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a previously heated niixtire of d-metliyl-l1-pentanol (4.4 g and
NaNI, (2.1 g) in PhMe (10 ml).  The reaction was carried ont
as for Ve and afforded a white solid (2.45 g), mp 85-8%8°. TRe-
erystallization from hexane gave pure Vd: mp 97-90°: suae
FEES em=! (COC): nmr peaks at (.94 [donblet. / = 6 cps,
C(CHy)l and 4,15 ppm (riplet, J = 6.5 eps, OCIL).  .taal.
(CuHINO) C) .

4-Dimethylamino-7-iodoquinoline Ve ).—-Me,N H was bubbled
through an ice-cooled =olution of IVhH (2 g) in PhMe (20 ml) and
MeCOLE¢ (10 mD) for 3 hr in a pressiwe hottle.  The bottle was
tightly stoppered and placed in an oven at 50° for 10 days.  The
wmixture was cooled and washed (H,0).  The arganic phase was
dried (Na:S0q) and the =olvent was remcved 7n racro. Recrvstal-
lization of the solid residne gave pnure Ve (1.t g). mp 107-108%,
and an nmr peak at 2.99 ppm (NCH-).  _tnal. (CUl 1INy C.
11.

4-Hydroxyethyoxy-7-iodoquinoline (Vf).--A =olntion of Ve
(100 mg) in ethylene glyeol (1.5 ml) was heated in an il batl at
I85° for 16 hr, cooled, and diluted witl 11,0.  The precipitate
(70 mg), mp 153-135°, was recrystullized (Me,CO-Hu()) to give
pure VI, mp 154-155°.  The ir and ranr spectia were as expected,
dnal. (CalpINO. C 1T

Isotope Exchange. General Method.-- A ~olntion containing
[-3 mC1 of Na'#T wax placed in a 10-nl ronnd-hottom Hask and
evaporated to dryness at 100° under a gentle stream of N.. The
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~ubstitnted 7-iodoquinoline (100 mg) dissolved in the appropriate
=olvent (2 ml) was added, a condenser was attuched, and the bath
temperatire was raised.  The mixture was stirred under N. for
the specified time and allowed to cool.  Tn the caxe of 1Va, Vi,
and Ve, T1,O was added and the prodnet was collected by filtra-
tion and washed well (H.0). For Vb, the solntion wuas coneen-
trated to approximately 0.5 ml under rednced pressire and treated
with .0 and NHOH, and the precipitate was collected ax above,
For Vd, 1he =alveni was removed in vacuo, the residne was treqed
with 11,0 cantaining a lictle Me;,CO, and the precipitate was ¢ol-
lected.  Tnall cases, the products were purified by reerystalliza-
tion and the pority was established by (1) e and a radiochro-
matogram of the =ip and 2h) mixonre melQug point wich anthen-
tie samples rsee Table 11T 5
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A munber of 8-2-(w-aminoalkytamine jethyl and S-3-(w-aminnalkylamino ) propyl diliydrogen phosphorothioates
(3a-e, 18a—c) and some reluted compounds ineluding the %-2-(w-aminoalkylamino)ethyl hydrogen thiosulfates
10a-¢ have been prepared and evaluated for radioprotective activity in mice. Tutermediate N-(2-bromoethyl)-
a,w-alkanediamine dihvdrobromides (2a-e) were prepared Ly the Cortese (reatment of the 2-(w-aminoalkyl-
aminoethanols la—e; the potential of a Gabriel synthesix from the 3-(w-phthalimidoalkyl)-2-oxazolidinones Ta—c
was demonstrated by the conversion of N-[3-(2-bromoethylamino)propyljphthalimide hydrobromide (8b) into
2b. The requisite N-(3-bromopropyl -e,w-alkanediamine dihydrobromides 17a-¢ were prepared from the
3-(w-aminoalkylamino)-1-propanols 16a and 16b and from the 3-{w-phthalimidoalkyl)tetrahydro-1,3-oxazin-2-
ones 14a and 14b in two steps involving selective cleavage of the teteahydrooxazinone ring.  Intermediates ob-
tained by the addition of 2-methyl- and 2,2-dimethylaziridine to acrylonitrile led to several branched-chain
analogs (21a-d, 23a, and 23b).  Aziridine-ring opening by anunoninm thiosulfate was employed in the prepara-
tion of the inner Bunte salts 10a, 10h, 21b, and 21d monohydrochlorides.  The pliosphorotltioates, as a series of
a novel type, exhibited an exceptionally high level of radioprotective activity, whereas the thiosulfates werce
essentially nonprotective.

Current interest in the radioprotective properties of — bridged derivativest in - which some antiradiation

N-substituted derivatives of 2-aminoethanethiol (with
and without latentiating S-substitution) in which the
N-substituent is a terminally and functionally sub-
stituted alkyl group is attested by a growing number of
reported syntheses in this aren.* This report con-
cerns the synthesis and cvaluation of N-{w-amina-
alkyl)-substituted derivatives (chiefly N and 8 di-
substituted), a type that structurally resembles sev-
cral recently described and more complex sperminc
and spermidine derivatives® and N,N'-polymethylene-

1) Thisinvesdgacion was supporced by the U. 3. Ariny Meilical Research
and Development Coinmand nnder Contract No. DA-49-103-M1-2028.

(2) k. Felder, F. Bonati, and 8. Bianchi, Kzperientia, 15, 32 (1959): R. J.
Wineman, M. H. Gollis, J. C. James and . M. Pomponi. J. Org. Chem., 27,
4222 (1962); ¥. I. Carroll, 1. M. Dickson, and M. E. Wall, hid., 80, 33
{1165); O, L. Salerni. R. N. Clark, and RB. K, Smart, J. Chem. Soc., ¢, G645
t1166); T, P, Jobuston and C. R, Stringletlow, Jr., /. Vel Chem., 9. 021
1966 1 P Johmston and R. DL Eliod, J. Oy, Chen., 82, 2344 (Mdv):
S F Thames and L. WL Vdwards, J. Hebororgrdo Chem., 5. 145 (1968,

s3I0 R Piper wind T P dolawon, S Uy, Chen, 380 636 (1158,

activity has been observed.

