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A series of w-guunidine- and w-gnanidinooxyalkanols and a number of their ester and carbamate derivatives

have been prepared for pharmacological evaluation as hypoglycemic ngents.
A vwumber of the compounds exhibited significant blood glucose lowering ac-

w-guaniditiooxyalkanoic aeids.
tivity when administered to rats and rablits.

In the 50 years that have elapsed since the pioneering
work of Watanabe! on the hypoglycemic activity of
guanidine, a large number of substituted guanidines
have been synthesized and evaluated for their effec-
tiveness in lowering blood sugar concentration.

While the lower alkyl derivatives, 1-methylguanidine
and 1,1-dimethyviguanidine, are completely devoid of
activity, isoamylguanidine and isoamyleneguanidinc
(Galegine) are more active than guanidine itself. When
the alkylguanidines are substituted by a terminal basic
moiety as in 4-aminobutylguanidine (Agmatin) and
decamethylenediguanidine (Synthalin), potent hypo-
glycemic agents are obtained. On the other hand, the
terminal carboxy-substituted compounds, exemplified
by w-guanidinoalkanoic acids, are inactive.?

The report that w-guanidinoalkanoic esters (In)
and amides (Ib) are useful therapeutic agents for
the treatment of diabetes® and that y-guanidinobu-
tyramide possesses potent hypoglyecemic activity in
animals? prompted us to explore the hypoglyecemic
activity of a series of w-guanidinoalkanols (Ie), their
esters (Id), and their carbamates (Ie). Certain mem-
bers of these series were found to possess marked hypo-
glyeemic activity when administered to rats and rab-
bits. Our interest in substituted hydroxylamines led
us to extend this study to include a variety of w-guani-
dinooxyalkauols and w-guanidinooxyalkanoic acids and
their derivatives (IT).

In this manuseript we report the synthesis and blood
sugar lowering activity of these guanidino and guani-
dinooxy compounds.
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, .

i i
NH NH
I 194

a, X = COOR
b, X = CONH;
¢, X = OH
d,X = OCOR
e, X = OCONRI}*

The guanidinoalkanols (Ie) were obtained by treuting
the corresponding aminoalkanols with  2-methyl-2-
thiopseudourea. Conversion of the guanidinoalkanol
salts to their esters (Id) and earbamate derivatives (Te)

‘as accomplished using standard procedures, and no
interaction between the acylating agent and the guani-

(1) C. K. Watanahe, J. Biol. Chem., 88, 253 (1918).

t2) For a compreliensive review of the literature on hypoglycemic guani-
dines, see W. Creutzfeldt and H. Soling., Ergeb. Inn. Med. Kinderkeilk., 18,
1 (1960).

(3) UHorlicks Ltd., Frenclt Patent 3,924\ (1968,

1) W. I, l. Batterfield, B. D. Cox, M. J. Whiclielow, paper presented
at the Euaropean Assceiation for tlte Study of Diabetes, Louvairn, July 22-
24, 1068,

Also included were a variety of

dino group was encountered. Phosgenation of guani-
dinoethanol in the form of its sulfate salt surprisingly
vielded, in addition to the ehlorocarbonate derivative,
i substantial quantity of guanidinoethyl sulfate.  The
Jatter compound was also obtained by heating the guan-
idinoethanol hydroehloride in eoncentrated HeSO,.

The aminooxyalkanols used in the preparation of the
guanidinooxyalkanols (Ile) were obtained by appro-
priate alkylation of N-hydroxyphthalimide followed by
hyvdrazinolysis of the resulting phthalimide.  Beeausc
of the tendency for $-bromobutanol to eyelize under the
basic conditions required in the alkylation of N-liy-
droxyphthalimide, 4-bromobutyl benzoate wasx ecm-
ployed instead.  Debenzoylation to obtain 4-aminooxy-
butanol was earried out subsequent to hydrazinolysis of
the phthalimide.

