IOWA STATE UNIVERSITY

Digital Repository

Iowa State University Capstones, Theses and

Retrospective Theses and Dissertations . .
Dissertations

The physiological action of cystinyl peptides and
guanidine derivatives

H. James Harwood
Towa State College

Follow this and additional works at: https://lib.dr.iastate.edu/rtd

b Part of the Organic Chemistry Commons, and the Pharmacology Commons

Recommended Citation

Harwood, H. James, "The physiological action of cystinyl peptides and guanidine derivatives " (1931). Retrospective Theses and
Dissertations. 13136.
https://lib.dr.iastate.edu/rtd/13136

This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at lowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University

Digital Repository. For more information, please contact digirep@iastate.edu.

www.manharaa.com



http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F13136&utm_medium=PDF&utm_campaign=PDFCoverPages
http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F13136&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F13136&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F13136&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F13136&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F13136&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/138?utm_source=lib.dr.iastate.edu%2Frtd%2F13136&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/66?utm_source=lib.dr.iastate.edu%2Frtd%2F13136&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd/13136?utm_source=lib.dr.iastate.edu%2Frtd%2F13136&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digirep@iastate.edu

THE PHYSIOLOGICAL ACTION OF CYSTINYL PEPTIDES
AND GUANIDINE DERIVATIVES

BY

H. James Harwood

A Thesis Submitted to the Graduate Faculty
for the Degree of

DOCTOR OF PHILOSOPHY
Major Subject Orgenic Chemistry

PO
.......

-------

Approved
Signature was redacted for privacy.
‘In chayge of Major work
Signature was redacted for privacy.
Head of Major/Departiment
Signature was redacted for privacy.
Dean oI graquate Ooilege

Iowa State College
1931



UMI Number: DP12354

INFORMATION TO USERS

The quality of this reproduction is dependent upon the quality of the copy
submitted. Broken or indistinct print, colored or poor quality illustrations and
photographs, print bleed-through, substandard margins, and improper
alignment can adversely affect reproduction.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if unauthorized
copyright material had to be removed, a note will indicate the deletion.

®

UMI

UMI Microform DP12354
Copyright 2005 by ProQuest Information and Learning Company.

All rights reserved. This microform edition is protected against

unauthorized copying under Title 17, United States Code.

ProQuest Information and Learning Company
300 North Zeeb Road
P.O. Box 1346
Ann Arbor, Ml 48106-1346



QWA D
Wl p

i S o //QL

ACKHOWLEDGMERT

Sincers appreciation is felt by the writer for the
guiding influence of Dr. Henry Gilman at whose suggestion
this problem was undertaken, snd by whose advice and oriti-

@éﬁm the pregress of this work hae besn greatly acoelersted.
i

v"'\'_/_\‘o 4.3



111

TABLE OF CONTENTS

PART 1

IE ?BG EEGTI OR' - L 4 » » L] » * - * & * * * * L
m E}:imw%ﬁ ?Aa? # ¥ & = »» 5 & & & = = ¥

»

Cyananmido. =« « s s » ¢ » ¢« & »
?h@ﬁyl@ﬂaﬂiﬁiﬁeg “« e 4 s s
p~Bromophenylgunenidine Fitrate
P~Carboxylphenylguanidine. . .
Methylisothioures sulfate. . .
Benzylgusnidine Hitrats. « « « «
Methylisothiourea p~Toluenesulfonat
Benzylguanidine p~Toluenesulfonate
Furfurylguanidin® Sulfate, « « « »
s=Phenylethylgusnidine 3ulfate . .«
Alcoholic Guanldine Solmtion « . .
Guanlidine Bengosate o« « « s » s 5 «
1,8-Diphenyl~3~guanidino~-propanons
ﬁiae&teneguadfﬁins e o s 5 o« 2 5 s o
Agetyldiacetoneguaniding « + « « « »
Farylacrylyiguanidine Hydrochloride.
Cinnamylgnenidine Hydrochloride. .
Pﬁrmglgaaﬁiéiﬁﬁo e s 0 % s & =
Dibengoylguanidine « . + + « .
Anhydro~diascetylguanidine. . .
Dicarbethoxyguanidine. « + + o
g~Carboxylproplonylguanidine .
Y-Bramnpragylghthalimide . s
V~Amineprepy1 n~Butyl Sulfide. «
v«Gnanidinepxopyl n~Butyl Sulfide.
6~?hsnylethy1 Hercaptane « » « » «
v-ﬁminspropyl,9~?henylethyl sulfide.
v-Guanidinopropyl p=~2henylethyl Sulfi
Tyclohexyl Mercaptall « « o o « o o =
yY-Aminopropyl Cyclohexyl Sulfide . .
1~Guaniﬁinaprv§yl Cyolohexyl Sulfide
ﬁalanﬁlgaﬁni&iﬂﬁ . % 5 =2 & 5 = s ®

& 5 » @

L
»
-
2
-
L

B s & & 5 & %

1

ibie ¢« & & o

» B & 5 » =
& & & & & »

LI TR T B N AN I R
@ % B 8 B 5 B 8 B2 & ¥ BB % A R 5 & K 3 K ¥ & K ¥ »

S

2 B & 8 B 5 B Ehue & B & & B BB B W & & B & b s g R E S E N .

[ N B NEE I I 2

Thiobarbituric Aclde o « o o = s » «
n-Butylthiobarbituric 4cid « « » & o«
Tminomethyluracile « o « 2 o o o o «
I'«Allyl«H"-guanyl-thioures. » « + »

# & $ % & & B % B * A 8 B B S & S 4 & F B ¥ % b ¥ ® % & & 0 % b ¥ % » W

LN T T T TN T R N AR SN N N N VN W Y Y U T NN N SN R N U BN BT R SN I I O R AN
B 0 & @& # B & & % 4 B 5 B % K B B &8 % & B 6 8 B g B S S s K e BN

& ® &8 & 5 % B 5 & B K & % W ¥ & T 2 F 5 & 5 &K F & & % & & & & ¥ & & ¥ 8

# 4 % 5 & B B B S & & F & A 8 % 8 2 B ¥ E 5 8 % & B B E & % 9 K M ¥ s W

[ 20 T T R N T 2 T U T U S T K I DR N TR N Y DY B TN T R RS TR T TR BN RN R ]

* 4 8 & B 4 % & % B K B FE B F K # B B ¥ & & & 5 5 8 & & 5 & & € & 5 2 0¥

*

-

¥ & & & 5 8 8 % % B B & b 8 & & & F 4 5 S B B § & & ¥ & 8w BB %

Page



IV

Dipiperidyl Disulfids. « « » » « o « »
Dipiperidyl Sulfone. « « o + o » « » &
Diethyleminomethyl Zthyl Sulfide « «
Benzimino Phenylthiocether Hydrochloridse
Difermamidine Disunlfide Hydroechloride.
Propionsmidine Hydropchloride « o « « «
Physiologlcal ResultBe « s « » « = s »

SUMMARY AND COBCLUSIONS « o « o » ¢ s & o »

% 5 % B

. 8 &

PART I1
1“3@%3?133: # 4 & & & ® ® 2 # & & ¥ S 2 &
EX?W 2&3? # ® & & B % ¥ # & » & ® ¥

B&earhﬁthaxytyrﬁainﬁ", e & & & ¥ w8 = »
Dicarbethoxytyrosyl Chloride . « « « «
Cystine Diethylester Dihydrochlorids .
Cystine Diethylestor » « « « 5 » » « »
Ble-{dicarbethoxytyrosyl)~cystine Diethyl
Dicarbethoxyoyeting. « « o » s ¢ « » »
Dicarbethoxyceystinyl Chloride. + « «
T?fﬁﬁiﬁﬂ gth?lﬁstar» = & ¥ % & % 5 ® 5 @

'
*
»
*
»
-

LN TR U N AR I 4

-

*

o * 5 De " R *

Dicarbsthoxyoystinyliyrosine Diethylester,

Dicarbethoxyoyetinyliyroaine « « o« + « =
Histidine Methylester Dihydrochloride. .

L2

-

" s B & ¥ = @

*

-

»
?
»
*
te
*
s 3
.
E
L ]
*»

‘Dicerbethoxyeystinylhistidine Dimethylester.
Dicarbethoxyeystinylarginine « « » + s o »
Physiological ResullS. + o « o ¢ « ¢ &« % 5 «

SUMMARY AND CONCLUSIONS « o s o o « o « # o = +

¥ % & % » 5 ®

*

.

- & % %

+

® & § # 5 85 6 & B & & & B @

® 8 & 8 8 B 4 k@

*

" e % B & & @

-

*

«
*

*« 8 & & & & ¥

»

*

s " 5 % % 5 %

N E EEEEEEE

*

& & & B B 4 B & b W &N »

3

& & & & b @

-

& % & B £ & 5 % & & & & & » *

»

B " % B K B B S & 5 8 8 N W

» & » & * B ¥

.

#

.

Page
39
41
41
43
45



PART 1

QUANIDINE DERIVATIVES



-
IXTRODUCTIOR

In his etudies on the metabolic changes induced by the
administration of guanidine, Watanabe {1), in 1918 noted the
marked reduction in blood sugar which followed the injection
of guanidine hydrochloride. Several years later Frank {2) made
the suggestion that while guanidine is not identicsl with in-
galin it might play an important part in the physiolegical
activity of insulin. Acting upon the sssumption that insulin
might be s guanidine compound Dubin and Oorditt {3) were led
to investigate s number of guanidine derivatives and related
sabsteances. Though severasl of the compounds whieh thay tested,
partienlarly methylgnanidine sulfsate, showed marked hypoglucemic
action, the action wae delayed rather than immediate ss 18 the
case with iz’;malm el they concluded that no relation existed
between insulin and the compounds tested.

Irn an attempt to arrive at the chemicsl structwre of the
active group of inenlin Eon and Punk (4) investigated a series
of derivatives of imidazole, pyridine snd cystine. A number of
their compounds possessed hypoglucemic sotivity espscially
imidazolaldehyde, imidazole hydrochloride, histldine and
g}.} Watanabe, J. Biol. Chem, 33, 252 {1918).

2} Prank, Klin. Wochechr. 3, 9565 (1924).

(3) pubin snd Corbitt, J. Iab. Clin. Med. 10, 1023 (1925).
{4) Xon and Funk, Chem. Zelle Gewsbe 13, &9 (1926).



cysteine hydrochloride. In general they found that basic sub-
gtances tended to lower the blood sugar while agidic substances
had the opposite effect. From thelr observations they made the
miggestion that the sctive group of insulin is in some way re-
lated to or composed of histidine and cysteine. It is interest-
ing to note in this connection that both histidine snd cystine
(the oxidized form of cyetfeins) have subsequently been isclated
from eryetallins insulin {5).

The pogsibility fthat variation in chemical constitution
might produce a compound having & hypogluesmic action greater
than that of guanidine itself led illes {6) to a study of the
action of a meries of guanidine derivatives. He found that
both eminogusnidine hydrochloride snd scetylgusnidine hydro-
chloride lowered the blood sugar but the maximam effect was
reached only after sgeversl houre. Alles believed the hypo~-
glucemic action of guanidine to be s secondary effect and he
thought it unlikely that insulin snd gusanidine were related.

Inetigated by the hope that the toxle and hypoglucemie
actions of guanidine might be dissociated, Prank and co~workers
{7) were prompted to test the effect on blood sugar of the
naturally oscurring agmatine (¥-sminobutylgusnidine), the
decarboxylation product of the amina acid arginine. Agmatine
{6) du Vignesud, Jensen and Wintersteiner, J. Pharmacol. 32,

367 {1928); Jensen, Wintersteinsr and dn Vignesud, 113,
(6) PHon. 70 Daarmacol. 28, 251 (1926).

{7} Prank, Nothmann and wagner Kilin. Wochschr. 5, 2100 (1926);
Frank, Naturwiseenschaften 15, 213 (1927).
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in very small doses wae found teo reduce the blood sugar to the
convuleive level, This hypoglucemia wae however precedsd by
an initiel hyperglucemis such as had been noted with other
guanidine derivatives. The compound was much more pawerfﬁl
snd much lese toxic than any which had been previously tested.
Prom this result it appeared that the length of the side~chain
on the guanidine nucleus had the effect of incressing the
activity of the compound. The next member of the series,
f:’yamimamyigﬁam&im‘, wae therefore synthesized snd tested.
This eompound not only exerted & stronger hypoglucemic action
than agmatine but alep did not show the initial hypsrglucemia
produced by the latter.

In the preparation of W-aminoamylgusnidine and higher
homologues, the formastion of substances countaining two guani-
dine groups wae observed. A situdy of a series of these compounds
eulminated in the announcement by Frank (7) of synthalin, the
most powerful synthetic blood suger reducing agent known. ‘The
exact nature of mynthalin was at first not disclesed, but the
compound hae since been identified by Frank with decamethylene
&ignanidine {8).

Synthalin appeared to have sn sotion almoet identical with
that of insulin with the added sdvantsge that it doulé be admin-
igtered orally. Am a reesult the preparation was grested with

a great deal of enthusisem and was made the subjeet of a very

{8) Frank, Archiv. exptl,Path. Pharmakol 128, 33 (1928).
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large numbsr of physiological and clinical studies {9). While
synthalin has been used with success in some cases it has been
found te Be unrelisble and very often toxic.

Blatherwick, Sahyun snd Hill (10) showed that the sdmin-
istration of synthalin resulted in injury to the liver as in-
digcated by the insbility to daaminize glycine. They suggested
that the hypoglucemia may be due to the prevention of normal
glyooeogenesis in the liver., A4after a study of the problem
Simols (11), Debois, Defauw snd Hoet (12} and Dale and co-
workers {13) reached the oonclusion that thers is an eesential
dif ference batween the sction of mynthalin and insulin.

