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Partivion cliromau-
tography data®
C-D-W (5:5: 1)

HBV2.0-3.0

H-LA-M-W
(40:60:17:6;
HBV2.7-3.6

B A-MLI-W
(35:63:17:6)
HBV2.0-3.0

Derivative of 6-deoxytetracycline ey
2-Carboxamido-N-phthalimidomethyl- 0,83
6-demethyl-
2-Carboxamido-N-maleimidomethyl- .64
6-demethyl-

2-Carboxamido-N-trifluoroncetamido- 0,88
methyl-6-demethyl-

+ l-Butanol-phosphate buffer, pll 2.0,
methanol, ME = methoxyethanol.
Caled: F, 1057, Found: F, 10.90.

Hydrolysis wasx accomplished in the case of the
phthalimidomethyl dervivative (I11) by simple reflux in
methunol using n-butylamine as the base.™® Lven
more conveniently the trifluoroacetamidomethyl de-
rivative IT was casly decomposed by reaction with
aqueous base at room temperature similar to the hy-
drvolysix of  trifluoroacetyl-protected  peptides.t*  In
the caxe of 1T it was also necessary to heat with dilute
acid for a short time to complete the reaction, presum-
ably  to hydrolyze the ntermediate aminomethyl
derivative V which could be detected by paper chroma-
tography  but was not isolated.  The compounds

N(CHy).

11 Naoll /;j/\/Y \H/OH HCl
WNHCHQNHZ
| i OH ;
OHO OH O 0O
\’7
N(CHas)2
A OH
Q ~ NH,
OH
OH O OHO O
exhibited no significant biological activity.
used see paper IX. Y

For tests

Experimental Section

Descending paper chromatography wax carried out on What-
man No. 1 paper butfered with 0.2 3/ pH 2 phosphate buffer,
and run in a system I-butanol-phosphate buffer pH 2.0 (2:1).
Analyses were prepared by Mr. L. Brancone and statf.  Liquid-
liquid partition chromatography!® was carried out on neutral
(acid-washed) diatomaceous earth (Celite).

2-Carboxamido-N-phthalimidomethyl-6-demethyl-6-deoxy-
tetracyecline.—2-Decarboxamido-2-cyano-6-demethyl-6-deoxy-
tetracyeline® (400 mg, 1.0 mmole) was dissolved in 6 ml of con-
centrated 805 at room temperature after which 196 mg (1.1
mmoles) of N-hydroxymethylphthalimide® was added with stir-
ring.  The solution was stirred at room temperature for 25 min
then poured slowly into 200 ml of dry ether with stirring.  The
precipitated solid was filtered off, washed with ether, and dried.
The neutral form was prepared by slurrving the salt in 16 ml of
water and adjusting the pH to a constant reading of 5.0 by the
addition of 2 .V aqueous NaOH. The solid was filtered off,
washed with water, and dried, 510 mg. The crude product was
purified by liquid-liquid partition column chromatography on
newtral (acid-washed) diatomaceous earth as indicated in Table I,
240 mg.

13y L. Goldman and . W. Marsico, J. Med. Chem., 6, 413 (1463); I, =,
Spring and J. L Woods, Nature, 188, 754 (1946).

ity 1" Weyvgand and E. Esendes, Angew. Chem., 64, 136 (1952), and later
references,

15y ML Xartell, Jr., AL =0 Ross, and J. H. Boothe, J. Med., Chen,
10, 354 (1967).

i) MLJ0 Weiss, R sehaub, Go R Allen, Jr., T 1 Poletio, C. Pidacks,
I3, B Conrow, and OO Coscia, Teteabedron, 20, 357 (1964).
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ColLaNO6- 00110

b= eyelohexane, D
< HBY = hold-back volume (column =olvent retention .