Since attempts to prepare 3-guanidinooxypropyl aec-
tate (IId, n = 3, R = CHj) and 3-guanidinooxypropyl
carbamate (e, 7 = 3, R = R* = H) by direct acyla-
tion of 3-guanidinooxy propanol salts were unsuceessful,
introduction of the acetyl and carbamoyl groups was
carried out at an earlier stage in the synthesiz.  Acety-
lation of phthalimidooxypropanol prior to hydrazinoly-
sis and carbamoylation of the haloalkanol prior to
phthalimidation perinitted the introduction of thesc
groups, and their prescnee in no way interfercd in the
sequence of reactions used to obtain the desired guani-
dinooxy compounds.

The aminooxyalkinoic acids, precursors of the guani-
dinooxyalkanoic¢ aecids, were obtained by hydrolysis of
their phthalimide or isopropylidine adducts.  Attempts
to prepare 4-guanidinooxybutyvramide (ITb, n = 3)
through 4-phthalimidooxybutyramide by ammonolysis
of ethyl 4-phthalimidooxvbutyrate in MeOH yielded
instead phthalamide and c¢thyl 4-aminooxybutyrate.
The desired 4-guanidinooxybutyramide was obtained by
ammololysis of methyl 4-guanidinooxybutyrate (Ia,
w=a4.R = CHy).

Most of the compounds prepared in this study were
obtained as stable, relatively low-melting, water-soluble
crystalline hydrochloride, sulfate, or eyclohexancsul-
famate salts, A few of the N-substituted carbanmoyloxy-
alkylguanidine salts resisted all efforts to obtain them
in erystalline form, and attempted purification by
short-path vacuum distillation of the free bases resulted
in excessive decomposition. The physical constants
and analytical data for these compounds are summarized
in Tables T and 11.

Pharmacology.-~I'he guanidino ecompounds pre-
pared in this study were evaluated for their hypogly-
cemic activity in male Charles River CD rats and in
nale albino rabbits. Groups of six animals, fasted
overnight, were used in each experiment. The com-



N: caled, 22.12; found, 22.45. / NCHs0 = morpholino.
pound was dissolved in saline and injections were made
subcutaneously. Blood samples were obtained before
administration of the compound and 2.5 and 5 hr after
drug injection. Phenformin was used as positive con-
trol. Blood glucose was measured by the Hoffman
procedure as modified for the Technicon Auto-Analyzer’
Graded doses of compound were employed, and the
concentration producing a significant lowering of blood
glucose at 2.5 or 5 hr was determined.

Of the 30 compounds evaluated, six were equal or
superior to y-guanidinobutyramide when evaluated in
the rat and five in the rabbit (see Table III). The re-
maining compounds failed to produce a significant
lowering of blood sugar in rats at 300 mg/kg and in rab-
bits at 400 mg/kg after subcutaneous administration.

(5) W.S. Hoffman, J. Biol. Chem.. 120, 51 (1937). We thank Drs. J. F.

Douglas and H. Singer for these determinations.
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TasLe 1
GUANIDINOALKANOLS AND DERIVATIVES
NH
&
HNCNH(CH;).X
Recrystn
No. n X Salt Mp, °C solvent Formula Analyses

1@ 2 OH 280, 132-135 AcOH CeHyNOS C,H, N, 8

2 2 OCONH. HCI 125-128 7-PrOH CH,,CIN,O, C,H,CL,XN

3 2 OSO;H 201-204 EtOH-H,0 CngN304S C,H N, S

4b 3 OH HCI 80-82 -PrOH-Me;,CO CH,CIN C,HCLN

5 3 OCOCH:; HCI 78-80 EtOH-Et,0 Ce¢H,,CIN 3O> C,H,C,N

6 3 OCOC¢H; HCI 143-145 -PrOH CuH16CIN:0. C, HCL,N

7 3 OCONH, HCI 122-124 -PrOH C;H,5CIN,O, C,H C, N

8 3 OCON(CEHI))E HCI 4 C Hzlc 402 C, H, Cl, N

—

9 3 OCON(CH2)4 HCI C C9H1901N402 C, H, Cl, N
10 3 080;H 179-181 EtOH-H,0 CH,N;O.8 C,H,N,8
118 4 OH HCI 107-109 -PrOH C:H,,CIN;0 C,H,ClL N
12 4: OCOCHs HCI 4 C:H1601N302 C, H, Cl, N
13 4: OCOCsHs HCI 111—113 7-PI‘OH CmHlsC Vst C, H, Cl, N
14 4 OCONH: HCI 180-183 -PrOH Ce¢H;CIN O, C, H CLN
15 4 OCONHCH; HCI ¢ C;H;CIN O, C,H,C, N
16 4 OCONHCH; CHS¢ 125-126 -PrOH CiHN;0.8 C,H,N, S