A mamber of naturally occurying products with hypo-
glucemio action have been presented. Simonnet and Panret {14)
found galegine (iso-amyleneguanidine), iselated from certain
plants, to possess marked hypoglucemic properties., The compound
is however guite toxiec. von Noorden (15) reported asn extract
{9) For bibliographies on the physiological action of synthalin

gee: Bodo and Marke, J. Physiel. 65, 83 (1928) and S8taub,
Ze klin. Hed. 107, €07 (1928). Thase worke also include
excellent élaeaS$iﬁﬂ8 of the zction of synthslin.
{10} Biatherwick, Sabyun and Hill, J. Blol. Cheum. ¥8, 671 {1927).
{11} Simola, Z. physiol. Chem. leﬁ 274 {1927).
{12) Debois, Defsuw and Hoet, ﬁampt, rend. soc. blol. 97,
1420 (1927},
{13) Dale, Graham, Lawrence and Cammidge, Proc. ﬁay‘ Soc. Med.
21, 527 (1928).
(14) STmomnet and Tanret, Compt. rend. 184, 1600 (1927); Ball.

goc. chim. biol. 2, 908 1987}, TI. 1@ 796 {1928).
(15) von Noordem, Klin. Wochschr. 6, 1041 (IT27).



called glukhorment prepared by the fermentetion of pancresas

and which it wase said can be ueped to replace insulin except in
severe cases. The poseibility that glukhorment contalned
"insulin was precluded by the method of preparation. Bischoff,
Blatherwick snd Sshyun (16) presented evidence that the active
prineiple of glukhorment is either synthalin or a near homologue.
Hill and co-~workers (17) showed creatine to possese hypoglucemic
action when administered to both doge and man but not when ad-
ministered to rabbits, The compound was withont toxic effects
and the reduetion in blood sugar was about the seme whethser

the dose was smgll or large.

An insulin-like action, together with low toxicity, were
claimed by Cannavo {18) for = guanidine derivative aallé& acoin
{p,p'~dimethoxy~p"~ethoxy~triphenylguanidine hydrochloride).

This subetance was recommended ‘by Cannavo as a substitute for
insulin, however Voigt (19) and Fuld {20) reported the compound
as showing no hypoglucemic sction. Cannavo {(21) also studied
{16) Biechoff, Blatherwick and Sahyun, J. Biol. Chem. 77,

467 (1928}). '
{17} Bil11, J. Biol. Chem., 78, IV (1928); Hill and Mattison,

ibid. 82, 679 (1929) ; Pesbody and Hill, ibid B2, 687 {1929).
{18) Cennavo, Arch. farmacol. eper. 44, 49 (1927) TC.A. 22, 1397

{1928) ); ibid. 45, 218 (1928) TT.a. 28, 4642 {1928] ).

{19) Voigt, Kiin. Wochschr. 7, 19290 (1928),"
{20) Puld, Xlin. Wochechr. 7, 193% (1928).
{21) Canmsve, Boll. soc. ital. biol. eper. B, 618 (1928) [C.A.

23, 901 (1929) ); Arch. farmscol, sper, 45, 249 {1928)
TC.A. 23, 2495 {1929) ). L



the effect of the substitution of phenyl groups upon the
sctivity of guanidine., He showed that the intreduction of phenyl
groups increased the toxicity snd deereased the hypoglucemic
action.

Xumagai snd co-workers (28) continned the search for in-
snlin substitutes by their investfigstion of a series of guane
idine and related pyrimidine derivatives. They found that
guanidine &erivatives in which both smino groupe were substi-
tuted were inactive while in the cese of mono-smbastituted
guanidines incresse in the length of the side chaln was accom~
panied by inoreased hypoeglucemle snd deoressed toxic actien.
This latter obssrvation had previously been msde by Frank (7).

Frank, Nothmann and #agner (23) in 1928 reported a
homologue of synthalin, dodecamethylene digumnidine (eslled
synthalin B}, which compound they found to be less toxic and
more active than synthalin. These facte are not in sgreement
with the findinge of Bischoff, Sahyun and Leng {24).

Bischoff, Sahyun snd Long (24) in 8 study of the effect of
structure on the physiological actlion of guanidine compounds
{22) Kumsgal, Kewai, Shikinami and Hosono, Sci. Papers. Inet.

Phys. Chem. Res, 9, 271 (1928) (0.A. B3, 2425 (1929) );

w@wmmn.mmaﬁmu.,mwﬁﬁmwﬁ.m%?H.mm.ﬁm?Eﬁﬁﬁ
4, 25, (1928) (C.A. 22, 4662 (1928) ).

r——

23) Prank, Nothmenn snd Wegner, Klin. Wochschr. 7, 1996 (1928).

{
(24) Bischoff, Sahyun and Long, J. Blol. Chem. 81, 325 {1929).
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compared the hypoglucemic action and toxicity of a variety of
typés of guenidine derivatives. They slso studied the fate of
the glycogen, glucose toleramse, COp-combining power and schange
in inorgenic phosphorus iz enimale in gusnidine hypoglucemia.
These workers found that subatitution of negative grﬁags or
aromatic nuelei was not productive of hypoglucemic action while
this sction wae most powerfnl in basie derivatives with long
aliphatic side cheins. Derivatives of guanidine formic secid
and ite derivatives were non-toxic. Hypoglucenmic activity,
lethal dore znd liver damege ran slmoet parallel. The toxio
affect of the aromatic derivatives ae shown by impaired respira-
tion, nervous syﬁptama,ana kidney damage 414 not appesr to be
connected with the hypoglucemic activity while liver dsmags
wes definitely invelved.

0f the compounds tested by Bischoff, Sahyun snd Long {24)
guanylpliperidine was found to more closely resemble inaalig in
its action than any of the others, Thﬁ hypoglucemia produced
by this compound oceurs during the firet hour sfter administra-
‘tion, as i@ the case with ingolin, and tha‘acmyaund ie less
toxic than the other derivetives studied. These authors be-
lieved that there was a8 poseslibility that guasnidine and insulin
were chemically related.

Hesse snd Tsubmann {25) reported s study of tka action of

{28} ?ewse)ana Toubmaenn, Arch. exptlrPsasth. Pharmakol. 142, 290
1929).
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a series of bignanide derivetives on sugsr metabolism. A
nambar of thelr compounde produced a very marked desresse in
blood suger. The sotion of theee bigusnides, like thst of
guanidines, differed from the mctlon of inemlin in 8 number 6f
respecte. The administration of bigusnides produced no glydogen
synthesis. Blguanide convuleions were not sbolished by the in-
jeetion of amdrsnsline or grepe sugar. Hormal symptoms were not
produced in pansrectomized animsle.

 Wantoch (26) invertigeted the influence of various or-
ganio and inorgenic subetances, prineipally seids, ngnﬁ the
bloed sugar.

Braun {27) reported s conelderable hypoglucemic effeot
withont toxic asction produced by gfam&ﬁayhenaiguaaiéine hydro-
‘iodide. This observation bhae eince been oorrectsd (28). .
tert of the sulfnte end hydrochloride of thie compound showed
no activity spmd 8 further study of the hydroiodids showed in-
consietent results. This inconeietency was not explained.

Auiz, 3ilva and Libenson {29} studlsd the hypoglucemic
sotion of o namber of sulfur compounds. Seversl of thesme show-
ed some hypoglucemic action. Assuming the poseibility of the
exiatence of a 2~thiolimidazole group in insulin these
- {26} @antochk, Arch, e¥ptl.rPsth. Phermekol. 143, 537 (1989).

{27} Brsan, J. Biol. Chem. 89, 97 (1920}. ~
(28} Parke and Breun, J. Biol. Chem. 91, 629 (1931).

{29} Ruisz, Silva and Libenson, Compt. rend. moc. biol. 104,
1029 {1930).
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suthors (30) investigated s series of compounds containing
this group. Several of the compounds tested were found to be
sotive,

Recently Bischoff and Long {31) published further work
on guanidine straoture and hypeglueemia. The article was not
available at the present writing.

In addition to the work which has been mentioned & large
namber of animel and plant extracts have been reported ss
poogesging hypoglucemic activity. Since these prodac te are not
of definitely known constitution they are not insluded in thie
aceount.

In the present work a miscellany of nitrogen snd sulfur
compounde have been prepared for testling as to hypoglucemic
action with the hope that a substsnce might be obtained which
had an action more closely resembling that of ineulin than does
the action of coumpounds investigated up to this time. 4in effort
hes been mads not only to elaborate on types of known hypo-
glucemic activity but also to study types which have not pre-
viougly been tasted.

{30) Roigz, 8ilva and Libenson, Compt. rend. soc. biol. 104,
1101 {1930); Rev. soc. Argentina biol. 6, 198 {19307

{Physiol. Abstrscts 16, 46 (1931) ).
{31) Bischoff snd Long, J- T Pharmacel. 41, 12? {1931} .
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EXPERIMENTAL PAR?T

Cysnesmide, NH,CN, Cysnamide was obtained from caleium
cyanamide by neutralization with sulfurie aeid, followed by
extraction of the concentrated solution with ether. 4 mixture
of one kilogram of salcium cysnamide and 3 liters of watler wase
placed in a five liter flask snd mechanically stirred for one
hour. The sludge was filtered and washed well with water. The
cooled f£iltrate waé made Just scid to methyl red by ihe'a&éitien
of 304 sulfuriec scid and the precipitated caloium sulfate filter~
ed and washed with water. To the filtrate wae asdded about one
ce. of acetiec acid and the solution was then eveporated on the
water bath under reduced pressure until the temperatare {ther-
mometer in 1iquid) reached 70-80°, After cooling, the remsining
l1iguid was extracted with 1500 cs. of anhydrous ether, a few
drops of scetic acid added, and the solution dried over caleium
chloride. The ether wae distilled, the last portion under re-
duced pressure, and the residue allowed to cool in & vacuum
desiccator over sulfuric acid. The produst solidified to & maes
of eryetele. The yield was 92.5 g. or 14.5% {assuming pure
calolum cysnamide] of materisl melting at 37-409,

Phenylguanidine, CoHpNHO{:NH)NH,., Phenylgusnidine was pre-
pared from esaaaﬁids sand aniline hydrochloride by the method of -

MeKee {32). A mixture of 13 g. (0.1 mole} of sniline hydroehloride,

{53} McKee, Am. Chem. J. ,%é, 221 {1961}0



-;13;—

4,2 g+ {041 mole) of cyenamide and 40 occ. of absolute sleochol
was heated in & sealed tube in an oil bath at 120+130° for 2%
hours. ‘The alcohol was evaporated on the water bath and the
residue dissplved in about 76 cc. of water and treated with e
concentrated solution of potassium hydroxide. 4An oll separated
which erystallized upon cooling. After chilling well, the
eryetals were filtered, washed with a2 little water and dried in
a desicoator over solid potassium hydroxide. A yield of 10 g.
sr ?4%~a£ material melting at 66-68° was obtained. The piorate
prepared from this compound melted at 228-224°. The melting
points given by HoKee {32) sre 66° for phenylguanidine and 221°
for the piernte.

p-Bromophenyl Guanidine Fitrate, BrCgH,NHC(:NH)NH,*HNO,.

ngrawaphenylguaaidiaa was p!ﬂp&réﬁ from p~bromoaniline hydro~
chloride and oyansmlde. A mixture of 10.2 g. {0,05 mole} of
p-bromosniline hydroshloride, 3 g. (0.07 mols) of cyensmide and
30 ce. of abeolnte slcohol was placed in & sealed tube and hested
in an oil bath at 120~130% for 3 houre. The solution was concen~
trated by distillation and the residne was poured inte S«normal
nitric scid. A eorystslline precipitate separated which was filter~
ad and arystaliizea'irﬁm.wat$rg A yield of 8.5 g+ or 61% of -
bromophenylgusnidine nitrate melting at 185~186% was obtained.
Anal. {By Kjeldahl). Cale. for CplgBrH 0,2 N, 20.21.
Pound: N, 18.87 and 19.24.
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gﬁqumaphenylgaaniaina hag net been reported in the
11taratnrs@ The free baze was obiained by dissolving the nitrate
in hot water and adding concentrated ya%aaaiaw,hyﬁraziﬁe‘ An
oil separated which soli1dified upon e¢ooling snd was filtered
and dried over palid potassium hydroxide. This compound melted

at 128~124°. The free base was not analyzed.

ggcarhaxyiyhanylgnaniaiae. H@Gﬁﬁaﬁéﬁﬁﬂ(;ﬂﬁiﬁﬁz‘ p=Carboxyl-

phenylgnanidine was prepared from gfamiaah&nzeia aeid hydrochloride
and cysnamide. A4 nixture of 17.4 g. {0.1 mole) atlgéaminabenaeie
acid hyﬁxaehlﬁriés, 4.2 g. {0.1 mole) of cysnamide snd 40 cc. of
abgelute alechol wses placed in a sealed tube end heated in an oil
bath at 120-130° for five hours. The cooled tube conteined s
erystalline solid which was filtered and dissolved in water. The
watsr eolution wae made alkaeline aaé then neutralized by the care~
ful addition of hydrochlorie acid., 4 eryatallinﬁvpreaipitate
geparated which was filtered and recrystslliszed from water. The
compound melted at 285-2B69.

grﬁarhaxylphenylgusnidins-hydreehlsri&e was p#ﬁpareﬁ by
treating an absolute sloohol suspension of the free base with
sufficient hy8rochloric acid to effect solution. Upon the addition
of ether, the hydrecchloride ssperated ss small white needles. To
purify, it was dissolved in 956% sleoohol snd precipitated by the
addition of ether. The compound melted st 273-274°.



Ansl, Caloc. for 38310813392; Cl, 16.47. PFound; 01, 16.12
and 16.06.

