:,,:-ant study not necessarily related to the original goal 

of achfeving new substrate: s. The results of these studit3s a.re in-

eluded in I art I of this thesis. 

It may be mentioned here that the four steps of the investiga• 

tion outlined above have been successfully completed in the case of 

the ar.nido:Jdmcs, as exemplifi,ad by the preparation of .!:•• n-acetarnido­

p - phenylpz,opiona:rn idoxim8. How,':)ver , when this compound was t t:1 sted 

at pH8 ar:i a substrate for c -chymotrypsi:n, no hydrolysis was obse!'ved. 

'T' h e prepa:i.·ation of a number of other derivaUves of the desi:red type 

. has been carried as far as t he second step mentioned above. That 

is , the phthalim.ido add d<::,rivatives have been prepared. 

B . THii: CHOICE o:r A SYNTHiI:'TIC ROUTE; F·RELIMINARY EX­
y::r,:RH1h EN'K'S \V1TH HYDROCINNAMXC ACID 

Moet of. the acid derivatives under consideration have the 

s trudure R1C(=NR2) X where R 2 may be any of various atoms Ol" radi­

cals , and X is oxygen or nitrogen to which one or two groups, respec­

tively, a::;.· c: attached. In order to lb-nit the scope of the study it was 

d e cidzd to consider primarily de:dv-a.tives in which hydroi.::n1 has re­

placed all possibl e alkyl groups. Thus RrC (=NH)NH2 was co:naidei·ed 

rath0r than r:1 (=NR 2)NR 3R 4• lin some caal;.!e compounds of the desired 

type may be p:repared by direct acldiUcm of certain reagents to the 

nih·ile. F robably the most impo1.·tant routG to su.ch compo~"lds, how­

ever, is by way of foe corresponding i m ino esters, R1C( =NH)OR 2, 

which a.re obtained as the hydx-ochlorida s by treating the nitriles 

with an alcohol and hydi-ogr,m chloride . 
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Accord ingly hyd1.·ocinnamonit:rile was allowed to react with 

one mole of methanol in th~ presence of dry hydrogen chloride. ,r,~ 

solid slowly separated which was probably the imino e ster hydro­

chloride . Tz·eating some of the above solid with alcoholic ammonia 

and evaporating m ost of the solvent gave white prisms which were 

probably th,"J amidine hyd rochloride. These hydrocinnarnic acid 

de:rivatives were :oot further characi:erized because by this time it 

was found that the corresponding derivatives of L-phthalimido-f3-

phanylpropionic add were as easy to hand.le ae the hydrocifu1amic 

acid coznpound s. 

C . AMINO NITRILES 

1. The Literature of. Amino Nitril.-as 

The extension of the synthetic route mentioned above to the 

c.-arnino acid series was accorr.plished by the use of o-phtha.limido­

p -phenylpropionitrile as an intermediate. As a basis for comparing 

this compound with am ino nitriles reported in the literature, a sum­

ma.ry of tho literature of amino nitriles is given here. 

E:,r.amina.tion of the literatuz-e has revealed £1;;w examples of 

'.; •arnino nif;:r.ilco or their d lnivatives except those obtained in the 

well-known Streckel" synth<~sio of .:I •amino acids or a. modification 

* the reof : 

RCHO + NH3 + HC:N 

*The known exceptions are a patented reaction of halonit:dles with 
a.mr:nonia t9 give amino nit:riles ( 1, 2, 3), a reaction of potassium 
phtha.limide with chlo?oacetonitrile giving phthalimidoacetonH:rile 
(4, 5), and a reaction of phthalimidoacetamide or o•phthalimido­
propionamide with phosphorus pentoxide, giving the correspotlding 
nit:dle (6). 'The last reaction will be discussed later. 
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F or exa:rnple, fron1 the r<;:a.ction of potassiurn cyanide, amm.onium 

chlol'id<;:, and forrr{aldehy0.0, :Jay and Curtius (7) obtained crystalline 

n:,ethylen~a:rninoacetonitrile, which is now knovvn to be a trin1er, 

G ,..~H., -.N , , not CH..,,,_=NCH7_CN (F.3, 9). The reaction of this con:pound 
",, 1 ,(... 0 _ -

\ivieh a lcoholic hyii1:ogen chlo.dde gav!fJ a1ninoacetonitrite hydrochlo:rr ­

iJ.e , which "vas hyd:roly ;c:nd to glycine by wanning with di.lute hyd:.:o­

chloric add. 1·'. lages { i0) distilled aminoacetonitrile at 15 rmr, . •.,vith 

pai·tial d 0cm::n position. It is of Bpecial int3rest that ben2:oylation, of 

thb:; nitrile using .3chottrcn-F ,n .. m-1ann concHtions gave tht~ crystalline 

nit rile cf hippuric acid (benzarnidc;acdonitdl<.'!) ( l O, 3ee also 11 and 

12:}. 3-"hus acylation occurred faster than the expected base catalyi.;ed 

d ecornposition analogous to cya.nohydrin deco:n;pocition: 

R-CH-CN 
N 

--> R-CH 
II 

, ' -H \-\ ···OH H 
,N 

:~:vi<len,.:e that such a n equilib:i:ium does occur is th'3 r e ported race-

,''1Lca,tio11 when optically active ,,,-aminopropicnitrilc is hydrolyzed by 

s odium hydroxida { 12}. J?urthe r ,::,:vidcnce is to b ,~ found in the 1·eac-

ticm 0£ aminoacetcnit:dle with anili:n"1 io give N-phenyla:rrdn.oacetonitrile 

hyde ilnins: 



R-CH 
" N\-\ 
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A similar intermediate probably occurs in the dimerization 

of ,;-aminopropionitrile, prepared from acetaldehyde, ammonia, and 

hydrocyanic acid. The reaction occurs so :readily that this amino 

nitrile cannot be concentrated in ether solution without the loss of 

ammonia (14}: 

~ 
CH?.-Ct-\-N-CH-CN· => CH1-CH=N-~H-CN 

~H~ iHl -NHi CH, 

. ta-\ 
CH-a-CH-N-CH-CN 

I ' CN CH1 
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However, the sulfuric acid salt of the nitrile may be isolated. 

The nitrile corresponding to phenylalanine has been obtained 

as the hyd:tochloride, along with sorne of the dimer, by reaction of 

phi,-mylacetaldehyde cyanohydrin with alcoholic ammonia (15). 

ln the present investigation a :routa other than the Strecker 

method was dcsiired for synthesis of c•amino nitriles because the 

amino nitriles and theil: acylat0d derivatives obtained by this meth­

od are optically inactive. A.n isolated example of rs:)soiutio:i1 of such 

a cornpou:."ld, i.e.• •:- •am.inopropionitrile, with £?-tartaric acid has 

been reported (12). The resolved compound was benzoylated ·with 

r etention of optical activity. This is interesting both because of 

the suggested alternate route to other active o •a.mino nitrile deriva­

tives and because it emphasizes again the fact that the dissociation 

of the nitrile during acylation does not occu.x- rapidly. Racemization 

would occur if the amino nitrile were in equilibrium with the alde­

hyde imine. 

If amino nitriles are acylated by thlo acids, a cyclic pro­

duct may be isolated ( 16). The reaction, along with a possible 

mechanism, is as follows: 

R,-CH-CN 
' NHa 
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This reaction is analogous to the formation of azlactones from 

a.cylan, inc adds, '\vhich :i:nay proceed by way of the mixed anhydride. 

-0 
;,c-R~ 

0 

J'-. single report of the conversion of c-andno acids to o­

amino nitrile derivatives wa s discove red in the literature after 

similar reaction s h .,_,d b een carried out in this investigation. In 

1932 Radde { 6) obtained phthalfrnidoaceto:nitrile and n -phthalimido­

propionitrile by distilling the amides from phosphorus pentoxide 

at 15 mm. pressure. Radde was unable to prepare the imino ester 

hydrochloride from phtha.limidoacetonitrile. It is interesting that 

ii this report ha<l b een found earlier, the present work might 

never have been carried out, since it ;,,va,s planned to use the imino 

ester as an ir.c ... po:rtant inte:a:n1ediate. 1\.fter Radde' s paper was 

found, phthalimidoace~onitrile was reprepared by a modified pro­

cedure. It was fo"Und to be readily convertible to an imino ester 

hydrochloride, as predicted from a similar behavior which had 

been observed in the phenylalanine series. 

2. T he Freparation of a -amino Nitrile Derivatives from 
a -amino Acids 

In this investigation attention was first given to the 
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preparation of derivatives of the a•phthalimido acids (c-phthaloyl­

amino acids), prepared by fusing the corresponding a-amino acids 

with phthalic anhydride. This reaction has long been known (see 

l 7, 18) but received little attention until it was recommended for 

preparing derivatives of c•amino acids by Billman and Harting in 

1948 (19) and was adapted to peptide synthesis by Sheehan and 

Frank (20), who utilized the procedure of Ing and Manske (Zl) for 

cleaving the phthaloyl prot~cting group with hydrazine under mild 

conditions. ,!;:_-glutamic acid is racemized on melting with phthalic 

anhydrid0, giving the DL-phtbalimido derivative, although a two 

st,3p procedure gives the optically active compound (22). Experi­

Gnce in these and other (23) laboratories has indicated that racemi­

L:.ation rnay be avoided in the case of oth0r i1 •amino acids, showinz 

that the use of a two atep procechr.re by other workers (24) has been 

an unnecessary precaution. The c -phthalimido nitriles were par­

ticularly d ,esirable in the presGnt study because they can undergo 

neither the dis gociation of the amino nitriles or tha cyclization 

reactions of other acylamino acid de:riva.tives • 

.1'.\. ccordingly c - phthalimido-f\ -ph,snylpropionic acid (I) was 

prepared from phenylalanine , converted to the acid chloride (ll) 

with tri..ionyl chloride, and to the amide (Ill) by allowing the chloride 

to react with ammonium hydroxide. On refluxing the above amide 

with thionyl chloride for two hours, only unreacted starting mater­

ial could be isolated, although dihydrocinnamamide was converted 

to the nitrile i:n a few minutes by this reagent. Furthermore the 

nitrile was not obtained from the amide on refluxing with phosphorus 

oxychloride, refluxing with a :mixture of phosphorus oxychloride 
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:, .. nd pho ,,;phc:rus pontachloridc , nH~lting with phosphorus po..1.toxide, 

melting with phihalic anhydride, wa:n'tJ.ing with phosphorus pe:<'lta. ­

c:hloritlo in dioxarw , 01· 1·eflwdng in chloroforrn with phosphorus 

l'h\:1 l:;rt.pc rti,Z;s of the phthalirnido compounds involved 

which list.; aH of ti'v~ phtha.lin,ido deldvatives -prepared in the p:re::s-

©-cH2· ~H- C02H 
NH1 

,~t\-.a.\i~ 
an~~d--id.e 

III 
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In later work a third method of preparing the nitrile was 

used. The method is a modification of a procedure, published in 

March, 1955 (26), in which benzenesulfonyl chloride in pyridine 

ia used to dehydrate amides. When a.-phthalimido-~-phenylpropion-

o amide was allowed to react at 90 {the reported reactions were all 

run below 70°) with the above reagents a water insoluble product 

was obtained which was separated into nitrile (28°/o) and recovered 

axnide_ (75°/o) by extracting the mixture with a benzene chloroform 

mixture, in which only the nitrile is soluble. However, boiling 

the reaction mixture for eight minutes resulted in a nearly quanti­

tative yield of the desired nitrile. The most important advantage 

of the benzenssulfonyl chloride method was disclosed when it was 

found that the optically active L- c. -phthalimido-p -phenylpropion­

amide was dehydrated to the nitrile. ~ racemization was observed 

using this method, while the dehydration with phosphorus pentoxide 

apparently gave a partially racemized product which however could 

be purified only by recrystallization. The utility of the benzene­

sulfonyl chloride method was again demonstrated when it was used 

in the preparation of phthalimidoacetonitrile from the amide. As 

has betm mentioned Radde (6) first prepared this compow1d by dis­

tilling the amide from phosphorus p0ntoxide. 

One desirable 1·oute to G-amino acid derivatives acylated 

by groups other than the phthaloyl group would involve cleavage o! 

the phthaloyl group from the phthalimido nitrile, followed by acyla ­

tion of the resulting c-arnino nitrile. Such a cleavage {using hydra­

zine) was attempted , but no product was isolated, and the presence 

of a. hydz:ogen cyar.ide odor indicated that the anticipated base 
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catalyzed decomposition o:f the n•amino nitrile had occurred to son1e 

extent. This :rna.de it Hksly that an optically active ru•amino nitrile 

v.Tould have been at least partially racemized during the cleavage re­

action, and th~refore this general procedure was not investigated 

fu:rth,:.,r. 

A.nothGr approach to other acylated 0-amino nitri10s is exem• 

plifiad by attempts to dehydrate acetylphenylalanine amide, using 

;.:iither phosphorus pcntcndde in chloroform or benzenesulfonyl chlo­

ride in pyridine. l·' reliminary work gave only uncharacterized oils, 

but it is possible taat these could have been converted to crystalline 

derivatives without purification. Although a cyclization reaction 

would be favored by phosphorus pentoxide, such a reaction would 

eeem less li!!.:t~ly to occur in pyridine. 1t may be concluded that the 

abov~ route is still a possible alternative to the one actually err:ployed, 

i.e., the one which involves cleavage of th,a phthalimido group from 

derivatives obtained from the Ci •phthalimido nitrile. 

An attempt to prepare an acetamido nitrile via a phosphorus 

cor.npound. of the type mentioned in the next section failed. 



D. P:EtOSP HO:t'UJS CONTAINING D:CiUVi\TlVES OF THE ::,- F•HTHI\LI­
r...-HDO AM.lDk:S 

During the atter.npto to dchydrat,! o.•phthalimido-P-phenylpropi-

011amidt: x-eported a.bov,3, ii was observed that no amid~ covld be pre­

cipitated from a hot dioxane solution in thG p£"esence of phoephorus 

pentachloricb by adding he xane, in which tht:! a.midf! is insolubfo. A 

se1·ies of e~"ltprarimet'lts revealed that the a.mitle rapidly reacted with 

phosphorus pentachlol'ide in dio1rane at 40° C., and th.at a derivative 

(VI) containing phosphorus and chlorine crystallized out of the result­

ing clear solution. on adding hexane and allovJing the mb:ture t? stand 

opcll to ~ ~~@ph~r~.• The cornpound decomposed ·with gas ·evolu• 

tion at rnc:° C., giving a dark glass f1·rJm w:hich ci -phthali:mido--(1• 

phenylpropionitril0 identical with that 'Ir (;p~.,rted above was isolated in 

good yield. Although _tha phosphorus compound gave e:;:ccllent crys­

tah h·orn a bena:ene-chloroforin mh .. 1:ure, good analyses could not be 

obtained.* How.ever a phoaphoo.-arnidic dichloJddc structure for the 

compound can be assigned \vith fair certainty from comparison ">vith 

similar cases in the literature, and cryetallinc derivatives wera pre­

pared by reaction of the presur:1.ed phosiphoramidic dichloride with 

rnethanol and with n-buta.nol both of which gave fair analyses for the 

expected compounds. The p:robab!e reactions are given below: 

------------------- ---------------------------------------
*All microanalyses reported in this thesis were done by Dr. A. 
Elek, 4763 W. Adams Blvd., Los Angeles 16, Calif. 



- 14-

R, --

R - c~o rus R -c.'C' ~iO . ,,0 
) ~ R,- c'N-P #c, ' 'NH2. • ~N-P'c, 

•'Cl + '(I 
y 0 n HO 
(not i ~old.ted) 

,,o 
180° R,-C:N Poe,~ ~"-c'N- P,c, -+ 

H • 'C. l 0 

'-' 0 fhOH ~o 
R,-c,N-P#c, ~ R,-c,N _ p'o R2 Ela. R, = methyl 

H "''Cl 11 -. 'OR2 illb R, = n-buty\ 
0 0 
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phosphoramiclic dichloride , which gave b0nz0<n.itrile on heating (29). 