a Reported by Schering-Kahlbaum A-G, German Patent 462,995 (1928), ® The corresponding nitrate and picrate salts are described.”
¢ Nonerystallizable liquid. ¢ Cyclohexanesulfamate salt.
TasLE II
GUANIDINOOXY ALKANOLS, ALKANOIC ACIDS, AND DERIVATIVES
’\TH
HzNél\HO(CHg)n
Recrystn
No. n X Salt Mp, °C solvent Formula Analyses
17 1 COOH 195-196¢ Me,CO-H:0
18 2 OH CHS? 102-103 i-PrOH-Me,CO CyHauN,Os8 C,H,N,8
19 3 COOH 207-208. 5¢ H.0 C,H1 i N;O;5 C, H N
20 3 COOCH; HCI 77-79 1-PrOH-E,0 CeH,1.CIN;0; C, H, Cl, N, OCH;
21 3 CONH. CHRS? 109.5-111 -PrOH CuHaN;0:8 C, N, 8; He
22 3 OH CHS? 108-109 -PrOH-Me.CO CioH2uN,O:8 C,H,N, S
23 3 OH H,S0, 109-111 -PrOH-MeOH CsHaN¢OgS C,H N,8
24 3 OCOCH; H.S0, 108.5-110 EtOH CioHapsN¢O1S C,H,N,8
25 3 OCONH, .80, 152-153 MeOH-EtOH CioHaN50,08 C,H,N, S
26 3 OCONHCH; H,S0O, 138-138.5 MeOH-EtOAc C1H3N04S C,HN,S
27 3 OCON(CH;). H,80, 131.5-132 MeOH-EtOAc C1:H3 N0 C, 8; H, N¢
28 3 OCONC,H0O/ CHS? 97-98 i-PrOH-i-Pr,0 Ci:HaN;0-8 C,H N, 8
29 4 COOH 192-195 H,0 Ce¢Hi3N;0; C, H,N
30 4 OH CHS? 80.5-81.5 -PrOH- Ci1HaN 053 C,H,N,S
7:-PI'20—
EtOAc
o Lit.! mp 195°. ° Cyclohexanesulfamate salt. <Lit.® mp 205°. 4 H: caled, 7.42; found, 6.95. ¢H: caled, 6.77; found, 6.31.

3-Guanidinooxypropanol sulfate (23) was the most
potent compound when evaluated in the rat and ap-
proximated phenformin in its activity. In the rabbit,
4-guanidinobutyl methylcarbamate hydrochloride (15)
exhibited the greatest activity.

Experimental Section®

w~Guanidinoalkanols.—2-Guanidinoethanol sulfate (1) was
obtained in 679% yield from 2-aminoethanol and 2-methyl-2-
thiopsendourea sulfate. 3-Guanidinopropanol hydrochloride (4)
and 4-guanidinobutanol hydrochloride (11) were prepared in 79
and 849, yields, respectively, essentially by the method of Fish-
bein and Gallaghan.”

(6) Melting points were determined using a Thomas~Hoover melting
point apparatus and are uncorrected. Analyses were performed by Galbraith
Laboratories, Inc., Knoxville, Tenn. 37921. Where analyses are indicated
only by symbols of the elements, analytical results obtained for these elements
were within =0.3%, of the theoretical values.

(7) L. Fishbein and J. A. Gallaghan, J. Am. Chem. Soc., 76, 3217 (1954),
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Tasr: 111

Hypoglycemic acl..

e e g SR SO e
Compd R Rahbi
4 non 400
n Hon 15
14 Bl 130
15 J00 125
16 BOD a0
220 300 >UT5
23 ) > 600
Ho e > 600
~~-Chnanidinoburyr-
amide 300 400
Phenformin 90 120

» Concentration of drug required to prodice a <ignificant
lowering of blood sugar.