Vol [0

Tawre I

Caled, Vonned,
Formula [ I AN ¢ it ~

.06 6 N0 6200 500 642

SN 64 402 TORO AsB0 SH 06 TOA2

Cal Tyl N 0 TN PRI

= dioxane, W= water, I = heptane, XA = ethy] acetane, M

¥olvent confirmed by nmr. © Anal,

In o ~inular manner, N-hydroxvmethylmaleimide™ and N-
hydroxymethylrifluoroacetamide? were treated with the nitrile.

Conversion of 2-Carboxamido-N-phthalimidomethyl-6-de-
methyl-6-deoxytetracycline to 6-Demethyl-6-deoxytetracycline.
A solution of 5% mg (0.1 mmole) of 2-carboxamido-N-phthalimi-
domethyl-6-demethyl-6-deoxytetracyeline in 25 ml of dry meth-
anol and 0.15 ml of n-butylamine was reflixed for 5 hr. The
=olution was evaporated 1o dryvness and titurated well with
dry ether and the solid material was filiered off and diied, 36 mg.
Paper chromatography showed no =tarting material and o new
spot corresponding to 6-demethyvl-6-deoxytetracyeline appeared
at f2; .72, Turbidometric assay of the crude di-n-butylamine
<alt was 332 pg/ml {tetracycline = 1000),

Conversion of 2-Carboxamido-N-trifluoroacetamidomethyl-t-
demethyl-6-deoxytetracycline to 6-Demethyl-6-deoxytetracycline.

A solution of 14 mg (0,025 mmole) of 2-carboxamido-N-tri-
fluoroacetamidomethyl-6-demethyl-6-deoxytetracyeline i 0.75
ml (0.075 mmole) of .1 .V aqueons NaOH was allowed 1o =tand
al room temperature for 30 min, after which, 4.25 ml of 0.1 A
niethanolic HCL was added, and the resultant solution refluxed
for 1 hr.  The solution was evaporated to dryness, after which,
the residite was dissolved in 0.5 mil of the lower phase of a ~olvent
mixture heptane-ethyl acetate- methoxyethanol-water (60:40:
15:4) and brought to plf 5 with =olid =odium acetate. Thix
solution was mixed with 1 g of diatomaceous earth and pucked
on a 10~g diatomaceous earth column moistened with 5 ml of lower
phase, and the product wax obtained by developing with apper
phase; the product, 1.5 mg, being obtained in the third hold-
back volume. The product was identified by ultraviolet <pec-
trnm and paper chromatography. No attempt was made io
establish optimum conditions in the reaction or produet isolation.

1.3,2-Diazaphosphorine 2-Oxides. IV.! A New
Method for the Preparation of 2-(N-Avylamino)-
and 2-(N-Alkylamino)-1,3,2-diazaphosphorine

2-Oxides?

Jous H, Bieesanx axn Raves Fo Moy

Departiment of Chewistry, [ndiana Universidy,
Bloominglon, Indiana 47401

Jteecived November 5, 1006

Previous uarticles have been  concerned with  the
synthesis and antitumor activity of compounds of type
III.*> These were prepared by allowing o diamine,
N,N"-bis(para-substituted benzyl)-1,3-diaminopropane
I, to react with an N-arylphosphoramidic dichloride
IT (Chart I).

Since the synthesis of the N-arylphosphoramidic
dichlorides II involves the direct addition of POCH

(1) Part IL1: J. H, Billman, J. L. Meisenheimer, and R. F. May, J. Vo,
Clhem., 9, 772 (1466,

(2) This investigation wax supported by DPublic Health Service Gran:

(' A-06448-03 from the National Imstitutes of Health, Public Health Service.
3 J. H. Billman and J. L. Metsenheimer, /. Med. Chem., 8, 264 (1965,
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TapLE 1

1,3-B1s(ARALKYL)-2-(N-ARYL- OR ALKYLAMINO)-1,3,2-DI1AZAPHOSPHORINE 2-OXIDES

0
Y~@-—CH2N\1TY
!

Yield,
T

Y {pure)
Ve a 0.7
F——@—NH N(CHy): 34.0
Q—NH cl 53.0
(CH,CH,),N OCH,4 34 .4
O——NH Cl 75.0
< ;N Cl 80.5
OCH; 80.0

-
¢ N N(CI3) 71.2
C_\, Cl 60.7
N cl 59.0
GT cl 72.6
CICH,CH,NH Cl 72.5
DNH N(CH:;)Q 55.2

¢ All samples were recrystallized from acetonitrile unless designated.