-~~; 0 TI}~.~.; t:~. ~;:J\ G:; ~I, x ;:::;-1\J () rr tit} c :r~ r::,c~ :r~i~n.LJ 1c~ l=t~ ~1
~ . :.- \ r:; i C l\l'T s \lXT H J.:";I-IT rc-1~~ l..;! • 

:t:il D0 .:\Cl'.J .o:;~::?.lVA'I XV.;LS 
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~ C\-12.-CH-C: N \:::.r \ 
N 

I \ 

O=C c::O 

~ 

Tteadionc1 oif thie type take on an added intex·est H consideTed 

:natod :.:i.s its nucL3ophilic power . Likewise th,1 r,1olecule which reacts 

with the rmcleophilic irea(':cnt is assigned a characteristic mu:nber , s , 

which n-:-ay be cc.llecl th0 s1:,sceptibility of the sub1!.itratc Ca nudeophilk 

power. T hsse nu.r:nhe~s ai;e not used to calculnte rates of a single re• 

philic reagents attack the sarno substrate. The S-:uain and Scott xela­

tionship is: 

k~ = 1·aec of reaction with nucleophilic reagent 
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Although the scope of this equation has not been extensively explored, 

it is presumed to apply to substrates as widely varied as methyl bro­

mide and benzoyl chloride (30). Wiberg has given an independent table 

of nucleophilic powers based on rates of addition to benzonitrile, not• 

ing that thia order might not apply to esters (3Z, 33). 

We may begin an examination of the application of the Swain­

Scott equation by considering the case where both the nitrile group 

and the phtbalimido group in tho above example have the same suscep­

tibility, s, to nucleophillc power, n. As a reference rate we may 

take the experimental finding that the reaction of hydroxide ion takes 

the second course given above, as shown by the isolation of a:-(o-car­

boxybenzamido)•l3-phenylpropionitrile* from the reaction of a•phthall­

mido-'3-phenylpropionitrile with aqueous sodium hydroxide. On the 

basis of the above assumptions, every nucleophilic reagent will react 

to open the phthalimido ring faster than it will add to the nitrile group: 

"' Let ~ .. be the rate constant for reaction of nucleophilic 

reagent a with the nitrile group . 

.Let K:. be the rate constant for reaction of nucleopbilic 

reagent a with the phthalimido group. 

Let K: and t,: be the corresponding rate constants for 

the reactions where hydroxide ion is the nucleophilic re­

agent, this being the reference rate in this case. 

------------·------------------------------------------------
*The properties of this compound are recorded in Table II, p. 70 
which lists all compounds prepared by use of phthaloylphenylalanine 
derivatives as intermediates. 
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the 1·at,e ratio is intlependent of the nucleophilic reagent. 

·,'Jb.,;:ln i: ,::ilction of thf~ phthalimido :dng does not occur faster 

than 1"82-.ction of the nitrile group it biacorc,~s of intereat to deter-

rnine the :reason :fo:t the: observed beha;rior. F ossible r-aasons are: 

(l) ln &citl solution oni:: rnay observe :r~actions of the pro• 

tona.ted nit:rib group, \Vhich is to b ,; considered as a differ,:mt sub­

strate than the unJ1"0tona.ied nitl"'Ht; :,;;;roup. 

(2) The nit:dfo g1·oup rnay have, a hi \;her susceptibility to 

nuclGophilic pow•el" tha:n the phthalin-,ido group, contrary to the 

special case .1,ssum~d atx.'lv,::. Ii1 this cas,:: it might compete sue-

cesafully for reag,.mts of high:ei:r nu.cleopatllic power than hyth-o:>dde 

ion, but not for 1·eag(.mts of lower nucleophilic power. 

(3) The phthalimido :dng :rnay react abno1'mally fast with 

reagents having high bas0 strength. The ]I'.dwa~de relationship, 

::r,ention~d above, essentially allowa fo!' such an effect by adding 

2. co1"rection term to the Swain• ·-;cott relationrs M.p. Thi!.. term is 

the product c:,f a susceptibility, 0, times a base strength, H. 
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(4) The nature of the products may be controlled by consid­

erations of equilibrium rather than rate. That is, with certain re-

. agents the phthalimido ring may be unopened at equilibrium. 

(5) The Edwards equation, and hence the Swain-Scott equation 

may fail for n•phthalimido acid derivatives. 

2. The Reaction of a-phthalimido Acid Derivatives with Hy• 
droxylamine; a New Reagent for Cleaving the Phthaloyl 
Group 

The reactivity of the phthalimido group of n-phthalimido acid 

derivatives toward nucleophilic reagents is not. likely to vary much 

among all of the members of the phenylalanine series in which the 

carboxyl group has been replaced by an uncharged group such as the 

amide or nitrile group. Dilute sodium hydroxide appears . to react 

rapidly with the phthalimido group in a.-phthalimido-!3-phenylpropio­

nitrile. (Although the solid does not rapidly dissolve in aqueous 

sodium hydl"oxide, it is not precipitated from alcohol by aqueous 

sodium hydroxide although water gives rapid precipitationo) We may 

make another application of the Swain-Scott equation and predict that 

the many nucleophilic reagents having nucleophilic power equal to or 

greater than that of hydroxide ion will also react rapidly with the 

phthali:;nido group of this compound and with the phthalimido group 

of other electrically neutral members of the serieso 

From its rate of reaction with thiol esters (34), hydroxyl­

amine may be judged to be nearly as nucleophilic as hydroxide ion. 

However, the reactivity of hydroxylamine toward esters is enor­

mously increased in the presence of alkoxide ion, as is known from 
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qualitative observations concerning the ferric hydroxamate test 

for eaters. It seer.ns likely that this effect ia due to conversion 

-of hydroxylamine to the NH20 anion. As expected from these con-

siderations, it was found that all derivatives of phthaloylphenyl­

alanine tested reacted with basic hydroxylarn.ine, giving a positive 

hydroxamate test. These derivatives included the nitrile, the 

amide, and methyl imidic ester, the amidoxime, and even the 

acid itself. The reaction is undoubtedly an opening of the phtha.li­

rnido ring: 

When n -phthalimido-!3-phenylpropionic acid methyl ester 

was allowed to react with hydroxylamine and sodium methoxide in 

methanol in an attempt to convert the methyl ester to the hydrox­

amic acid, the above ring opening reaction occurred L"1.stead. This 

is shown by the fact that a slower second reaction occurred in 

which the phthalic acid residue was cleaved completely~!:. dee.e_ 

red aodi~ salt, IX, as shown by the following equation: 



The sodium salt wa:3 identified by titration with acid to give a color­

less crystalline solid X which gave no ferric chloride test, and which 

was converted by sodium hydroxide solution first to the original red 

salt, then to a colorless hydroxamic acid XI: 

0 
I ' O=-c c:~ .. - ... 

'Q: Na. .. 
-
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The colorless solid X was found to be described in the literature, 

where it is called phthalo::dme (35). Thia ch,:avage of the phth.aloyl 

group was eventually utilized in a later part of this investigation, 

as ia described below. 

Since the above experiment did not result in conversion of 

methyl ,1-phthalimido-~-phenylpropionate to the desired hydro:Gmic 

acid, preparation of the latter from the acid chloride and hydroxyl-

a:r:-,inc was att0n, pted, using benz.:ine as solvent for the solid chloride 

(see 36). Unfortunately the susceptibility of the phthalimido group 

to nucleophilic_ attack was still not understood at the time, and a 

larg e excess of crystalline hydroxylamine (37) was used. A solid 

which could not be crystallized was obtaiw3d, which probably con­

sisted partly of the dihydroxamic acid XII: 

Because hyo.roxylamine is not soluble in benzene, the :reaction was 

then attemptod using dimethylformamide to dissolve each reactant 

separately before mixing. Dilution of the homogeneous reaction 

mixture with water to the cloud point and cooling gave crystals of 

the hydroxamic acid XIII, which was desired for comparison with 

other derivatives of phthaloylphenylalanine of the type mentioned 

in the introduction. 



0 C~o 
CH2·CH-

' 'Cl N 
I ' O=C C:0 

~ 
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XI[ 

..:'-" .. s mentioned above, the phthalirnido ring of u-phthalir.t1ido­

f3-phenylpropionitrile appears to be rapidly opened by hydroxylamine 

in the presence of base. An entirely diffo:rcnt result was obtained, 

however, when hydroxylamine was used in the presence of acid, i.e.• 

where hydroxylamine hydrochloride was the acid. In this case the 

hyd:roxylamine added to the nitrile group, giving a good yield of 

c. -phthalimido-p-phenylpropionamidoxime, XIV: 

h\\_CH CH-C~WOH 
~ 2

' 'Nii ,N, 2 
O:c C=O 

~ x,v 
It seems possible that in this case the p:rotonated nitrile group is 

the reacting species, and that this accounts for the change in the 

point of attack by hydroxylamine. 

The chemical properties of the a:-nidoxime obtained above 

are of interest~ in view of the fact that it is an acylamino derivative 

sirnila:r to the on0s ·envisioned as possible new substrates for enzy­

r.:-:.a.tic studies. The pi-operties of the compound would be expected 

to resemble those of other aliphatic amidoximes reported in the 
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literature. The following statement concerning hydrolytic behavior 

is found in Houben-Wey! (38): "The aliphatic amidoximes, especially 

the first members of the series, are unstable. Even with water, and ---
more easily with dilute acid or base, they decompose to acid, hy­

droxylamine, and ammonia. · The aromatic ones are far stabler; they 

can even be boiled with hydrochloric _acid without change" (under­

lining added). A literature search yielded no further information on 

hydrolysis of aliphatic amidoximes. 

One of the first observations made on the behavior of u-phthali­

mido-f=,-phenylpropionamidoxime was that it momentarily seemed to go 

into solution in 6N hydrochloric acid and then give an insoluble pre­

cipitate. This behavior was thought to be due to the hydrolysis of the 

soluble hydrochloride of the basic amidoxime to the insoluble amide. 

Some tinie later a closer investigation revealed that the precipitate 

actually consisted of the amidoxime hydrochloride from which the 

amidoxime could be recovered by the action of base. This latter find­

ing made it sceem much more likely that the aliphatic amidoximes 

would have enough hydrolytic stability to serve as substrates, and the 

preparation of such substrates through replacement of the phthaloyl 

group by other acyl groups was undertaken. 

The popularity of the phthaloyl group as a protecting group in 

amino acid chemistry is due to the finding that it may be removed by 

hydrazine under mild conditions (20, 21 ): 

R 
\ 

N 
I ' O=C C-=O 

I[;) 
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In the case under consideration there seemed to be a chance that 

hydrazine would react with the amidoxime group in competition with 

the desired cleavage reaction. On the other hand, hydroxylamine 

and sodium methoxide had been found to cleave the phthaloyl group, 

and seemed less likely to give undesirable side reactions. Because 

of this, and because it was desired to know more about the newly 

discovered cleavage by hydroxylamine, and b~cause the latter reac­

tion gave an impressive bright red solution, the cleavage was car­

ried out with hydroxylamine. The sodium salt of phthaloxime is 

somewhat soluble in the methanol reaction mbcture but is insoluble 

in ethyl acetate. Accordingly a procedure for separating the amino 

amidoxime from the sodium salt was worked out in which the reac­

tion mixture was evapo;rated to dryness and the product was ex­

tracted with ethyl acetate. In this way crystalline a.-amino-j3-phenyl­

propionamidoxime XV was obtained in fair yield: 

+ 
,0, 

O-=C C.=N .• - + 
'O: Na. 

\ .. -
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Furthermore, when this reaction was repeated using optically active 

c -phthalimido-t3-phenylpropionamidoxime no evidence of racemiza­

tion was encountered. Although the amino am.idoxime could not be 

crystallized in this case, acylation of the ethyl acetate extract gave 

good yields of the crystalline, optically active, acylated product. 

The latter product will be discussed in another section. 

The o.-amino-{3-phenylpropionamidoxime 1•eported above ap­

pears to be the first example of an a-amino .amidoxime. The only 

related compound revealed by a literature search is the amidoxime 

of hippuric acid, benzamidoacetamidoxime, reported in a Czecho­

slovakian journal in 1933 (39). 

3. The Reaction of Phthalimido Acid Derivatives with 
Amn1onia and Amines 

Ammonia is more nucleophilic than hydro,dde ion according 

to :S dwa:rd's table (31.), and by the principles discussed above would 

be expected to react rapidly with phthalimido acid derivatives to 

give a ring opened compound. This was not realized at the time when 

amides were first prepared by reacting n-phthalimido-p-phenylpro­

pionyl chloride with ammonia or amines. However, the variable 

yields obtained on attempting to purify early batches of amide are 

now attributed to a side reaction such as that postulated above. The 

ring opened com.pound was formed exclusively when a batch of amide 

was accidentally allowed to stand overnight in ammonium hydroxide, 

giving c.-phthalamamido-p-phenylpropionamide XVI: 
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Reacting the acid chloride with ethyl amine gave a similar result. 

From one reaction with ethyl amine both the phthalimido N-ethyl 

amide and the ring opened product were isolated by fractional crys­

tallization. 

An interesting property of the ring opened amide is that on 

heating to the melting point it was converted to the phthalimidoamide 

with loss of ammonia. The same reaction was brought about by 

phosphorus pentoxide in boiling chloroform. A test tube experiment 

indicated the the ring opened ethylamide lost ethyl amine in an analo­

gous reaction. 

It is now apparent that the conditions used in an attempt to 

convert o-phthalimido-[3-phenylpropionitrile to the corresponding 

thioamide (see below) were such that the phthalimido ring must have· 

been opened by ammonia during the reaction. In this •case, which 

will be discussed in detail later, the nitrile was dissolved in alco­

holic ammonia and then saturated with hydrogen sulfide, a procedure 

which would be expected to lead to the following intermediate reac­

tion: 



1± 0 !.:;.,2):::i.ctio:u cf t·,- phtb.J.lin.i<lo - p- phenylpropionitl"ile with. 
Hy<lrogi::n Sulf id~: 

.. -
.,. 
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it ie !('ep;cnrted that phth;;,lin.ddoacetonii:dle is converted to the thfoamidc 

in f;OOO yiclcl by the latter pt·ocodu:i:·e {5) , 0.- phthalimido- ;:: - phenylpropio-

xvii 
ln the early atte r::1pts Co convert phthalir:-+k,- phenylpropim'litrili~ 

to the thioamidc t he nit:rile was fh'st dissolved in alcohol saturated with 

Hem of nitx-ile , a cTyata.llino precipitate formed in a, ;,out an houlr o Th,., 

p roduct was recrystallized to giv(;, cott on- like n0 c~dl(::lj •.;vbich melted with 

,:.:.:dn now 'be seen that i:hc e~q,.acteti c:or.npcu.ncl is the onG indicated in the 

©- Cl-\a.-~H-C. :N 
,N\.l 0 o~c c~ 
b '~Hi 

' ... 

> 
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Other facts a:re not accounted :for en the basis of the above fo:rnmla. 

·the yields of product in hvo sepal·ate preparations wert~ 100 pe:r cent 

and 103 pe:e c c r:i.t, btsGd upon th,; above fr.lrmula. /':,dditional product 

was no douU still in sc;lution in the discarded filti:ate. .P:.. series of ob-. 

servationrJ G!Stablished that the :~ubstanco untl(!irw,mt a change at tempe:..·-

atu.1·0s frorn 90 to 150 deg rees, which waa r.r.:all"ked by partial melting 

and ir r; soHcliiication accor.:tpanh~d by a loss of wei~ht of about eeven 

pt:r c ent. T he explanation n.O'JJ scerns to bci that the thioa:n:dde forn1s 

:.H)rnc~i k:i.ntl of solvat,3 with rnethanol, which lose s methanol on heating. 

and th0,1 cry,,,t a.Uizad fron:. aceto:nih·:d.e cleco:rnposed about 173'-,, but 
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c -amino-0-phenylpropionthioamide XIX as shown by solubility in dilute 

hydrochloric acid and analysis of the cornpound recrystallized from ben-

zene: 

Ni0\1 
> 

xix 

This appears to be the first example of conversion of an amino acid to 

the amino thioamide. Howaver , there is some work on amino thioamides 

reported in the literature, and this will be discussed below, in view of 

its relation to the present work. 

As has been rnentioned, the preparation of o -phthalimido-f:11-

phenylpropionthioamide in this investigation utilized a procedure de• 

scribed in th;:, literature for the preparation of phthalhnidoacethioamide. 

Namely , it is reported that phthalimid.oacetonitrile obtained from chloro­

acetonitrile and potassium phthalimide (but which might have be;;_~n. ob­

tained from glycine) was allowed to react with hydrogen sulfide in the 

presence of triethanoiamine giving phthalimidoacethioamide (5). This 

would seem to represent the first example which has be,m found in 

which the nitrile group reacts faste1· than the phthalimido group unde:r 

basic conditions in which there is little chance that the protonatcd 
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nitrile group is the reactive species. Closer examination. of the re• 

action conclitionG, however, reveals that such reasoning is false. The 

triethanolamine was used to the extent of only ten mole percent com­

pared to the nitrile, while su.1:y percent of product was isolated. Ten 

percent of the nitrile may well have been used up in a reaction in 

which the phthalimido ring was opened to form an ammonium ~ of 

the thio acid. Further attack on the phthalimido ring would have re• 
... 

sulted in formation of the ~ thio acid,. however, and there is some 

evidence th.at such a reaction is thermodynamically impossible in 

ethanol solution. In the presence of hydrogen chloride, the corres­

ponding oxygen acids react in the reverse direction, giving phthali­

mido acids, although admittedly protonation of the water may supply 

driving force for this reaction. As for the nitrile group, it may have 

reacted in a protona.ted form, since an excess of hydrogen sulfide 

was used. It would be interesting to see if the yield of thioarnide in 

the above experiment could be improved by using less amine, as pre­

dicted. 