3-Guanidinopropyl Acetate Hydrochloride (5).—-A mixture of
21 g of 4 and 30 g of Aca) was heated to reflux.  When the exo-
thermic reaction subsided, the mixture was heated for severul
uinutes, cooled, and treated with .0, The precipitate was
reioved, washed with Et.O, and dried {n vacio at 40°. The crnde
product weighed 15.3 g (379¢), mp 73-7K°,

Cluanidinoalkyl ester hydrochlovides 6, 12, and 13 were pre-
pared in 75-8067 yield in a similar manuer from the appropriate
w-guanidinealkanols.  Attempts to induce crvstallization of 12
were unisticecessful.

3-Guanidinopropyl Carbamate Hydrochloride (7 & -\ stiired
suspension of 23 g of 4 in 200 ml of MeaCO-THE (1:1} was treated
with excess COClant room teniperature until a clear solintion was
obtained.  The =olvent was removed ¢n eacno, and the residial
oll was dissolved in 200 ml of Me,CO.  Iixcess NI gas was
added, the Me,CO was decanted, and the mixture of oil and =olid
wis wiashed with Me,CO. Warm HOAe¢ (75 mil) was added,
and the niixture was filtered.  Et.Q was added to the chilled
HOA¢ ~olution producing an oil which ery=tallized on =tauding.
After two recrvstallizations, the purified produet weighed 16 ¢
(HLey.

2-Guanidinoethyl carbamate hydrochloride (2} and 4-guani-
dinobutyl carbamate hydrochloride (14) were prepared in a
shimilar manner from 1 and 11, They were obtained as evystalline
<olid=in yvields of 35 and 6047, respectively.

3-Guanidinopropy! diethylcarbamate hvdrochloride (8), 3-
guanidinopropy! tetramethylenecarbamate hydrochloride 19),
and 4-guanidinobutyl methylcarbamate hydrochloride (15) werc
prepaved us described for 7 with the following modification.
When the reaction with the amine wasx completed, the Me,C'0)
wis removed 7n racuo, 1,0 was added, and the vesnhing =olution
wis adjinsted to pH 13.5 with aqueons NaOH. T was washed
{CHCL), nentralized (dilute HCL), charcoaled, and evapornted
to drynes<. The residue wax extracted with =FrOH, and the
~olntion was treated with charcoal, filtered, and coneentrated to
dryness under Nu. The oil restdue was analyzed withont finther
purification.

4~-Guanidinobutyl Methylcarbamate Cyclchexanesulfamate
116). -~Compound 15 was converted to its free hase with excess
500, NaOH. A solution of the baze in 7-I'rOH wax treated with
an equimolar quantity of ¢velohexanesullamic acid in -1"OH.
The mixture was warmed, clarified, and cooled, vielding 16
in the form of a white crystalline solid (634 ).

2-Guanidinoethyl Sulfate (3) and 3-Guanidinopropyl Sul-
fate (10).--A solntion of 0.0 mole of guanidinoalkanol hy-
drochlovide in 3 ml of HaS0: wax heated on a steam hath lor h
min and allowed to stand at roont temperature for 2 e, 1KiOT
(30 ml) was added, and the precipitate which formed was vemoved
by filtration, washed with EtOH, and dried. The c¢rude produet
was reciyvstallized from aqueous EtOH, vield 359

Reaction of 2-Guanidinoethanol Sulfate (1) with COClL.
(iaseoirs COCL, was added to a stirred mixture of 141 g of 1 in
230 ml of 1:1 THF-Me.CO for & hr. The solid was separated,
washed with Me,CO, and dried, yvielding 6.5 g of crude produet,
mp 180--190° dee. Two recrystallizations from aqueons EtOH
guve 4.7 ¢ of a substance, mp 201-204° and identical (ir spectra
and nunp) with 8 obtained in the reaction of 2-gnanidinoethanol
hydrochloride with H.SO,,

The THF-Me,CO filtrate was concentrated in wvacuo at 30°
and treated with 75 ml of concentrated NH,OH. The solution

Vol I3

wix stitred 1t rool temperative for 10 mi, evaporated tecdry-
ness ¢n vacyo on fosieam bath, extracred wirth 100 ml of hot -
PrOH, filtered, concentrated ta 30 ml, aud chilled.  The =ofid
was retoved by filtrion avd washed with MeaCOL Recerystalli-
ntion {01l vielded 1.5 g of pure cavhamare hydvochloride 2.