CHarr 1

Y—@CHZmHCHZ@—Y + ZRO)Cl, —
: I

Y =C1, OCH3, N(CHJ)Z

Z=NHAr
Qe Phen O

I

N—"U-»C

to the amine hydrochloride,* one is limited to the use of
amines containing functional groups that are not
altered by refluxing POCl;. In order to overcome the
limitations leading to compounds of type III, a new
series of intermediates of type IV was prepared.! It
has been demonstrated in this laboratory that 1,3-bis-
(aralkyl)-2-chloro-1,3,2-diazaphosphorine 2-oxides (IV)
can be readily prepared from secondary amines of type
I and POCI; according to Chart II.t

In order to check the reactivity of the 1,3-bis-
(aralkyl)-2-chloro-1,3,2-diazaphosphorine 2-oxides (IV)
and to compare the effectiveness of this approach with
that shown in Chart 1, a series of amines were treated
with the diazaphosphorine 2-oxides IV. A comparison
of yields indicates that this new approach is equal in
every respect to the standard method and at the same

(4) A. Michaelis and G. Schulze, Ber,, 26, 2938 (1893).

NCH,

Pro- Mp, °C® ~—~—Nitrogen, %——
cedure (cor) Formula Caled Found
B 141-142 CHayCLFN;OP 8.78 .73
B 178-179 CoHyFN;OP 14.11 14.01
A 120~-122 CasHgCLN;OP 9.05 9.25
A 89-91 CosHygN3O5P 0.16 8.84
A 119-121 CyHxCLN;OP 0.34 9.43
A 111-113 CauHaCLN;OP 9.30 0.46
A 78-80° CosHysN;O5P 0.50 9.36
A 117-119 CoHyuN;OP 14.99 15.03
A 129-130 CaHyCLN;OP 9.59 0.65
B 72-74 CiyH2CLN:OP 10.24 10.14
B 103-105 CosHyCLNSOP 0.03 9.36
A 120-121 CiaHxCLN;OP 9.41 9.28
B 121-122 Cosl5N;0P 15.80 15.57

* Recrystallized from ethyl acetate.

CHarr 11

Y—@C HCH2©>—
D3

Y + POCL; 4+ Et:N —

time has the added advantage of allowing one to pre-
pare more complex molecules.

In antitumor screening, change of the electronic
nature of Y had little or no effect on antineoplastic
properties.

The compounds of type VI (Chart III) are sum-
marized in Table L.

Crarr III
IV 4+ 2 amine
\AA /0\,
Y CHQN\f)/l\CHQ Y
2 |
IV + amine + Et;N Vi

Biological Results.—The 13 compounds summarized
in Table I were submitted to the Cancer Chemotherapy
National Service Center for antitumor screening.
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They were tested against Walker careinosarcoma 250,
Sarcoma 180, Friend virus leukemin, and Lewis lang
carcinonma, Available biological data on all these
compounds suggest that they are nontoxie but inactive
in the tested systems.

Experimental Section

Al melting point= were taken on a Thomas-Hoover melting
point appatatus and ave corrected.  The analvses were per-
formed by Midwest  Nicrolaboratories,  Ine.,  Indianapolis,
Ind.  All amines were purified either by distillation or ervstal-
lization from a})pmpridw solvents,

1,3-Bis(aralkyl)-2-( -ary]- or alkylamino)-1,3,2-diazaphos-
phorine 2-Oxides (Table ID--The synthesi= of these compounds
i illustrated well by two lmsi(' procedures which shall be rve-
ferved 10 ax procedure A and procedure B.