Other aminothloamides in the literature have been prepared 

by the addition of hydrogen sulfide to the amino nitriles obtained in 

the Strecker synthesis. The reaction is not very satisfactory. An 

early attempt to carry it out on aminoacetonitrile failed (40), and later 

work by Ab0 in Japan resulted in formation of products other than the 

aminothioamide when hydrogen sulfide was introduced directly into a 

Strecker reaction mixture (41). However, some of !,be's pap:ers re­

port using amino thioamidea as reactants in other reactions, and, 



although thei:i: pt>epa:ration is not described in Chemical Abstracts, 

they were obviously obtained in a Strecker type reaction. One of his 

papel"G actually rnentions the thioam ide of phenylalanine ('•Ha), but 

e:;i.:arnination of tb.3 original paper revealed that no analysis er m0lt• 

ing point :for the compourid is given. No other infor:rnation could bra 

obtained, since the p~per is in Japancs<? . 

. Acylamino thioam ides have been pl'epa1·ed fron, the acylamino 

nit~ifo:s, hydrogen Gu.lfide , ancl a :rnmonia (42, 43). T h ,sy 2.re described 

as stable crystalline :nnate:dals. 

s. R eaction of c-phtha.limido - f:3 - phenylpropionitrile with 
i\lcohol; Che:n,ical P ropt.:n.·UeG of th,:.i R 0awting 1mino 

Nitriles ari~ kno,Nn to react ~Jith alcohols and hydrogen chlorid~ 

to give imino estel' hydrochlo:rides (irr.ino ether hydrochlorides): 

t\C\ R -C~NH·HC\ 
' '0R2 

In the case of trichloroacetonitrilc!, reaction with alcohol occurs in. 

the absence of hyd:rogen chloride, giving the imino ester (44). This 

latter type of reaction does not occur with i'• •phthalimido- 13- phenyl ­

propionitl'ile, a:.s the nit;dle was recovered unchang~~d after zeflmdng 

with ethanol containing a trace of hydrogen chloride. 

\Vb.en the above :nitrile in benzene wao t:r~ate<l ·v✓ith one !':c1ole 

of me~hanol and t0xccss hyd:rogen chloride in bonzone, a px-ecipitate 

of the ilnir..o esti;r hydrochloride XZ for med in good yield \vithin a 

few hourso Its structure wa.0 confirn-1ed vJh::m it wa s found to melt at 

the sax-ne tcrnperatu:i:·0 2.0 the a.midc.':: 9 indicating c onve:.raion to the 
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ar:.1ide on heating. Th(';: py1·o!ysis product wa.s identified as tho amide 

by a rni:rn<l meltin[: point detc r:.nination. This com,0rsion to an a::n:1ide 

on pyl"olysi e:, is churacte ;:istic of imino ,3st0r hytlrchaH.des . (See 45 

:i©ir. :rc::fc:rences). T h-3 equations fox- t hes e reactions follow: 

xx 

0 ~o 
CH ·CH-C" a. , ' NH N 2. , ' 
O=C C-:.0 

~ 

Tbc H:rst of the ahov'C r eactions 1::r.iay b~ ,:"S.ssu.med to involve attack by 

the alcohol on th0 protonated nit:ril0 gl"oUpo The sezcond has been sho'\vn 

to be an SN~ clispl~cerr,-i!nt of O);yg (~n by halide {45, 46). 

-:f.'he i rn.ino e1iter hydr,':)chlo:r:l.tle was converted to the fr e e h'z:1ino 

e ster. by socl~u:rn mcthc:dd .. ~, but the yield of crystalline proch:i.ct was 

very low. The hY1i110 este:r dissolved in water ::nomentarily and then. 

gave a "vhite precipitate, p:re::1um.ably of th-~ ordinary ester, which is 

for rncd in a cid c a talyzed hytl1rnly si8 of othc:r i:m idic este:1:"0 . 



/ ,. s has been :,;-:, entioned i n the section dealing with nit:riles. 

phthalfrddoacetonitrile ·wa s eventually pi•;.:,;pa:rcd from glycine and con­

vc:rted to the rr,ethyl i:mino estta r hydrochlorid,~. The behavior of this 

i:m ino ester hydrochloride on dissolving in water was identical with 

that of the ph.:mylalanine; derivative just described. In this case the 

w hit(i p:recipitate for med by hydx-olyois was rl':eparated. x-ec:-<"ysta.llized. 

and icLn·1tifi0d by nd.1ted :re. p . ae the c~;r.pacted rnethyl phthalimidoa.ce-

af.:u.ro . the :major p1"oducts of the reaction w 1.::re the amide and the nor­

r.nal o;.;iter , as sho•.vn by isolation of tho products and mb:ed xnelting 

point identification. J\ litm:ature 98arch :revealed that similar di.Hi-

c ltlti.etc; a:re enccmnterod in atte:rnptr.; to prepare the ox-tho esters of 

othcl" adds containing eu.bstitucnts OI.1 the alpha-carbon. 1-,k '.j: lvain 

has conducted a 0tudy which s hows the c.ndgin of Urn products in auch 

which :o·.·.ieth.yl chlol"id~ is fox-med from t'r.11~ h:nino ester hydro,:hloride. 

'Lhcr.i no,rA·,r.ial aster i:;eems to be fo~ :rned from a si:milar clElavage of the 

R,OH 
OR, 

~- C~ NH·HCI ' + ~- c-OR, ➔ NH1t ~ c, 
'OR, ' OR, 

. ... 
R,c-:.NHa 

OR, 'OR, 0~ + c.,- OR, 
' ......... ' H ' • 1:1 

R-C·OR, ~ R- C - OR, -+ R-c ♦ OR, + R,C\ 
' f\-c.~MH ' " OR, OR, 0 .. OR1 



T"!-!.c alcoholy-sis of frdnc- ent~r to ortho c$te:r is slow3d r;r ,?atly by the 

:?..lphc.1. - substitu-::mt, so that the ortho ester produced is in con.tact with 

acidic hnino este}." hyclrochlo?ide lon;; enough for the above cleavage 

reaction to occur. 

t1.dditior1 of an hnino estor to hyd1·ox7lam.ine hydrochloride 

rsolut:ion has resulted in forr;."ation o{ both hydrmdmic este1· and an°li• 

do:ri:rne in the S3.1T: c reaction (47): 

.,. 

I n this ,_,,;oi-k , methyl o. - phtha.lir.Dido-;3-phenylimi:nopi·opiona.t,.:!l hydr.-o -

the intention of att-'.:lmpting to cleave the phthaloyl p::rcup fron~ the de• 

:riv~?.tives which secrned :'., \Ost promising. Since the amido;.d.ne was 

0 bta..in2.ble i n betto1t yidci, and since it appca!'ed to have good hydro­

lytic 2tz..bility, it was chosen fm.· the ckavag e study. :!.turth.ex- study of 

the h,--.inc NJtei· and hydro:sdm.ic esfcez- has not been uncle:rtaken. 

frorn ar, '.dno nih·ile s o,bt:aincd by 3t:redte1· SJrnthesis, which :01.eans 

tha,t the s0 n·,e·thods of preparation are not suitable £01· obtaining 
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optically active compounds. 

F. The P reparation of Acylaminoamidoximes 

Most of the functional derivatives of o-amino acids which con­

tain doubly bound nitrogen replacing the carbonyl oxygen of the carboxyl 

g roup are alike in that.the free amino compO\mds' (of the type obtained 

on cleaving off the phthaloyl gr.oup) can be acylated on either the amino 

nitrogen or the doubly bound nitrogen. It was anticipated that this situ­

ation would cause difficulty in preparing suitable acylamino derivatives 

by way of the amino derivatives obtained on cleavage of the phthaloyl 

group. It seemed that procedures would have to be developed for se­

lective acylation of the amino nitrogen. 

Accordingly, 0.-amino-!3-phenylpropionamidoxime, described 

previously, was benzoylated in ethyl acetate in the presence of sodium 

bicarbonate. Exactly one mole of benzoyl chloride was used in an at­

tempt to benzoylate only the amino group. A product was obtained, 

whose analysis indicated it to be a mixture of mono- and dibenzoyl 

derivatives. Amidoximes are known to be readily acylated on the oxy­

gen atom, indicating that the following reaction had occurred. 

0 
"~ 

~CH -CH·C~NO·C\.:/ 
\::.f 2. 1 · 'NH NH 2. 

I 

0:C 

([;} XXI 
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It was decided to prepare a pure dibenzoyl derivative £or comparison 

with the above product. On recrystallizing the resulting product from 

methanol it was observed that, although only just enough boiling sol­

vent was used to slowly dissolve the compound, very little product 

crystallized ?ut ~ cooling. The only reaction which could conceivably 

have occurred seem ed to be one involving the benzoylated amidoxime 

function, which might result in formation of benzoic acid or methyl 

benzoate. The solution was found to have a strong odor of methyl ben­

zoate, indicating that the following reaction had occurred: 

0 

P\\._ctt ·CH·C~wo-C-© 
.\::./" 2. , 'NH 

NH 2 , 
0:C 

© 
+ 

The product is the acylated a.midoxime which was desired 

from. t h e beginning, and fm:-thex- study revsaled that in the presence 

of a trace of sodium. methoxide as catalyst the above reaction occurred 

quantitatively in les s than ten minutes, enabling the monobenzoyl de­

rivative XXll to be obtained in good yield as a crystalline solid . 

. A s has been mentioned, !:,-o.-amino-f3-phenylpropionami­

doxime was not isolated in the pre s ent work. The ethyl acetate ex­

t r act of the product from phthaloyl cleavage was benzoylated directly 

giving a crystalline dibenzoyl derivat ivr~ which was recrystallized 

from acetonitrile to give an analytical sample. It was converted to 
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a crystalline monobenzoyl derivative having a specific rotation of -85 

degre,~s. The solubility of the monobenzoyl derivative in water was too 

low for it to be a useful substrate. Accordingly the monoacetyl deriva­

tive was prepared via the diacetyl compound, using ac.~tic an.hydride as 

the acyla.ting agent. It had a low specific rotation. but unlike the b?m• 

zoyl compound, it could be distinguished from E.!:,-monoacetyl deriva­

tive by its :.r1clting behavior. The L-derivative melted ten degrees 

higher than the DL-de:rivative, while a mixture melted ten degrees 

lowe:r than the E!:_-derivative, despite the fact that decomposition oc­

curred at the m el~ing point. The L-a-acetamido-~-phenylpropionarni­

doxime possessed the desired higher solubility in water and could be 

crystallized as long needles from warm watero 

G . TH:S PR E Fl\11.ATION AND REACTIONS OF Cl - FHTHALIMIDO 
ALD.CHYDES. 

The availability of an easy method for making the a. -phthalimido 

nitrile from phenylalanine made it desirable to utilize the nitrile as an 

intermediate to synthesize amino acid derivatives not e.:i..r:, ily acceesiblca 

by other means. For this reason thG reduction of the nitrile to the 

co:rroapondinr; aldehyde was investigate~. 

It was found possible to carry out a Stephen reduction using 

stannous chloride and hydrogen chloride in ether if certain modifica-

tions were introduced. Some benzene wae used as solvent alon12 with . ~, 

ether in order to dis sohre the nitrile. No solid complex was formed 

during the reduction, as with some other. nitriles. However, it was 

found that when the ether layer was poured off and the remaining vis-:­

coua liquid was hydrolyzed with water and extracted with benzene, a 
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solid product could be obtained on stripping off the benzene which gave 

a precipitate with 2, 4-dinitrophenylhydrazinc. The :ON F derivaUve 

could not be recrystallized, but a semicarbazone was prepared which 

analyzed correctly for the semicarbazone oi o-phthalimido-f,-phenyl-

:.) ropionald e hyde. 

In a later preparation the aldehyde XXIII itself was crystallized 

from. ethanol water. The analysis, however, indicated that one mole 

of ethanol was contained in the product. /!. series of experfrnents showed 

that crystallization from different alcohols gave different products, :;!.S 

shown by the different melting points. The products could be crystal­

lized fro:m ·non-alcoholic solvents such as benzene her..ane without 

change. They contained an oxygen-hydrogen bond, as shown by the 

infra red spectrum of the ethanol adduct. The compounds are thought 

to be hemfacetals which possess unusual stability in the present case 

because of the highly positive character of the carbonyl group and 

probably because of formation of an unusual type of intramolecular 

hydrogen bond: 

Finally, the free aldehyde itself was eventually crystallized from 

petroleum ether. 
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In March, 1955, Chemical ;\bstracts published a report of 

the preparation of c,-phthalirnido-f.,-phenylpr?pionaldehyde by another 

rn.ethod. The report,~,:l rr~elting point {50} was twenty degrees lowe1· 

than for the cornpound obtained in thi s study by reduction of the nit:rile, 

and the reported melting point of the ae:caicarbazone was thirteen de­

grees lower. The aldehyde lncl been prepared by ?..os;:mrr..un1 reduction 

of the acid chloride. This method wc.s fil'::.t employed in the case of 

phthalimido acid chlorides by Radde in 1922 (6), and sin•::c di3covery 

of the hydrazine cleavage of the phthalirLido group the method has been 

used as a step in the preparation of ar.:1ino a.cet2.ls (51). It apparently 

has been the only general rr.ethod avaih-1..ble fo1: converting an amino 

acid to an aldehyde derivative up to now. The reduction of the phthali­

mido nitrile would now eeem to be an alternative route of cor..:1parable 

ease. ,\.lthough the later method involves additional steps, the prepa­

ration of a special catalyst and catalyst poison is not necessaryo In 

the present work th~ Rosenmund reduction of c -phthalir.nido-f.,-phenyl­

propionyl chloride was repeated in order to clear up the melting point 

disparity noted above. :\ ddition of hexane to the toluene reaction med­

ium. gave a mixture of oil and crystals, from which the crystals were 

separated and recrystallized twice from hexane to give material melting 

only three degrees lower t.han the product from the .3tephen reduction. 

J\. mixed melting point showed no depression. The semi.carbazone oi 

the product from Rosenmund reduction also melted at the same temper­

ature a.a that obtained via Stephen reduction. In the latter case the dis­

parity in melting points may be due to different rates of heating, since 

the semicarbazone decornposes at the melting point. The disparity in 

in the aldehyde melting points is unexplained, although there is indication 
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that failure to purify the Rosenmund 1·eduction product ext~nsively gives 

a very L-npure product wUh low i-nelting point. 

'1'he Stephen reduction, like the Roaenmund reduction, appears 

to proceed without racemization. l.,-a-phthalim.iclo-'3-phenylpropionitrile 

was successfully reciuced to the crystalline, optically active aldehyde 

by the Stephen xnethod. 

The aldehyde report~d above was of inte1·est because of the 

poasibility of replacing the phfr.aloyl group by an acetyl group or o·ther 

acyl group.. Such an acylamino aldehyde would have a structure analo­

gous to typical substrates of o.-chyn:otrypsin. Studying the compound 

as a comp~titive inhibitor might reveal something about the function of 

the ca1·bonyl group in binding molecules to the active site of the enzyrne. 

Y."ollowing the method of :Salenovic and coworkers (51), the al- · 

dehyd e was protected by converting it to the ethylenG glycol acetal before 

attempting to cleave the phthaloyl group: • 

Th6 action of hydrazine on the acetal z,e sulted i n an oil from which some 

crystals of un cleaved starting material slowly eeparated, indicating in• 

complete reaction . It was decided to I'<i-;peat the cleavage and benzoylate 

the crud e 1·eaction rr,h:ture in an attempt to obtain a crystalline product. 