Table T snmmunarizes the physieal constonts, crv<inllizing <ol-
venrs, and sualy=es for these componnds,

Guanidinooxyacetic Acid 117).> - \mnooxvacetic acid  wos
prepared by o modification of the ~Organic Syutheses pree
cedure.? L0, 3000 wow agneons) was used nstead of cov-
centrated HCL el owas removed by additdon of BatOl15,
to pll 5000 After ihosnon and evaporation ol the Kheove in
micoo, the vesidie ol erlede aminooxyaecrie acid 2208 g 56,2
2 of 2-methyl-2-thiopzendonven sulfate, and 41.3 g of BarO1] .-
SELO were heated tn 150l of HLO for 3 e Fihoemion ot he
BaxOg and vvaporntion of 1he Bhiave 70 raeno vielded 1001
17 which wax purified by vecrvstatlizosion (Table 11w

4-t Guanidinooxy )butyrie Acid 195+ ISthyl 1-¢phthalimido-
oxyibntyrare was prepaved by treating a =olmion of 1305 ¢ oy
N-hydroxyphthalimide in SO0 b of DAMEF with 43.2 ¢ of MeONa
[ollowed by 156 g o cthyl 4-bromobuiyrate, and heating on a
stes barh for v e The vesidne atter lilteation of the mixtnre
and evaporation ol the <olvem iv rorno was poured into 1.0
aml tnken up oin Moo Wishing vhe organie laver with o
agneots NaCOgand with HaO| deyving F NaoROg0, and evaporation
of the O yvielded 196 g of ¢iliv] 4-(phthalimidooxy by aic,
mp b0 el cCLNOD C, HLNL

The ester 11085 ) wax hyvdroly zed by vefluxing with 300l of
3N HCT for 2 he, then chilling and Bhering off the phthalic neid.
Evaporniion of the <olntion /e rqeno, azeotropie drving of the
residine with Colls, nud ervstalbzation from MeOH=/~PyOH 150
vielded 44.5 ¢ of ernde 4-cnninooxy shutyrie seid hydroehlovide.

The hyvdvochlovide sn ool of ~Drtadl was treated with 13,5
gol MeONa After 2 i, the NaClwasdiltered oll iond the liheate
wis conerntrated doorgevo, vielding camde d-raminooxy lhaerie
acid. Thix was converted 1o d=‘gnanidincoxy bntyie aeid by
the voute desevibed fo 170 The ermde acid was ervsiallized s
deseribed by Bovek and Clavke ) give 20.7 g of produet which
wits puriied by recrv<tyllization. The evelohexanesulinmate
salt had wmp 103107 frow A0 B, deal. 10, Hae
N, C L N S,

5-1Guanidinooxy jvaleric acid i29) wa~ prepaved by the proe
cedire sed for 19, Erhyl 3-(phthaliimidooxy ivalerae had wp
59-60° from et Jtead. 1CGH:NOD) C 1L N,

Methy! 4-{Guanidinooxy)butyrate Hydrochloride :201. - A
mixture of 202 g ol 19, 41 ml of MeO]], 12,5 ml of concentinted
HCL and 160 wml oF acetone dimethyl keral was allawed (o stand
at room remyrerabire for 17 e Eyaporntion of the solvent
i vaceo abd crvsiallizaiion of the <alid vesidne tvom 1ol
L) vielded 427 of purilied 20.