A Bimplifisd anslytical procedure was employed in the
analyels of Efaaxbaxy}phaﬁylgnaaiﬁina hydroohloride and certsin
other guanidine hydrochlorides in the follewing work. The sample
of about 0.2 g. was placed in s 400 coc. besker, dismeolved in s |
few ce. of water snd 2 or 3 coc. of 10% silver nitrate added.
About 100 cc. of concentrated nitric acid were then sdded, the
beaker covered with a watch glass and the mizture allowed to
digest on the stesm plate until clear or only slightly yellow.
Phe solution was finally allewed to evapeorste to a volume of
about 10 cc. and was then dllnted to & volume of 2B0 co. with die~
tilled &ater and heatsd to beiling. The hot solution wes decant-
ed through a Gooeh erucible, the precipitate washed several times
with hot water by deeantation and finslly tramnsferred to the
erucible and washed with hot water until the weshings gave no
precipitste with hydrochloric seid. The crucible was dried and

weighed in the customary mamner.

Methyliso thicurea Smlfate, Eﬁgcf:§ﬁissagu§E£S§4' Hethyl-
isothioures snlfate was prepared by the sction of dimethylsulphate

on thioursa according to the directions of Arndt {35). Po a

mixture of 76 g. {one wole) of thioares and 50 ce. of water in

(33) Arndt, Ber. b4, 2236 (1921).
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erystalline preciplitate separsted and was filtered and crystallized
from water. The yield was 13.5 g. or 63% of product melting at
149~150°, |

(2) A mixture of 14 g. (0.1 mole} of methylisothiourea
gulfate, 26 cc. of water and 10.7 g« (0.1 mole) of bengylaemine
was heated on & water bath at about 70°. A vigorous reaction
tfook plaes scoompanied by the evolution of methylmereaptan.
After the reaction had subsided the solution wae boiled for 45
minutes, cooled, filtered and the f£iltrate poured into BO ce.
of 2-normal nitric acid. A white orystslline precipitate sep-
arated which was filtered and dried, yielding 17 g. or 80% of
material melting at 152-155%. This product was identical, as
shown by & mixed melting point, with that prepsred by method (1).

Anal, (By Kjeldehl). Cale. for CgHy,0sH,: N, 26,41 Found: |
H, 24.88 and 256.06. '

Mathylisothioures grﬁalnasaamlfénazeﬂ Kﬁga{gﬁﬁ;3§§3¢ggs.

36H48053. kathyiiﬁathi&ur&a Eftalneneanlfanate wag prepared by
the aetion of methyl gftaiuaneﬁalfanata on thiourea. 4 mixture
0f 101 2. {054 mole) of methyl gftalmaneaalzanate, 38 g.

{0.5 mole) of thiourea and 50 cc. of water was cautiously heated
until the resction commenced. The resction wes very vigorous
end it was necessary to cool the flask with water. When the
reaction had ceased the elesr solution wﬁs boiled for 15

wirutes and allowed to cool., The white erystalline product which
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| geparated was filtered and washed with a little water and the
filtrate ahé.uashings coneentrated by boiling until of a syrupy
consie tenoy. Upon cooling the mees solidified snd was erystalligzed
from water. The total yiela was 181 g. or 93% of material melt~
ing at 141-142°, -

Anal. (By EKjeldanl). Cslo. for Col, Hp0,3,: N, 10.68.
Found: H, 11.00 and 10.93. |

Bengylgusnidine p-Toluenesulfonate, Q&Hgﬂﬁﬁﬁﬁclrﬁﬁ)ﬁﬂg*ﬁag~

36343333” Benzylguanidine p-~toluenesulfonate wase prepared by

the action of benzylamine on methyl;sethiéuraa‘gfzaiueassaltenate.
The mathyl merceptan liberated in this resction was collected as
the mercury salt., Two and>sevan~tesths grams {0,025 mole) of
benzylemine were dissolved in 26 cc. of water and to the solution
were added 6.5 ge. {0.025 mole} of methylisothioures p=toluene-
sulfonate. The reaction flaék wasg fitﬁea with a2 reflux condenser
and was then gently heated until the reaction had started., The
evolved mercaptsn was led into a flask containing a solution of
merourtc chloride in sleohol and cooled in an ice-salt mixture.
After the evolution of gas hsd ceased the solution wag bolled

for one hour. Upon cooling an oil separated which gradually
erystallized. A yiél& of 6 g. or 765% of this product melting

at sbout 175° wae obtsined. This compound was identicsl, as
shown by & mixed melting point, with that obtained by treating

a solution of benzylguanidine nitrate with_g«talueneeuliania acid.
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The bengylgusnidine p-toluenesulfonate separated as white
plates melting at 179-181°,
Anal. {By Xjeldahl). Cale. for 315319359332 B, 13.05.
Found: N, 12.66 and 12.84.
- The mercuric methylmercaptide waz filtered and washed with
alcohol and ether. A yleld of 4.8 g« or 66% of this material,
which 44d not melt below 300°, was obteined.

Furfurylguenidine Sulfate, Qéﬁsacﬁaﬁxﬁi;ﬁﬁlﬁﬂg*%ﬁasﬁé.

Farfurylguenidine sulfate wax prepared by ths scotion of furfuryl-

amine on methylisothiocurea sulfate. 4 mixture of 4 g. {0.029
mole) of methylisothioures sulfste, 3 g. {0.021 mole) of fur~
furylemine {34) and 20 cc. of 95% slcohol wae heated on the
steam plate until all of the methylisothiourea sulfate had
disspolved. The sleohol was partislly evaporated and the com-
pound precipitated by the sddltion of ether. The furfuryl-
guanidine sulfate was cerystallized from glcohol. The yield was
1.5 g« or 38% and the compound melted at 209-210°.

Anal. Cale. for asaggao'%33304: HgS0,, 26.10. Pound;
HoB80,, 26.47.

Furfurylguanidine esulfate and & number of other guanidine
sulfater in the following work were anaslyzed according t§ 8
simplified procedure. The sample of about 0.2 g. wes dissplved

in 250 cc. of hot water, 10 cc. of concentrated hydrochloric

{34) The furfurylsmine was obtained from A. P. Hewlett.
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acid added, and the solution treated with an excese of boliling
one~normal barium chloride, added with stirring. The precipitate
of barium sulfate was allowed to settle for about one-half hour
and was then filtered, washed with hot water amd weighed in the

customary wanners.

g-Phenylethylguanidine suifate G H.C,H,NHO(:NH)NH,3H,SO,.

The preparstion of F-phenylethylguenidine from S-phenylethylamine

galts and eysnsmide has been reported in seversl patents (35},
however no experimentsl detsile or properties of the compound are
given. The compound was prepared in this laboratory by the action
of G-phenylethylamine on methyliso thiourea sulfate. To a solution
of 3 g. {0.026 mols) of @~phenylethylamine in 30 cc. of 95%
alcohol were added 3.5 g. (0.025 mole) of methyliso thiourea sul~
~fate and the mixture heated on the steam plate untilwthe so0lid

had comple tely dissplved. A portion of the alcohol was evaporsted
and the remaining solution sllowed to cool. A white erystalline
product separated which was filtered and the filtrate diluted

with sbeolute slcohol, whereupon an additionsal smount separated.
The compound wae recrystsllized from absolute slecohol yielding

2.5 g. or 62% of g-phenylethylguanidine sulfate melting at 175,56«
177°.

{36) Chemische Fabrik suf Aktien, British Pat. 279,884, Cenedlen

Pat, 281,121 (C.A. 22, 295 {1928) ); Sohering-Kahlbeum,
Polish Pat. 9,367 {Chem. Zentr. II, 2604 (1929).



Anal. fﬁ&)g Cale. for Cgﬁlsﬂs‘%ﬂgﬁ{?&: 33304, 23,11,

Found: H_80,, £2.07 and 21.99.

2

Preparation of Aleoholic Guanidins Solution. The solu-~

tion of guanidine in sbsolute alcohol used in the preparation
of a number of the following gaaﬁ&ina derivatives was prepared
as follows. Ten grams (0.105 mole} of finely powdered guani-
dine hydrochloride were added to a sodium ethylate solution
praepared from 2.3 g. (0.1 atom) of sodium and 50 cc. of abeo-
lute alcohol. This mixture was mllowsd to stand with frequent
shaking for about ome hour. The precipitste of scdium chlorids

wags filtered and the ¢lear solution used immediately.

Guanidine Bengoate, ﬁﬁaﬁtzﬁﬁ)i&a *C_H_COOH. Guanidine

benzoate was obtained by treating gnaj&&gﬁﬁ with benscic acld,
Benzoic secld wse sdded to 8 solution of guanidine prepared as
described above. The crystals which separsted were filtered
and reéfmtalnzsﬁ from aleohol. The compound melted at 228~
224%, 4 plerate prepared from this compound wae identicel,
a8 shown by a mixed melting point, with that prepared from

guanidine hydrochloridse.

1,3-Diphenyl-3-guanidino~propanone~1, ¢ H G(.:O)G'H{

65
CH{ caxs}ﬁﬁﬁhm}ﬁﬂg‘ 1,3~diphenyl~3-guanidino-propanone-1 was

(36) Analyzed by the procedure given on p.18, Thie Thesis.
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prepared from benszalacetophenone and guanidine. 4 splution of

- 20.8 g. (0.1 mole} of benzalacetophenons in 30 cc. of absolute
alcohol was treated with a solution of 0.1 mole of guanidine in
B0 ce. of slcohol prepared as previously deseribed (37). After
stand ing averaighi the solution was evaporated on the steam
plate until viscoue, dissolved in hot 955 alcohol and cooled.
The produnt separ#tea ags light tan orystals and welighed 5 g. or
20% of the theoreticsl. The compound was purified by recrystal-
lization from 95% slcohol and meited at 136~136% The pierate,
crystallized from sleohol, melted at 191°,

The hydrochloriie was prépure& by treating an ether solu~
tion of the compound with dry hydregen chloride gas. Upon
recrystallization from absolute slceohol this product melted at
202~2049.

anal. (38). Cale. for Cj,H CIN,O: HCl, 12.01. Found:
11.14 snd 11.09.

Discetoneguanidins, NH,U[:NE)NHC(CH,) CHC(:0)CH,. Di-

acstoneguanidine wasVyrégdrgé by the sction of gusnidine on

meeityl oxide according to the method of Traube snd Schwarz

{39). Ten grame (0.1 mole) of mesityl oxide wers added %o o

solution of 0.1 mole of guanidine in 50 coc. of absolute aslcohol

prepared as previously described {37) after evaporation of the
7) See p.20, This Thesis.

(3
(38) Analyzed by the procedure given on p.l4, This Thesls.
(39) Trasube and Sehwarz, Ber. 32, 3166 (1899).
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alcohol the solution wae heated on the steam plste at 1209 for
2 to 3 hours. The mags was dissolved in hot water and the
solution filtered snd cooled. A light brown semi~crystalline
s011d separated which melted at 165-158°. The yield of thie
material waes 9 g. or 57%. According to Prasube and Schwarz (39)
the pure compound melted at 163%.

Aeetyléiaeatoneguaniéina, ﬁﬁsﬁfzﬂ)ﬂﬂﬁfﬁﬁﬁ}ﬁﬁ@fcﬁs}gﬁﬂéﬁ
G(:O)cﬁs. Acetyldiscetonegnanidine was prepsred according to
the procedure of Traube and Schwarz {(39). A mixturs of 3 g.
(0,02 mole) of discetonegusnidine and 3 g. (0.03 mole) of
~ mcaetic anhydride wes bolled under reflax for adout 1% hours.
The mixture was diluted with water, neutralized with ammonium
hydroxide and cooled. The product w&igh separated was filtered
and erystallized from hot water. Only one gram or 26% of this
material melting at 156-157° was obtained. This melting point
egrees with that previously ?sp@rtsé {39} .

Furylacrylylguanidine Hydrochleride, C,H,O0CH: CHCONHC(:NH)-

§53'391, Faryleerylylguanidine was prepared by the action of
guanidine on ethyl zarylasry;ata eccording to the method of
Traabe (40) for the preparation of acylguanidines. Sixteen and
one-half grame (0.1 mole) of ethyl furylacrylate were sdded to

a solution of 0.1 mole of gusnidine in sbeolute alcehol prepared

(40) Treube, Ber. 43, 3586 (1911).
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as previously described (41). after standing for two weeks the
solution was diluted with several volumee of ether. The solid
which separated was diseolved in dilute slecohol end ths solution
treated with dilute hydrochloric acid. The hydrochloride of
furylacryloylgnanid ine precipiteted and was rearﬁstailizaé twice
from dilute alcohol. A yleld of 2 g. or 10% of product,which
melted with decompoeition at 251°, was obtained. |

Anal. (42} Cale. for 8351661§3323 Cl, 16.4B. Found:
01, 16.02 amd 16.02.

cinnaﬁylgﬁaniéine Hydrochloride, CH: CHC( : 0) HHC( s ki) -

Celig
Rﬁg’ﬂala Cinnasmylgusnidine wae prepared by the action of
gusnidine on ethyl cinnsmate sccording to the method of Traube
{40) for the preparation of scylguanidines. 3Seventeen and six-
tenthe grams (0.1 mole) of ethyl cinnamate were added to a so-
lation of 0.1 mole of gusnidine in 50 ce. of ebsolute aleohol
prepared ag previously described {41). After 10 dsys standing,
the solution was concentrated to s thick syrup by evaporstion
under reduced prsssaure, Four hundred cc. of éthar were added
te the mixture which was well shaken and allowed te stand until
the nndissolved oil hé& solidified. This s0lld was filtered,
dissolved in & esmall amount of alcohol, diluted with water to

a volume of about 1560 co. and treated ﬁith,ah excess of dilute
hydrochloric acid. A white so0lid preciplitated which was
filtered, washed with water and dried. 4 yield of 6 g. or 22%

{41) See p. 20, This Thesis.
(42) anslyzed by the procedure given on p. 14, This Thesis.
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of orude cinnamylguanidine hydrochloride wae obtsined. The
caﬁ@cand was purifiad by orystallization from 50% slcohol and
melted st 260-261°.