Various modifications of Z-aminoethanethiol have
been aehieved by the use of a-amino acids ax starting
materials® but the general reaction sequence wis not
suceessfully applied to L-lysine or its ethyl ester be-
cause of difficulties encountered in their reduction
to the apparently as yet unknewn r-lysinol [HaN-
(CHY),CH(NH,)CH,OH].  As a model for the planned

conversion of 1-lysinol the following sequence (eq 1)

1 hr
TLNCIHCHNHCHCHOH —

1.
4 Nag POu
1LNCHLCHNHCH,CH.Br- HBr —
2a
HNCH.CHoNHCH,CHoSPOH, - (1)

3a

HJ R Piper, C R Stringfillpw, dr and 1L PLJobnscoy, J. Mol Chon.
9, 513 (19661,

)R Piper, C0 B Soingfellow, Jrg
P 1066,

and 1L V. Jolnesian, ibid., 9, 411



March 1964

POTENITAL ANIIRADIATION AGENTS

Scuemt I

Na,SPO,
H,N(CH,),NHCH,CH,SPO,H, <~—— H,N(CH,),NHCH,CH,Br2HBr <— H,N(CH,,NHCH,CHOH <2 H,N(CH,),NH,

3a,n=2 2a,n=2
b n=3 b,n=3
c,n=4 c,n=4
d n=5 d n=5
e,n==6 e,n==6
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o’
la, n=2 n=4-6
b n=3
c.n=4
d, n=5
e, n=6

THBr-HZO-HOAc

O 1) 0
NK + c1<CHz)nNJLO N(CH,),NHCH,CH,Br-HBr
0 4a,n=2 0
b n=3 8a,n=2
c,n=4 b, n=3
c, n=4
DMF
90-100° THB[‘—HOAC
0 0 O 0
NaH
N(CHp,Br + HNJLO F:TF’ N(CH,),N" ™0
0 6 0
5a, n=3 Ta,n=2
b, n=4 b,n=3
c,n=4

beginning with commercially available 2-(2-amino-
ethylamino)ethanol (1a) was carried out. The product
3a was a unique example of a phosphorothioie acid
ester in which the acidic function can be neutralized
internally by two amino groups. Whether the in-
ternal zwitterionic neutralization is partial or complete

+ +
as in HGNCHzCHQNH2CHQCHQSPO32_ in the solid
state or in solution is not known, but for convenience
phosphorothioate structures in this paper are written
in the nonzwitterionic form. The radioprotective ac-
tivity of 3a in initial screening tests encouraged the
preparation of the homologous and also impressively
active S-2-(3-aminopropylamino)ethyl dihydrogen phos-
phorothioate (3b) by the following route (eq 2) based

LiAlH, HBr
E\ICHicHzCN —— [N(CH.)NH, —
NasSPO;
HzN(CHz)aNHCH;CH;BI‘QHBI‘ _—
2b
H.N(CH,),N HCH.CH,SPOH: (2)
3b

on known aziridine intermediates.® These beginnings,
marked by a high level of activity, were then expanded
into a series of homologs and analogs.

The two routes that led to the S-2-(w-aminoalkyl-
amino)ethyl dihydrogen phosphorothioates 3 are out-
lined in Scheme I; one involved the Cortese con-
version” of hydroxyethylated «,w-alkanediamines, and
the other involved the Gabriel synthesis from inter-
mediates made available by the recently developed

(6) H. Bestian, Aun. Chem., 566, 210 (1950).
(7) F. Cortese in “Organic Syntheses,” Coll. Vol, 11, A. H, Blatt, Ed.
Jolhn Wiley and Sous, Ine., New York, N. Y. 1953, pp 91-93.

hydrogen bromide cleavage of 3-substituted 2-oxazol-
idinones® The last step of each approach was based
on methods developed by Akerfeldt,® but the favor-
able stoichiometry!® of this particular application per-
mitted the isolation of inner salts without additional
acid (eq 3).

H.0
2 4+ NagPSO; —> 3 + 3NaBr (3)
DMPF

The stoichiometry of the conversion of the N-(2-
bromoethyl)-a,w-alkanediamine hydrobromides 2 into
the corresponding inner Bunte salts requires that the
reagent NapS:0; be protected against acidity.!® Buf-
fering with NaOAc was effective in the analogous
preparation of a Bunte salt from 2-(bromomethyl)-
piperazine dihydrobromide, but neutralization did not
oceur and the product was isolated as a hydrobromide.!
In the attempted conversion of 2 in the presence of
NaOAc, however, only one member of the series, S-2-
(6-aminohexylamino)ethyl hydrogen thiosulfate (10c),
could be obtained in erystalline form; the others were
obtained as solvated syrups, from which NaBr and
NaOAc could not be separated. Two members of the
series, 10a and 10b, were ultimately obtained, as in-
dicated in Scheme II, by aziridine-ring openings with
(NH)s8:0s; other examples of the application of this
method have been reported.!?

(8) J. R. Piper, R. D. Elliott. C. R. Stringfellow, Jr., and T. P Johnston,
Chem. Ind. (London), 2010 (1966).

) (a)8. Akerfeldt, Acta Chem. Scand.. 18, 1479 (1959); (b) tbid., 14, 1980
(1960); (c) thid., 16, 1897 (1962): (d) ibid.. 20, 1783 (1966).

(10} Cf. ref 3.

(11) J. R. Piper and T. P. Johnston, J. Org. Chem., 28, 081 (1963).

(12) D. L. Klayman, W. F. Gilmore, and T. R. Sweeney, Chem. Ind.
(London), 1632 (1965): D. L. Klayman, J. W. Lown, and ‘1. R. Sweeney.
J. Org. Chem., 30, 2275 (1963).
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Na::05
H.N(CH, )sl\Il(/H CH,Br-2HBr —_—
AcONa
H,N(CHY),, NHCHCH.850;311 - HX
10a,n = 3, X = (]
b,n =4, X = Cl
¢.n =6 X=DBr
Tm (N Um0,
20 Nel
Na ~
TEN(CH ) NTTCHLCH Br - 211 By —-—>~ 1L,N(C11), N
2¢ 9a.n = 3
b,n =4