4~1Guanidinooxy ibutyramide Cyclohexanesulfamate 214
Methyl -Hignonidivooxy inttaate, libernved Trom 190 @ of its
hydroelloride €20 as dexeribed in vhe procednre for preparing
19, was dissolved 1y 200 1wl of coneentrated NH and o <low
stremn of Nz was bnbbled into the solntion a room temperavne
{or 4 e 1O and Nz were removed by evaporavion /i ructio
and an aguecns sohuion of the residne was adjusted 10 pll 5.0
by addition H0 evelohexanesnlfamic acid.  Concenteation /o
cuene and eryvsiallization ol the vesidite vielded 5000 of pavibed
21.

g of

‘v

2-{(Guanidinooxy Jethanol Cyclohexanesulfamate (18- -
(I’hthalinidooxyethanol was preparved from N-hyvdroxyphthal-
imide and 2-bromocthamid by the method deseribed Tor the prep-
aration of 19 except 1thar the crnde produe, alter removal of
DAL, was dissolved 1 GHCE and filtered free of NaBr, ond
the solvent wis evaporated (o ceero. The residue, when ponred
o -Pr:0, =olidified and was filtered ofl and veceryvstallized
from hexane- O Ae, mp 85-84°0 dnul. (CoolleNOH C, H, N,
The phihalimidooxy compound 1104 g, 294 g of 83 NuH,-
11,0, and 300 ml of MeOH were refluxed for 1.5 hre and the wmixture
was chilled.  Phthalhvdrazide was sepavated aud the filteate

{8y L. DBovek oot 1T, Clarke. . Bad, Chen,, 128, 170 (108,

9y HoS0 Akee it T T, Chicelie, O OrgarGe Synddowes" Coll, Vaoll 1T,
L. C. 1lornirees. odadoe Wiey sadt Nope, Ined, Now York, NoYL, 1955, 1
172154,

CHIG Ntleropis Daovapvest e ester O tiee anlide with 1390 (wyw) N s b
MeOI1 sy connd tewomrdiore for T duvs onl at 80 and 12537 far 5.0 by ander
PrESSUYeE Wett taneees h(J‘

slle ModHearina of yhe yomrfod v N Vi Thow ad AL Olorawe-ks,
Bivehym, Brspion. . ety 59, 345 1162),
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was concentrated ¢n vacuo. The residue was taken up in CHCl;,
and the solution was filtered and coucentrated in vacuo, leaving
crude 2-(aminooxy Jethanol as an oil.

The aminooxy compouud (39 g), 135 g of 2-methyl-2-thio-
pseudourea cyelohexanesulfamate (preparation follows), and 1
l. of EtOH were refluxed for 13 hr. The cooled mixture was
filtered and the filtrate was evaporated in racuo. Compound 18
was crystallized by addition of 350 ml of +~-PrOH. Filtration
and addition of ©-Pr;O to the filtrate provided a secoud crop,
bringing the crude yield to 309;. The product was purified by
recrystallizatioun.

3-(Guanidinooxy )propanol cyclohexanesulfamate (22) was
prepaved in the same mauner as described for 19, except that the
crude 3-(phthalimidooxy)propanol, after removal of the NaBr
and DMF, was poured into H.O and solidified. It was =eparated
from an oily contaminant by extraction into hot CCly from which
it crystallized on cooling. 3-(Phthalimidouxy)propanol, re-
crystallized from 4-Pr;O, melted at 85.5-86.5°. Anal. (Cun-
HuNOy) C, H, N,

3-(Guanidinooxy )propanol Sulfate (23).—3-(Phthalimidooxy )-
propanol was converted to 3-(aminooxy)propanol as described
above for 2-(aminooxy)ethanol. The aminooxypropanol (57 g),
89 g of 2-methyl-2-thiopseudourea sulfate, and 400 ml of H,O
were heated on a steam bath for 2 hr. Unchanged thiouronium
salt was removed by concentrating the reaction mixture in vacuo,
dissolving the residue in 100 ml of MeOH, and filtering. The
MeOH was removed 7n vacuo and the residue was extracted with
hot Ce¢Hs, Et:0, and i-PrOH. The product was crystallized from
MeOH-+-PrOH.