Anal. (43}. Cale. for CqoH1oC1850: 01, 15.72., Found:
€1, 15.43 snd 15.48.

Formylguanidine, EﬂéG(HE)ﬁE&{:G}H.  Formylguanidine was

obtained from guenidine and ethyl formate by the method of
Pragbe (40)« Seven and four~tenths grams (0.1 mele) of ethyl
formate wers added to a solution of 0.1 mole of guanidine in

50 coc. of sbsolnts slcohol prepared ag previously desoribed
{44). Considerable heat war evolved following the asddition of
the ester and a white crystalline preeipisate immediately began
to separate. After standing overnight the crystals were filter-
ed snd washed with alcohol. The yield was 3.5 g. or 40% of

ma terisl melting at 182°, The melting point reported by Traube
{40) was 178°.

Dibengoylguanidine, C H

"6 5
gusnidine was prapared by the Schotten-~-Baumann resction from

CONEC [HENHCOC gHge Dibenzoyl-

guanidine and benzoyl chloride according te the method of
Korndorfer (45). Five grams {(0.062 mole) of guunidine hydro-
chloride were dissolved in B0 cc. of 10% sodium hydrexide and
{43) Analyzed by the procedure given on p. 14, This Thesis,

{44) Ses p. 20, This Thesis.
{45) Xorndorfer, Arch. Pharm. 241, 478 (1903).
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the solution treated with 14 g. (0.1 mole)} of benzoyl ehloride
added in seversl portions, followed by vigorous shsking. The
white =114 which separated was filtered, washed with water

and purified by crystallization from absclute alcohol. The
yield waes 3 g. or 23% of produsct melting at 214-215°, which is
in agreement with the melting point reported by Xorndorfer (45).

~NB

Anhydro-diacetylgusnidine, aﬁgcw,\c;m{ :0)CH,+ Anhydro-

discetylgusnidine was prepared from guenidine carbonate and
gcetic anhydride by the method of Kornderfer (45). A mixture

of 5 g. {0.06b mole) of gunanidine carbonate and 25 g. {0.85
mole) of acetic anhydride wes hested under reflux for one hour.
A violent evolution of carbon dioxides took place when the mix«
ture was first warmed. The solid wae filtered from excees
acetic snhydride and recrystallized from water three times. The
yield wes 1.2 g. or 17% of material melting at 209°., fThe melt-
ing peint reported by Korndorfer (45) was 210-212°.

Disarbethoxyguanidine, C,H_0C(:0)FHC(:NH)NHC(:0)00,H

5°
Biegrbethaxyguaniéins was prepared by the action of ethyl
¢hlorocarbonate on guanidine asccording to the wethod of Baster-
£ield and Paynter {46). Twenty-three grams (0.1l5 mole) of
barium hydroxide were diseolved in 200 cec. of water sand to the

solution were sdded 30 g. {0.33 mole) of guanidine carbonate.,

(46) Bassterfield and Paynter, J. Am. Chem. Soc. 48, 2176 (1926).
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The barium carbonate wss filtered and the solution concentrated
under reduced pressure at 40° until water no longer distilled.
&ba@l#te aleohol wes sdded to the residuse snd the solution h
-filtareé from the excess guanidine gcarbonate. To the solution
wae then added 10 g. (0.1 mole) of ethyl chlorocarbonate with
shaking and cooling. After standing ovarnight;the white B0lid
which had separated was filtered and washed with sleohol. A
yield of 3.5 g. or 35% of thies product wes obtained. The com=
pound was purified by oryetsllization from aleohol and was
ebtsinad a8 whita needles, melting at 164.5-1656°, which is in
sgreement with the melt ing point reported by Bueterfleld amnd
2aynter (46).

A~Carboxylpropionylguanidine, ﬁﬁzﬂi:ﬁﬁ)ﬁﬁﬂ(:&}ﬁaﬁéceﬁﬁ.

4~Carboxylpropionylgusnidine was prepsred from guanidine and
suncoinlic ester according to the method of iilchael [(47). A so-
lation of sodium ethylate wae prepared by diseolving 2.5 g.
{O.11 mole) of sodium in 60 ec. of absplute aleohol and to it
were added 12 g. {0.1 mole) of guanidine thipeyanate and 17.4 g.
(0«1 mole) of ethyl emnccinate. &4fter several daye standing,

8 precipitate had separated which wase filtered snd waghed with
& 1ittle aloohol. Thie material was disseolved in hot, very
dilute, hydroochloric acid. Upon cooling, a white erystalline
product separated. Only one gram or 7% of this,ﬁreénet melting
at 182° wae obtained. The melting point gilven by iichael (47)

(47) Michael, J. prakt. Chem. {2) 49, 39 (1894).



was 184-1858°.

Y~_remaprapyl§htha1imide, Géﬁé(aﬂigﬂﬁﬁﬂ

gBr. Y-Bromo-

propylphﬁhélimide was prepared from irimethylene bromide and

phthalimide sccording to the simplified procednre of Ing snd
Manske (48) for the prépnratien of alkyl phthalimides., 4
mixture of 150 g. {1.02 moles) of phthalimide, 756 g. {(0.54
mole) of potaseium carbonate and 500 g. {2.50 moles) of tri-
msthylsae'bramiée was placed in a flasek fitted with a mechan~
ical stirrer and s refluax condenser apnd,with siirring, was
gradually heated on an oil bath. 4 vigorous reaction took
place when the temperature of the bath had reached abtout 150°.
.~ Phe maes became very viscous and was stirred with diffieulty,
but upon faurther heating the mixture liguliied. The reaction
was continaed at the boiling point of the mixture for a tetal
period of sbont three hours. Upon steswm distillation of the
mixture 262 g+ of trimethylene bromide were recovered. The
water~oil mixture romaining sfter steam distillation wag cooled
under the tap with vigorous shsking, whereupon the oil splid-
ified snd wee filtered and air dried. This grude materisl was
extracted with 400 éa, of hot carbon disulfide to separate the
ingoluble diphthalimidopropane. The csrbon disulfide solution
wag almost cvompletely evaporated and upon cooling the bdbromo-

propylphthalimide crystallized and was £iltered, wasched with

{48) Ing and HManske, J. Chem. Soc. 2348 (1926).
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earbon disulfide and air dried. The yield of this product was
126 g. or 48%. Crystallized from petroleum ether {B.P. 40-60°)
the compound mslted at 72~73°, which is in sgreement with the
melting point reported by Ing end lenske (48). A® 8 by-product
of this reasction 81.56 g. of crude diphthalimidopropane were
obtained.

'ﬁr&mineprepyl gnttyl Suiiiéa, Eﬁgeﬁﬁssc4ﬁga Y ~Amino-

propyl n-butyl sulfide was prepared by & wodification of the

method used by Schneider (49) in the preparstion of Y ~amino-
propyl methyl sulfide. 3Iighteen grams (0.2 mole} of butyl
mercaptan were dissnl#ea in 8 sodium ethylate solution prepsared
from 4.6 g« (0.2 mole} of sodium and 200 cc. of absolute alcohol.
To this solution were added 50 g. (0.2 mole) of powdered _~bromo-
propylphthalimide which dissolved with the evolution of heat
accompanied by the precipitstion of sodiam bromide., After stand-
ing for & short fime the solution wse boiled under reflux for 15
minutes. Fifty ce. of water and 30 g. of sodium hydroxide were
added and the mixture gsteam-distilled. By this treatment ths
aleohol ﬁae removed and the phthalimido compound was hydrolyzed
to the sodium salt of the corresponding Y ~phthalamidepropyl
n~butyl sulfide., This solution was diluted to about 500 ce.,
filtered, cooled and made slightly acid with acetlc seid, fThe
0il which precipitated was separated and added to 400 ec. of

{49) Schneider, Ann. 375, 245 (1910}.



hydrochloric scid prepared by diluting 250 co. 0f concentrated
acid, After boiling for twe hours the mixture was cooled and
filtered from the phthalic scid which had separated. The
f£iltraste was concentrated to a volume of 250 cc., cooled and
made alkalins by the sddition of s0lid sodium hydroxide. The
emine was extracted with ether and the ether solution dried
pover solid potasssium hydroxide. The ether was removed on the
gteam bath snd the residue dietilled under reduced pressure.
dleven grame or 40% of y~aminopropyl p-butyl sulfide boiling
at 120°/256 mm. were ebtained;

Anal. (By Carius). Cale. for e,iﬂl?ﬁsz 8, 21.7%. Pound:
3, 21.41.

y~Guanidinopropyl n~Butyl Sulfide. ﬂﬂaafzﬁﬁ}ﬁﬁﬁaﬁﬁscéag.

sulfrée
Y~-Guanidinopropyl n~butyl was prepared by the action of y~amino-

propyl n-butyl sulfide on methyllmothlourea sulfete. To a so~
lution of 7 g. {0.05 mole) of methylisothiourea saulfate in 20
ec. 0f hot water vare added 7.3 g. (0.05 mole) of y~aminopropyl
n-butyl eulfide. After the reaction had subsided the solution
was bolled for sbout one-hslfl hour and then cooled. 4an oil
separated which ocryatallized to 8 sticky meaes of white crystals
upon standing in s vecuam desiccator over sulfurlc aeié, The
yield of y-guenidinopropyl n~butyl sulfide sulfate was 5 g. or
42%. Por snalysie the picrate was prepered. The picrate melt-
ed at 115-117% on erystallization from slcohol.
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S, T+35.

g=-Phenylethyl Mercaptan. C.H.C.H,SH. f-Rhenylethyl mer-

captan has previously been prepsred by the action of alkali on
A~phenylethyldithiourethsne {61). In this laboratory the com~
pound was obtained by the actien of alcoholic potassium sulf-
hydrate on g-phenylethyl bromide. Thirty-seven grame (0.2 mole)
of g~phenylethyl bromide were added to 100 cc., of 3-normal
aleoholic potaseium aulfhyﬁraté prepared by saturating slcoholic
potassium hydroxide with hydrogen sulfide. Thie solation was
heated on the sissm bath for one hour, cooled and poured inte
780 cc. of water. The oily layer wase separated, drisd over
anhydrous sodium carbonate and distilled under redused preassure,
uging a medified Claisen flask. The yield of mercaptan was
1443 g. or 50% of product boiling at 82-83°/7 mm. According to
von Braun (51) the boiling point was 106°/23 mm.

Y~Aminopropyl S-Phenylethyl Sulfide, %acsﬁ 550 2& 46 éaﬁ*

y~Aminopropyl g-phenylethyl sulfide was prepared by 2 method

similar to that used ipn the preparation of y-aminopropyl
n-butyl sulfide (52). Fourteen grame (0.1 mole) of /-phenyl~
(50) Analyzed by the procedure given on p. 18, Thie Thesis.

(51) von Braun, Ber. 45, 1564 (1912).
(52) See p. 28, This Thesis.
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ethyl mercaptan were sdded to a sodium ethylste solution pre-
pared from 2.3 g« (0.1 mole) of sodium and 100 cc. of abmolute
slcohol. To this solution were added 25 g« (0.1 mole} of
powdered ¥bromepropylphthalimide which dissolved with the
evolution of hest accompanied by the precipitation of sodium
bromide. The mixture wae heated on the steam bath for about
15 minutes, cooled, treated with s 1little water and 2.5 g. of
- sodium hydroxide and steam distilled. This treatment removed
the alcohol and st the zame time hydrolyzed the phthalimido
comppund to the corresponding phthelamido compound . The so=
lution was then diluted to 400 ec., cooled and just neuntraliszed
with acetic apid. After atanding for a short time the water
was decanted from the oil which had separated and 250 ce. of
concentrated hydrochloric scid and sufficient water to mske

a total volume bf about 400 cc. were added. The mixture was
boiled under reflux for 3 hours and decented from undissolved
oil. After cooling, the phthalic acid which had separated
was filtered and the filtrate mede slkaline by the addition
of s0lid sodium hydroxide. The oil which separated was ex-'
tracted with ether and the solution dried first with solid
potassium hydroxide and then with snhydrous sodium sulfate.
The ether wae removed on the steam bath and the amine distilled
under reduced prsssure. A yleld of 6.7 g. or 34% of r_vamma*
propyl g-phenylethyl sulfide boiling at 147-150°/7 mm. was
obtained.
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Ansle. {By Carius). Cslc. for CyqHy 4881 8, 16441, Found:
S, 17.3% apd 15.27. '
Snfficient material was not avaeilable for repetition of

thoanalysis.

y~Cnanidinopropyl g-Phenylethyl Snzxi&a,,ﬁﬂgeixgﬁ}ﬁﬁczﬁﬁw

SC,HC ol Y~Guanidinopropyl g-phenylethyl sulfide was pre-

parea by the notion of the corresponding smine on methyliso~
thiourea sulfate. A solution of 4.6 g» (0,083 mole} of methyl-
isothiourea sulfste in 20 ce, of hot water was treamted with 6
g. (0.081 mole) of y~aminopropyl g-~phenylethyl suliide. After
éha vigorous reaction had subsided the solution was boiled
under reflux for about 45 minutes and filtered hot. The oil
which pfeeipitﬁteﬂ upon cooling wase segaratea and allowed to
stand in a vacuum desicestor over sulfuric secid until it hed
eryetallized. HZight grams or 90% of crude product were obtain-
ed. The y~-guanldinopropyl d-phenylethyl sulfide sulfate was
purified by orystallization from water and then from slcohol-
ether. The compound softened at about 120° but showed no
definite melting point.

égg;. {63). Cale. for &1;319333«%32504: 3@¢, 16.78.
Pound: &04, 17.17 =mnd 17.35.