The presence of unireactecl hydrazine in the crude reaction mixture was 
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undesirable, as it would result in contamination of the product with in­

soluble b<:mzhyd:razide o:ir dibel-izoylhyd.razine. Accordingly, the cleavage 

was carried out using hydroxylamine, which would give as a side product 

the more soluble benzohydroxamic acid after benzoylation. The cleavage, 

followed by benzoylaiion of the ethyl acetate extract, gave thG desired 

et •benzamide•j3-phenylpropionaldehyde ethylene glycol acetal, which 

ci·ystallized from the ethyl acetate on concent:rating the solution: 

xxv 

JJ'urthcx- work, which would presumably involve preparing an 

optically a.ctiv0 acetarnido derivative::, and atte:rn ptinc to convert the 
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H. EXPERIMENTAL 

n- P hthalimido-!3-phenylpropionic ~• --DL-Phenylala.nine 

(190.8 g., lo 15 mole) was ground in a mortar and mixed with 170.8 g. 

( 1. 15 mole) of phthalic anhydride. The mixture was placed in a 2-1 

round bottomed flask with ground joint (which is fitted with a reflux con­

denser when the acid is converted to the acid chloride), and the flask 

was slowly introduced into a pan of butyl phtha.late heated to 185-200° C. 

Steam bubbled out oi the melting mixtu:re as reaction occurred, and in 

about thirty minutes the flask containing the clear brown molten pro-

duct was removed and allowed to cool. The resulting solid c-phtbalimido-

13-phenylpropionic acid was used directly for the preparation of the acid 

chloride. J.\ separate preparation using O. 0725 mole of each reactant. 

was crystallized from alcohol water to give 20. 53 g. of acid (96°/o), 

0 • 0 
m.p. 176-177. 5 (lit. (19) 174-175 ). 

o- P hthalim1do-!3-phenylpropionx1 chloride. --To the crude acid 

described above was added 380 ml. of redistilled thionyl chloride (the 

technical product was fractionated to remove colored lower boiling im­

purities). The flask was fitted with a reflux condenser, and the mixture 

was heated on a water bath until the gas evolution had ceased. 'I'he hot 

solution was poured into a 2-1 beaker, using fifty additional ml. of thionyl 

chloride to wash the flask. Five hundred rr-J.. of hexane was added to the 

mixtu:re, giving an immediate crystalline precipitat0 of the acid chloride. 

The mLdure v;,aa covered and cooled several hours, • and the acid chloride 

was separated by suction filtration, using a sintered-glass Buchner ftin• 

nel protected with a drying tube. The solid was washed on the funnel 

with 200 ml. of hexane and dried by drawing dry air through the funnel. 



. ·o 
The crude JJ •phtha.limido-!3-phenylpropionyl chloride, m. p. 135-137 • 

was used directly for the preparation of the amide. It may be recrys­

tallized from benzene-hexane if a purer product is needed. 

n• phthalimido-p-phenylpropionamide. --The crude acid chloride 

described above was added to l liter o! cold concentrated ammonium hy• 

droxide and allowed to stand for several hours with occasional stirring*. 

The resulting solid was separated by filtration and dried in air to give 

288 g. (85°/o based cm phenylalanine) of crude a-phtha.limido-!3-phenyl• 

propionamide. The crude amide may be puriiied in about 80°/o yield 

by recrystallization f:rom boiling 95°/o ethanol, but it is soluble only to 

the extent of 1 g. in 65 ml. Other low boiling solvents (benzene, ace­

tone) are no better, and for large scale work boiling methyl cellusolve 

was used. The solution tended to darken, but on washing the amide free 

of solvent with ethanol a white product was obtained in yields which 

varied considel"ably, but which averaged about 70°/o if the solvent was 

rt:used several times. An analytical sample vvas obtained by recrys­

tallizing the amide several times from ethanol, m. p. 236. 8-237. z0
• 

Anal. calc. for c 17:n14ol.r2 : C, 69. 37; H, 4.80; .N, 9. sz. 

Found : C, 69. 37; H, 4. 75; N, 9. 46. 

L- u-Phthalimido-~-phenylpropionam.ida. --~-Phenylalanine 

(5. 045 g., o. 0305 mole) was ll"'J.xed with 4. 51 g . (0. 0304 mole) of ground 

phthalic anhydride and heated in an oil bath at 18 5° for eight minutes 

or at 150° for thirty minutes. It is reported that racemiza tion occurs 

on heating at 180° for thirty minutes (20). The crude L-a-phthalimido­

~-pheny~propionic acid was converted directly to the acid chloride. 

iriwas-sfiowitfater-t'liaiopenfnio?ilie-pfifliil'lmicto·rrnioccurreaon1ong 
standing with ammonia. Twenty minutes reaction tune was found to be 
satisfactory. T he ring opening reaction probably accounts for the var­
·iable yields obtained on recrystallization. 
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This was accor.nplished by refluxing tha crude acid with 15 ml. of thionyl 

chloride for about twenty minutes. One hundred ml. of hexane was then 

added, and the mixtu:re was cooled overnight. The resulting solid was 

separated by filtl·a.tion and converted to the amide. , · A. second crop of 

acid chloride was obtained as an oil on stripping the hexane irom the fil­

trate, and was separately converted to the a:rnide. The acid chloride 

has also been obtained by the use of phosphorus pentachloride (ZO). The 

above crystals of acid chloride were converted to amide by treatment 

with 25 ml. of concentl·atcd ammonia for twenty minutes. The above 

second crop of acid chloride was treated with ten ml. of concentrated 

ammonia. Recrystallization of the combined products from 400 ml. of · 

95°/o ethanol gave a total of 7. 4 g., (82°/o) after concentrating the solu­

tion to give additional crops. The melting point of various batches was 

withi11 four degrees of that recorded for a pure sample, 226-227. 5°. 
I • 

The specific rotation was not n,easured because no good solvent for the 

amide could be found. 

Anal. ca.le. for C 17H 14o3N 2: C, 69. 37; H, 4. 80; N, 9. 52 

Found: C, 69. 75; H, 4. 96; N, 9. 85. 

0.-Phth.alimido-!3-pheni:lpropionitrile (phosphorus pento:dde 

method. -•c- e hthalimido-;3-phenylpropionamide (75 g., O. 255 mole) 

was suspended in 2200 ml. of hot reagent grade chloroform in a 3-liter 

round-bottomed flask fitted with a reflux condenser. The mixture was 

cooled- below the boiling point and 35 g. of phosphorus pentoxide was 

added. The mixt\l.re was :refluxed 24 hours, and an additional 33 g. of 

phosphorus pentmdde was added. The n1ixture was again reflw,ed 24 

hours, and 13 g. of phosphorus pento:dde was added. The mbdure was 



refluxed another 24 hours, and the chloroform solution was filtered to 

give a water-clear filtrate containing the nitrile. The chloroform wa s 

removed by distillation, using the steam cone, and the liquid nitrile 

was poured into a beake1·, using chloroform to dnse the flask. On cool­

ing, the nitrile crystallized. It was washed with hexane and filtered, 

to give 54. 6 g. (T/. 5°/o) which was pure enough for use in subsequ,ent 

reactions. . If de sired, the above quantity of nit rile could be re crys­

tallized from 300 ml. of benzene and 300 ml. o! hexane to give product 

which melted partially at about 125°, resolidified, and finally melted 

at 134- l.36 ° . 
. Anal. ca.le. for C 17H 12o2N 2: C, 73. 90; H, 4. 38; N, 10. 14. 

Found: C, 73. 91; H, 4. 45; N, 10. 09. 

D- o ~ Phthalimido-f3-phenylpropionitrile (phosphorus pentoxide 

method).• - D-0.- P hthalimido-!3-phenylpropionamide (3. 9 g.) wae converted 

to the nitrile by the method given above for the preparation of the DL-

o nitrile. • The crude product, 2. 87 g., m. p. 135-143 , was recrystal• 

lized from 15 ml. of benzene and 40 ml. of hexane to give 2. 3 g., 

m.p. 140-146°. Another recrystallization gave 2.03 g., m.p. 143-147°; 
0 

_ 25 o o o . r 
( c, ) D + 89. 6 .:!:, 1 (C, 2. 2 ~o in CH .. ,13). 

methanol (1 g. fro:r;;,. 40 ml.) gav~ O. 8 g., 

.:!:, 1° (c, 2. 1°/o in CHC1 3). 

Two recrystallizations from 

~ ~ ,:: 0, 25° . 0 n .• ,). l:,l.5-153 ,{a)D+96.0 

'"-Phthalirn ido-p-phenylpropionitrile (benzene sulfonylchloride 

rnethod). - • r.1. •Phthalirn ido- f> -phenylpropionamide (2. 76 g., o. 0094 mole) 

wa.s dissolved in 10 ml. of boiling pyridine in. a beaker. Benzenesul!onyl 

chloride (6 ml., O. 0325 mole) was added, and the mb,ture was boiled 

for ten min\.1.tes. The mixture was cooled in an ice _batl-i_ and 25 ml. of 
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water was added slowly. The resulting solid nitrile was filtered, washed 

• with water, and dried to give 2. 56 g. (99°/o) crude product, m. p. 126-

131°, with some resolidification at about 126°. 

_L- n-F hthalimido-0-phenylpropionitril! (benze:!.=. sul£onylcltloride 

method. --,!:-u-:F htha.limido-~-phenylpropionamide (5 g.) was converted to 

the nitrile by the procedure described for the DL-amide. The crude ni­

trile (4. 57 g., 97°/o) was l."ecrystallized from 175 ml. of methanol to give 
0 

4. 21 g. (89. 6°/o, based on amide), m. p. 150-153. 2°, (a);5 - 103° + 1°. 

Anal. calc. for C 17H 12o2N 2: C, 73. 90; H, 4. 38: N, IO. 14 

FoW1d: C, 73. 97; H, 4. 47; N, 10. 09 

N-(c- Phthalimido-j3-phenylpropionyl) phosphoramidic dichloride. -­

a.-Phthalimido-[3-phenylpropionamide (12 g., o. 0408 mole) was suspended 

in 168 ml. of dioxane in a beaker, and phosphorus pentachloride ( 16. 8 g., 

O. 0808 mole) was added. Stirring and war:n:-..ing to about 40° gave a clear 

solution which was decanted from some excess phosphorus pentachloride. 

Five hundred and twenty z11l. of hexane was added to the solution, which 

was then poured into five crystallizing dishes in the hood and allowed to 

stand for about two hours. Crystals formed during this exposure to moist 

air. They were separated by filtration and recrystallized from 160 ml. 

of chloroform and 160 ml. of benzene, giving 14. 56 g. (86. 5°/o), m. p. 

170-171° dee. 

P, 7. 53; Cl, 1'7.25. 

Found in analyses of three separate samples: 

C, •·•• ---, 56. 34; H, -••• ••·, 4. 16; N, 5. 08, 5. 21, 5. 03; 

P, ••• , 6. 37, 6. 90; Cl, 32. 55, 25. 13, 16. 22. 
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The only consistent analyses £or those £or nitrogen, and these 

lead to an unreasonable molecular weight, assuming two nitrogens per 

molecule. I'he crystals were well formed, transparent prisms. The 

first two samples were crystallized from. benzene chloroform, while the 

last was crystallized fron1 benzene only. 

Dimethyl N-(a-phthalimido-p-phenylpropionyl) phosphoramidate. -­

N•(Ct•phthalimido-p-phenylpropionyl) phosphora:r:nidic dichloride ( l g.) 

was boiled for a few minutes with 5 rnl. of methanol. The solution was 

filtered and allowed to cool, giving well formed crystals which were 

recrystallized from five ml. of methanol to give an analytical san,ple, 

m. p. 207°-208. 5°. It was later found that after melting about 210°, the 

compound resolidifies and melts above 220°. Th~ higher melting com­

pound was not investiga
0

ted. 

~• calc. for c 19H 19o6N2F: C, 56. 71; H, 4. 76; N, 6. 96; 

F, 7. 7. 

Found: C, 56.14; H, 4. 73; N, 6. 32; P, 7. 08. 

Di-n•butzl N:(a.-phthalimido-p-phcnylpropionyl) phosphorami­

date. --The preparation was similar to that of the methyl derivative re• 

ported above. The o. 3 g. obtained on cooling the buytl alcohol solution 

of product was recrystallized from four ml. of carbon tetrachloride to 

give an analytical sample, m. p. 136-139°. 

Jtnal. calc. £or c 25H31 o6N2P : C, ·61. 72; H, 6. 42; N, 5. 76; 

P, 6. 36. 

Fou..Tld: C, 60. 30; H, 6. 30. 

G•(o-Carbo:,~ybenzam.ido)-p-phenylpropionitrile. --n-Phtha.limido-

0-phenylpropionitrile (l. 68 g., O. 0061 n 1ole) was dissolved in 40 ml. of 

methanol, and 20 ml. of water was added. The resulting suspension of 
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oil was stirred for ten minutes with 15 ml. lM sodium hydroxide, and 

then acidified with 4 ml. 6M hydrochloric acid. The resulting solid 

was difficult to recrystallize, but this wae finally accomplished by al­

lowing an alcohol solution of it to evaporate slowly. This recrystal­

lization was repeated twice from alcohol-water, giving an analytical 

sample, m. p. 165° dee. 

Anal. calc. for· C 17H 14o3N2: C, 69. 37; H, 4. 80; N, 9. 52.. 

Found: C, 69.49; H, 4.97; N, 9.63. 

The structure of the com.pound was confirmed by heating. a 

sample in an oil bath at 165°. After bubbling ceased the residue was 

cooled and recrystallized from a benzene hexane mixture, giving the 

original a•phthalimido-p-phenylpropionitrile, which was identified by 

melting point and mixed melting point. 

2.:Phthalimido-!3-phenylpropionhydroxamic acid. -- c- P hthali• 

mido-t3-phenylpropionyl chloride (7 g., o. 0224 mole) was dissolved 

in 25 ml. of dimethyl formamide and mixed rapidly with a solution of 

l. 47 g. (O. 0448 mole) free hydroxyla:mine in 12 ml. of dimethyl for• 

mamide. The resulting warm solution was cooled and diluted with an 

equal volume of water. Cooling in the refrigerator gave crystals of 

product which were separated by filtration. A second crop was obtained 

from the filtrate on adding more water, giving a total o! 3. 88 g., 

(55. 7°/o). It may be mentioned that on repeating this preparation on 

a larger scale, much greater difficulty in crystallizing the product 

was encountered. The analytical sample was recrystallized from 

aqueous alcohol. 

Anal. calc. for C 17H14o 4N2: C, 65. 80; H, 4. 55; N, 9. 03. 

Found: C, 65. 67; H, 4. 52; N, 6. 37, 8. 37. 
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o•.F'hthalimido-!3-phenylpropionamidoxime. -- c-Phthalirnido-

13-phenylpropionit:dle (8. 28 g. • O. 03 mole) was dissolved in 120 ml. of 

boiling methanol. A solution of hydroxylamine containing some hydrox­

ylamine hydrochloride was prepared by adding 30 ml. of lM sodium 

methoxide in methanol to 69 ml. of O. SM hydroxylamine hydrochloride 

in methanol and cooling the mixture in the refrigerator. After half an 

hour the hydroxylamine solution was decanted from precipitated sodium 

chloride and added to the methanol solution of nitrile. The reaction 

mb..-ture was heated under reflu..x for three hours and then cooler ove!"­

night. The white crystals of product were separated by filtration 

( 5. 7 4 g., 62. 1 °/o), m. p. 198-204° dee. Distilling off moat of the meth­

anol under reduced pressure gave a second crop of O. 83 g., bringing 

the total yield to 71 °/o. Recrystallization from methanol gave an ana­

lytical sample. 

Anal. calc. for c 17H 15o 3Nf C, 66.0l; H, 4.89; N, 13. 59. 

Found: C, 66.13;H, 4.97;N, 13057. 

L- a.• Phthalimido-!3-phenylpropionamidoxime. -- .!;:-c-Phthalimiclo-

13-phenylpropionitrile was converted to the amidoxim0 by the procedure 

desc1·ibed above, using 10. 20 g. nitrile, 290 ml. of methanol, 37 ml. 

of lM sodium methoxide, and 42. 4 ml. of lM hydroxylamine hydrochlo­

ride. The .!:_-amidoxime was too soluble in methanol to crystallize 

directly from the reaction mi:-;,,>ture. Accordingly the solution was evapo­

rated under reduced pressure to 100-125 ml., and 60 ml. of water was 

added in portions, giving a mass of fine needles which were separated 

by filtration after the mixtur~ had been cooled in the refrigerator. This 
') 50 

gave 8. 35 g. (73°/o), m.p. 164-171° dee., {u)'n - 108° ±., 1° (c, 2. 7°/c 
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in methanol) 

Anal. calc. for C 17H 15o3N3: C, 66_. 0 l; H, 4. 89; N, 13. 59. 