The feasibility of a synthetic route to the S-3-(w-
aminoalkylamino)propyl dihydrogen phosphorothio-
ates 18 based on the hydrogen bromide cleavage of
the 3-substituted tetrahydro-2H-1.3-oxazin-2-ones 14
(Scheme ITT) was initially demonstrated by the con-
version of tetrahydro-2H-1,3-oxazin-2-one (11) itself
imto  S-3-aminopropyl dihydrogen phosphorothioate
(13) via 3-bromopropylamine hydrobromide (12). The
cleavage of 11 was extremely slow at room tem-
perature, but increased markedly with warming as
evidenced by an accelerated evolution of CO,  The
preparation of the intermediate 14b by the addition
of a solution of N-(4-bromobutyl)phthalimide (5b) and
11 in DMF to a stitred sluiry of NaH in the same
solvent exemplified a technical refinement in this type
of alkylation. The alternative route to 18a and ¢
provided by the Cortese treatment of the 3-(w-amino-
alkylamino)-1-propanols 16 and shown in Scheme
IIT was developed because of difficulties encountered
in the route involving phthalimido intermediates:
(1) dehydrobromination occurred in the attempted
alkylation of 11 with N-(2-bromoethyl)phthalimide to
give N-vinylphthalimide instead of the expected 3-
substituted tetrahydro-2H-1,3-o0xazin-2-one, and (2)
analyses of the phosphorothioate 18¢ derived by the
longer route were inconsistent. It should be pointed
out that the phthalimido intermediates 8 and 15 were
the source of a number of terminal phthalimido ana-
logs, which will be described in a subsequent paper.

Several branched-chain congeners of the title com-
pounds were synthesized by routes outlined in Scheme
IV und based on the addition of 2-methylaziridine and
2 2-dimethylaziridine to aerylonitrile. The formation
of 2-methyl-1-aziridinepropionitrile (19a) and 2,2-di-
niethyl-1-aziridinepropionitiile (19b) was promoted by
heat, which was not required in the reported addition!
of ethylenimine itself to acrylonitrile.  The thiols (iso-
lated as hydrochlorides) and thiosulfates were produced
by appropriate azihidine-ring openings, but the prod-
net of the ring opening of 19a with HuS wuas not ob-
tained in characterizable form.

The radioprotective activities of the phosphorothio-
ates desevibed above as judged by screening tests per-
formed in mice at the Walter Reed Army Institute of
Research, Washington, D. C.. are expressed in Table [
as per cent survival along with those of several of the
corresponding Bunte salts among other compounds.
The  phosphorothioates, with the exception of 18e
(and 13), showed good activity (3010097 swrvival).,
whereas the (oncapoudlng thiosulfates were nonpro-
tective with the exception of the slightly protective

LrLiorr,
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scaeMe 1

0 O )
\(CH.)Br + Jt Rl N(CH, \J\
N(CH.),Bt K) DMF (HHd
Sa.n=3 148, =3
bon=4 HBr—HOAc b, n=1
H,N(CH,),Br-HBr
12
/ HBr-HOA¢
HQN(CHz)qSPOJH‘.‘
13
0]
H,N(CH,),NH(CH,;,OH N{CH.,), NH(CH.). Bi-HBr
16a, n=2
b n=4 0
15a, n =3
HB:~H 0O b.n=4

i HBr= )10 -1l LA

H,N(CH,),NH(CH));SPO H, <— H,N(CH,),NH(CH,),Br2HBr

18a, n=2 17a, n=2
b, n=3 b.n=3
c.n=4 c.n=+4

branched-ehain analog 21d. The striking difference
between the phosphorothioates and thiosulfates in this
series is somewhat surprising in view of the reported
good activity of both types of thicester when the sub-
stituent is simply a 2-aminoethyl group.'* One of the
outstanding phosphorothioates in this series, 18b, i

4 struetural relative of 8-3-aminopropyl dihydrogen
phosphorothioate (13), which, however, showed only
slight activity. In fact, the structural requirements
for the high level of radioprotective activity observed
among  the S-w-(w-aminoalkylamino)alkyl dihydro-
gen phosphorothioates examined here. including the
branched-chain analogs 23a and 23b, appear to be un-
usually broad, even for a series of clogely related com-
pounds. The effect of substitution on terminal amino
groups in this series will be explored in later papers.

Experimental Section!!

2-(w-Aminoalkylamino)ethanols (1a—e).--Compounds la and
1b were obtained from commercial sources; le—e were prepared
from the ecorresponding «,w-alkanediamines and ethylene oxide
by an adaptation of the procedure of Steck, ¢/ al.¥® In each ex-
ample the monohydroxyethylated prodnct was isolated by frac-
tional distillation in wacwo; results listed Dbelow rvefer 1o re-
distilled prodncts.  The yield of 1e, bp 97-100° (.10 mum) and
n¥p 14800, was 2597; I1d, bp 107-110° (0.10 mm) and n¥p
1.4806, 269;; and 1e, bp t18-120° {0.15 mu) (partially solidified
after secoud distillation), 30%;. Anal. (CsHeN2O, 1¢) C, T, N.
(C:HN0, 1d) C, H, N. Alithongh le was not obtained an-
alytically pure, it was converted into pure 2e.

{13) B. HMausen ani B. Sérho, Acta Radiol., 56, 141 (19611,

{14) Unless noced otherwise, melting points with a range were deternined
with a Mel-Temp apparatus: those without a range, with a Kofler Heizbank.
Ir spectra were determined with a Perkin-Elmer Model 521 spectrophotome-
ter. Where analyses are indicated only by symbols of the eleinents, analyti-
cul resalts abrainenl fur those efements were within DV of Hay theeorelicud
values.  Somnc ol the analyses were perbopried hy Galhirsith Micraana ytical
Laboratories, Wooxville, Tenn.

(15) E. A Steek, J. SO Buek, and L1
114 (10571,

Vleteber, J. dser. (e, Sor. T8,
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ScueMmEe IV

CH;, CH,

CH,

R R
\‘DNCH-;CH»;CN — \‘DN(CH.)%NH»Z — H2N<CH2>3NH(|?CHzBr'2HBr

19a, R=H 20a, R=H R
b, R=CH, b, R=CH; 222, R=H
J l b, R=CH,
CH, CH,
NCCH,CH,NHCCH,SY H,N(CH,);NHCCH,SY HgN(CHZ)aNHCICHQSPOEHQ
R R
24a, R=H; Y=80;H 2la, R=Y=H 23a, R=H
b, R=CHy; Y=H b, R=H; Y=80;H b, R=CH,
¢, R=CH; Y=SO,H ¢, R=CH; Y=H
d, R=CH; Y = SO;H

DNCH,CH,CN — NCCH,CH,NHCH,CH,BrHBr — NCCH,CH,NHCH,CH,SPO,HNa

25

3-(2-Aminoethylamino)-1-propanol (16a).—The procedure that
follows is essentially that of Ishiguro and Matsumura.’® A
solution of ethylenediamine (26.4 g, 0.440 mole) and trimethylene
oxide (25.0 g, 0.431 mole) in H;O (20 ml) was heated in a glass-
lined pressure vessel at 130-140° for 20 hr. The mixture was
fractionated 7n vacuo, and the fraction with bp 130-136° (14 mm)
(16.3 g) was redistilled to give 16a as a colorless hygroscopic oil,
bp 136-140° (14 mm), 259 yield (12.8 g) [lit.® bp 146-149°
(14 mm)]. Anal. (CGHUN.0) C, H; N: caled, 23.70; found,
22.90.