(63) Anslyzed by the procedure given on p. 18, This Thesis.
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Cyclohexyl Mercaptan, Q6§IISK. Cyclohexyl mercaptan was
prepared from oyclohexylmagnesiumbromide and sulfur by a modi-

ficstion of the method of Mailhe end Hurat (54). Twelve and
one~half grame (0.5 atom) of magnesium shavings, 100 cc. of

dry ether and a erystal of lodine were plasced in & three-necked
flask fitted with a stirrer, reflux condeneer and dropping
funnel. A solution of 81 gz. {0.5 mole} of cyclohexyl bromide

in 100 cc. of dry ether wae placed in the dropping funnel, a
small amount sdded to start the reaction, end the addition
continued, uitﬁ gtirring, at mach 8 rate as to keep the ether
refluxing gently. After all hed been added the refluxing wes
continued for about 30 minntes. The flask was then well cooled
in en ice bath and, with stirring, 16 g. (0.5 mole) of powdsr-
ed sulfur added in sméll portions. The mixture was refluxed

for one hour after the sulfur had been sdded and wae then hydro-
lyzed by pouring onto a mixture of ice and 50 ce. of concentrated
hydrechloric acid. #ithout separsting the ether from the water
layer the mixture was placed in & three-nsecked flask fitted with
a retl&x condenser and stirrer. Thirty-five grame of powdered
zine and 100 cc. of concentrated hydrochloric acid were added
in smell portions, with etirring, over a period of three hours.
After etanding for 36 houre the ether layer wae separeted and

the water solution sxtracted once with ether. The combined

{b4) HMailhe and Muret, Bull. soc. chim. {4} 7, =88 {1910) .
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ether esolutions were extracted with 200 se. of lﬁﬁ sodium
hydrexids in three portions and the alkaline solution acidified
with hydrochloric acid. The mercaptsn wae taken up with ether
and dried over anhydrous sodium sulfste. After removing the
ether on the eteam bath, the product was distilled at atmospheric
pressure yielding 23.4¢ grams or 40% of cyelohexyl mercaptsn boil-
ing at 155°. Mailhe and Murat (64), ueing cyclohexylmagnesium-
ehloride, obtained a yield of 26%.

~Aminopropyl Cyclohexyl Sulfide, : . -Aminge
Y : propyi wy exy s Kﬁacsﬁ&S%ﬁﬁll Y ~Amino

propyl cyclohexyl sulfide wagvprepara& by the same procedure as
used in the preparation of y-aminopropyl butyl sulfide (55).
Pwelve grams (0.1 mole) of cyclohexyl mercapten were diseolved
in a sodium sthylats solution prepared from 2.3 g. (0.1 wole)
of sodium and 100 ce. of absolute slcohol. Twenty-five grame
(0.1 mels) of Y~bromopropylphthalimide were adaea to the solu~
tion which was allowed to stand for several houre and was then
heated on the steam plate for s short time. About 25 g. of
g01id sod ium hydroxide and s 1little water Ware added and the
solution steam distilled for a period of sbout 2 hours. The
aqueous solution wse neutralized with scetic acid and allowed
to stand overnight. The water Qas decanted from the heavy oil

which separated and & mixture of 200 ce. of concentrated hydro-~

{56) see p. 28, This Theels.



chloric scid and 50 co. of water added. After boiling for two
houre the hot solution was filtered from undissclved oil and
cooled., The phthalic scid which separated waes filtered and the
filtrate made alkasline by the addition of = 1id sodium hydroxide.
The amine was taken up Iin ether and dried first with solid
sodium hydroxide snd then with esnhydrous eodium mlfate. after
removing the ether on the steam bath the y-aminopropyl eyclo~
hexyl sulfide waes dletilled under reduced preseure. Six granms
or 35% of product boiling at 135%/15 mm. were obtained. Suffi~
cient material was not obtained for both purification for ‘
analysis and use in further syntheses, therefore the compound

was not anslyszed.

Y»Gaaniaineprapyl Cyclohexyl Sulfide, NH e( ﬂH)ﬂﬁQsﬁﬁsﬂaﬁll

Y~Guanidinopropyl oyelohexyl sulfide wae prepared by the action

of the corresponding amine on methylisothiourea sulfate., To a
golution of 3 g. {(0.017 mole) of Y-amipopropyl cyclohexyl sul-
fide in 30 ce. of 95% sleohol wae added 2.3 g. {(0.017 mole) of
methylisothiourea sulfate, The mixture waes allowed to stand
on the steam plate antil the methylisothiourea sulfate had
comple tely dissolved {about 3 hours). After staniing overnight
several volumes of dry ether were added. An oil separated
which was washed with ether, diseolved in asbesolute slcecohol and
agsin precipitated by the addition of ether. The Y-gusnidino-
propyl eyclohexyl sulfide sulfate sepsrated as an 0il which
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soon orystallized and was filtered and dried in vacuum over
snlfuric scid. The yield was 4 g. or 91% of material which
softensd about 150° but did not melt definitely. This material
was analyzed without further purification.

Anal. (b6). Oale. for C,oH, N,58+3H,80,: 80,, 18.14.

Found: saé, 19.35 and 19.24.
o | _CONH-, ‘ |
Malonylenenidine, CH C:¥8, HKalonylguanidine was
HAN /
_ COBE
prepared from guanidine and malonic ester according to the

msethod of Michael (567). Sixteen grams (0.1 mole) of malonie
ester were dissolved in a sedium ethylate selution prepsared
from 2.2 g. (0.1 mole) of sodium snd 50 cc. of sbsolute aleohol.
To this solution was added a mixture of 12.1 g. (0.1 mole) of
guanidine carbonate in a sodiuwm ethylate solution prepared as
sbove. The resulting mixture waes heated on the steam bath for
one hour. Water wae éﬁde& to the pasty mase which wae then
acidified with concentrated hydrochloric acid. after boiling
for a short time the insoluble malonylguanidine was filtesred
and dried, yielding 8 g. or 60% of white powder which did not

melt .

Thiocbarbituric Acid, CH ¢:5« Thiobarbituric acid
2 \corg”

(56) Analyzed by the procedure given on p.l8, This Thesis.
(67) Hichael, J., prakt. Chem. (2} 43, 36 {(1894).
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wag prepured from thloures sand mlonic ester sccording to the
dethod of Dox and 2leleance (58). Tw snd threo~tenths grams
{0.1 mole) of sodium were dicrrolved in 50 ¢cc. of sbsolute
aleohol and the hot solation trsated with 16 g« (0.1 mole) of
othyl malonate snd 7.6 g. (0«1 mole) of thoroughly dried
thioursa. The wixtures wae heated on the steunm bath for ten
houre. Zighty oc. of water and 10 oc. of concentrated hydro-
chloric aseld were sdded to the white pasiy maee end the mixtare
warmed nntil a1l had diesolived. Thie molution wae filtered

and allowed to cool. The crystslline product wac filtered and
wosehed with water., The yield wae 8.3 g. or 58%.

mﬁmwnuwuwwewmxwwmwmwa acid, m»mwumAwowan“w. DB tyl~
| COdH

thiobarbituric acld wae prepered frem n~butylmslonic eeter

and thiourea, the method beingy simllar to that given by ma%

md Plsaieasnve (58] for the preparation of thloparblturic seld.

Two snd threee-tenthe grame (0.1 mole) of sodium wers dlesolved

in 50 cc. of sbselute gl cohonl snd o the hot solution was added
Zle6 g« (0.1 mole) p~butylmalonic ceter and 7.6 g. (0.1 mole)

of thiourea. 4 vigorous resction took plece with the formation

of a8 white pusty mese, after heasting for £ houre on the steam
bath the sleohol wae partially evsporated and the marg treatedwith

B0 co. of water and 10 cc. 0f concentrated hydrochlorie acid.

{58) Dox md Plsissnce, J. Am. Chem. Soc. 38, 2159 (1916}.

A



38~

The white solid which separsted upon etanding overnight was
filtered angd crystallized from water. A yield of B.H g. or
42% of n-butylthiobarbituric acid melting at 151.5-152° was
obtained.
Anal. {By Cariue). Calo. for Gﬂﬁlaﬂgﬂgst 3, 16.00.

Pound: S, 16.61 and 16.79.

HHC{ CH, )
c( 5)\

HHC(:0) 7
wag prepared from gusnidine and acetoacetlc ester according

Iminomethyluracil, HH: CH. Iminomethylursecil

" to the directions of Jaeger (58). A mixture of 12 g. (0.13
mole) of gusnldine carbonate, 18 g. (0.15 mole} of athyl
acetoacetete snd 40 co. of absolute sloohol was heated under
reflux on the steam bath for four hours. The aaole& wixture
waes filtered and the product washed first with alecohol and
then with water. .The yleld of thie material was 15 g» or
92%. The compound was purified by eryetsllization from hot
water and melted with decomposition at 295-296%. The melting
point reported by Jaeger (59} was 270°.

N'-A11y1-N"-guanyl-thiourss, NH,C(:HH)NHO(:S)BHCH,CH:CH,.
H'«Allyl-H"-guanyl-thiourea was obtalned by the action of allyl
isothioeysnate on guenidine as described by Slottas, Techesche

and Dreesler {60). A solution of sodium ethyléte wae prepsred

(59) Jmeger, Ann. 262, 365 (1891).
{60) Slotts, TecheSche and Dressler, Ber. 63, 214 (1930).
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by dissolving 2.5 g. (0.1l méle) of eodium in 65 cc. of abeolute
alcohol. To this solution were then added 12 8+ {0.1 mole) of
guanid ine thioeysnate snd 10 g. (0.1 mole) of allyl isothioccysnate
and the mixture beiled under reflux for about one hour. The
alcohol was removed under reduceé presanra; 100 ce. of watsr
sdded to the residune snd carbon dloxide pasged into the solution
until the precipitate no longer formed., The s20l1id was filtered
off, washed with alcohol and then ether. Only 1.5 g. or 10% of
this material melting at’?3-8ﬁ° were shtained. 7The melting point
reported {&0) for 3?%31131~H"-gna§31thiearea earhenataxwas 959,

'mpipermg; Disulfide, C/H NSSC.H  H. Dipiperidyl di-
sul fide was prepared from plperidine snd sulfur mosochloride
aceording to the method of Hichsels and Laxembourg {6l). A so-
lution of 17 g. (0.2 mole} of piperidine in 100 ce. of 4ry ether
wae treated with a slution of 7 g« {(0.05 mele) of eulfar mono-
chloride in 30 c¢¢. of ether, édéa& slowly thra s dropping funnel.
The mixture ware cooled with an ice~salt bath and stirred during
the addi tion. A precipitate of piperidine hydrochloride separated,
which was‘filtarea and the filtrate sevaporated. The remsaining
0il was recrystallized from absolute alcohol. The yield of puri-
fied meterizl melting at 58~59° was 2 g. or 17%. According to
ilichaels and Luxembourg (61) the compound melted at 64%.

{61) Kichaels and Luxembourg, Ber. 28, 165 (1895).
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Dipiperidyl Sulfone, (05H19§)2$63, Dipiperidyl sulfone

was obtained in low ylelds by the sction of malfuryl chloride

on piperidine asccording to the method of Tehl end Framm (62). A
solution of 8.5 g. (0.1 mole} of piperidine in 100 cec. of 4ry
ether was well cooled in an ice~sslt mixture and trested with a
solution of 3.5 g. (0.025 mole) of mulfuryl chloride in 40 cc.
of dry ether added through a dropping funnel. The mixture was
stirred during the sddition and for about ten minutes after all
the enlfuryl ehloride splution had been added. A precipitate of
piperidine hydrochloride separated which was filtered. The
filtrate wae evaporated and the remsining oil diesplved in slco~
hol. Upon diluting with water n orystalline produet separated, |
which was recryestallized from a water-alcohol mixtare. Only
one gram or 17% of purified materisl melting at 88-89°% was ob~
tained. The melting point previously reported {62) was 93°,

Disthylaminome thyl Zthyl Sulfide, (C H.} NCH,SC H..

Diethylaminomethyl ethyl sulfids was prepared from diethylamine,

formalin and ethyl mercaptan by the method of MelLeod and Robinseon
{63}). Baeven grame (0.1 mole) of diethylamine were gradually
added to 10.6 g. (0.12 mole) of 35% formalin with cooling under
the tap. To the solntion were added 7.7 g. {(0.12 mole)} of ethyl
mercaptan and the solution was then sa%urated with potasgsium
carbonate., After standing for 1} hoars the non-aqueous layer

(62) Tohl and Framm, Ber. 27, 2012 (1894).
({63) McLeod and Robinson, J. Chem. Soc. 119, 1470 (1921).



was geparated and dried over anh?&reaa potagseium carbonate.

The preduct was frsctionated at atmospherie pressuzre using an
air condenser. A yield of 9 g. or B6% of material boiling at
175-178° was obtsined. The reported boiling point was 174~1785°
{63},

Benzimino fhenylthicether Hydrochloride, C H,O(:NH)S-
cﬁaﬁ*gel‘ Benziminoe phenylthioether was prepared by the action
of hydrogen chloride gus on a mixture of benzonitrile and thio-
phenol aecordinrg to the procedure of Autenrieth end Bruning
{64). A mixture of 10 g. (0.1 mole) of benzenitrile and 11 g.
{0.1 mole} of thiophenol was treated with dry hydrogen chloride
gas until the insresse in welght emounted to 4 g. {011 mole).
The flask was fitted with a caleium chloride tube and allowed
to stand overnight. The crystalline meses was filtered, washed
with ether and dried in vacuum over ¢ale ium chloride, 4 yield
of 12 g. or B0 wes obtasined, 7The product was unstable and
gradually decomposed upon standing. No melting point was record-
ed; according te Antenrieth snd Bruning {64) the compound melted
at 178%

Diformamidine Bi&altiée‘ﬂydraahlariﬁe,_ﬁﬁgﬁf:Eﬁ)%30(:EH)*

ggg,ggg;. Diformamidine disulfide hydrochlorids was prepared

by the action of sulfuryl chloride on thiourea according te the

(64) Autenrieth snd Bruning, Ber. 36, 3464 (1903).
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- method of @é%aar {66}« BSeven and =ix~tenthe grams (0.1 mole)
of dry powdered thiourea end 100 cc. of absolute slcohol wers
cooled with ice end the mixture treated with 13.5 g« {0.1 mols)
of sulfuryl chloride added slowly threugh s dropping funnel.
The mixture wae shaken constantly during the addition. After
standing for a short time the white crystalline precipitate
wag filtered, washed with a little salechol and dried in a
desiccator. The yleld was 7.5 g. or 68% of prodnet melting at
157~159%. The melting point reported by Werper (65) was 155°.