Procedure A ix 1\'piﬁed by the =ynthesis of 1,3-bix(p-chloro-
benzyl-2-(N-piperidyvl - 1,3, 2-diazaphosphorine 2-oxide.  1,3-Bis-
(p-chlorobenzyl)-2-chloro-1,3,2-dinzaphosphorine  2-oxide, 5.0 g
(0.012 mole), was dissolved in 75 ml of benzene. Piperidine,
2.0 g (3.025 mole), was added dropwise to the refluxing =oluiion
over a 20-min period and a precipitate formed af once.  After
the complete addition of the amine, the reaction mixture was
refluxed for 15 min and allowed 1o cool. The piperidine hydro-
chloride, 1.38 g (0,011 mole}, wax collected by filoration.  The
benzene from the filirate was removed completely under reduced
pres=ure atd the resulting oll was dissolved i a minimum of
acefonitrile.  After =etting for =everal days at 0° 4.5 ¢ of white
crvstals were colleeted by flteation mp 110-112°), O re-
cry=tallization of a small =ample, a pure solid, melting at 111--113°
wis obtained.  The crude vield wax S0.5¢, .

Anal. Caled for CollyCLNLOP: N, 030, Found: N, 9.406.

Procedure B is illustrated by the preparation of 1,3-bis(p-chlo-
vobenzyl)-2-1 Neaziridvl-1.3,2-dinzaphosphorine  2-oxide.  Aziri-
dine (054 g, 0.012 moles, and 2 ml of triethvlamine in ben-
zene were added dropwize, over a 15-min period, to a benzene
=olution of 5 (0.012 mole) of the 1,3-biz(p-chlorobenzyli-2-
chloro-1.32-diazaphosphorine  2-oxide. A precipitate  of  1ri-
ethylamine hvdrochloride formed wi once and refluxing was con-
tinued for 15 min after complete addition of the amine =olution.
The =olid hydrochloride was removed by filiration and the ben-
zene was completely removed under reduced pressure 1o give
4.0 g (797, vieldy of a white =olid.  "The produet was recrvatal-
lized from acetonitrile 1o give 3.0 g of pare produet in 5977 vield,
mp 72-74°.

Anal, Caled for CpHGCLN.OP: N 10,24,
LT,

Found: N,

Scopoletin, an Antispasmodic Component

of Fiburnum opulus and prunifolium

Cuanpes L Jarsog, KarimuLLad AL Zigvr,
Jonn AL Niciorson, axp Craarvorre M. Scovint

De pm'(m(n[ of Pharmacology, Undversity of Louisville
School of Medicine, Lowiseille, Kentucky 40202

Recelved Novewher 16, 1966
Revised Manuseript Recelved Januwary 27, 1967

The genus Vibwrnwn contains several notable species,
particularly opulus and prunifolium, which were used
in American Indian therapeuties.’  Their utilization
has persisted into recent times? but their efiicacy has
been questioned frequently. We have verified both
to have a reasonably high order of antispasmodic activ-
ity and that thixis due to several compounds.?

dly (ay HL WL Youneken, J. Ame Pharvm. Assoc., 18, 680 (1430 1in
JoCo Muanely, Pharm, Arcche, 11, 33 01940y {¢) . H. Costelio and . V.
Lynn, J. Am. Pharm. Assoc., 82, 20 (194350 idy Ro AL Woodbury, Drug St
19, 143(1951).

i2) “The Dispensatory of the United States of America,” A, Osal and (.
P Farear, 1., 2310h ed, J0 B, Lippineott Cao,, Philadelphia, Pa., 1960,

Vol
Until recently " chemical explorations of 1. opualus
and Vo prnifolivine have lmn lmited and Logely
imconchsive. especially with respeet 1o biologicadly
active components.  Our work on the antispasinodic
and evtotoxic components of these plants hus required
large quantities of extraets and i their Dracetionation
we have obtained  ervstalline =copoletin from botlh,
a inding contradictory to carlier work.?