3-(4-Aminobutylamino)-1-propanol (16b).—Adaptation of the
procedure described for the preparation of 16a led to 16b, bp
128-130° (2 mm), in 299% yield. Anal. (C;HN,O) H; C:
caled, 57.51; found, 58.16.

3-(w-Phthalimidoalkyl)-2-oxazelidinones (7a-c¢).—Compounds
7b and 7c¢ were each prepared by two methods represented below
by typical examples designated methods A and B; 7a was pre-
pared by method A only.

Method A. 7a.—A mixture of equimolar amounts of 4a and
potassium phthalimide (66.9 mmoles each) in DMF (10 ml) was
stirred at 95-100° (bath temperature) for 2 hr, diluted (H»O, 70
ml), and refrigerated overnight to give pure 7a, mp 158°, in 949,
yield (164 g) Anal. (ClaH12N204) C, H, N.

7b.—Similar treatment of 4b gave crude 7b (939, yield); one
recrystallization from EtOAc gave an 809 yield of 7b, mp 101-
103°, suitable for use in preparation of 8b. An analytical sample
of 7b had mp 105-106° (from EtOAc). Anal. (C..H:N:0,)C, H,
N

7c.—The crude product (909 yield) was recrystallized from
H,0 to give pure 7¢, mp 101-103° in 679, yield. Anal. (Cis-
H,eN:04) C, H, N

Method B. 7b.—A solution of equimolar amounts of 5a and 6
(81.1 mmoles each) in DMF (150 ml) was added dropwise during
30 min to a stirred mixture of NaH (3.24 g of 609, NaH in oil
dispersion, 81.1 mmoles) in DMF (50 ml) maintained at 25°.
The resultant mixture was stirred at 25-30° for 18 hr. Removal
of the solvent by distillation in vacuo (aspirator, bath temperature
70-80°) left a solid residue, which, when stirred with H,O (200
ml), afforded crude 7b (76¢7 yield). Recrystallization from
EtOAc gave pure 7b (melting point and mixture melting point
identical with that of the analytical sample prepared by method
A) in 509 yield (11.2 g).

7c.—Following removal of the DMF from alkylation of 6 with
5b (69.0-mmole scale) essentially as described for 7b, the residue
was stirred with Phlle (200 ml), and the mixture was filtered
from NaBr. The filtrate was concentrated under reduced pres-

(18) T. Ishiguro and M, Matsumura, Yakugahu Zasshi, 78, 153 (1959):
Chem. Abstr., 53, 13163g (1939).
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sure to about 100 ml, aund the clarified (Norit, Celite) PhMe
solution was diluted with 30-60° ligroin (400 ml) to precipitate
crude 7c¢; subsequent recrystallization (H.O) gave 7e (529),
mp 100-102° (ir spectrum identical with that of the sample
prepared by method A).

Tetrahydro-2H-1,3-0xazin-2-one (11) was prepared from 3-
chloro-1-propanocl and KCNO using the reaction procedure of
Phillips and Argabright.l” Because of difficulties with the re-
ported purification procedure (involving successive recrystalli-
zations from cold Me,CO) the crude oily product (from a run
using 0.250 mole of 3-chloro-1-propanol) was distilled in vacuo
(15-cm Vigreux column) to give a colorless oil (17.6 g), bp 126~
128° (0.1 mm), which crystallized when cooled; recrystallization
(EtOAc) gave 11, mp 80-83° (lit.)” mp 82-83°), in 549, yield
(13.6 g); ir (KBr), 3265 (NH) and 1690 ¢cm ™! (C=0). In sub-
sequent runs, 11 of satisfactory purity was obtained by simply
allowing it to crystallize from clarified (Norit, Celite) EtOAc
solutions of the crude undistilled oil.

3-(3-Phthalimidopropyl)tetrahydro-2H-1,3-0xazin-2-one (14a).
—Alkylation of 11 with 5a using the same procedure as
described for the preparation of 7b (method B) gave 14a, mp
133-135° (recrystallized once from PhMe), in 629 yield. An
analytical sample had mp 135-136° (from PhMe); ir (KBr),
1775 (w), 1710 (s) (imide C=0), and 1675 cm ! (carbamate
C=0). Anal. (C;;HN:04) C, H, N.

3-(4-Phthalimidobutyl)tetrahydro-2H-1,3-0xazin-2-one (14b)
was prepared from 11 and 5b by the same procedure as indicated
for the preparation of 14a. Pure 14b, mp 146-148° (from PhMe),
was obtained in 689, yield; ir (KBr), 1760 (w), 1705 (s)
(imide C=0), and 1680 cm~! (carbamate C=0). Anal.
(CIBH15N2O4> C) H) N.

3-Bromopropylamine Hydrobromide (12).—A solution of 11
(1.00 g, 9.89 mmoles) in 309, HBr-HOAc (5 ml) was stirred at
25-30° for 4 hr while extremely slow reaction occurred as evi-
denced by evolved CO, bubbling from a H,O-charged gas-absorp-
tion trap. Gentle warming caused a marked increase in the rate
of CO: evolution. The sohition was slowly heated to boiling
during 1 hr and was maintained under reflux for 10 min. The
cooled solution deposited crystalline 12, which was collected
with the aid of Et.O and washed thoroughly with Et;O before
being dried in vacuo (77°, P;O;). The yield of 12, mp 173-175°
(lit. mp 169-172°8 and 171°%), was 1009% (2.17 g). The
melting point, mixture melting point, and ir spectrum of this
sample were identical with those of a sample of 12 obtained from
a commercial source and purified for use in the preparation of

(17) B. L. Phillips and P. A. Argabright, J. Heterocycl. Chem., 3, 84 (1966).
(18) F. C. Schaefer, J. Amer. Chem. Soc., T7, 5928 (1955).
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TasrLe I (Continued)

Approx Drug dose, Velicle of pH of 3(-day
Compd Structure LDso. mg/kg mg/kg admin prepn  survival, 9,9
D. Others

13 H.N(CH,);SPO;H, 430 320 CMC-Tw 5.5 17
160 Water 5.5 13

125 CMC-Tw 5.7 13

62.5 CMC-Tw 5.7 7

26 NCCH,CH.NHCH,CH,SPO;HNa 500 200 CMC-Tw 6.7 0
100 CMC-Tw 6.7 0

« Antiradiation screening tests in mice against lethal radiation [825 R (X-rays) or 950-1050 R (v rays)] were performed at Walter

Reed Army Institute of Research, Washington, D. C., under the direction of Dr. D. P. Jacobus.
¢ Drug injected intraperitoneally as 0.3-5.09 solution or suspension 13-30

terization as hydrohalide salts indicated in parentheses.
min before irradiation.