Proplenamidine Hydrochloride, cgascfzﬁﬁ}ﬁﬁgcﬁﬁl. 2ropion~-
amidine hydroc hloride wag prepared sceording to the directions
of Pinner and Klein {66)« A solution of 10 g. (0.2 mole} of
proplonitrile in 9.2 g. (0.2 mole) of sbaelute alcohol was
treated with dry hydrogen chloride gas until the gain in weight
amanted to 16 g. (0.44 mole)., The flask wae fitted with a
caleium chloride tube and allowed to stand. after two dayse,
erystallization had not taken place. 4 streem of dry alr was
therefore drawn through the liquid whersupon it seon orystallized.
The iminoether hydrochloride thus obtained weigzhed 16 g. (A
portion of this product was spilled).

The 16 g+ (0.16 mole) of iminoether hydrechloride were
Pinely ground, suspended in 10 cé* of abesolute alecohol spd

. (65) Werner, J. Chem. Soc.; 101, 2171 (1912).
{66) Pimmer and Klein, Ber. I1, 1484 (1878).
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treated with 15 cc. of 16% aleoholic ammonia. This mixture

was sheken well and sllowed to stand overnight. It was then

filtered to romove the ammonium chloride and the filtrate

evaporated. The cooled residne solidified to a masg of white

needles. A yield of 5.5 g. or 3&% ei propionamidine hydro-

ohloride melting at 130-131° was obteined. Pinmer and Klein
{66) reported a melting point of 133°,

Physiological Results (67).

The physiological teste of the compounds herein deseribed
were made by intravenous injseotion into starved rabbits. In
mogt ocases three doses, large, intermediste and small, wers
given to three different animals. Blood sugsr determinations
were made just prior to the injection and at defintte intervals
thersafter. The results of these tests will be briefly sum-
marized.

The following compounds hsd no effect on the blood sugsr:
gfesrbaxylykenylgaania;na, aiaaqtanagaanidine, farylacrylyl~
guanidine hydrechloride, clnnamylguanidine hydroschloride, formyl-
guanidine, dibenzoylguenidine, anhydro-discetylguanidine,
y~guanidinopropyl butyl eulfide sulfate, Erbatxiﬁhiaharbitaria

{67) The compounds wers tested for hypoglucemic action in the
laboratories of Parke~Davis and Company.



acid, iminomethyluracil, ¥'-sllyl-¥"-guanyl~thionrea, di~
plperidyl disulfide, dipiperidyl sulfone and diethylsminomethyl
ethyl sulfide.

The following compounde increased the blood esuger: 1,3~
diphenyl~3-guanidino~propanone-1 end hydrochloride, @=~carboxyl-
propionylguanidine, y~guanidino~propyl cyelchexyl sulfide
sulfate, malonylguanidine, thiobarbituric agid, benzimino
phenylthioether hydrechloride, diformamidine disulfide hydro-
chloride and proplonamidine hydrechloride.

Phenylguanidine in large dpsee lowered the blood sugar
bat was toxic; in small doses it wae ineffective. p~Brome~
phenylgnanidine nitrate showed some hypoglueemic action but
wag toxle. Benszylguanidine nitrate in large domes lowered the
blood sugar considerably but was toxie; in small doses it waa
ineffeotive., Furfurylgunanidine malfate was aciive to some
extent even in small doses without toxie egfaet; the aotivity,
however, 414 not approsch that of synthalin or insulin.

/4 ~Bhenylethylgusnidine snlfate was slightly active but toxic.
Guanidine benszoate in & very lasrge dose produced s marked
hypoglucemic action but was very toxic; in sm&li doges it was
ineffeotive. Acetyldiascetonegusnidine reduced the bleood sugar
slightly. §isarbethaxygnaniéine was inconsistent in ites action
on the blood sagsr; it produced a marked hyperglucemia in one
case aaﬁ & hypoglucemia in enother. y=-Guanidinopropyl g-phenyl-
ethyl sulfide sulfate showed 8 &light hypogluncemic sction but

wag toxic.
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SUMMARY ARD CONCLUBIORS

A series of gusnidine derivatives snd relsted compounds
were prepared in an effort to find a substance that would more
satisfasctorily serve as s substitute for insnlin than doses
gynthalin.

'The affect of these compounds on the blood sugar of
rabbites was determined. |

Compounds which had no effect on the blood sagar'wara:_
p~carboxylphenylguanidine, discetoneguanidine, furylacrylyl-
guanidine hydrochloride, clunamylgusnidine hyﬁrﬁehl&riée, formyl-
guanidine, dibenzoylguanidine, snhydro~diacetylgusanidine,
y~guaenidinopropyl butyl sulfide sulfate, p-butylthiobarbitarie
acid, 1m&nomﬁ§hyldracil. E'-allyl-H"~guanyl~thiourea, di-
piperidyl disulflds, dipiperidyl smlfone and diethylaminomethyl
ethyl sulfide,

| Compounds which raised the bloed sugar were: 1,3~

diphenyl~-Z~guanidino-propsnone~1 and hydreschlsride, g-carboxyl~
| propienylguanidine, y~guanidino-propyl cyclohexyl sulfide
gsalfate, malonylgnanidine, thiobarbituric acld, benzimine
phenylthiosther hydrechloride, diformsmidine disulfide hydro-
ehloride and propionamidine hy&raahlari&e» |

Compounds whieh lowered the bleood sugar were: phenylguan-
idine, gubtomapkaaylgaaaidiue nitrate, benzylguanidine nitrate,
furfurylgnonidine sulfate, g~-phenylethylguanidine sulfate,



guanidine benzoate, acetyldiscetoneguanidine, dlesarbethoxy=-
guanidine, snd gyguaniéigmgmpyl AB~phenylethyl sulfide sulfate.

| While certain of thé compounde tested showed hypoglucemie
action, thie mction in no pase approsched that of eynthalin or
insulin. The sction was aleo, In most cases, accompanied by
toxic effecis which rendered impoesible the use of the compound
a8 an ineulin subatituts.
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PART 1X

CYSTINYL PEPTIDES



-
INTRODUCTIOR

Insulin, the hormone which controls carbohydrate metab-
oliem in the animal body, wae first axtracteavfrem the pancreas
by Banting and Best {1) in 1928. Three years later Abel snd
co~workere {2) succeeded in obtaining the hormone in the form
of minute cryestals which they believed was the pure subetance.
The announcement of the preparation of crystalline insulin was
followed by a serles of studies by these workere on the phyeical,
chemical and physiological properties of the pure hormone (3) -
{13) .

Purified insulin as first prepsred by Abel and co~workers

{3) {4) was 8 dimorphous, optically sctive, crystalline compound

(1) Banting and Best, J. Lab. Glin. Med. ? 261 {1922).
{2) Abel and Geiling, J. Pharmacol. 25, 423 (1925); Abel,
Geiling, Alles and Rsymwond, Science 62, 169 (192§)¢
(8) Abel, Proc. Hat. Aasd. Sci. 18, 132 (1926).
{4) Avel, Geiling, Rouiller, BelT and wintersteiner, J.
Pharmacol. 31, 65 {1927).
(5) au Vigneaud, . Fensen and Wintersteiner, J. Pharmscol. 32,
367 {1928). '
(8) Jensen, Wintersteiner and du Vigneaud, J. Pharmacel. 32,
387 (1928} .
{7) wintersteiner, du Vigneaud snd Jensen, J. Phermacol. 32,
397 {1988). -
{8) du Viguneaud, Geliling snd Zddy, J. Pharmacol. 33, 497 (1928).
{9) Jensen and Geiling, J. Pharmscel. 33, 51l ¥1§§§f
(10) §ﬁ§§§§. #intersteiner and Geiling, J. Pharmacel. 36, 115
i .
{11} Jemsen and De Lawder, J. Biol. Chem. 87, 701 (1930).
{12) Geiling and De Lawder, J. FPharmacol. E?, 369 {1930).
(13) Jensen snd De Lawder, 2., physiol. Chem. 130, 262 (1930).
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melting at 233° and possessing a physiological activity of

40 internstional unlts per milligram. This value for the
activity hae since been shown to be high. Jensen, Wintersteiner
end Gelling {10) and Hsrington and co~workers {14) placed the
activity of cryetalline insulin at approximately 24 inter-

nat ional unite per milligram.

Abel and co-workers (4) comsidered the pessiblility that
the activity of their product wag dve to the adeorption of
some very powerful substance, but they belleved this unlikely
gince upon recrystellization the product contained almoet all
of the potency. Dingewmanse {15), however, claimed to have
guceeedsed in preparing a product of extremely high sctivity
{140 to 180 units) by adgorption on charcosl followed by
extraction with phenol, du Vigneaud, Geliling and Eddy {8)
were unable to obtain a product, by adsorption on charcesl,
which was more active than the original. Jensen and De Lawder
using the same charcosl and insulin end the same procedure as
- Dingemanse were unable to substantiate her olaim.

In an attempt to gain an insight into the active group
of insulin,considerable work has besn done in the study of the
chemical behavior of insanlin. Dingemense {16) showsd that the
{14) Herington, Seott, Culhene, iarke snd Trevan, Biochem. J.

23, 384 {1929).

{16) Dingsmanse, Arch. exptl. Path, Pharmakol. 128, 44 (1928).
(16) Dingemanae, Biochem. Z. 163, 422 {1925}.
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activity of insulin wae destroyed by acetylation, benzoylstion
and long hesting with hydrochloric scid. Seott {17) insctivated
insalin by hsazaylatian.an& by treatment with carbon disulflde,
nascent hydrogen, sulfur dioxide, sodium persulfide, nitrous
acid snd formaldehyde. In no case wae he able to restore the
activity by acid hydrolysie or reduction.

Blatherwick and co~workers {18) produced insctivation by
treatment with alkaline diszocompounds, phenylhydrazine, ultra~
violet light, hest, trypsin, lodine and nitrous scid.. They
found that insulin which had been insotivated by hydrogen
snlfide could net be restored by treoatment with air or oxygen
and that benzoylstion by the Schetten~Baumann method preduced
comple te insctivation. They also stated thet Soott had in-
formed them by private communication of hie suceess in restoring
the activity of benzoylsted insulin by treatment with 4ilute
hydrochloric acid. He was, however, unable to repeat this work.

In 8 study on the acetylation of cryastalline insulin Jensen
and Geiling {9) prepared an scetyl insulin with an sctivity of
8 unite per milligram. This material wae deacetylated fo yield
a product with an activity of 256 unite per milligram. These
authors suggested that the scetylation may take place on a

hydroxyl, snmino or imine group.

(17) Scott, J. Biol. Chem. 65, 601 (1925).

(18) Blatherwick, Bischoff, daxwell, Berger and Sahyun, J.
Biol. Chem. 78, 57 {1927).
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Bischoff and Sshyun (19) found that treatment of insulin
with cold concentrated sulfuric acid or sulfuriec acid solutions
of formalin, sodium cyanide, methylsulfate or sodium cyanide
produced u partislly insctivated product. In some cases this
product gave no bluret test.

Freudenberg, Direcherl and Eyer (20) by deacetylation
of acetylated insulin obtained 8 product which was more stable
toward dllute slkali than insulin. These workers slso found
that insulin wee insctivated by formaldehyde; the sotivity was
partislly restored by trestment with dilute hydrochloric scid.
They als¢ noted & variation in the eptical sctivity of insulin
upon standing with sodium hydroxide, ammonia, and gime and
hydrochloric scid. They suggested that a relation existed
betwesn physieloglcal activity and optical asctivity.

Garr apd co~workers {21) found thet insulin was inactivated
by treatment with mixturee of etrong aaiﬂs and primsry or seo-~
ondsry slcohols. ‘The product obtasined by treatment with ethyl
aloohel and hydrochloric acld was completely resctivated by
treatment with dilute sodium hydroxide. |

Jensen and De Lawder {13) found that the imsctivation of
insulin by means of alksli was sccompanied by the splitting out
of ammonia. They believed there wae g relation between loss of
{19) Bischoff and Sahyun, J. Blel. Chem. 81, 167 (1929).

{20) Freudenberg, Dirscherl and uyer, Natirwissenschaften 17,

603 (1929).