Found: C, 66. 23; H, 4. 87; N, 12. 81, 14. 19. 

c-Amino-@-phenylpropionamidoxime. -- a• P hthalimido-~-

phenylpropionamidoxime (3. 3 g. • 0. 0107 mole) was dissolved in 150 

1 ml. of hot methanol. To the solution was added 32 ml. of "J M hydrox-

ylamine in methanol, prepared by mixing solutions of hydroxylamine 

hydrochloride and sodium methoxide, and 10. 7 ml. of lM sodium 

methoxide. The solution immediately turned yellow due to formation 

of the sodium salt of phthaloxime. In two hours the color had become 

deep red, and the solution was evaporated to dryness under reduced 

pressure. This operation was accomplished best by use of a rotating 

flask evaporator, since the sodium salt of phthaloxime pr~cipitates 

and causes bumping in a conventional apparatus. The resulting solid 

was extracted with about 25 ml. of hot ethyl acetate, and the mixture 

was filtered. Crude a-amino-~-phenylpropionamidoxime crystallized 

from the solution on cooling (0. 93 g., Sl0/o), m. p. 115-117. s<! If 

desired, this product may be crystallized from about 10 ml. of water 

to give thin white plates, m. p. 11 7-118, in about 70°/o yield. 

~• calc. forC 9H13oN3 : C, ~0.3l;H, 7.31;N, 23.45. 

Found: C, 60. 27; H, 7. 26; N, 23. 48. 

O-Benzoyl-0.-benzamido-!3-phenylpropionamidoxime. --

o-Amino-~-phenylpropionamidoxime (O. 43 g., o. 0024 mole) was dis­

solved in 200 ml. of ethyl acetate. Benzoyl chloride (0. 995 ml.• 

o. 00862 mole) was dissolved in 20 ml. of ethyl acetate; this amount 

was used because of a mistake in calculation, it being desired to use 

O. 0048 mole of benzoyl chloride. Half the benzoyl chloride solution 



was added to the amidoxime in ethyl acetate and the mixture was allowed 

to stand twenty minutes_ in -order to let half of the a.cylation take place 

under anhydrous conditions. Then 4. 8 ml. of lM potassium carbonate 

and the rest of ths benzoyl chloride W"'d.S added. In thirty minutes the 

ethyl acetate layer was separated and dried with magnesium sulfate. 

Evaporation under reduced pressure to about 50 ml. gave o. 7 g. (75°/o) 

of the desired dibenzoyl derivative. This was recrystallized from 

about 140 ml. of acetonitrile to give 0. 4 g., m. p. 206-7° dee. on rapid 

heating, although later experiance with the optically active dibenzoyl 

derivative indicat~s that recrystallization was unnecessary. 

L-O-Benzoyl•a-benzamido-!3-phenylpropiona.midoxime. --

!:,• u- P hthalamido-f3-phenylpropionamidoxime (5 g., o. 0162 mole) was · 

treated with hydroxylamine and sodium methoxide in order to cleave off 

the phthaloyl group, using the procedure described above for the .Q.!;_· 

compound. Since preliminary experiments had given the amino ami­

doxime only as a water soluble syrup, the ethyl acetate e,::tract of the 

amino amidoxime was diluted to 200 ml. with reagent grade ethyl ace­

tate and benzoylated directly with 5 ml. of benzoyl chloride, using 5 m l. 

of lM potassium carbonate. The desired dibenzoyl derivative crystal­

lized directly from the ethyl acetate phase after a few minutes. It was 

separated by filtration, washed with ethyl acetate, and dried, giving 

2. 9~ g. (46. 5°/o). An analytical sample was obtained by recrystalliza-

o 25° O O O tion from acetonitrile, m. p. 204-Zll dee, (c) D - 28. 0 .:!: 1 (c, 2. 4 1/o 

in dimethyl formamide). 

Anal. calc. for C 23H21 0 3N3: C, 71. 30; H, 5. 46; N, 10. 85. 

Found: C, 71. 38; H, 5. 51; N, 10. 94. 
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o-Benzamido-f3-phenylpropionamidoxime. --O-Benzoyl•o­

benzamido-{3-phenylpropionamidoxime (0. 4 g.) was boiled with 50 ml. 

of methanol containing a few drops of lM sodium methoxide. A clear 

solution was formed rapidly, indicating formation of the more soluble 

product. The solution of product was divided into two parts. Water 

was added to one part, giving fine white needles which were separated 

by filtration and dded, o. 090 g. (61. 5°/o). The other half of the 

methanol solution was evaporated to dryness, dissolved in hot aceto­

nitrile, filtered, and cooled, giving cottony crystals (0. 074 g., 50. 5°/o). 

/\.n analytical sample was recrystallized from acetonitrile, rn. p. 200-

202° dee. 

~• _calc. for C H,H 17o2N 3: C, 67. 82; H, 6. 05; N, 14. 83. 

Found: C, 67. 90; H, 6. 09; N, 14. 83. 

L- c-Benzamido-/3-phenylpropionamidoxime. -- !:_-O-Benzoyl-

n-benzamido-j3-phenylpropionamidoxime ( l g.) was boiled for nine 

minutes in 75 ml. of methanol containing nine drops of lM sodium meth­

oxida in methanol. The solution vr.ras evaporated to dryness .!!! vacuo, 

and the residue was dissolved in about 70 ml. of acetonitrile and cen-

• trifuged hot. The clear solutions were poured out and allowed to cool, 

o 25° O O 
giving 0. 32 g. (43. 7 ~o), (c) D - 85. 2 !. l (c, 2. 3°/o in dimethyl for-

marnide). 

O- ./\cetyl-a-acetamido-f3-phenylpropionamidoxime. -- c-Amino-

13-phenylpropionamidoxirne (0. 5 g., 0. 00279 mole) was dissolved in 200 

ml. of reagent grade ethyl acetate. Acetic anhydride (0. 55? ml., 

0. 00585 mole) was dissolved in 10 ml. of ethyl acetate. Half the acetic 

anhydride solution was added to the amidoxime solution, and the rnixture 
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was allowed to stand ten n1inutes. Then 5. 35 ml. (Oo 00585 mole) lM 

potassium carbonate and the ren·,ainder of the acetic anhydride was 

added. ,i\fter ten minutes the solution was evaporated under reduc,Jd 

pressure to about 30 ml., giving O. 56 g., (76. 3°/o) of th~ desired 

diacetyl derivative, :rr:.. p. 160-162° <lee. 

~- ca.le. for c 13H 170 3N 3: C, 59. 30; H, 6. 51; N, 15. 96. 

Found: C, 59.32; H, 6.6l;N, 15.97. 

c.-A·cata.t-rddo-t3-phenylpropionamidoxi:n:1e. --O-Acetyl- , . .1-aceta-

n1ido-p-phenylpi-opionamidoxirne (O. 56 g.) was boiled for nine rnin-.ites 

with 15 rnl. of n1ethanol containing four drops oi 1 M sodium 1:netho)ade 

in methanol. The resulting solution was evaporated to dryness in vacuo 

and recrystallized from hot water, giving O. 31 g. (65. 8°/o) of •;Jhitc nced-

o les, m. p. 156-162 dee. 

Anal. calc. for c 15H 15o2N 3: c. 59. 71; H, 

Found: C, 59. 82; H, 6. 56 

L-0•!:_,cetyl-.:.,-acetan--iido-p-phcnylpropionamidoxime. -- The 

pbthaloyl group was cleaved from 4. 15 g. (~). 0134 mole) o:f L-c-;Jhthali-- -
mido-f:3-phen.ylpi-opionamidoxime, using the procedure already described. 

The resulting ethyl acetate extract of the amino amidoxime was diluted 

to 100 ml. and acetylate<l, using 2. 52 ml. (0. 0268 mole) of acetic anhy­

dride and 26. S :rnl. of 1M potassium carbonatte, employing the procedure 

described above for the DL-compounc. Concentrating the dried ethyls 
. -

acetate layer in vacuo gave 1. ,14 g., (48. 5°/o) of producto 

L-c• ,~ cetarnido-p '."phenylpropionami<loxime. -- L-8-/'..cdyl-c-

acetamido-p-phenylpropionamido:;,dme ( 1. 44 g.} was tr0ated with r:13th­

anol containing sodiurn mcthox.ide, using the pi·ocedure described 
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above for the E.!:,-compound. The product was crystallized from 30 

o, 6 6 0 :r:nl. of water, giving O. 89 g. (73. 5 ,o), m. p. l • 7-1 9 dee. Mixed 

with the DL-compound of m. p. l 56-158° dee. , the m. p. was 140 .. 150° 

dee., giving evidence that racernization did not occur during any step 

of the preparation. This evidence was desired because of the low 
0 

specific rotati,:>;-i, (u);5 - 11. 1° ±. 4° (c, 2. 1°/o in ai.bsolute ethanol) . 

. Anal. calc. for C 11H 15o2N 3; C, 59. 71; H, 6. 83; N, 18. 99. 

F ound: C, 59. 80; H, 6. 98; N, 17. 69, 1<175. 

,1. - fc htl.i.B.lam.an::ddo-P-phenylpropionamide. -- Du.ring the p1•c?!p• 

aration of c •phthalbnido-~•-phenylpropionamide by the m9thod d e ­

scribed earlier, the crude amide was accidentally allowed to stand 

36 hours in concentrated ammonium hydroxide. The resulting ::. • 

phtha.lamam.ido- i':1 -phenylpropionamide did not crystallize from the • 

volume of alcohol used to recrystallize the amide, but evaporation 

to smaller volume resulted in very slow precipitation. of very fine 

0 cottony needles, rn. p. 205-210 dee. The observed decomposition 

on melting was found to consist of loss of ammonia, with formation 

of n•phthalimido-f3-phenylpropionamide. The latter compound eolidi­

fied in the melting point tube above 210° and then melted at 227-229° 

(Found for pure amide, m. p. 236. 8-237. 2). The phthalamamido 

compound was recrystallized with difficulty from ethanol. At times 

a cold supersaturated solution in ethanol very slowly formed large 

prisms which appeared to be a solvate, as the prisms disintegrated 

to a white powder on filtering and drying. 

~• calc. for c 17H 17o3N3: C, 65. 58; H, 5. 50; N, 13. 50. 

Found: C, 65. 52; H. 5. 57; N, 13. 41. 
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a.-Phtha.limido-!3-phenylpropionar.aide (from ~-•phthalamamido­

f3•phenylpropionamide). •• The phthalamam~do derivativG described 

above was heated in a beak~r by means of an oil bath at 240°. The 

powder melted with loss of ammonia. The melt was cooled and con• 

verted directly to a. •phtha.limido-!3-phenylpropionitrile. 

u•Ethylphthala1T..amido-!3-phenyl-N-ethylpropionamide. --

The compound. wa.lj prepared by the method described above for the 

preparation of o•phthalamamido-f,-phcnylpropionamido, using aqueous 

ethyl amine instead of a queous ammonia . It wa s recrystallized from 

ethanol-water, m. p. 180-182° with loss of ethyl a.mine, as shown by 

holding pH paper above the melting compound. 

Anal. calc. for c 21H 25o3N3: C, 68.64; H, 6.86. 

Found: C, 68. 71; H, 6. 81. 

a.-Phthalimido-(3-phenyl-N-ethylpropionamide. -- An unknown 

amount of ethyl amine gas was paseed into a solution of a-phthalimido­

f3-phenylpropionyl chloride in benzene. '.fhe mixture was evaporated 

to dryness to give a aolid. Four g. of this material was recrystal­

lized from about 200 ml. of ethyl acetate to give white prism s, m. P• 

183. 5-184°, which were recrystallized to give an analytical sample. 

~• ~ale.: for c 19H18o3N2 : C, 70. 79; H0 5. 63. 

Found: C, 70. 87; H, . 5. 58. 

Evaporation of tha ethyl acetate filtrate from the fir st crystalli- . 

zation gave a second compound which proved to be c -ethylphthalamido­

~-phenyl-N-ethylpropionamide, identical with that obtained in the 

preparation described above, as shown by mixed melting point. 
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The u•phthalimido-!3-phenyl•N-ethylpropionamide was pre­

pared with the idea ·of converting it to the imide chloride, which would 

be useful in making N•ethyl amidines or i:mino eat~re. However, this 

project has not been carried out. 

c-Phthalimido-!3-phenylpropionthioamide. -- a-Phthalimido­

f3•phenylpropionitrile _ (13. 8 g., o. 05 mole) was dissolved in 300 rnl. 

of ethanol ·and O. 745 g. (0. 005 mole) of triethanolamine was added. 

The mixture was heated to near the boiling point, and hydrogen sul­

fide was slowly bubbled through the hot solution for two days. 'I'he 

reaction mixture was then placed in the refrigerator, giving some 

solid which was separated by filtration, and which was judged from 

the melting point to be mostly unreacted nitrile. A portion of the fil­

trate was allowed to evaporate slowly, giving large prisms of a higher 

melting substance which proved to be the desired thioamide. It was 

recrystallized from alcohol water, m. p. !60. 5-162°. 

Anal. calc. for C 17H 14o 2N 2s: C, 65. 78; H, 4. 55; N, 9. 03t 

s. 10. 33-

Found: C, 65. 98; H, 4. 55; N, 9. 04, S, 10. 34. 

Preparation of the compound thought to be c-phihalamamido­

e•phenylpropionthioamide and its alcohol solvate. -- n•Phthalimido-

13-phenylpropionitrile (8 g.) was dissolved in lZO ml. of ethanol satu­

rated with ammonia by warming the mixture slightly. The mixture 

was saturated with hydrogen sulfide and allowed to stand 'for a few 

hours. White crystals formed which were separated by filtration a,,.,.d 

washed with ether, and allowed to dry in air, giving 9. 72 g. Thie 

represents a yield of 90°/o, assuming that the compound is o•phthala-
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mamido-{3-phenylpropionthioamlde containing one mole of ethanol, or 

a yield of 103°/o for the same compound containing no ethanol. The 

• evidenc~ £or the existence of an alcohol adduct wae obtained in a later 

• preparation b1 which methanolic ammonia was used instead of etba.n• 

olic ammonia. The product from this preparation was recrystallized 

from methanol (3. 73 g. from 150 ml. gave 2. 49 g. ), and the product 

was heated under vacuum in an Abderhalden drying pistol, using 

boiling cyclohexanol, b.p. 161°, as the heating fluid. Partial melt­

ing and resolidification occurred, accompanied by a 6. 18°/o loss of 

weight. The resulting solid could be recrystallized from acetonitrilo 

(0. 3 g. from 6 ml.) to give a product having m. p .. 173-177° dee. 

However, when the solid was recrystallized from methanol, partial 

melting and resolidiiication at 100-160° was again observed, accom­

panied by a 7. 35°/o ioss of weight. Cale. for loss of CH3OH: 8. 50°/o. 

~• calc. forc 17H17o2N3S: C, 62.36;H, 5.Z3:N, 12.83. 

Found: C, 62. 98; H, 5. 48; N, 11. 31. 

Anal. calc. for C 17H 17o2N3S:CH3OH: C, 60. 14; H, 5. 89; 

N, 11. 69; :3 , 8. 92. 

Found: C, 59. 90; H, 5. 64; N, 10. 75; S, 8. 26. 

Phenylalanine thioarnide. --The compound thought to be a meth­

anol adduct of o•phthalamamido-l3-phenylpropionthioamide (4. 10 g., 

0. 0114 mole) was heated to 85° with 20. 6 ml. of 0. 612M sodium hy­

droxide (O. 0126 r.nole), giving a clear yellow solution. .A. solid crys­

tallized out on cooling which was purified and identified as phenylala­

nine thioamide (0. 5 g., Z4. 3°/o), on the basis of its solubility and 

elementary analysis. The above crude product was recrystallized 
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from 4 ml. of ethanol and 8 drops of water, giving O. 285 g., recrys­

tallized· again to give an analytical sample, yellowish plat"'s, m. p. 

135-136. 3° dee. The compound was insoluble in water and dilute sodi­

urn hydroxidie, soluble in dilute hydrochloric acid. 

~• calc. for c
9

H12N2S: C, 59. 96; H, 6. 71; N, 15. 54; 

s. 17.79. 

Found: C, 60. 05; H, 6. 72; N, 15. 63; S, 17. 72. 

Preparation~~ compound which may~ c-phthalama.rnido­

f3--phenylthiopropionic ~• -- Acidification of the filtrate from the 

above preparation cf phenylalanine thioamide gave an oily solid which 

was r ecryatallized with some difficulty from etha.nol~water, giving an 

. 0 
analytical sample after three recrystallizations, m. p. 190-195 dee. 

with loss of ammonia. The structure is indicated by the solubility 

in base, the loss of ammonia on heating, and the analysis, despite 

the incorrect values obtained for nitrogen and sulfur. 

