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The testing for cytostatic activity of a series of 36
aziridino derivatives of (NPCl,); and (NPCl, ),NSOCI
gives similar results in two different in vitro screening
systems.

Evaluation of the dose causing 50 per cent inhibi-
tion of colony formation (ID50) in mouse leukaemia
L1210 cells and the lowest active dose (LAD)
established for the radiosensitive mouse lymphoma
L5178Y leads to an insight into activating and deac-
tivating structural requirements. The presence of
aziridino (N(CH,),) groups with their alkylating
ability and electron releasing substituents is essential
Jor effective tumour growth inhibition. Hydrolytic
instability results in loss of activity.

Introduction

The replacement of chlorine atoms in the inorgan-
ic ring systems (NPCl,); (I) and (NPCl,),NSOCI (II)
by aziridino groups offers a possibility to prepare
compounds of biological interest. Several derivatives
have been prepared [1—12]. Some of them were
investigated with respect to their toxicological and
cytostatic properties.

The biological effects of the hexakisaziridino
derivative of I, the so<called Apholate or Myko 63
(Fig. 1, XXXVII) have been the subject of numerous
studies [13—17]. Its therapeutic potency as an
antitumour agent has been proven on leukaemias
P388 and L1210, and on B16 melanoma, all in mice
[18].

Another derivative, investigated for its cytostatic
and mutagenic behaviour, is the compound named
Fotrin [4,17,19-21]. Compared with XXXVII in
this compound one aziridino ligand is replaced by a

*+Part II: Ref. [1].
++Author to whom correspondence should be addressed.
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Fig. 1. Examples of cytostatic cyclophospha(thia)zenes.

morpholino residue (Fig. 1, XXXII). The agent has
been used clinically in the USSR in the therapy of
chronic lympholeukaemia and haemodermia. How-
ever, these data are rather poorly documented [4,
17,22].

Recently we reported the antitumour activity of
some aziridino derivatives of II in mice [23]. The
pentakisaziridino derivative, codename SOAz (Fig. 1,
XXXIX), is in Phase I clinical trials [24].

In spite of the number of investigated compounds
little is known about the mode of action in biological
systems. Some structure activity relationships were
proposed by Chernov et al. [13] and Safonova [17],
assuming the compounds to be alkylating agents. The
presence of at least four aziridino ligands would be
necessary to get highly active compounds, whereas
molecules with a zrans-arrangement of ligands relative
to the plane of the ring are considered more active
than their cis-isomers. Amino-ester derivatives have
been reported to show lower activity than the corre-
sponding compounds with secondary amino residues
[13,17]. Although far from being complete the
present paper intends to indicate and clarify the

© Elsevier Sequoia/Printed in Switzerland
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features that determine the cytostatic activity of this
class of compounds. Because of their expected high
activity mainly tetra- and pentakisaziridino deriva-
tives are investigated. The geminally substituted
compounds N3P3;Az;R, in particular offer the
possibility of observing electronic substituent effects.
To study the cytostatic activity of the derivatives
prepared two different in vitro screening systems are
used: the determination of 50 per cent growth
inhibition doses (ID50) in a leukaemia L1210 clono-
genic assay and of ‘lowest active doses’ (LAD) in
mouse lymphoma L5178Y cells. The biological
behaviour will be discussed in the context of substi-
tuent effects, which are expressed in terms of the
substituent constants (agr and <ygr) determined in
basicity measurements of a large number of cyclo-
phospha(thia)zenes [12,25-27]. These constants
represent the electron-releasing properties of side
groups towards these ring systems. Relative hydro-
lytic stability as well as isomerism of the compounds
investigated will also be considered.

Screening Methods

Determination of ID50 Values for Leukaemia L1210
Cells

Drug activity on leukaemia L1210 cells was de-
termined using an in vitro clonogenic assay. From a
suspension culture, 100 L1210 cells were plated into
35 mm culture dishes (Falcon) containing 1 ml of
soft agar growth medium and the test compound in
appropriate concentrations. The soft agar growth
medium consisted of Dulbecco’s medium supple-
mented with 20% horse serum, 4.75 mg ' 2-
mercaptoethanol, 20 mg I"! L-asparagine, 75 mg
1I"! DEAE dextran (molecular weight 2 X 10%) and
0.3% bacto-agar (Difco). The culture dishes were
incubated at 37 °C in an atmosphere of 10% CO,
in humidified air for 8 days. After this period of
continuous drug exposure colonies were counted
and dose effect curves were made (Fig. 2). From
these curves the drug dose causing 50% inhibition of
colony formation (ID50) relative to untreated control
cells was calculated (Table I).