4 No 30-day survival among control mice.

b Water of crystallization and charac-

¢ Physiological saline solution. / Compound dissolved or sus-

pended in physiological saline solntion containing 0.3%, sadium carboxymethyleellulose and 0.1, Tween &0.

13 by shccessive recrystallizations from MeCN and MeOH-
Et,0.

N.[w-(w-Bromoalkylamino)alkyl]phthalimide hydrobromides
(8, 15) listed in Table II were prepared from the appropriate 7
or 14 as illustrated by the following procedures.

A. 8a and 8b.—A solution of 7a (39.5 g, 0.152 mole) in 309,
HBr-HOAc (200 ml) was stirred at 25-30° for 21 hr. Et,O (700
ml) was added, and the collected precipitate was recrystallized
from EtOH. Similar treatment of 7b afforded 8b, which was
recrystallized from 959, EtOH.

B. 8c, 15a, and 15b.—A stirred mixture of 14b (20.0 g, 66.2
mmoles) in 309, HBr-HOAc (125 ml) was gradually heated to
reflux during 90 min. Following a 30-min reflux period, the
mixture was allowed to cool, and Et:O (500 ml) was added; and
the product was recrystallized from EtOH. Similarly obtained
8c and 15a were recrystallized from MeOH and 95% EtOH,
respectively.

N-(2-Bromoethyl)-«,w-alkanediamine dihydrobromides (2)
were prepared from 1 essentially by the Cortese method.®! The
HBr remaining after the reaction period was removed under
reduced pressure, and the crystalline residue was stirred with
MeCO, collected, and recrystallized from MeOH-Me,CO.
Results are given in Table ITI.

N-(3-Bromopropyl)-«,w-alkanediamine dihydrobromides (17)
were prepared as follows with yields and characterizations being
recorded in Table ITI.

A. 17a.—A solution of 16a (12.8 g, 0.108 mole) in 489, HBr
(500 ml) was refluxed 1 hr, then slowly distilled during 12 hr until
400 ml of distillate had been collected. The remaining solution
was evaporated to dryness under reduced pressure, and the solid
residue was reprecipitated from MeOH solution by addition of
Et.0.

B. 17b.—A solution of 15a (13.0 g, 32.0 mmoles) in 489, HBr
(50 ml) and glacial AcOH (50 ml) was refluxed 17 hr, cooled while
phthalic acid separated, and filtered. Removal of solvents from
the filtrate by evaporation under reduced pressure left crystalline
17b, which was purified by reprecipitation from MeOH solution
by addition of Et,O followed by recrystallization from EtOH.

C. 17c¢ was obtained from 15b by the same procedure as
described for the preparation of 17b.

1-(4-Aminobutyl)aziridine (9b).—Pulverized 1c¢ (100 g, 0.280
mole) was added in portions to stirred 209, NaOH solution (800
ml). The stirred mixture was refluxed for 1 hr and allowed to
cool, and the two liquid layers were separated. The aqueous
layer was extracted with three 100-ml portions of Et.0; the
dried (MgSO,) Et,O solution was evaporated to an oil, which was
combined with the organic phase from the reaction mixture.
The crnde product was dried (KOH) and fractionally distilled
(Vigrenx column) to give 9b, bp 79-80° (20 mm) and n?D
1.45387, in 709 yield (22.3 g); purity by glpc was >999%,. Anal.
Caled for CeH\uN,:  C,63.11; H,12.36; N,24.53. Found: C,
61.72; H, 12.03; N, 24.09.

2-Methyl-1-aziridinepropionitrile (19a).—2-Methylaziridine
(100 g, 1.75 moles) was added dropwise to stirred acrylonitrile
(93.3 g, 1.76 moles) preheated to 65°; the temperature was main-
tained at 65-70° throughout the addition period and for about 1
hr afterward by moderate cooling. When heat ceased to be
evolved, the mixture was heated at 70-75° for 2 hr. Fractiona-
tion (30-em Vigreux column) afforded 19a, bp 70-72° (10 mm)

TasLE 11

N-[{w-(w~BROMOALKYLAMINO JALKYL]|PHTHALIMIDE
HyproBrowmipEs (8, 15)

Yield. Mp. °C

No. [7A dec Formula Analyses

8a, 82 190-192 ClelgBI‘N202 -HBr C, H, Br

8b 82 225-227 CHiBrNO.-HBr G, H; Br

8¢ 94  220-231 CyuHyBrN:O.-HBr C, H, Br,N
13a 89 199-200 C.H;BrN.O.-HBr C, H, Br,N
15 91 192196  CuHpBrN.0,-1IBr G, T, Br, N

TasLE ITI

N-(2-BROMOETHYL)-o,w~ALKANEDIAMINE DIHYDROBROMIDES (2),
N-(3-BROMOPROPYL)-t,w~ALKANEDIAMINE DIHYDROBROMIDES
(17), AND N-(2-BROMOALKYL)-1,3-PROPANEDIAMINE
DiHYDROBROMIDES (22)

Yield.