Anal. calc. for C 17a 16 o 3N 2s: C, 62. 18; H, 4. 91; N, 8. 53; 

· s, 9. 76. 

Found: C, 62. 51; H, 5. 01; N, 6. 84; S, 10. 94. 

Methyl c.•phthalimido-~-phenyliminopropionate hyProchloride. -­

a-Phthalimido-p--phenylpripionitrile (7. 72 g., o. 0280 mole) was dis­

solved in 60 ml. of benzene, and 9. 3 ml. of 3M methanol in benzene 

was added. In two days a large amount of precipitate had formed. It 

was separ.nted by filtration and dried by passing dry air through the 

funnel, giving 8. 04 g. (83. 3°/o), m. P• 234-236, indicating that con• 

version to the amide occurred on heating. The _product was used di• 

rectly in further experiments. 
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¥ethyl n•phtbalimido-p-phenyliminopropionate. -•The hydro­

chloride described above (8. 04 g., o. 0233 mole) was dissolved in 100 

ml. of dry methanol, and 6. 3 ml. oi 3. 7M sodium. methoxide (0. 0·233 

mole) was added. The n.-1ixture was evaporated to dryness under re• 

duced pressure and extracted with SO ml. of ether. The solution was 

evaporated to about 15 ml., and 5-10 ml. of hexane was added, giving 

oily crystals. These were separated by filtration and recrystallized 

from :methanol-water, giving only O. 43 g., (6. o0/o), rn. p. 124. 8-126. 8. 

~- ca.le. for c 18H16o3N2: C, 70.11; H, 5.23; N, 9.09. 

Found: . C, 70. 07; H, 5. 29; N, 9. 06. 

Methyl o•phthalirnido-~•phenylpropionhydroximate. -- Methyl 

n-phthalimido-P-phenyliminopropionate hydrochloride (7. 90 g., o. 0229 

mole) was dissolved in 160 ml. of methanol, and 23 ml. of lM hydrox­

ylam.ine (prepared from the hydrochloride and sodium methoxide) was 

added. The mb...<>ture was evaporated to dryness !!!, vacuo and extracted 

with 50 ml. of benzene. .i'.ddition of hexane gave 1. 44 g. (20°/o) of pro­

duct m. p. 162-168° dee. The material was recrystallized from meth­

anol, giving large prisms, m. p. 172-180° dee. 

~• ca.le. forc 18H 16o4N2: C, 66.66;H, 4.97;N, 8.64. 

Found: C, 66. 58. H, 4. 90; N, 8. 56. 

The major product of the above reaction ( 4. 1 7 g. ) was not soluble in 

0 benzene. The crude product melted at 170-205 dee., and was appar-

ently not a•phthalimido-j3-phenylpropiona.mide of o.-phthalimido-f3-

phenylpropionamidixome, as might be expected. 

a •Phthalimido-f3-phenylpropiona.ldehyde. -- a.- F hthalimido-!3-

phenylpropionitrile ( 11. 04 g., o. 04 mole) was dissolved in 80 ml. of 

benzene, and 80 ml. of ether was added. Anhydrous stannous chlo,: ide 



( ! 5. 12 g. , O. 080 mole) wa.a suspended in 160 ml. of dry ether in a 500 

ml. Erlenmeyer flask and hydrogen chloride gas was passed in until 

the stannouo chloride phase turned to a clear, heavy liquid. The solu­

tion of nitrile was added, causing the stannous crJ.oride phase to turn 

opaque white. Hydrogen chloride was again run in until a clear liquid 

was obtained. Tbis process ia speeded considerably if the flask is 

stoppered and shaken at frequent intervals. The mixture was allowed 

to stand five hours at room temperature and then placed in the refrig­

erator for 36 hours. The ether layer was poured off and discarded, 

since an earlier experiment showed that it contains little nonvolatile 

material. The excess hydrogen chloride was blown off with nitrogen, 

and the ·product was shaken for ten minutes on a mechanical shaker 

with 40 ml. of water and 240 ml. of benzene. The benzene layer was 

separated, and the water layer, along with any solid present, was di­

luted with 40 additional ml. of water and shaken for twenty minutes 

with 240 additional :ml. of benzene. The second benzene extract was 

sepa:rated and combined with the first. The benzene extracts were 

combined, dried briefly in two stages with magnesium sulfate, filtered, 

and evaporated in vacuo, using a warm water bath as heater to avoid ----
local overheating of the product. During the evaporation some solid 

tended to separate. This was at first thought to be a polymer of the 

aldehyde, but later observations on the stability of the aldehyde make 

it seem more likely that it is some ti:n compound. When the benzene 

had been removed, the resulting oil solidified (8. 3 g. • 74. 4°/o). That 

the product was not pure aldehyde is indicated by the low yield on re­

crystallization. • Extracting 6. 56 g. with 175 ml. of boiling pet:roliwn 
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ether (85-100°) and pouring off the solution left an insoluble residue 

which apparently was not aldehyde. The petroleum ether solution 

first turned cloudy on cooling in the refrigerator, and then gave crys-

tals •of aldehyde (3. 04 g. • 34. 3°/o overall yield), m. p. 94. 5-96°. 

Recrystalliz&.tion from hexan0 (0. 28 g., from 20 ml.) gave an analyti• 

cal sample, m. p. 96. 3-96. 8°. 

~• ca.le. forC 17H 13O3N: C, 73.ll;H, 4.69;N, 5.oz. 

Found: C, 73. 49; H, 4. 78; N, 5. 09. 

The crude aldehyde obtained on evaporation of the benzene 

extract in a separate preparation gave a precipitate with Z, 4-dinitro­

phenylhydrazine, but the derivative could not be recrystallized. How• 

ever, a crystalline semicarbazone was prepared by tha :method de­

scribed in Shr-iner and Fuaon's text. The recrystallization from 

acetonitrile (0. 2 g. from 25 ml.) gave an analytical sample, m. p. 

238-240° dee. on rapid heating. 

~• ca.le. for C !SHH, O2N4: C, 64. 27; H. 4. 79; N, 16. 66. 

Found: C, 64. 24; H, 4. 82; N, 16. 63. 

a - P hthalimido-(3-phenyl propionaldehyde ~ Ro senmu..11d 

reduction. -- The preparation was carried out according to the direc• 

tione of Foye (50), giving a toluene solution from which the aldehyde 

was obtained as a mixture of oil and crystals by addition of a large 

amount of he,m ... 1e. The crude crystalline product was melted at about 

61-64° with resolidification occurring before melting was complete, 

the final melting point being 80-85°. It is possible that Foye observed 

the earlier transition, accounting for his reported m. p. of 75-78°, 

although the earlier transition was no longer observed in the present 
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work after the product was recrystallized from hexane. Thia recrys­

tallization (0. 4 g. from 40 ml. of hexane) gave product having m. p. 

90. 5-92°. Recrystallization raised this to 92-93°. Mixed with product 

from Stephen reduction of m. p. 94-96°, them. p. was 95-96°. 

o • P hthalimido-f3-phenylpropionaldehyde ethyl hemiacetal. -­

When crude a.•phtha.limido-{3-phenylpropionaldehyde from Stephen re• 

duction was dissolved in ethanol by warming, and water was added to 

the cloud point, crystals of the ethyl hemiacetal formed on cooling. 

The substance could be recrystallized from benzene-he:Q.ne (O. 5 g. 

from 10 ml. benzene and 40 ml. of hexane). The hemiacstal melted 

with evolution of a gas, proba.bly ethanol, m. p. 122-124° on rapid 

heating. 

Anal. calc. for C 19H17o 3N: C, 70. 14; H, 5. 89; N, 4. 30. 

Found: C, 69. 51, 70. 65; H, 5. 89, 5. 84; N, 4. 11. 

a-Phthalimido-ri•phenyleropiona.ldehyde n-butyl hemiacetal. --

o•Phtha.lamido•l3-pbenylpripionald6hyde (O. 2 g~) was boiled with 2 ml. 

of n-butyl alcohol, cooled, and the hemia.cetal crystallized by addition 

of 4 ml. of hexane, giving O. 09 g. This was recrystallized from 2 ml. 

of benzene and 4 ml. of hexane, giving an analytical sample, :m• l?• 

102-104°. 

Anal. -
Found: C, 71. 30; H, 6. 57; N, 4. 02. 

a - P hthalimido-~-phenylpropionaldehyde methx:l hemiacetal. -­

This aubstan•~e, prepared by the procedure described for the ethyl de­

rivative, had rn.p. 119-121° dee. 

L• 1_; • P hthalimido-e•phenylpropionaldehyde. --L• >J • P hthalin1.ido-



f3•phenylpropionitrile (l. 69 g.) was converted to the aldehyde by the 

Stephen method, using the procedure described for the DL-c::ompound. 

The product was recrystallized from 25 ml. of 85-100° petroleum 
0 

ether, giving0.73g. (42.8°/o), m.p. 115-117°, (o.);5 - 157°:t_z0 

(c, 2. 03°/o in chloroform). 

~• calc. for C 17H 13o3N: C, 73. 11; H, 4. 69. 

Found: C, 73. 38; H, 5. 15. 

u•Phthalimido-@-phenylpropionaldehyde ethylene e;lycol acetal. --

Following the procedure of Balenovic et al (51), ci•phthalimido-~-phizm.yl-- -
propionaldehyde (4 g.) in 200 ml. of benzene wae mixed with 4 ml. of 

ethylene glycol and o. 2 g. of -toluenesul!oned acid. The water formed 

in the reaction was removed as the azeotrope by slow distillation over 

the course of eight hours, adding benzene as needed. The benzene so­

lution was washed with water, dried, and evaporated in vacuo, giving 

a solid which was recrystallized from 8 ml. of benzene and 30 ml. of 

hexane. Yield: 3o 74 g. (80. 8°/0) 1 rn. p. 108-109. 5°. 

~• calc. for C 19H17o 4N: C, 70. 57; H, 5. 30; N, 4. 33 

Found: C, 70. 44; H, 5. 38; N, 4. 31. 

o-Benzamido-13-phenylpropionaldehr!e ethylene glycol acetal. --

o-Phtha.limido-f3-phenylpropionaldehyde ethylene glycol acetal (1. 08 g., 

Oo 00333 mole) in 40 ml. of methanol was refluxed 3 hr. with 3. 33 ml. 

of lM hydro~ylamine in methanol and 3. 33 ml. of lM sodium rnethoxide 

in methanol. The dark red solution was evaporated to dryness on a 

rotating flask evaporator and extracted with hot reagent grade ethyl 

acetate. The extract was benzoylated, using o. 38 ml. (O. 00333 mole) 



of b~nzoyl chloride and 3o 33 mlo of lM potassium carbonate. The 

resulting ethyl acetate solution was dried and concentrated giving 

the product, white crystals (0. 36 g., 36. 2°/o), m. Po 1180 s0
• 

~o calc. for c 18H 19o3N: C, 72. 70; H, 6. 44; N, 4. 71. 

Found: C, 72. 49; H, 6. 68 ; N, 4. 65. 
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A. INTRODUCTION 

One of the ways of studying the c,-chymotrypsin catalyzed hy­

drolysis of acylamino acid derivatives involves using substrates in 

which the acyl group is varied. For some time there has been an in­

terest in these laboratories in studying the enzymatic hydrolysis o! 

acylamino acid derivatives in which the acyl group is derived from 

3-indolecarboxylic acid. The interest derives from the relation of 

such a substrate to tryptophane derivatives, which possess the same 

indole group in a different position in the molecule. 

In December 1954 a communication appeared describing the 

product from reaction of indole with oxalyl chloride as 3-indolegly­

oxal yl chloride I ( 1): 

~ 
~N/ 

I 

H 

00 
K \I 

C.\ - C - c.- ti 
➔ 

0 
ll ~0 

roc-c 
'C.\ 

' N 
tt I 

The work reported here arose from the idea that the corresponding 

ester might eliminate carbon monoxide on heating, providing an 

easy route to ethyl 3-indolecarboxyla.te. The idea is based on the re­

semblance of one of the tautomeric structures of ethyl 3-indolcgly­

oxalate to esters such as Ill which are known to eliminate carbon 

monoxide (2): 



0 
\\ 

o, ... c-ocaHs 'c . 

/ 
N 

JC 

H 

-77-

JI[ IV 

Closer inspection of the literature revealed that the more closely 

related structure, IV, does not eliminate carbon monoxide. However 

II was prepared and tested for carbon monox~de elimination. Carbon 

monoxide was not eliminated. 

The project was abandoned, but it was decided to recrystallize 

some of the bright yellow acid chloride (1) for keeping in a chemical 

collection. When (I) was dissolved in hot tetrachloroetbane there 

seemed to be a great deal of foaming, and no crystals came out of 

the resulting brown solution. It was decided to test for carbon mon• 

oxide evolution during this thern1al decomposition. The test was ac• 

complished using basic, ammoniacal silver nitrate (3) which was kindly 

loaned by Howard Mower*• The test for carbon monoxide was positive, 

making it seem possible that the following reaction had occurred: 

---------------------------------------------------------------
~'The author is indebted to Dr. Mower for his lively interest and inter­
esting comments during all phases oi this work. F art of Dr. Mower's 
interest may stem from the fact that he was just beginning the prepa­
ration of 3-indolecarboxylic acid dc:dvatives by another 1·oute when 
this inve-stigation was undertaken. 
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co+ 

y 
The experiments described below show that this is actually the case, 

and that the indole-3-carbonyl chloride V which is formed can be used 

to acylate alcohols and amines, including amino acid eaters. The pro­

ducts in the latter case are amino acid derivatives of the type originally 

desired. 

One example of the above method for making acid chlorides 

has been found in the literature. In 1909 p-dimethylaminobenzoyl 

chloride was prepared by the reaction of oxalyl chloride with dimethyl­

aniline (4). • This reaction obviously involved a decarbonylation similar 

to that which is described above. 

B. THE ISOLATION AND REACTIONS OF 3-INDOLECARBONYL 
CHLORIDE (V). 

The preparation of crude 3-indolecarbonyl chloride (V) was 

accomplished by heating 3-indoleglyoxalyl chloride in tetrachloro­

ethane at l 15° for a few minute a and precipitating the brownish yellow 

product by the addition of a large excess of hexane. It appears to be 

a W3W cor.crpound, although the 2:-indolecarbor1yl chloride is known. 

When th~ cr:ide product was added to r~,ethanol or ethanol, red solu­

tions resulted, from which the corresponding esters of 3-indolecarbox­

ylic add could be crystallized by addition of water. Likewise, adding 
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the acid chloride to sodium hydroxide solution and acidifying the solu­

tion gave 3-indolecarboxylic acid. The melting points of all these pro­

ducts were in agreement with the values reported in the literature, 

although only the melting point of the acid serves to distinguish the 

starting material from 2-indolecar~onyl chloride. (lt was originally 

reported that oxalyl chloride reacted with indole in the two position, 

although the recent communication (l) gives conclusive evidence that 

reaction is at the three position.) 

Following this structure proof, there followed a series of at­

tempts to acylate amino acid derivatives, all of which resulted in for­

mation of uncrystallizable oils. The amino acid derivatives used were 

tyrosine ethyl ester, tyrosine amide, tyrosine hydrazide, phenylala­

nine, and phenylalanine amide. During this period it was found that 

the indolecarbonyl chloride could be purified by precipitation of the 

brown impurities, followed by slow crystallization of the yellow acid 

chloride. 

It was next decided to study the acylation of simple amines 

in order to develop a good acylation method. The previously unre­

ported anilide and p-toluide of 3-indolecarboxylic acid were easily 

obtained as white crystals by an ordinary Schotten-Baumann procedure. 

By the same procedure glycine ethyl ester was then successfully acy­

lated, although the product was more difficult to crystallize. Finally 

L-phenylalanine methyl ester was acylated, giving a viscous oil 

which crystallized after standing 24 hours in the refrigerator. The 

resulting 3-indolecarbonyl-.!:_-phenylalanine methyl ester was too in­

soluble in water to serve as a substrate, but might be convertible to 
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a more soluble substrate. 

A preliminary experiment indicates that the ester may not be 

convertible to the hydrazide in the usual way, however. ./J. practice 

experiment in which 3-indol~carbonylglycine ethyl ester was reacted 

with hydrazine gave a crystalline product which contained more nitro­

gen than the desired hydrazide. The structure of the product is not 

known, but it may be a compound resulting from opening of the indole 

ring by hydrazine. Such a reaction has been observed with another 

indole derivative (5). 