{21) Carr, Culhane, Fuller and Underhill, Biochem. J. 23,
1010 (1929).
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sctivity and lose of smmonia., These workaers prepared & benzsl
derivative of insalin by treatment wi th benzsldehyde and dilute
alkeli. This product wae inactive and the activity could not
. be restorsd. Jensen and De Lawder were unable to restore the
activity to bengoylated insulin by treatment with either acid
" or alksli. They found the activity of scetylated insulin was
higher when the acetylation was carried out at low temperstures.
When dessetylated with sodium hydrexide only part of the sctivity
wag regenersted and the produet wag not the same as insulin.
Preudenberg, Dirscherl and Hyer (22)made a study of a
mamber of reactione of insulin. Insctivation by dilute alkali
wag accompanied by eylittiﬁg out ¢of smwmonia and & mearked change
in optical activity. Theese sunbhore alﬁe‘éalieved thare wag a
relation between sctivity and loss of swmmonis. Hethylation
with diazomethane produced en inactive produact. Reduetion with
zinc and hydrechloric acid produced iaaetivatish aceompsnled by
a fall in ogtieal rotation. The activity wae not restored by
oxidation. Insulin, inaetivated by fermaléabyaé, was partially
reactivated by treatment with dilute hydrochloric acid. ascetyl-
ation with ggri&iﬁm and acetlc anhydride produced an insctive
product which was partially restored by dilute sodium hydroxide.
It wae suggested that the regenerated product wag a partiaslly

{22) Preudenberg, Dirscherl and Zyer, Z. physiol. Chem.187,
89 (1930).
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deacetylated insulin of less activity then free insalin. The
hydrochloride of insulin prepared by treastment with dilate
hydroehloric ascid contained most of the setivity of the original.
Fr@ﬁaanberg. Dirscherl and sSyer concluded from their study that
the active group of insulin contains an scid-stable, alkali-
gsengitive amino group which is in the nelghborhood of at lesst
one ssymmetric carbon stom and which can be easily hydrelyzed.
The chemical property of insulin to which mach attention

hag heen directed is the extrome labllity of the smlfur in the
insulin melecule. Abel and co-~workers {2) first noted that
upon boiling insalin;with dilate sodium carbonate the salfar
linkage wae 30 altered that upon treatwment with dilnte scid
hydrogen sulfide waes svolved. These suthore stated that this
labile or "sod ium carboneate” saulfur apyeafea to be proportional
to the aetivity of the insulin and they belleved tggt,it was
involved in the physiological asction of insalin. B%and and
Sandberg {23) showed thet while the sulfur of insalin wes much
more labile than that of eystine it s$ill might be due to the
presence of oystine in insalin. 7They found the lability of
sulfur in dislanylcystine snd dialanylceystine dianhydride wae
mach greater than in cystine itself. %he4extramﬁ seneitivity
of cystine derivatives to dlilute alkali hae salso been noted

in the present work.

(23) Brand =nd Sendberg, J. Biol. Ohem. 70, 381 {1926).
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Blatherwick and co~-workers {18) believed thet sulfur
wag present in ineulin in other forme than aystine. These
| workers found that the labile sulfur could be aastinyed to =
large extent without affecting the activity of insalin and
that the activity could be destroyed without affecting the lsbile
sulfurs In regard to the latter fact it had previously been
pointed out by Brand and Sandberg {22) thst other factors be-
gides the removal of sulfur might play a part in the slkalins
destruction of the activity of insulin. du Vigneand (24)
gtated that labile sulfur is & general property of proteins
and that there was no evidence that the disulfide linkage was
‘responsible for the sctivity of insulin. He suggested that
the activity might be due to guanidine or imidazole groups. He
also pointed out ‘the similarity betwesn the action of insulin
and cystine derivativer with respect to the splitting out of
sulfar.

Jensen and Gelling (9) found that the sulfur in acetylated
insulin wae more lablle than in insmlin itself, Freudenberg,
Dirscherl and Eyer (20) found thet while the sulfur content of
insulin incressed with increase in purity, the splitting of
labile sulfur hed no relation to the decline in sotivity. They

(24) du Vignesud, J. Biol. Chem. 75, 393 (1927).
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also detscted the pregence of a thiomethoxy group in insulin.

Karr, Belk andg Petty (25) believed that insulin contained
gulfur in a form other than cystine. HNeither these workers
nor Mathis (26) found that inmulin contained sulfur m_ the form
of ethereal sulfate.

Peok (27) found no relation between labile eulfur and
activity while Jensen and De Lawder {18) stated that part of
the sulfur confent was concernsd in the physioclogical sctivity
of i{nealin,

Preudenberg, Dirscherl and Hyer {22} upon further study
of the thiomethoxy content of insalin found that this group
was due to the presence of methionine in the protein of impure
insulin. They found no thiomethoxy group 1n.erﬁ§talliﬁs insulin
or ite hydrochloride. These workers slso found that the sulfur
content of insulin was presctically unchanged after insctivation
with dilute sodium hydroxide and they believed that no relation
existed between the splitting out of sulfur and inactivation or
change in optical sotivity.

da Vignesnd, Jensen snd Wintersteiner {(5) (6) succeeded
in the isolation of ftyroeine, cyetine, arginine, histidine and
leucine from crystalline insulin, They slso stated that the
{26) Karr, Belk snd Petty, J. Pharmacol. 36, 611 (1929).

{26) Mathis, Biochem. Z. 213, 72 {1929). —

{27) Peek, Areh‘ neeriand. phyeiolﬂ 14, 294 (1929) (C.A. 24,
4899 (1959} Yo
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presence of lysine was indicsated. Previous to this Sandberg

and Brand {(28) determined the arginiﬁe content of ineulin and
Abel and co-workers {4) obtained negstive tests for cysteine

and tryptophane.

Sandberg end Brand {28) found that ures was eplit out
upon boiling insulin with dilute sodium carbonsts. They
suggested that the formation of urea by the hydrolysis of
arginine may be concerned in the insctivation of insulin. “These
authors also stated that insulin probably containe eystine,
posgibly linked by peptide linkage to arginine, histidine or
tyrosine. Jensen and De Lawder (15) found that the arginine
content did not seem to be reduced in the inastivation of in-
sulin with alkali.

Basing their cecslculation upon ammonis split out Fremden-
berg, Dirscherl smd Eyer {22) placed the molecular weight of
inealin at sbout 8,000. Hore recently Sjogren and svaabafg
{29) by means of the ultracentrafugal methed arrived at a
value of 36,100 for the molecular weight of insulin. This
value and olther conetante determined by them showed insaulin to
be a2 well-defined protein of the complexity of egg ealbumin.

From a study of the work which has been done on insulin
- {£8) Sandberg and Brand, Proc. Soc. Bxptl. Blol. lied. 24,

873 (1926~27).
(29) Bjogren and Svedberg, J. Am. Chem. Soo. 53, 2657 {1931).
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it would appear that the ineulin molecule is a protein made up
from the various smino scide mentioned sbove and contalning
free amino =md free carboxyl groups. #Whether the asctivity is
due to a specific group or to the special arrangement of a
mamber of groups can not be said. The latter, however, would
appear to be the cese #ince tests of the effect of various
amino acide on the blood sugar in no instance showed an effect
approaching thet of imsnlin, |

Teste of the follewing amino scids showed them to be
ineffective in redncing the blood euger: histidine hydrochloeride
{30}, ocyetine hydrochloride {31), alanine (32), sodium aspartate
{32), ereatine (33) snd asrginine (33). While héving no effect
on the blood sugar of rabbits, crestine was shown to reduce
that of doge end man to pome extent (34) {3B) (36). Cysteine
hydrochloride and histidine sleo showed some hypoglucemic action
{31). Little work has been done pon the effect of polypsptides
on the blood sugar, however the following were found to have
no effeet: glutathione (31}, reduced glutathione (31}, dialanyl~
{30) Dubin and Corbitt, J. Lab. Clin. Med. 10, 1083 {1925).
(31) Xon and Fupk, Chem. Zelle Gewebe 13, 39 (1926).
{32) Wantoch, arch. exptl. Path. Pharmakol. 143, 33% (1929).
{33) Bs.eehaﬁ: S8ahyun snd Long, J. Biol. Chem, . 81 385 (1929).
{34) Hill, J. Biol, Chem. 78, I? {1928).

(35} Hill and Hattison, 7. Biol. Chem. 82, 679 (1929).
{36} Peabody amd Hill, J. Biol. Chem. aﬁ“ 687 (1929).



cyetine {23) and dislanyleystine dienhydride (23).

In the present work polypeptides of cystine with other
amino acide found in insulin have been prepared in the hope of
find ing some grouping which would show insulin~like sction.
Cystine wss inoluded in all of these compounds eince it wae
thought possible that the very reactive disulfide linksge
might in some way be concerned as a catalyst or oxygen csrrier

in the me tabolic eoxidation of sugar.



AXPERIMENTAL PART

Dicarbethoxytyrosine, GEH aeagcﬁaﬁssauarﬁﬁcazcanﬁ

Picarbethoxytyrosine was prepared by the sction of ethyl cehloro-

)} COOH.

carbonate on tyrosine according to the method of Havestadt and
Frieke {37). A solution of 9 g. (0.06 mole} of tyrosine in
100 ¢os of normal sodium hydroxide was well ceoled in an ice-
salt freezing mixtare. To the cold solution were then aa&eﬁ
11.5 g. (0411 mole) of ethyl chlorecarbonate in smell portions
with intermittent shaking and cooling. It wes found necessary
to add an additional amount of normal sedium hydroxide in
order to keep the solution basic. When the odor of the acid
chloride had disappeared the solution was asceldified with B~
normal hydrochloric aei&" A white s01id precipitated whiech
wag extraeted with ether and the ether spolution dried over
anhydrous codium sulfate., Upon evaporstion of the ether s
syrupy residne remained which solidified upon coeling. Thise
wae broken up and well washed with dry petroleum ether

{B.P, 30-60°). A yield of 15 g. or 90% of product melting at
about 756-80° was obtsined. Aéeaxaing to Havestadt and Fricke
{37} the pure compound melts at 96~-97°,

(27} Havestadt and Fricke, Ber. 57, 2048 (19#]).



Dicarbethoxytyrosyl Chloride, 62359§923a3463263(ﬁﬂﬁagcgﬂﬁ)-

£0Cl. Diecarbethoxytyrosyl chloride wae prepared by the actlon

of phosphorus pentachloride on dicarbethoxytyrosine according

to the method of Havestadt and Fricke {37). 4 mixture of 3.26 g.
{0.01 mole} of dicarbethoxytyrpsine and 25 cc. of freshly
distilled acetyl chloride was well cooled in an ice-palt fresg-
ing mixture., fThree grams {0.014 mcle} of powdered éhogyharus
pentachloride were then added and the mixture shazken until all
had dissolved« The solution was evaporated under reduced
pressure until the residue solidified. Thie was broken up amd
washad in the distilling flassk with five portions of d4ry
petréleam ather {B.P. 30-60%°). The materisl was then dissolved

in sbout 40 cc. of dry chloroform and used immediately.

Cystine Diethylester Dihydrochloride, {saﬂgﬁﬂfﬁﬂé}~

COgCoHg*BC1l) o«  Cystine dlethylester dihydroehloride was prepared
by the actiéa of dry hydrogen echloride gar on an abeolute
asleocholic suspension of cystine, scoerding to the method of
Friedmsnn {38). A suspension of 6 g. {0.085 mole) of eystine

in 50U ¢o. of bolling ebsplute alcohol was treated with a rapid
stream of dry hydrogen chloride gas until all of the cyatine

had dissolved. The hot solution was filtered and allowed to

(28) Priedmapn, Beltr. chem. Physiol. Path. 3, 17 {1902).
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eool., The erystalline product was filtered and washed with
alcohol and then ether. The filtrate wae evaporated te sbout
one-half the volume snd wae agaln treated with dry hydrogen

" chloride gae for about one hour. Seversl volumee of ethor were
added and the additional product allowed to erystallize. It
wae filtered and wached ae before, 4 totsl yiéld of 9 g. or
90% was obtained.

Cystine Diethylester, (SCH,CH{NH,)COOC,H.) . Free
cystine diethylester was obtained in & manner similar to that
uged by Pischer snd Suznki {239) in the prepasration of free
cystine dimethylester. A mixture of 4 g. {0.011 mole} of
eystine diethylester dibhydrochloride and 15 ce. of absoluts
alcohol was well oooled in an ice~sslt freezing mixture. To
the mixture was then added a cold sodium athylate snlntién
prepared by diseolving O.46 g. (.02 atom ) of sedium ix 20 co.
of absolute asleohol. An excess of solium ethylate, as evidenced
by & yellow ¢elor, wae avoided. After standing for about 30
minutes, the mixture was treated with several volumes of dry
ether and shaken well to eaagulate the preciplitate of sodium
chloride. The latter wae then filtered snd the clear filtrste
evaporsted under reduced pressure withoutl hesting. The clear,
yellow, olly product wae dissolved in 30 co. of dry chloroform

and uweed immedlately.

(39) Pischer and Suzuki, Z. physiol. Chem. 4B, 405 (1905).
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Big-(dicarbethoxytyrosyl)~cystine Diethylestar, (CpH;0C0,~

Cﬁﬁ4ﬁﬁgdﬁiﬁﬁﬁﬂgegﬁé}ﬁf:G)ﬂﬁﬂﬁfﬁﬁgﬁgﬁsiﬁﬁgﬁ}g. Bie-{dicarbethoxy-
tyrosyl)~cystine diethyleeter was prepared by the sction of
diesrbethoxytyroeyl chloride on cystine dlethylsster. fThe
chloroform msolutione of dicarbethoxytyrosyl chloride ond oystine
diethylester prepared ae deseribed sbove wsre cooled infan ice~
galt freezing mixtare. The solution of acld chleoride wae then,
in pmall portions with shsking, sdded %o that of the ester.
After 81l had been added the cystine dlethylester dihydrochloride
which had separsted was filtered (1.8 g. of this material were
recoversd). The filtrate was evaporated under reduced pressure
to a volume of about 20 cc. and was then diluted with dry
petroleum ether {B.2. 20-60%). A white flocenlent precipitate
gaeparated which was filtered, washed with petrolenm ether and
dried. 4 yleld of 4 g. or 90% wae obtained.

The compound was purifled by diseolving in hot ethyl
acetate. Upon cooling, s white slmost arystslline selid sepa-
rated which melted at 177-178°.