No. Yo Mp. °C Formula Analyses
2a 85 174-176=  C,HuBrN,-2HBr C, H, Br?
2be 80 205-206¢  C;H.sBrN,-2HBr C,H, Br
2¢ 78  200-201¢ CeH,BrN,.2HBr C H,Br
2d 86  183-185¢ C;H,BrN,-2HBr  C, H, Br
2e 84 176-178¢2 CnggBI‘Nz'QHBI‘ C, H, Br

17a 81  144-145 CHuBrN;-2HBr G H, Br, N

17b 8  243-245  CHuBrN,-2HBr C,H, Br, N

17cd 79 227-229 C;H\;BrN,-2HBr C H, Br,N

22a 37 211212  C:H,BrN,-2HBr G, H, Br

22b 54 188-189 C.HyBrN:-2HBr C, H, Br
s Determined on a Kofler Heizbank. ¢ Br: caled, 72.89;

found, 73.5. ¢ The sample prepared from 1b was not analyzed;
it is identical (melting point, mixture melting point) with an
analytically pure sample prepared in nearly theoretical yield by
ring opening of 9a in the manner described for the preparation of
22b. Pure 2b was also prepared in 929 yield from 8b using the
procedure described for 17b. ¢ Also prepared from 16b in 629,
yield using the procedure described for 17a.

and n*p 1.4368, in 809, yield (155 g). Anal. (CsHoN:) H, N; C:
caled, 65.42; found, 64.82.

2,2.Dimethyl-1-aziridinepropionitrile (19b).—A solution of
2,2-dimethylaziridine (100 g, 1.41 moles) and acrylonitrile (64.7
g, 1.20 moles) was refluxed for 12 hr, the reflux temperature grad-
ually rising during this period from 78 to 138°. Fractionation
(30-cm Vigreux column) afforded 19b, bp 81-89° (11 mm) and
n¥p 1.4419, in 63% yield (94.2 g). An analytical sample, bp
78-81° (10 mm) and n¥p 1.4406, was obtained in 199, yield
employing the conditions described by Bestian for the preparation
of 1-aziridinepropionitrile.® Amnal. (C;H2N2) C, H, N.

1-(3-Aminopropyl)aziridine (9a), 1-(3-Aminopropyl)-2-methyl-
aziridine (20a), and 1-(3-Aminopropyl)-2,2-dimethylaziridine
(20b),—LiAlH, reductions of the appropriate nitriles (1-aziridine-
propionitrile,® 19a, and 19b) were performed according to a general
procedure described by Amundsen and Nelson.!* Pure 9a,

(19) I. I, Amtndsen and T.. 8. Nelson, J. Amer. Chem. Soe,, T8, 242 (1951).
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Tagry IV
N-2e(w-AMINOILKYIAMINO)ETHYL HyDroaguN Tarosvnrark
Fh pnonatapks (10), S-2-(S-AsrNorraryraniNo ey Tynrocues
Tmoxrueyrs Hyprocnnontnes (21b-11C1 21d - 11CHH,

AND S-2-(2-Cy aNORTRYLAMING VLR YL Ty DRoceN
Tmosvnrares (24a, 24¢i

Yield, M,

No, < S Formuta Analyses
10a N ST-00 CyH N 08 HCE  ¢) T, N, 8
HOh OS TR0 Gl g N0 HCE ) H, §; N
O S 44 Cel Ty NyOS, - HBr ) 1) Br, 8
21h - HCl 88 ¢ CellyN,038,-HCL - C) U, Ny S
2td-TICH K6 ¢ CisNLO58:-HCL ¢, H) N S
24 BY 2140 CeH NGOy C, 1, N, =
24 46 24P CH NS, ¢ 1, N, S

« N: caled, 10.58; found, {0.16. > Determined on a Kofler

Heizbank. ¢ Indefinite.

bp 58-6G0° (19 mm) [lit.s bp 61-62° (19 mm)j, was obtained in
38¢% vield. The yield of 20a, bp 72-75° (40 mum) and n%p
1.4466, was 687, and that of 20b, bp 84-86° (30 mm) and n¥v
1.4485, was 7477, Anal. (CelI 4N, 20a) C, H, N. (C;1Na,
20b) C, H, N.

N-(2-Bromo-1-methylethyl)-1,3-propanediamine dihydrobro-
mide (22a) was prepared by dropwise addition of 20a (26.0 g,
0.236 mole) to stirred 48, HBr (105 ml) maintained at —5 to
0°.  The clear solution was evaporated to dryness under reduced
pressnire with the aid of several added portions of MeOH. The
residual gnm was stirred with boiling FtOAc (1 1) for 1 hr, and
crystalline 22a formed while the stirred mixtnre was allowed to
cool.  The crude material was collected, dvied (in vacuo, 80°,
1,0);), and recrystallized from -PrOH (1.5 1.) to give pure 22a.
Results are recorded in Table ITI.

N-(2-Bromo-1,1-dimethylethyl)-1,3-propanediamine dihydro-
bromide (22b) (see Table I1I) was prepared by HBr ring opening
of 20b in the manner described for 22a from 20a. Following
evaporation to dryness, the solid residne was stirred with Me.CO.
The collected, Me.CO-insoluble solid was purified by one re-
crystallization {MeOH-Me,CO) followed by two repreeipitations
from MeOH solution by addition of Et,()

S-2.(w-Aminoalkylamino)ethyl Hydrogen Thiosulfate Hydro-
chlorides (10a, 10b).—The following deseription of the prepara-
tion of 10b i typical of the procedure used; results are recorded
in Table IV. A solution of 9b (1.90 g, 16.6 mmoles) and (NH,).-
820y (2,46 g, 16.6 mmoles) in H,O (10 ml) was evaporated (aspi-
rator) during 1 hr in a bath gradually heated 10 90°, Tast traces
of volatile material were then removed in vacuo (1 mm) at 60°
(30 min). The residual syrup was dissolved in H,O (10 ml},
and the solution was treated with 1 ¥ HCI (16.6 mequiv). The
resultant solution of 10b was evaporated to dryness, final con-
ditions being 1 mm, 60°. Drying was cowmpleted in vacuo at
25-30° over P.Os.

S-2.{6-Aminohexylamino)ethyl Hydrogen Thiosulfate Hydro-
bromide (10¢).—A solution of equimolar amonnts of Na,Sy(ye
5.0, NaOAe-3H,0, and 2e (40.0 mmoles each) in HyO (40 ml)
and DMFE (20 ml) was kept at 23--30° for 2 hr and then at 90—
100° for 1 hr.  Solvents were remved under rednced pressure,
and the residne was dissolved in boiling IStOH tabout 500 mnl).
Crystalline material that separated during a 4-day period was
collected und rveerystallized again from EtOH. The material
obtained, now pale-yellow, was dissolved in boiling MeOH; the
hot solntion was decolorized (Norit, Celite), then evaporated
nnder rednced pressure to a colorless syrup, which crystallized
readily when stirred with warmm (50°) EtOH (100 ml) to give
pure 10¢ (dried n vacuo, 25-30°, P,O;) (Table IV).