C. EXPERIMENTAL 

3-Indolecarbonyl chloride. -- 3-Indoleglyoxalyl chloride was 

prepared by the method described in the literature (1). When 10 g. 

of indole in l 00 ml. of dry ether was cooled in an ice bath and added 

to 10 ml. of oxalyl chloride in 100 ml. of dry ether, yellow crystals 

of the product formed within a few minutes. They were separated by 

filtration, washed with hexane, and dried on a sintered glass suction 

funnel protected from moisture with stopper containing a drying tube, 

giving 16G 07 g., 90. 6°/o. 

This 3-indoleglyoxalyl chloride was added to 150 ml. of tetra­

chloroethane which had been heated to 115-120° in an 800 ml. beaker. 

Carbon monoxide was rapidly evolved. Within a minute or two the 

gas evolution had slowed greatly, and the deep brown solution was 

cooled rapidly by placing the beaker in a pan Qf water. Hexane ( 450 

ml.) was added to precipitate the 3-indolecarbonyl chloride as a 

brownish-yellow powder. This was separated by filtration on a sin­

tered glass funnel protected with a drying tube and washed on the 
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funnel several times with hexane. Dry air was drawn through the 

funnel to dry the product, giving 7 to 10 g. ( 45-65°/o based on indole). 

Recrystallization of the product wa.s carried out as follows: 

the crude material was dissolved in 75 ml. boiling benzene and filtered 

from a large amount of insoluble material. To the brown filtrate was 

added 25 ml. of hexane. On cooling some precipitate formed, which 

was separated by filtration and discarded. The resulting solution 

wa$ much lighter, the dark-colored impurities having been discarded 

in the precipitate. A few more ml. of hexane was added to the fil-

trate, again giving some solid which was separc3:ted by filtration and 

discarded. The light yellow-brown filtrate was diluted with about 75 

ml. of hexane. added in portions over the course of half an hour. The 

resulting mixture was cooled. giving yellow crystals of 3-indolecarbonyl 

chloride. They were dried. U:&ing suction filtration with the funnel pro-
o . 

· tected by a. drying tube. giving z. 5-3. 5 g. (16-23 ~o, based on indole). 

Ethyl 3-indolecarboxylate. -- Crude 3-indolecarbonyl chloride 

(3. 06 g.) was added to ZS ml. of dry ethanol, and the product was 

caused to crystallize by addition of 30 ml. of water. The product 

was separated by filtration and recrystallized from 30 ml. of ethanol. 

and 20 ml. of water, giving 1. 81 g. (37°/o). m. p. 113-111°. After 

two recrystallizations the product had m. p. 119-123° (lit. (6) 118-119°). 

Methyl 3-indolecarboxylate. -- The procedure described for 

the ethyl derivative "."as employed. except that the methanolic solu­

tion of ester was filtered from dark-colored impurities before water 

was added. The final product had m. p. 141-146. 5°, but the wide 
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melting range may have been due to a change of crystal form near 

the .melting point, since when the ester was allowed to resolidify in 

the melting point tube and was remelted, a m. p. of 144-146. 5° was 

observed. Lit. (7) 147-148. 

3-indolecarboxyli!:; ~• -- Crude 3-indole carbonyl chloride 

(10. 61 g.) 0. 0592 mole) was added to 59 ml. of lM sodium bicarbonate. 

On stirring only a small part of the solid dissolved. Filtering and • 

acidifying the filtrate gave a white precipitate of 3-indolecarboxylic 

acid, which was separated by filtration and dried, 1. 17 g., m. p. 217-

219° dee. The insoluble residue •from the .first filtration dis solved 

in 60 ml. of lM sodium hydroxide. Addition of 10 ml. of 6M hydro­

chloric acid gave a heavy precipitate of pink solid. This was sepa­

rated and dried, 6.17 g., m.p. 214-217° dee., making the combined 

yield of product 7. 34 g. (53. 2°/o). Reported for 3-indolecarboxylic 

• 0 0 acid (8), m. p. 218 , 210-218 . 

3-indolecarboxanilide. -- Recrystallized 3-indolecarbonylchloride 

in reagent grade ·ethyl acetate was added to an excess of aniline in re­

agent grade ethyl acetate. The solution was washed with water, hydro­

chloric acid, sodium hydroxide, and water. The ethyl acetate phase 

was dried with magnesiwn sulfate, and hexane was added giving 

crystals of the anilide. Recrystallizations from ethanol-water and 

from ethyl acetate-hexane gave product with m. p. 17 5. 5-176. 2°. 

~• calc. for C 18H 12ON 2: C, 76. 25; H, 5. 12; N, 11. 86. 

Found: C, 76. 39; H, SQ 19; N, 1 I. 79. 

3-Indolecarbox-p-toluide. -- The preparation of this compound 

was similar to that of the anilide. The analytical sample had m. p. 
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0 . ZOO. 9-ZOl. 1 • 

Anal. calc. for c 16H14oN2 : C, 76. 78; H, 5. 64; N, 11. 19. 

Fowid: C, 76. 92; H, 5. 65; N, 10. 79. 

3-Indolecarbonylglycine ethyl ester. -- Potassium carbonate 

(3. 18 g. • O. 0222 mole) wa.s dissolved in about 5 ml. of water, and 

the solution was cooled in an ice bath. Glycine ethyl ester hydrochlo­

ride ( 1~ 55 g., o. 0111 mole) was added to the potassium carbonate 

solution and the mixture was stirred, liberating free glycine ester. 

The mixture was placed in a saparatory fwinel and shaken with 60 ml. 

of cold reagent grade ethyl acetate. Recrystallized 3-indolecarbonyl 

chloride (Z g., o. 0111 mole) was dissolved in 30 ml. of cold ethyl 

acetate, and the solution was added to the separatory funnel contain­

ing the glycine ester solution. The mixture was shaken, allowed to 

stand for 10 minutes, and the ethyl acetate phase was washed with 

water, hydrochloric acid, and water. The ethyl acetate solution was 

dried and evaporated to dryness, giving a residue which was crystal­

lized from ethanol-water, yielding O. 84 g., (30. 6°/o), m. p. 159-160°. 

~- calc. for c 13a 14o3N2: C, 63.40; H, 5.73: N, 11.38. 

Found: C, 63. 51; H, 5. 65; N, 11. 58. 

3-lndolecarbonyl-L-phenylalanine methyl ester. -- The pro-

cedure described above for the glycine ester derivative was followed, 

using 2 g. (0.0111 mole) of 3-indolecarbonyl chloride, 3. 2 g. (0.0138 

mole) of L-phenylalanine methyl ester hydrochloride, 4. 18 g. (0. 0253 

mole) of potassium carbonate, 7 ml. of water, and a total of 90 ml. of 

reagent grade ethyl acetate. The product was an oil, which was dis­

solved in methanol. The solution was adjusted to the cloud point with 
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water, and the mixture was placed in the refrigerator. After 20 houxs 

crystallization occurred, giving l. 08 g. (30°/o), m. p. 128-133°. Two 

additional recrystallizations were easily accomplished to give an ana-

o lytical sample, m. p. 133-134 . 

~• calc. for C 19H 180 3N 2: C, .70. 79; H, 5. 63: N, 8. 69. 

Found: C, 70. 81; H, 5. 69; N, 8. 73. 
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A. METAL ION COMPLEXES OF AMIDOXIMES 

1. Qualitative Observations. --The well known ferric hydroxa­

mate test for esters is based on the fact that hydroxamic acids give a 

reddish purple color with ferric chloride in the presence of acid. In 

these laboratories this property has been utilized to measure hydrox­

a.mic acid concentrations quantitatively by a colorimetric method. 

It has long been known that the a.rr.idoximes also give colored 

complexes with ferric chloride under certain conditions (1). In 1952 

this property was made the basis of a qualitative test for nitriles. 

The nitrile is boiled for one minute with a hydroxylamine-hydrochloride 

mixture in propylene glycol, and ferric chloride is added to the solu­

tion; giving the reddish-purple amidoxime complex (2). Accordingly 

it was hoped that the ferric complexes of c•acylamino amidoximes 

could be used for their quantitative determination in the present in• 

ve stigation. 

The first amidoxime obtained in the present investigation was 

a•phthalimido-!3-phenylpropionamidoxime, described in Part l of this 

thesis. When an aqueous alcohol solution of this amidoxime was 

tested with ferric chloride, no color was produced. Since it was 

thought at this time that the amidoximes might be rapidly hydrolyzed 

by water the test was repeated in anhydrous alcohol solution, using 

ferric chloride in anhydrous alcohol for the test. A deep blue color 

was immediately produced under these conditions. Addition of water 

caused the color to fade within a few seconds. Later experiments 

showed that this behavior is not due to hydrolysis of the amidoxime 

as originally suspected, since the aqueous solutions of the amidoxime 
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could be evaporated to dryness to give a residue which gave the deep 

blue ferric chlodde test when dissolved in absolute alcohol. It is now 

thought that the ferric complex is a very weak one, and that' water, 

but not alcohol, can compete successfully with the amidoxime in co­

ordinating with ferric ions. It was eventually found that a•benzamido­

and a•acetamido-~-phenylpropionamidoxime gave ferric complexee 

in· absolute alcohol which were destroyed by water, although the sensi­

tivity to water did not appear to be so great. 

Fro~ the experiments described above it can be seen that there 

was little promise of developing an analytical method for the amidoximee 

at hand based on ferric complexes. It may also be concluded that the 

above mentioned qualitative test for nitriles would fail for n•acetamido• 

13-phenylpropionitrile and for the a•benzamido derivative. Strangely 

enough the sole example of an acylamino amidoxime reported in the 

literature, benzamidoacetamidoxime, is reported to give a ferric 

chloride test (3). The test may have been carried out in alcohol solu­

tion, however. 

It may be mentioned that ferric complexes of amidoximes are 

decolorized by strong acids, unlike the complexes of hydroxamic acids. 

This may be due to protonation of the arn.idoximes, which are weak 

bases. In the present study, o •pbthalimido-~-phenylpropionamidoxime 

in fifty per cent ethanol was titrated with hydrochloric acid, giving an 

apparent pKA of about 3. 2. As would be expected, titration of a-amino-

13-phenylpropionamidoxime &,ave a pH curve corresponding to protona­

tion of only the c•amino group, whose apparent pKA was 7. s. 



-89-

Amidoximes are known to form complexes with basic cupric 

solution~, including Fehlings solution (1). These complexes sometimes 

separate as precipitates of so-called basic copper salts. It appears to 

be this behavior which has led the amidoxim es to be considered acidic 

compounds. In the present case a-acetamido-!3-phenylpropionamidoxime 

was found to form a deep yellow or yellow-green color with Fehling's 

solution. This behavior was made the basis of an analytical method, 

as is described below. 

2. Quantitative Observations. -- In this investigation early ob­

servations of the spectra of the copper complex under various condi­

tions were made on the complex of a.-benzamido-13-phenylpropiona.mi­

doxime in aqueous alcohol solution. It is believed that these observa­

tions apply in full to the a-acetamido complex in aqueous solution. 

The visible spectrum of a solution of the complex in the pres­

ence of both excess Fehling's solution and n-chymotrypsin showed a 

shoulder at about 3 75 millimicrons which was due to the complex. A 

blank containing Fehling' s solution: and enzyme showed absorption in 

this region which increased at shorter wavelength, and which accounted 

for the spectrum of the complex appearing as a shoulder rather than 

as a peak. Accordingly the spectrum of the complex was run using 

the enzyme-Fehling's solution blank instead of the water blank used 

previously. This time a maximum was observed at 375-380 millimi­

crons, the color due to cupric ion and enzyme having been subtracted 

from the spectrum. 

Analyses were run by adding Z ml. of Fehling's solution to a 



mixture and diluting to 10 ml. The Fehling 1s solution was prepared 

by mixing equal parts of Fehling's solution A and Fehling's solution B. 

In the present case Fehling' s A contained 14. 66 g. of CuSO 4• 5H2O 

per liter; Fehling's B contained 69 g. of Rochelle salt and 15 g. of 
- . 

sodium hydroxide per liter. This is much less than the usual amount 

of sodium hydroxide employed in Fehling's solution. 

At this point the more soluble . o-acetamido-13"".phenylpropionami­

doxime was prepared in order to study the cupric complex. The Fehl­

ing' s complex gave a peak at 375 millimicrons similar to the one ob­

tained with the benzamido derivative, when a colored blank was used 

as described above, and the optical density changed only slowly ~vi.th 

time (2 to 4°/o in 40 minutes). The optical de~eity was approximately 

linear with concentration except at low concentration. The optical 

• 6 -4 / -3 • density reading was 0. 0 at 10 mole liter and 1. 26 at 10 liter, 

showing the usable range of amidoxime concentration. 

The experiments which have been described were done in the 

absence of any buff e r in the solutions containing the cupric complex of 

the amidoxime. The buffering agent now commonly employed in kinetic 

studies in these laboratories is tris-~ydroxymethylaminomethane in 

conjunction with its hydrochloride. However, the presence of this 

compound was found to prevent formation of the cupric complex of 

t-: -acetamido-!3-phenylpropionamido xime, undoubtedly because the 

tris-hydroxymethylaminomethane is itself an effective complexing 

agent which combines preferentially with the copper. This would be 

a serious difficulty in using the amidoxime complex to follow the rate 

of enzymatic hydrolysis, but it was still possible to carry out a 
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qualitative test for enzymatic hydrolysis of the amidoxirne. 

This was accomplished by adding two ml. of O. 005 molar aqueous 

amidoxime solution and one ml. of enzyme solution (3 mg. per ml.) to 

a five ml. beaker and adjusting to pH8. The resulting solution was 

quantitatively transferred to a 10 ml. volumetric flask and allowed to 

stand for more than an hour. Fehling'& reagent was then added, the 

• solution was made up to 10 ml., and the concentration of amidoxime 

was measured as described above. The optical density was found to be 

identical to that of two control solutions, both of which had been made 

basic with Fehling's solution before adding the enzyme~ It was esti­

mated that less than one per cent hydrolysis could have occurred. The 

lack of hydrolysis is also indicated by the fact that the solution of com­

plex remained clear and gave no precipitate. If the solution had con­

tained an appreciable amount of hydroxylamine from hydrolysis of the 

amidoxime, a positive Fehling's test consisting of a yellow or orange 

precipitate of cuprous oxide would have been formed. The fact that 

hydroxylamine gives a Fehling's test was accidentally discovered during • 

the development of the analytical method for the amidoxime, and it 

would undoubtedly complicate the study of amidoxime hydrolysis. A 

liter3:ture search has subsequently revealed that in 1884 Fehling's re­

agent was used to test for hydroxylamine formed by hydrolysis of 

acetamidoxime ( 1 ). 

-------------------·------------------------------------------
*The same result was obtained in later experiments conducted at pH 
values of 5, 6, 7, and 9. 
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:e. DETERMINATION OF THE ENZYME-INHIBITOR DLSSOCIATION 
CONSTANT FOR ALPHA-CHYMOTRYPSIN AND L-0-ACETAMID0-
'3-PHENYLPROPIONAMIDOXIME 

1. Introduction 

The studies reported above showed that .!:_-a-acetamido-~-phenyl­

propionamidoxim.e was not hydrolyzed to any measurable extent by a­

chymotrypsin at pH values ranging from 5 to 9. Accordingly it was de­

cided to determine the enzyme-inhibitor dissociation constant !:_-0.­

acetamido-'3-phenylprioionamidoxime and a-chymotrypsin by employing 

the amidoxime as an inhibitor in the a•chymotrypein catalyzed hydroly­

sis of some convenient substrate. Comparison of the inhibitor constant 

with the inhibitor constants of other acetyl-!!_-phenylalanine derivatives 

might reveal whether the carbonyl oxygen atom corresponding to the 

carboxyl group in phenylalanine plays a part in binding those molecules 

having such a carbonyl group to the active site of a-chymotrypsin. 

In the present study nicotinyl-.!::,•tyrosine hydrazide was chosen 

as the substrate*. The o•chymotrypsin catalyzed hydrolysis of this 

compound has been shown (4) to follow the usual Michaelis-Menten 

equation. In the presence of added competitive inhibitor, and at low 

per cent hydrolysis where inhibition by the hydrolysis products is neg­

ligible, the equation is: 

d S 
ar 

s 

= 

= 

s 

S+K 
s 

1 + 1 
~ 

where ( l) 

substrate concentration 

-------------------·----------------------·-------------------*Donated by Richard Kerr. 