~ Apal. (By Cerius). Cale. for CgnHpalg0q455: 8, 7.03.
Pound: 8, 7.16 and 6.98.

sttempte to hydrolyze thle ester, using dilute sodinm
hydrqgiée, ammonium hydroxide, sloocholic sodium hydroxide and
slcoholic smmonium hydroxide were unsuccessful. Where any

action at all was observed the compound appesred to be decon~
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poged, as evidenced by the liberation of hydrogen sulflde
upon acidification of the alkaline hydrolysis solution.

Dicarbethoxycyetine, (SGBZGE(HﬂCOEﬂgﬁSJGQQH)2» By the

asction of ethyl chlorocarbonate on sm alkaline solution of
oyetine, Gortner and Hoffmen {40) obtained a solid product
melting at sbout 63° and which snalysis indicated to be tetra~-
carbethoxyoeye tine. From 2.0 g. (0.0083 mole) of cystine and
2.2 g (00,0204 mole) of ethyl chlorocarbonate these authors
obtained a yield of 3,55 g« of pure product. Assuming this

to be the tetracarbaethoxy derivstive, 3.55 g. (0.0067 mole)
would reguire at least 2.89 g. (0.0268 mole) of ethyl chloro~-
carbonate which 1s 0.69 ge (0.0064 mole) more than that
asctually used in the reaction.

A procedure similar to that of Gortmer and Hoffman (40)
yielded a viscous syrup. Analysis of derivatives of this
material in every case showed them to be dicarbethoxy compounds
rather than tetrascarbethoxy. A solution of 12 g. {0.05 mole)
of cystine in 300 cc. of normal eocdinm hydroxide wag cooled in
an ice-galt freezing mixture. To the solutionwere then added
12 g. (0,11 mole) of ethyl chlorocarbonate in small portione
with sheking. About twenty mlnutes were required for the com-

vlete addition. It was necessary to add en edditional amount

(40) Gortner and Hoffmen, J. Biol. Chem. 72, 457 (1927).
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of sodium hydroxide to keep the solution alksaline. after
shaking intermittently for 30-40 minutes the solution was
acidified with S5~normal hydrochloric acid and extracted with
ether. The ether mlution was dried with anhydrous sodium
sulfate and was then evaporsted, the last portion under re-
duced pressure. A residue of clear amber c¢olored, viecous
syrép remained. The yield of thie masterlal was 18.5 g« or
97%.

Attempts to crystslligze this materisl from hot iso~butyl
alcohol or by dissolving in ether and precipitating by diluting
with petroleum ether were unsuccesefunl. The crude materisal

wag not analyzed.

Dicarbethoxycyetinyl Chloride, ISOHaﬁﬁlﬁﬁcagﬂaﬁa)&981}2.

Dicarbebhoxycyetinyl chloride was preparsd by the asstion of
pheapﬁorus pentachleride on dicasrbethoxycystine. The 18.5 g.
{0.048 mole) of dicarbethoxycystine prepared as deecribed above
wae traneferred to a 500 cc. glass~stoppered flask by means of
a little warm chloroform. One hundred cubic centimeters of
freshly distilled acetyl chloride were sdded and the mixture
well cooled in an ice~galt freezing mixture. The mixture was
then treated with 30 g. (0.14 mple) of powdered phosphorus
pentachloride added in small portions with shaking. Aifter sll
had been sdded the flasek was pliced in an iéé bath snd allowed



-65-

to stand for several hours. A fine white precipitate gradually
formed. This was filtered and washed with ascetyl chloride con-
_taining a little acetic aclid and then with dry petroleum ether
(B.? 30-60°) and dried in vacuum over phosphorns pentaoxide. A
yield of 16 g. or 76%, based on cystine originelly used, was
obtained. The compound melted with decomposition at 115-116°.
For analysis the dicarbethoxyeystinyl chloride wee erystallized
from hot chloroform.

~  Anal., Cale., for 612H16ﬂlgﬁgaﬁ32: S, 16.28, Pound: 8,
15,44, |

A wothod of alkaline fusion was used in the snalyeis of

&1eafbethexysystiﬁyl chloride and certain other cystine
derivatives in the following waik {(41). The sample of sbout
0.2 g. wag mixed with about 4 g. of powdered potasesium hydroxide
in a nickel eraéible. The mixture wae gradusally heated on the
hot plate until the frothing subsided., The temperature wase then
raised to the fusion point and the mase treated with sbout one
grem portions of potespium nitrate added periodically until the
contents of the cruecible had become & clear liguid., About 10-12 ,
g+ of potassium nitrate were added in all. Upon cooling, the
contents of the erucible solidifed to 8 white ¢rystalline maes.
This was dissolved in about 300 cec. of water asnd scidified with
{41) This is a modificatlon of Liebig's method of sulfur snalysis

ag given in Treadwell and Hall, "inalytiocal Chemistry," John
Wiley snd Sone, Ine., Hew York, 1924, Vol. II, p. 326.
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concentrated hydrochlorie scid, 10 ce. in excess being used.
The solution waes boiled until the carbon dioxide and nitrogen
oxides were completely driven out. The smlfate was precipi-
tated by the addition of hot barium chloride solution and
after standing for 30 minutes was filtered and weighea in the

car tomary manner.

Zyrosine Ithylester, EGGBB§CKEQQQRECGQSER§, Tyrosine
ethylester was prepared by the action of hydrogen chloride
gas on a nixtare of tyrosine and absolute alceohol according to
the method of Fischer {42}, Five grams (0.028 mole} of tyrosine
were suspended in 35 co. of abeolaﬁe slcohol and the mixture
gaturated with dry hydrogen chloride gas, Fifty cuble centi-
metars of absolute alophol wers fhen asdded and the solution
boiled under reflux for 6.7 hcu:a‘ The alcohol wag evaporated
under reduced pregeure uniil the residue solidified., This was
dissolved in about 100 cc. of water and treated with an excess
of potassium carbonste. The free ester was extracted with 99%
ethyl soetate and the solution dried over anhydrous sodium
sulfate. The ethyl acetate solution wae concentrated on the
steam bath to 8 volume of about 50 c¢e. Upon diluting with dry
petroleum ether (B.P. 30-60°) the tyrosine ethylester separated

(42) FPischer, Ber. 34, 451 (1901).
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as a crystalline precipltate which was filtered and dried. A
yield of 4.5 g. or 66% of material melting at 103-108° was
obtained., Fischer {42) reported a yield of 85% and a melting
point of 108-109° (corrected).

Dicarbsthcxggygtig@&ﬁyrasine,Digthglaster, {Sﬁﬁgﬁﬁiﬁﬂﬁﬁg~
Ggﬁﬁ)GQﬁEGH{GagcgﬁﬁlCHgﬂéﬁ4QE%r Qie&rbathsxycy3%inyltyznsine
diethylester was prepared by the action of dicarbethoxycystinyl
chloride on tyrosine ethylester. 4 solution of 4.2 g. (0.02
mole) of tyrosine in 75 co. of dry chloroform wae cooled in an
lce~galt freezing mixture. To the solution were then added 1.8
g+« (0.0043 mole) of dicarbethoxyoystinyl chloride. The mixture
wag well shaken and sllowed to siamd at room temperaturs for
sbout two houre. The precipitate which had separated was
filtered, washed with chloroform and dried. This material
welghed 5 g+ The dried solid was powdered and well mixed in a
mortar with sbout 50 cc. of water, After standing ovemrnight
the insolnble material was filltered snd dried. A yleld of 3 g.
or 91% was obtained. This material was purified by dissolving
in hot ethyl acetate. The compound slowly separated as s white,
almost eryetslline selid melting at 179-1820,

Phe asbove water filtrate was made alkaline with potassium
carbonate and extracted with ethyl acetste. Upon evaporation ‘

of the aethyl acetate 1.2 g. of tyrosine ethylester were recovered.



AE&}AQ ‘3& &ariaﬁiv Calec. for G&H&aﬁéglasgi 8, B+ 354
Found: 8, B.37 and 8.60.

Dicarbethoxyeystinyltyrosine, {SGﬁzéﬁ{EHﬁagcgﬁﬁ)ﬂ(:Q}a
ﬁHﬁE(G@ﬁ&}Gﬁzﬁéﬁéaﬁlg’ Dicarbethoxyeystinyltyrosine was pre-
pared by two methods: (1) the hydrolyeis of dicsrbethoxy-
oyetinyltyrosine &iathslaatar.ané {2) the sction of dicarbethoxy-
cyatinyl chloride on an alksline solution of tyrosine,

{1) One and six-tenthe grams {0.002 mole) of dicarbethoxy-
cystinyltyrosine dlethylester were dissolved in 12 co« of normal
sodium hydroxide. The solution was filtered rapidly and
immediastely neutralized with 12 ce. of normal hydrechloric acid.
A white e0lid separated which was filtered snd waeshed with water..
Thie product welghed 1.4 g. or 98% of the theoreticsl. The com~
'yaaﬁ@ was purified by dissolving in hot water, upon cooling a
gelatinous precipitate formed. This materisl melted at 200-202°.

{2) A solution of 3.6 g. {0.02 mole) of tyrosine in 40 ce.
of normel sodlum hydroxide was diluted with 20 cc. of weter end
gooled in an ice-galt freeging mixture. To the solution were
~ then added 4.2 g. {0.01 mole) of diearbethoxyoyetinyl chleride
in four portions. HBach portion was preceded by sn additional
5 ce, of normal sodium hydroxide. The mixture was vigorously
shaken after each mddition. after all had been added the eolution
wag allowed to siand until almost clear. It was then filtered

and acldified with dilute hydrochleric acid. The mixture was
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Dicarbothoxyeystinylhistidine Dimethylester, {SCH,CH-

(NHCO,CH ) C :0) NHCH( 00 ,CH ) CHOCTROH) . Dicarbethoxyeyetingl-
histidine dimethylester was prepsred by the sction of dicarb-
ethoxycystinyl chloride on histidine methylester. PFour grame
{0.017 mole) of histidine methylester dihydrechloride were
dissolved in 40 ce. of hot absolute methyl alcohol. The solu-~
- tion was rapidly cooled and before crystallizstion had started
wae treated with a sodium methylate solution prepared from 0.75
ge (0,083 atom) of sodinm snd 20 cc. of methyl aleohol. The
mixture was diluted with 40 co. of dry ether, allowed to stand
about 20 minutes and then filtered. The clear filtrate was
evaporated under redused pressure, treated with 5 ce. of dry
chloroform and sgain eveporated. The free ester was then
diseolved in 60 co. of dry chloroform and trested with 1.6 g.
{0.004 mole) of dicarbethoxycystinyl chloride. The mixture
was well mixed by mesns of a spastuls and allowed to stand over-
night. The golid which had separated was filtered and dried.
This materisl weighed 4 g. It was ground in a mortar with
water and the suspension allowed to stand seversl hours. The
water-insoluble materisl was filtered and dried, yielding

0.93 g+ or 33%. To purify, the compound was dissplved in
30;43 cc. of absolute methyl alcohol and the het solution di-~
luted with 75 cc. of 99% ethyl acetate. Upon cooling the

product separated as a gelatinous mase which was filtered and



-

dried in vacuum. The compound melted at 167-168%.
Apnal. {44). Cale. fer/Gzaassﬁsﬁlasgz 8, 9.%6. Found:
S, 8,92 and B8.5%9.

Dicarbethoxyeystinylarginine, (SCH,CH(NHCO,C Hg)C(:0)~
NHOH( O ,H) CH,,CH OH, NHO( : BE)HH,) ,. Dicarbethoxyeystinylarginine

was prepared by the soction of diearbethoxyoystinyl ehloride on
an slkaline selution of arginine. 4 solution of 2.1 g. {0,001
mole} of arginine monohydrochloride in 20 ce. of normal sodinm
hydroxide wae cooled in an ice~salt freezing mixture. To the
golution were then 8dded 4.2 g« {0.01 mele) of dicsrbethoxy~
cystinyl chloride in four portions. Hseh poriion wae preceded
by 6 ces of normal spodium hydroxide. The mixture was well
shaken and cooled after each sddifion. After &tanding for
about one hour, undissolved materisl was filtered and the 211~'
trate wae acidified with normal hydrochloric acld. The mixture
was extracted with ether to remove dicarbethoxyeystine. The
water war then decented from the gummy mees which had separated
end the solution evaporated under reduced prﬁss&raa

The reeidue from the evaporstion and the originasl gummy
mass which wee obtsined upon acidification were extrescted with

boiling alceohol. Upon diluting the cooled and filtered solution

{44) Analyzed by the procedure given on p. 656, This Thesie.
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with ether a white non~crystalline product was obtained. This
was rediesolved in absolute alcohol and precipitated as before.
A yield of 1.5 g. or 43% was cbtained. The nempaﬁﬁd decomposed
‘at 115-120° but aid not melt definitely.

Ansl. (45}, Cale. for CpgHygHi001085: S 9*32; Found:
5, 9.42 and 9.25.

Zhyeiological Results {46)

The physiologlcal teste of the gcompounds deseribed wers
condue ted according to the method previously gilven (47).
These tests ae well ss others to be made with these com-

pounds have not yet been comple ted,

(45) Analyzed by the procedure given on p. 65, This Thesis.

[46) The compounds were tested for hypoglueenic sction in
the lsboratories of Parke-Davis and Company.

{47) See p. 43, This Thesis.
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SUMMARY AND CONCLUSIOHS

A number of peptides consisting of ceystine in combination
with other a@iua scids found in insulin were prepared in the
hope of finding a grouping which would show the hypoglucemic
action of inszlin. "

The compounds prepared were: dlosrbethoxytyrosyleyatine
diethylester, dloarbethoxycystinyltyrosine ethylester, dicarb~
ethoxyoyetinyltyrosine, dicarbethoxyeystinylhistidine methyl-
ester snd dlecarbethoxyeyetinylsrginine. ‘

The physiological teste of these conmpounds have not

been eompleted.
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