S-2-(3-Aminopropylamino)propy! Hydrogen Thiosulfate (21b)
and S-2-(3-Aminopropylamino)-2-methylpropyl Hydrogen Thio-
sulfate (21d) Hydrochlorides.—The following procedure for the
preparation of 21b- HCI is illustrative: resulis are given in Table
IV, A solution of 20a (2.67 g, 23.4 mmoles) and {(NH)S:0;
(3.30 g, 22.3 mmoles) in H,O (15 ml) was evaporated during 1 hr
(aspirator, 85° bath). The residnal syrup was redissolved in
T1.0) (15 ml), and evaporation under the same conditions was
repeated.  The residize was then subjected to 0.2 mm, bath tem-
perative 100°. The pasty residue was dissolved in T1,0) (15 mlbi,

PRk, STRINGFETLOW, [onnaore, axn Jonssrox Vol I
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TasLe \
S22 @=AMINOALKYLAMINGIETHY L DINvDLRoGrN
HOSINOROTIIONTES {38 30 ), S=3-Uw-AMINDILKYLAMING I ROTY |
Dinypvrocuy Prosenonorioyvies ¢18a 18¢y, aNn

l)

S2-C3-AMINOPROPVLAMIND SALKY L DInviacgeN
Pinospnonornioyvres (23a, 23b)
seale,
mmoles ot Yetd, Mp,
Na, NagPROx O

dee trormuly Analyses

Hu A0 52 L3141 Cal1aN2OsPS - 11:0 Col NS

Hh U8 5 21l 16D-11 1 Cill 3110 LN

Se B 71 % el o1, NS

3d Neon "y i C: M 1.0 COMLN, R

e An I BE] h Calle S-2100 CoL NS
18a - %1 G817 Calliad CoL N, P
18h 0e Li0=143 (10N 20.PS - 2110 Co N, PR
18¢ uv 171172 (3 heN O3PS 2110 COM, N PR
23a T~ 122-124  (sHN CoL N, PR
23 95 Ud sl CSHNOPS 2. 5110 C 1L N P, 89

* Determined v o Kofler lHeizbank.  * ITudefinite melting
point with decomposition uver wide range (starting about {70°;
dependent on rate of beating. ¢ For remaining entries molar
scales are stated in the procednres. ¥ Anal. Caled: P, 10.79: 8,
tE16. Found: P, bE2: 801G,

and BN HCL (22,5 mequiv) was added; 21b-TCHwas then iso-
lated 1 the same way us 10b described above.

S-2-(2-Cyanoethylamino)propyl Hydrogen Thiosulfate (24a). -
A solntion of 19a (2.80 g, 26.3 minoles) and (NH;).S.05 (3.7t g.
25.0 mmoles) in ILO (15 ml) was evaporated (aspirator, bath
temperature 40°). A solution of the residue in H.O (15 ml) wax
again evaporated to dryness, and the product was further purified
by reprecipitation from .0 with FtOH. TResults are inchaded
in Table IV.

S-2-(2-Cyanoethylamino)-2-methylpropyl hydrogen thiosulfate
(24¢) (see T'able IV) was prepared from 19b by essentially the
same procedure as described for 24a except that 24¢ was recrys(al-
lized from MeOLl.

2-(3-Aminopropylamino )-1-propanethiol (21a), 2-(3-Aminopro-
pylamino)-2-methyl-1-propanethiol (21¢) Dihydrochlorides, and
3-(2-Mercapto-1,1-dimethylethylamino )propionitrile (24b) Hy-
drochloride..—Preparation of these compounds involved TT.8
ring opening of the appropriate aziridine 20a, 20b, or 19b. The
procechure for preparing 21a-2HCI is illustrative. MeOLT (75
mit) was =aturated with HoS at —10°. A slow stream of 11,8
was passed through the stirred solution while 20a (3.00 g, 26.3
mmoles) was added dropwise. The resultant solution was kept
at =5° for 30 min and then refrigerated (at about 4°) overnight
in a securely stoppered flask. The solution was (hen concen-
trated under rediced pressure to 25 ml and treated wirh dry HCH
in EtOH (0.5 ml of 6.35 v, 60 meguiv HCl).  Addition of 1,0
(75 ml) afforded crystalline 21a-2HCI, which was callected
and dried in vacuo (25-30°, PoO:); yvield 9895 (5.60 g), mp ~ 1367
Anal, (CeHpNaS-21TCH €, TIL N, 8, SH.  Shmilar treatien:
of 20b afforded 2le-2lICL mp 182-183°, in 73¢% vield afcer
recrystallization from 19tOMH.  Anael. (C:HisNS-2HCL) G, 1, N,
3, SH. The yield of 24b-TICl, mp 163°, was 729, (from 24.2
mmoles of 19b, 254 mequiv of HCI being nsed). . tuaf.
(C:HL NN - HCL) C, H, N, S; SH: ealed, 16.98; fonnd, 5.9,

S-2-(w-Aminoalkylamino)ethyl Dihydrogen Phosphorothiocates
{3).--The general reaction procedire unsed i essentially thai
described by Akerfeldt®! for the preparation of related con-
ponnds. A stirred partial solntion of NagPsSO, in 0 ¢ il
nunole of NaPS03) was treated with the appropriate 2 13 6
mole ¢ excess).  When solution was complete, DMFE {one-half
the volume of H,O used) was added with external cooling:
the resultant solution was kept at 25-30° until the AgNQO; 1est
for unchanged PSOy*% was negative. Isolation procednres
nged for the ndividnal examples listed in Table V follow.

3a was the only member of the 3 series that crystallized divectly
froni the reaction solution. The solid was collected, washed
(AMeOH-H.0, 4:1 by vol), then dissolved (.0, 400 )y and
reprecipitated by addition of MeOH (1 1.). Following overnight
refrigeration, crystalline 3a wuas collected, washed 1MeOH,
[21.0), and air dried.

3b.-—Dilntion of the reaction solntion with MeOll (250 mii
caased precipitation of white solid; following overnight re-
frigeration, the solid was collected, dissolved (11,0, 49 ml).
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and reprecipitated with MeOH (250 ml).
was washed (MeOH, Et.0), and air dried.