Determination of LAD Values for Lymphoma L-
5178Y

The cytostatic activity of the agents on lymphoma
L5178Y cells was determined using a recently de-
scribed method by Lamberts ez al. [28]. The cells
were grown in a suspension culture, the medium
consisting of RPMI 1640 enriched with 10% fetal
calf serum. Penicillin and streptomycin were added
as antibiotics. After filtration through a Millipore
filter (¢ 0.22 y) 100 ul of solution of a compound in
physiological saline or, as was sometimes required by
the low solubility in water, in 96% ethanol, was
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Fig. 2. Effect of gem-N3P3Az4Pip; (XIX) against leukaemia
L1210 in a clonogenic assay. Appropriate drug concentra-
tions were added to 100 L1210 cells in cuiture dishes con-
taining soft agar medium (3 dishes per drug concentration;
9 dishes for untreated controls). After the incubation period
of 8 days colonies were counted.

serially diluted by a factor of 2 over the wells of a
microtiter test plate (Cooke Microtiter System, type
U). Addition of an equal volume of cell suspension
containing 2 X 103 cells gave the final concentration
range. A row of wells, only containing culture
medium and cell suspension was used as control. The
cells were propagated for four days at 37 °C in an
incubator, adjusted to standard CO, percentage and
humidity. After this incubation the lowest growth
inhibiting dose was determined by comparing the
diameter of each of the precipitation spots with that
of the control (growth inhibition causes a decrease
in diameter (See Fig. 3)). This gives the lowest active
dose (LAD) values within an accuracy factor of 2, as
listed in Table I.

Results and Discussion

The tumour cell growth inhibition by the 38
compounds tested, expressed as IDS0 and LAD values

Fig. 3. Determination of LAD’s on a test plate.
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for the L1210 and L5178Y cells, respectively, ranges
from 1.1-31.5X107® mol 17! for the former and
from 0.25—250 X 107% mol 17! for the latter (Table
I). Compound III does not possess any activity,
whereas compound IV appears cytotoxic only
towards L1210 cells. Direct comparison of data,
obtained by such different methods, is hardly
feasible. However, within both series of values the
same trends can be observed.

The cytostatic activities of all compounds are
listed together with the substituent constants agy
and yg (R # Az). Obviously, there is a relationship
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between ag(ygr) and the IDSO or LAD values. Partic-
ularly, in the series with formula gem-N;P3;Az,R,
(XI-XXII) and N3P3;AzsR (XXIX—XXXVI) higher
ag(vr) values (i.e. stronger electron-releasing capac-
ity) lead to a higher activity for both the leukaemia
and the lymphoma cells. It should be mentioned that
in a series of bisaziridino-sym-triazines (N3C;Az,R)
Thvin er al. [31] also found electron-donating side
groups R to enhance the antitumour activity (in vivo
experiments on sarcoma 45 and Walker sarcoma).
Compounds XIV, XVI, and XXX do not fit this rule.
This can be explained by their relatively high

TABLE L. Cytostatic Activity in vitro of Aziridino Cyclophospha(thia)zenes.

Formula® Compound aRb 'be Leukaemia L1210 Lymphoma L5178Y  Ref.¢
number R # Az ID50 (10¢ mol1™Y) LAD (1078 mol1™})

N3 P3(GlyE)g II1 5.0 2.5d not active not active [29]

N3P3Pyrg v 59 29 18.0 not active [30]

gem-N3P3Az,(GIlyE), \' 5.0 2.5d 31.5 250 [11}

N3P3Az,PyryCly ¢ A% 5.9/0 2.9/0 13.6 250 [1]

trans-N3P3 Az3Pyr; Vil 59 2.9 4.5 2

cis-N3P3Az3Pyr; VIII 59 2.9 2.1 2

gem-N3P3Az4MorphCl IX 5.0/0 2.5/0 254 16 [1]

gem-N3P3Az4PipCl X 5.6/0 2.8/0 16.6 16 1

gem-N3P3Az4(OCH,;CF3), XI 1.0 0.3 9.1 16

gem-NngAZ4C12 XII 0 0 8.9 8 [8, 9]

gem-N3P3Az4 (OPh)2 XIIT 3.1 1.3 7.6 8

gem-N3P3Az,(GlyE), X1v 5.0d 2.5d 7.2 16 [11)

gem'N3P3A24 Morph, XV 5.0 2.5 5.8 4

gem-N3P3Az4(NH;), XVI 6.0 2.7 3.9 4

gem-N3P3Az4(NHBu), XVII 5.8 3.6 3.9 2

gem-N3P3Az,4Ph, XVII 42 22 3.7 2

gem-N3P3Az4Pip, XixX 5.6 2.8 3.6 2

gem-N3P3Az4Pyr, XX 5.9 2.9 2.7 1.0

gem-N3P3 Azq (NHMe), XXI 5.8 3.1 2.5 2

gem-N3P3Az4 (NHPh), XXII 44 1.0 1.1 1.0

trans-N3P3 Az4Morph, XXiI1 5.0 2.5 4.7 2

trans-N3P3Az4Pyr, XX1v 5.9 2.9 2.2 2 1

trans-N3P3 Az4Pip, XXV 5.6 2.8 2.1 2

trans-N3P3Az4Cl, XXVI 0 0 1.9 2

cis-N3P3 Az4Pyrs XXVII 59 29 1.8 1.0

L‘iS-N3P3 AZ4Pip2 XXVIII 5.6 2.8 1.6 2

N3P3AzgIm XXIX f f 8.2 4

N3P3Azs(GlyE) XXX 5.0d 2.54 1.7 4 [11]