3-(Guanidinooxy )propyl Acetate Sulfate (24).—3-(Phthal-
imidooxy )propanol (38 g), 38 ml of Ac,0, and 228 ml of pyridine
were refluxed for 3 min, cooled, and poured onto 760 g of ice.
Concentrated HCI (235 ml) was added to precipitate the acetate.
It was filtered off, washed (H,0), aud converted, without puri-
fication, to 3-(aminooxy)propyl acetate as described for the
preparation of 18. This was converted to 3-(gnanidinooxy)-
propyl acetate sulfate by the method described for 23.

A portion of 3-(phthalimidooxy )propyl acetate, recrystallized
from CCli-hexane, had mp 61.5-63.5°. 4nal. (CiHiNOs)
C, H, N.

A portion of 3-(aminooxy )propyl acetate was converted to its
HCl salt, mp 79-82° (¢-PrOH-Et,0). Anal. (C;Hi.CINO3)
C, H, Cl, N.

4~(Guanidinooxy )butanol Cyclohexanesulfamate (30).—4-
(Phthalimidooxy )butyl benzoate was prepared from N-hy-
droxyphthalimide and 4-bromobutyl benzoate!? by the procedure
described for the preparation of 19 except that the crude product,
after removal of DMF, was poured into H,O aud allowed to
solidify.  Recrystallized (:-PrOH) 4-(phthalimidooxy)buty!
benzoate had mp 84-85.5°. Anal. (CieH;NO;)H,N; C: caled,
67.25; found, 67.94. This was converted to 4-(aminooxy )butyl
benzoate by the procedure described for the preparation of 18.

A solution of the crude 4-(aminooxy)butyl benzoate (from 0.2
mole of phthalimidooxy compound) in 400 ml of MeOH, to which
160 mg of MeOXNa had been added, was refluxed for 9 hr and con-
centrated in wvacuo, and the residue was dissolved in CHCl.
The solution was freed of MeONa by filtration and the solvent
was removed n vacuo. The crude residual 4-(aminooxy )butanol
was separated from methyl benzoate by extraction into H,O,
evaporation ¢n vacwo, and drying by azeotropic distillation with
Ce¢He. The 4-(aminooxy)butanol was couverted to 30 by the
method described for 18.

3-(Guanidinooxy )propy! Carbamate Sulfate (25).—3-(Phthal-
imidooxy )propyl carbamate was prepared from N-hydroxyphthal-
imide and 3-chloropropy!l carbamate!? by the procedure described
for the preparation of 30, mp 134-135° (:-PrOH, CsHe). Anal.
(C1eH1:N:05) C, H, N.

The phthalimidooxy compound yielded 3-(aminooxy )propyl
carbamate by the hydrazinolysis procedure described for the
preparation of 18. The aminooxy compound was purified by
conversion to its hydrochloride with ethanolic HCI, mp 127-128°
(--PrOH, BuOH). Anal. (C,H.CIN;0;)C, H, Cl, N.

The aminooxy compound, liberated from the hydrochloride
as described in the preparation of 19, was converted to 25 by
the method described for 23.

3-(Guanidinooxy )propyl Methylcarbamate Sulfate (26).—
A THF solution of 3-bromopropyl chloroformate was treated with

(12) J. B. Cloke and F. J. Pilgrim, J. Am. Chem. Soc., 61, 2667 (1939).
(13) A, W. Doxand L. Yoder, ibid., 48, 723 (1923).
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2 equiv of MeNH, in THF and the amine salt was filtered off.
The filtrate was concentrated in vacuo and the crude 3-bromo-
propyl methylearbamate was used to alkylate N-hydroxyphthal-
imide as described for the preparation of 19. 3-(Phthalimido-
oxy)propyl methylcarbamate, recrystallized from EtOAc-
1-Pry0, melted at 99-100.5°. Anal. (Ci:HwuN.0;) C, H, N.