K. 
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= 
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, enzyme concentration 

E + I 

for the reaction 

k. 
1 ES 

k2 

k 3 
E+P +P l 2 

for the reaction 

kl 
EI 

The differential equation ( 1) gives the steady state reaction 

velocity, i.e., the velocity which is asymptotically approached if [ E] 

and [ s] are maintained at a constant value. For the present enzyme­

substrate system such a steady state velocity is attained rapidly com~ 

pared with the time required to hydrolyze an appreciable amount of 

substrate, so that instantaneous values of substrate concentration 

can be used in equation ( 1). 

It is common practice to use the reciprocal of the above equa­

tion, and to consider the values of d{S1/dt and of ts1 at the beginning 

of the hydrolysis, designated as v and ( S l . Then: 
0 0 

1 = 

l_tlg_ = 
V 

0 

l + I K k. s 
1 1 

tsi" 
0 

+ 

+ 1 

1 (s1 
k 3 [E j 

(2) 

0 
(3) 

The constants are readily evaluated for the equations in this form. 

From equation (3) it can be seen that a plot of [ S 1 
0 

/v 
O 

versus (s 1 
0 

gives a line with a slope of l/k3 ( E 1 and an intercept of (l+l/ki)K
8
/k3 l E]. 
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The data obtained in the present investigation is shown plotted in 

this form in Figure I. 

2. Experimental 

In this study the rate was followed by measuring the appear­

ance of hydrazine formed by hydrolysis of nicotinyl-L-tyrosine hydra­

zide. Thie was accomplished by use of an analytical method developed 

in these laboratories (4), employing a recent improvement of the 

method (5). Specifically, a reagent was prepared by mixing a solution 

of p-dimethylaminobenzaldehyde in ethanol (4 g. per 100 ml.) with 

an equal volume of hydrochloric acid ( 140 ml. of 36. 7°/o hydrochloric 

acid, s. g. 1. 186, made up to 1 liter). For carrying out an analysis 

a measured volume of the reagent was pipetted into a volumetric 

flask of five times the volume (e.g., Z ml. in a 10 ml. flask), and 

water was added to dilute the solution, leaving room to add a one 

ml. sample of the solution to be analyzed. The solution to be analyzed 

was then introduced, the flask water was added to bring the mixture 

to the desired volume, the flask was placed in a constant temperature 

bath at 25° for 20-25 minutes, and the optical density of a sample 

was measured at 455 millimicrons by means of a Beckman Model 

B spectrophotometer, using one centimeter cells. The cell holder 

of the spectrophotometer was maintained at 25° by means of water 

circulated from a constant temperature bath. 

Enzymatic hydrolyses were run at 25° in -solutions which 

contained o. 02 moles per liter of buffer (tris-hydroxymethylamino­

methane in conjunction with its hydrochloride, adjusted to pH 7. 93) 

and one milligram per ml. of a-chymotrypsin (Armour lot 00592). 
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In this study the one ml. samples which were withdrawn from 

the hydrolysis mixture for analysis were diluted either to 10 ml. or to 
t 

2 5 ml. depending on the expected final concentration of hydrazine in 

the last sample. In no case was the optical density of the final solu­

tion allowed to exceed l. 5, since the optical density is not a linear 

function of hydrazine concentration above this optical density. 

In the analytical method employed, there is a certain amount 

of color in a blank containing no hydrazine which must be subtracted 

from the observed optical density readings. Failure to subtract a 

suitable blank causes the first observed optical density to be abnor-

• " mally large. It was found that in most ca.ses the necessary blank 

correction can be achieved in the spectrophotometer by using a refer­

ence solution containing both enzyme and substrate added separately 

to the acidic p-dimethylaminobenzaldehyde solution. In earlier runs 

this was not done, and the alternate procedure of estimating the opti­

cal density reading at zero time by extrapolating a graph of optical 

density differences to zero time was employed. 

The initial velocity in each run was estimated by a method, 

whose application to enzyme kinetics has been recently developed in 

these laboratories (6), in which a polynomial is found which approxi­

mates the optical density readings as a function of time. The initial 

velocity is taken to be the slope of the polynomial at zero time. 

3o Discussion 

The most obvious feature of the [.s1 / v versus (s1 
0 0 0 

plot is that the points at an initial substrate concentration of O. 5 (l0-3) 

are seriously out of line, in that the initial velocity in the presence of 
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8(10- 3) moles / liter of inhibitor appears to be greater than the initial 

velocity in the absence of inhibitor. However examination of the origi­

nal data shows that the per cent hydrolysis at the end of 16 minutes 

was 12. 2°/o in the absence of inhibitor and 9. 92°/o in the presence of 

8(10- 3) mole/1 of inhibitor. Apparently the initial velodties obtained 

from the experimental optical densities do not reliably indicate the 

true initial velocities in this case, because if the inhibitor decreased 

the overall per cent hydrolysis, it must have slowed the velocity of 

hydrolysis at all stages. It may be noted that this argument is essen-

. tially one which introduces considerations of mechanism, although no 

particular mechanism of inhibition is postulated. Therefore, because 

the calculated initial velocities for [s] 
0 

= O. 5 (10- 3) mole/liter indi­

cate acceleration of hydrolysis by added amidoxime when actually 

examination of the per cent hydrolysis leaves no doubt that the ex­

pected inhibition occurred, the points for [s] = O. 5 (l0- 3) mole/ 
0 

liter were rejected in calculating the value of K 2 • 

A straight line was then fitted to the remaining three points 

at each inhibitor concentration, and values of the constant term in 

equation (3), designated as b, were calculated. The desired inhibitor 

constant is calculated from the ratio of any two values of b. Thus: 

l + 
16(10- 3) 

bl6 Rz 8410 

°a = 
8(10- 3) 

= oS'1Z 
l + 

Kz 

From b 16tb8 , Kz = 20. 61 (10- 3) • 
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Using the other possible ratios: 

From 

bl6 .3 
From ~ , K1 = 22. 28 (10 ) 

0 

-3 Average Ki = 22. 1 (10 ) 

This value may be compared with the value of 31 + 3 for K 
- s 

of acetyl-L-phenylalaninamide (4), which probably is an equilibrium 

constant comparable to Ki. No definite conclusion concerning the 

effect of the amidoxime group on Ki can be reached until the inhibitor 

constants of other acetyl-L-phenylalanine derivatives (such as the 

N-methylamide) are available. The above data indicates that the 

amidoxime is more strongly bound than the amide to the enzyme, 

suggesting that the arnidoxime group does contribute to the bindingo 

There is no indication that the failure of the amidoxime to undergo 

enzymatic hydrolysis is due to lack of binding to the enzymeo 

It may be mentioned that a value of K
8 

may be obtained 

from the straight line fitted to the points in Figure l correspond­

ing to zero inhibitor concentration: 

b 48. 95 -3 
=a= 6.34(10- 3>= 7

•
7

<
10 

> 

This is in agreement with the previously determined value, 

9 ( 10·3), a fact which tends to justify the procedure used in calcu­

lating the Ki values. 
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4. Tables of data. --The following tables give optical density 

readings observed in each run, plus other pertinent data. In cases 

where the first optical density is not zero, the first value is the value 

obtained by extrapolation of the optical density differences to zero 

time. Time intervals between each optical density reading are given 

in minutes. Dilution of 1 / 10 indicates that 1 ml. of the hydrolysis 

mixture was diluted to 10 ml. during the analysis. ls1
0 

and tI1 are 

given in moles/liter times 103. v
0 

is given in moles/liter minute 

times '10 5. P is th_e power of the polynomial used to obtain v 
0

• 

Run number 3 
Time interval: 2 
Dilution: 1/ 10 
S = O. 5; I = 0 

0 
VO = 0. 764; P : 1 

o. 042 
0.135 
0.224 
0.325 
0.414 
0.503 
0.581 
o.695 
0.772 

Run nwnber 6 
Time interval: 2 
Dilution; 1/ 10 
S = 2; I = 0 
VO : 3. 354; P = 2 

0 

0.014 
0.144 
0.300 
0.450 
0.587 
0.725 
0.851 
0.990 
1.107 

Run number 2 
Time interval: 2 
Dilution: l / l 0 
S = l; I = 0 

0 
VO = 0. 845; P : 2 

0.016 
0.235 
o. 431 
0.655 
0.831 
1.015 
1.180 
1.335 
1. 515 

Run number 4 
Time interval: 1. 5 
Dilution: 1/25 
S = 3; I = O 

0 V : 4. 223; P : 1 
0 

-0.044 
0.119 
0.280 
o. 438 
0.585 
0.748 
0.895 
1.022 
1.169 



Run nu.i--nber 10 
Time interval: 2 
Dilution: 1/ 10 
S = o. 5 
1° = 8 
v 0 = 0. 896 
p = 2 

0.000 
0.041 
0.186 
0.300 
o. 361 
0.392 
o. 480 
0.520 
0.594 

Run number 7 
Time interval: 
Dilution: 1/ 25 
so = 2 
I = 8 
Vo = 2. 771 
p = 2 

-0.012 
o. 115 
0.248 
0.372 
0.488 
0.610 
o. 722. 
0.822 
0.942 

2 
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Run number 9 
Time interval: 1. 5 
Dilution: 1 / l 0 
S = l 
1° = 8 
v0 = l. 490 
p = 2 

-0.013 
o. 121 
0.245 
0.380 
o. 495 
0.585 
0 .718 
0.819 
0.920 

Run nwnber 8 
Time interval: 
Dilution: 1/25 
s = 3 
Io = 8 
Vo = 3. 984 
F' = 2 

-0.01 2 
o. 133 
o. 274 
0.401 
0.534 
0.664 
0.779 
0.912 
lo022 

1. 5 



Run number 16 
Time interval: 3 
Dilution: 1/ 10 
S = o. 5 
1° = 16 
Vo = 0. 626 
p = 2 

0.000 
o. 108 
0.210 
o. 313 
0.402 
o .. 500 
0.592 
0.658 
0.736 

Run number 12 
Ti me interval: 2 
Dilution: 1 / 25 
S = 2 
Io = 16 
Vo : · 2. 376 
r :. = 2 

0.000 
0.108 
0.222 
0.325 
0.428 
0.534 
o. 623 
0.730 
0.810 
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Run number 11 
Time interval: 2 
Dilution: 1/ lO 
S = 1 
1° = 16 
V : lo 159 
r0 = 2 

0.007 
0.145 
0.278 
0.414 
0.538 
0.670 
0.780 
0.896 
l. 027 

Run number 15 
Time interval: 2 
Dilution: 1 / 2 5 
C: = 3 
1° = 16 
v

0 
= 3. 358 

p = 2 

0.000 
0.158 
0.313 
0.465 
c.609 
0.749 
0.888 
l. 030 
l. 149 

Optical density is proportional to hydrazine concentration 

in the concentration range employed, with the proportionality con­

stant equal to 1. 6707 (l0- 5) mole/liter per optical density unit. 
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Pi ill. T IV. PROPOSITIONS 

1. Recent attempts to establish a quantitative measure of 

nucleophilic power have revealed that some n1oleculee are very highly 

nucleophilic compared to m.any of the most common nucleophiles (1, 2). 

It is proposed that the property common to the very nucleophilic mole­

cules is that they are negatively charged and contain several unshared 

pairs of electrons which occupy a large volume in space. This factor 

has heretofore been associated with polarizability of loosely held 

outer orbitals in strong nucleophiles like R - S: - . -and I • How-

ever, the present generalization allows inclusion of O-O-1-C and 

:C Nt which contain only Zp electrons in the outer ehell. It is fur­

ther pro;,osed that H - N-O : • will be found to be the strongest of all 
H 

nucleophiles composed of first and second row elements in the per-

iodic table. 

2. Because of their unique electronic structure involving 

unfilled orbitals the isonitrile:s should be of 1.musual interest to or• 

ga.nic chemists. The study of these compounds is hindered by the 

fact that the only co:mmon method of p:reparation gives low yields .• 

It is suggested that the following r eaction might provide a new meth­

od of preparation for iaonitriles: 

( '~Hs~~~'-l , OSO;aC,Hs 
- -- -> R .. N =c.,'rt ··-➔ 

CoHsrl~ 
+ Cs HsNH-t-



The idea. is based on a recently proposed mechanism for the reaction 

of benzenesulfonyl chloride with unsubstituted amides (3). 

3. It is proposed that Alexander's explanation of an optimum 

pH for formation of semicarbazones is wrong, and that no optimum 

pH is predicted from the mechanism of the reaction given by Alex­

ander (4). That this is true can be seen from the fact that at low 

pH, assuming Alexander's mechanism, the reaction rate should be 

proportional to 

+ (H30 ) (aldehyde) 

R A of aldehyde 

KA of semicarbazide. ( semicarb.':l.zide) 

(H
3

0+) 

and hence would be independent of hydrogen ion concentration. It is 

proposed that Conant and Bartlett's suggestion that the reaction in­

volves general acid catalysis {5) does lead to a kinetic expression 

which predicts a decrease in rate at low pH in the presence of buffer 

which is proportional ~~buffer concentration. 

4 . It is proposed that the kinetics of hydroxa.mic acid forma­

tion and of am.idoxime· formation be studied at various pH values. Be­

cause of the availability of colorim etric analytical m ethods, such a 

study could be made with unusual ease, and the results would be of 

broad interest in view of the need to test and define the scope of the 

quantitative 'theories of nuclcophilic reactions discussed in this 

thesis ( 1, 2). Specific reactions can be suggested which it would be 

of interest to study. 
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s. Apparently no example of an optically active secondary 

alkyl halide of known optical purity has been prepared, in view of the 

fact that all preparations ·have proceeded from the active alcohol and 

may have involved partial racemization. It fa proposed that pure 

active 2-butyl chloride can be prepared by crystallization of a solid 

ester of the following active acid to constant rotation, followed by 

hydrolysis and decarboxylation: 

60 Curtin and Kellom have given the following mechanism 

for the de-elimination of acetate in the presence of potassium 

amide (6): 

(G,\-\S 

'c. -
✓ 

H 

It is proposed the corresponding n-haloacetate would undergo an 

analogous elirn.ir..ation reaction when allowed to react with a metal 

such as rnagnesium or zinc. This would be a non-thermal cis­

elimination occurring under "mild1
i conditions. 

7. Fuson 's generalization concerning the stn1.cture neces­

sary for carbon m ono>dde elimination from keto acids (7) is helpful 

but fails to account for the carbon mono::idde elimination from 

CH3COC
1
O2c 2115• Since enolization has often been postulated as 
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a step in carbon monoxide eli:mination reactions, it is sugge s ted that 

the follo,.,ving keto esters be tested for carbon monoxide elimination 

in order to see whether enolization plays a part: CF 3coco2c2H5, 

CF 3COCF 2coco2c 2H5, (CH3)3CCOC02C 2H5• Methods of synthesis 
I 

for these compounds can be suggested .• 

8. The following reaction was reported in .the Journal of Or­

ganic Chemistry in 1954 (8): 

The authors make the comment, "That this ether is split in this way 

is both interesting and significant, in that it shows that the methyl 

carbonium ion is more readily formed than the tetrazole cation11
• 

Actually the mechanism of this reaction no doubt involves SN2 attack 

of the protonated ether by bromide ion or hydrogen bromide, which 

is expected to occur at the primary carbon, as observed. 

' 
9. Divalent carbon radicals have been proposed as inter-

mediates in the formation of cyclopropanes from chloroform, hy• 

droxide , ., and alkenes ( 9 ). It is proposed that if a diene is used in­

stead of an alkene, an unusual type of Diels-Alder reaction could 

occur: 
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+ 

It is further proposed that an attempt be made to add isonitriles to 

alkenes, in view of the fact that these compou:.:1ds represent stable 

divalent carbon radicals. 

10. The Beckman rearrangement of aryl ketone& may be re­

garded aa a cyclic electrophilic substitution reaction of the aromatic 

ring, and is usually a concerted reaction, as shown by its stereo­

speci.ficity. It is proposed that by deactivating the normal migrating 

aromatic group toward electrophilic substitution and activating the 

other aroma.tic group, an abnormal migration may be obtained. Thie 

would indicate that formation of RzC=N+ occurs as fast as the partici­

pation reaction. 

l I. One of the objections to the use of turbine engines in 

automobiles is that the motor does not serve as an effective brake 

on downgrades, as does a reciprocating engine. It is instructive to 

conside1· the cause of the braking effect in the latter case. Since 

each piston in an automobile is constrained to move back and forth in 
~ 

a straight line, it is obvious that the kinetic energy of a rapidly mov­

ing piston has been dissipated by the time it reaches the end of its 

stroke. Additional braking effect comes when energy must then be 

supplied to get the piston moving again. Since all this energy must 

t 
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go ::;o:::-newhere, it is proposed that it passes off in the form of nu­

trinos, which have of course not b~en ,:!o t ic ed because of the difficulty 

of detecting themo 
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