A determination of whether scopoletim had anu-
spasmodic properties was made wsing an inosilio.
extrone-privied and  bariun chloride stimulated rat
uterus preparation.” The compound wax found 1o
be reasonably aetive and the average hath concentra-
tion required 1o produce a H0¢ decrease in contraction
amplitude, TD;. M ingle uterine horos was 0.09 mg/ ml.
A qualitatively similar eff et was noted in whole aninal
experiments utilizing oxyvtoem- and ergonovine-pro-
moted uterine  contractions.  The  smwooth muw](-
relaxant property of scopoletin i an unusual cffect
for coumarin compounds, but not =urprising in view
of the number which show uctivity as nons=pecitic
visodilators7

Experimental Section

U prunifolivon - Root hark 012 kg was extracted with dis-
tifled water in an Lppenbach <tivrer. The aqueons filtrate was
extracted with CH.CL to vield 9.5 @ (0085, ) of Huorescent red
oil. The crude produet was put on a3 X 7 em column of 30 g of
\\'ue]m activity grade T newtral alumina and eluted with 600 ml
of 1(>dl\t|l P(l CHCL. Evaporation of the solvent gave 3.3 g
(0,045 of bright vellow fluorescent oil. Tt was dissolved in
A ml of mId methanol, cooled to 3°, and centrifuged for 15 min
to l)x'e(ipil ate Hm waxes.  The suspension wax filtered o give
4.5 g (004 of ol It wax dissolved m 20 ml of CHCly, con-
centrated to 7 ml and cooled to 5% for 24 hr to yvield slightly
vellow needles, mp 193-205°. The produet was washed with
cold CHCL and ervstallized fromy 5, methanol-CHCIy to vield
S0 mg G X 107 of seopoleting mp 210% (vt mp 204-205°),
mmp 2107,

I opu//(\
(0569, ) of { otl.

toot burk (220 kg was extracted (o vield 126 g
When chromatographed asx above 103 g (0.46¢, 1
of hrown oil wax obtained.  The crude prodnet was mixed with
sund and extracted with petrolenim ether (hp 30--50°, ndumina
purified s for 280 hi. The extract was concentrated 1o 250 ml,
diluted 10 500 ml with ethyvl ether, conled 1o 10°, and extracted
with cold 1TV NaOH.  The extruct was immediately acidified
with 6 V" TICTHand back extracted with ethyl ether 1o vield 38.8 g
(0170 ) of light brown ol which wax refrigerated 1o precipitute
007 g 75 X 10727 of light vellow scopoletin.  On crvstallizi-
ton from methanol-water the melting point was 204.5-205.5°.
Thin Layer Chromatography of Scopoletin. --Purity and com-
pleteness of separation were determined using Merck <ilica gel G
and T east into 20 em X T7 mil films from 2857, distitled water
slurries. The films were methanol washed by upwurd develop-
ment, =tored at 100° for 12 hr, desiceated, and 1}1(*11 activated for
0.5 hr av 100° just prioy to use. The =olvent system used was
water-saturated ethyl ether: /e iplate G 028, (plate Hy 044
Bioassay of Scopoletin.- Potency wus determined using a micro
version: of the reported method.®  The total bath volume was
10 ml and regular nterine contraciions were induced with just
ufficient 17, BaCl 1o produce maximum effect.  Seopoletin was
diz=olved 1 propylene glveol 1o give 5 mg/ml and cumulative
dose-response experiments were performed.  Bath concentrations
of 0,025, 0,050, 0.100, and 0.150 mg/ml were uxed.  For each con-

3 0 B darboe, OO ML Setomide, 00 A Nicholson, and K. A Airv,
Neture, 212, 837 (19667,

4 30 AL Bobbite and KoV Ruo, . Pharme Scr, B4, U214 (1065

15 Lo Hoerbammer, 1. Wagner, and H. Reinbart, Natwreissenschafien,
52,161 (1467,

6y L. Hoerbammer, . Wagner, wned Ho Reinbardr, e
Zig.. 108, 1371 1065,

(7 T O Noine. S, DCharwe Seal, 88, 231 11061,

IS WL Rarrer, o
=tofte.” Birkhimser Verlng, Bazell TOAK, p 437
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