Crude 3-(aminooxy)propyl methylcarbamate, obtained from
the phthalimidooxy compound by the procedure described for 18,
was converted to 3-(guanidinooxy )propyl methylearbamate cyclo-
hexanesulfamate by the procedure described for 23, using 2-
methyl-2-thiopseudourea cyclohexanesulfamate instead of the
sulfate. When all attempts to crystallize the cyclohexane-
sulfamate failed, the free guanidinooxy base was liberated with
MeONa in -PrOH as described for the preparation of 19, dis-
solved in H,0, and adjusted to pH 5.0 by addition of aqueous
H,80,. The solution was concentrated ¢n vacuo and 26 was
crystallized in 169, yield.

3-(Guanidinooxy )propy! Dimethylcarbamate Sulfate (27).—
A THF solution of 78.3 g of 3-chloropropy! chloroformate was
treated with 124 g of 409, (w/w) aqueous Me,NH with cooling,
the solution was coucentrated in vacuo, and the residual car-
bamate was taken up in EtOAc, washed (29, HCI, aqueous
NaHCOs;, H,0), and dried (Na:SOs). The crude 3-chloropropy!l
dimethylcarbamate after removal of the solvent was used to
alkylate N-hydroxyphthalimide as described for the preparation
of 19. The crude 3-(phthalimidooxy )propyl dimethylcarbamate
was extracted three times with ¢-Pr,0, the extracts were dis-
carded, and the insoluble oil was treated with N,H,-H,O as
described for the preparation of 18. The crude 3-(aminooxy)-
propyl dimethylcarbamate was purified by conversion to the
sulfate, mp 148-149° from EtOH-i-PrOH. Anal. (CiHs
N.O,8)C,H, N, 8.

An aqueous solution of the sulfate was treated with 1 equiv
of Ba(OH ),-8H,0 and then converted to 27 via the cyclohexane-
sulfamate as described for the preparation of 26.

3-(Guanidinooxy)propyl 4-Morpholinecarboxylate Cyclohex-
anesulfamate (28).—3-Bromopropyl 4-morpholinecarboxylate
was prepared from 3-bromopropyl chloroformate and 2.5 equiv
of 409, aqueous morpholine as described for the preparation of
27. The solvent was removed ¢n vacuo and replaced by i-PryO.
Ethanolic HCl was added aud the mixture was filtered. The
filtrate was washed with H,0, dried (MgSO,), and evaporated
in vacuo. The residual crude bromocarbamate was converted
by the procedure described for 30 to 3-(phthalimidooxy)propyl
4-morpholinecarboxylate, mp 96-97° (hexane-CCly). Anal.
(Ci16H1sN20s) C, H, N.

The phthalimidooxy compound was converted to 28 by the
procedure described for 18,

2-Methyl-2-thiopseudourea Cyclohexanesulfamate.—A solu-
tion of 27.3 g of Ba(OH );-8H,0 in 70 ml of hot H,O was mixed
with a solution of 27.8 g of 2-methyl-2-thiopseudourea sulfate in
150 ml of H»O and the mixture was stirred for 43 min, then filtered
with the aid of Celite. The filtrate was concentrated in vacuo,
MeOH was added to the residue, and the evaporation was re-
peated. A hot solution of the residue in 50 ml of MeOH was
treated with a hot solution of 35.8 g of cyclohexanesulfamic acid
in 60 ml of MeOH and chilled, and the cyclohexanesulfamate
salt was filtered off, mp 172.5-175° from EtOH. Anal. (Ce
HsN;0s8,) C, H, N, 8.

Reaction of Ethyl 4-(Phthalimidooxy)butyrate with NH; in
MeOH.,—Ethy! 4-(phthalimidooxy)butyrate (13.9 g) was dis-
solved in 30 ml of MeOH and 50 ml of 6.5 N NH; in MeOH was
added. The mixture was filtered free of phthalamide (identified
by mp and ir) after 1.5 hr at room temperature. The filtrate
was colicentrated in vacuo and the residue was treated with 50 ml
of CeHs. More phthalamide was filtered from this solution and the
filtrate was once again concentrated in vacuo, yielding 4.5 g (619;)
of crude ethyl 4-(aminooxy)butyrate, which was converted to its
hydrochloride, mp 105~108°, lit.!* mp 106-107°.
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