3c was precipitated by addition of MeOH (175 ml), repre-
cipitated from H,O-MeOH, then dried in vacuo (P20;) for about
5 min at 80° followed by several hours at 25-30°. This material
showed no tendency to gain weight when exposed to ambient
conditions.

3d.—MeOH (200 ml) was added to the reaction solution, but
no precipitate formed. EtOH (200 ml) was then added, and a
white, somewhat gelatinous solid formed. After overnight re-
frigeration the solid was collected, washed (MeOH), and then
stirred with MeOH (200 ml) for 1.5 hr. The solid that remained
was collected, dissolved in H:O (20 ml), and reprecipitated by
addition of MeOH (100 ml) followed by EtOH (100 ml). After
refrigeration (18 hr), the solid was collected, washed (MeOH),
and dried in wvacuo (80°, P»0;). Marked shrinkage occurred
before the sample came to constant weight (6.20 g). Equil-
ibration with ambient conditions caused a weight increase (to
6.62 g).

3e.—Essentially the same procedure as used in the isolation
of 3b sufficed.

S-3-Aminopropyl dihydrogen phosphorothioate (13), mp 293~
295° dec, was prepared in 369, over-all yield vig its uncharacter-
ized monosodium salt (from 12 and Naz;PSQ;) using the methods
described for the S-2-aminoethyl homolog® (&kerfeldt® has
described preparation of the monolithium salt of 13). Anal.
(CsH1)NO;PS) C, H, N, P, S.

S-3-(w-Aminoalkylamino)propyl dihydrogen phosphorothioates
(18), which are included in Table V, were prepared as follows.

18a.—A stirred solution of Na;PSO; (3.60 g, 20.0 mmoles) and
17a (6.86 g, 20.0 mmoles) in H,O (20 ml) was treated with DMF
(10 ml), and stirring was continued 1.5 hr while crystalline 18a
separated. Addition of EtOH (200 ml) followed; the collected,
EtOH-washed precipitate was redissolved in H.O (50 ml), then
reprecipitated by addition of MeOH (~35 ml to cause incipient
cloudiness). Crystalline 18a that separated during refrigeration
was collected, washed (MeOH-H,0, Et;0), and air dried.

18b.—A solution of equimolar amounts of 17b and Na;PSO;
(10.0 mmoles each) in H,O (10 ml) was kept at 25-30° for 2 hr,
then stored overnight in a refrigerator (~4°). The still-cold
solution was stirred while DMF (5 ml) was added, and crystalline
18b separated immediately. EtOH (100 ml) was added, and
the solid was collected, washed (EtOH), redissolved in H,O
(60 ml), then reprecipitated by addition of EtOH (50 ml to
cause incipient cloudiness). Following refrigeration, the lus-
trous platelets were collected, washed (EtOH), and dried in vacuo
(25-30°, NaOH pellets).

18c.—A stirred solution of NasPSO; (2.70 g, 15.0 mmoles)
and 17¢ (5.60 g, 15.1 mmoles) in H,O (15 ml) was treated with
DMF (7.5 ml). The resultant solution was kept at 25-30°
for 2 hr, then added dropwise to rapidly stirred EtOH (450 ml).
The solid that separated was collected, washed (EtOH), then
suspended in rapidly stirred MeOH (25 ml). H.0 (~15 ml)
was added slowly until nearly all of the solid had dissolved.
More MeOH (50 ml) was then added causing crystalline product

The collected solid
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to separate. The collected material was washed (MeOH) and
dried in vacuo (25-30°, P»Os). Equilibration with ambient
conditions (~509; relative humidity) caused a weight increase
(from 2.60 to 2.81 g).

S-2-(3-Aminopropylamino)propy! Dihydrogen Phosphorothio-
ate (23a).—Solid 22a (5.25 g, 14.7 mmoles) was added to a stirred
solution of Li;PS0O;.6H,0 (3.36 g, 14.0 mmoles) in H,O (28 ml),
and, after solution was complete, DMF (14 ml) was added. The
solution was kept at 25-30° for 40 min and then poured into
EtOH (400 ml). Solvated 23a separated as an opaque gum.
The supernatant was removed by decantation, and the gum
was dissolved in HyO (50 ml). The solution was added dropwise
to rapidly stirred EtOH (500 ml), but the solvated product again
separated as white opaque gum. Following removal of the su-
pernatant, the residue was dissolved in H.O (20 ml); EtOH
(50 ml) was added to the stirred solution. After a few minutes
of rapid stirring, the cloudy mixture began depositing crystalline
material. More EtOH (450 ml) was added, and stirring was
continued 1 hr. The crystalline product was collected, washed
with EtOH followed by Et,O, air dried (3.04 g), and equilibrated
at constant 587 relative humidity* (equilibrated weight, 2.97 g).
Results are included in Table V.

S-2-(3-Aminopropylamino)-2-methylpropyl Hydrogen Phos-
phorothioate (23b).—A solution of 22b (4.45 g, 12.0 mmoles) and
LisPSO;-6H-O (2.88 g, 12.0 mmoles) in H,O (12 ml) was stirred
at 25-30° for 30 min. DMF (6 ml) was added, and, after 15-20
min, the solution began depositing crystalline product. The
mixture was refrigerated overnight, EtOH (60 ml) was added,
and the precipitate was collected, washed (EtOH), redissolved in
H.O (20 ml), then reprecipitated by addition of EtOH (100 ml).
Hydrated 23b was collected, washed (EtOH, Et.0), air dried
(3.18 g), and equilibrated at 589, relative humidity* (equili-
brated weight, 3.21 g.). Results are included in Table V.

S-2.(2-Cyanoethylamino)ethyl Sodium Hydrogen Phosphoro-
thioate (26) Tetrahydrate.—A mixture of equimolar amounts of
25 and Na;PSO; (40.0 mmoles each) in H,O (40 ml) was stirred
until solution had occurred (20 min). DMF (20 ml) was added,
and the solution was stirred at 25-30° for 1 hr. Dropwise addi-
tion of EtOH (150 ml) with chilling (ice-water bath) and con-
tinued stirring caused separation of hydrated 26 as a white solid,
which was collected, redissolved in H:O (40 ml), and reprecipi-
tated by addition of EtOH. The collected product was washed
(EtOH, Et0) and air dried; yield 81¢, (9.85 g). Anal.
(CsHioN2NaO;PS-4H,0) C, H, 8; N: caled, 9.21; found, 8.62;
P: caled, 10.18; found, 10.6.
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