N3P3Az50Ph XXXI 3.1 1.3 4.4 2

N3P3AzsMorph XXXII 50 2.5 3.5 2 [1}

N3P3Az5Cl XXXIII 0 0 3.5 2 [9]

N3P3Az5Pyr XXXIV 59 2.9 1.6 1.0 m

N3P3AzsPip XXXV 5.6 2.8 1.5 1.0 [1]

N3P3Az5(NHMe) XXXVI 5.8 3.1 1.2 0.25 [71

N3P3Az¢ XXXVII - - 2.0 1.0 [8]

N3P, Az4SOPh XXXVIII - - 31.0 16 [2}

N3P, Az4SOAz XXXI1X - - 10.6 6 [2]

N3P, Az4SOF XL - - 2.9 1.0 {2]

2The following abbreviations have been used: Az (Aziridino), GIyE (Ethylglycinato), Im (Imidazolyl), Morph (Morpholino), Pip

(Piperidino), Pyr (Pyrrolidino).
and characterization data described therein.
bispyrrolidino derivative. fValue unknown.

bSubstituent constants for N3Pj derivatives. Values taken from {12, 25-27].
dEstimated value: a(7r)GiyE =~ a¢(¥)Morph-

€Preparation
€1,1-bisaziridino-cis-3,5-dichloro-3,5-
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sensitivity towards hydrolysis. In an extended study
on compounds of type N3P3Rg Allcock et al. [32]
obtained the following order in hydrolysis rates for
R:

Im > GlyE > NH, > NHMe > NHPh >Pyr,Pip Morph

Under physiological conditions aziridino derivatives
will also react with water. Whether the first hydro-
lysis step will be the opening of one of the three
membered rings or nucleophilic attack on other sites
of the molecule [32] will depend strongly on the
nature of the other substituents. For compounds
XVI and especially XIV, XXIX and XXX hydrolysis
can be expected to overrule the biological alkylating
action. Apart from the imidazolyl-, amino-, and
ethylglycinato derivatives, compounds with chlorine
ligands (i.e. VI, IX, X, XII, XXVI and XXXIII) are
also easily hydrolyzed. As shown in our experiments,
solutions of these compounds in neutral water lose
a considerable amount of cytostatic activity within
24 hours on standing at room temperature.

Apart from hydrolysis effects the activity
spectrum might be explained from electronic effects.
Substituents with high ag(yg) values will increase the
electron density on the P—N(—S) system as well as
on the three-membered rings. The resulting higher
basicity of endo- and exocyclic nitrogen atoms leads
to easier electrophilic attack, which might be rate-
determining in the opening of the aziridino rings
[14] and promote the alkylating ability of the com-
pounds, ie. the trifluoroethoxy derivative XI should
possess a rather low basicity compared with the
corresponding amino derivatives. This might explain
the relatively low cytostatic activity of the former
compound. To some extent this also applies to the
three cyclophosphathigzenes XXXVIII-XL in which
the ‘S=0’ fragment acts as an electron sink. It is
noteworthy that the in vitro measurements with these
agents are in good agreement with previous in vivo
results in mice [23]. The high activity of XL cannot
be understood with regard to electronic effects. This
also applies to the ID50 and LAD values of the
‘pheny!’ derivatives XVIII and XXII, which are rather
low compared with other compounds. Whether the
relative hydrophilicity of the compounds concerned
plays a role in determining the ultimate activity is
not clear.

Another question remains, namely, whether or not
the activity depends on the number of aziridino
groups present in a molecule. The series of ethyl-
glycinato derivatives (ITI, V, XIV and XXX) would
suggest some dependence, but the activity range can
also be correlated with sensitivity towards hydrolysis.
Besides, the pyrrolidino derivatives, with the excep-
tion of IV and VI, all show about the same activity.
Thus, a quantification of biological activity in terms
of number of aziridino groups seems to be over-

simplified. A relationship between biological activity

of phosphorus bonded aziridino derivatives and the
number of alkylating centres (ie., P-atoms) in the
molecule has been suggested by Yakovenko et al
[33]. Slight, but consistent differences between the
ID50 values of geminal and nongeminal pyrrolidino,
piperidino and morpholino derivatives might point in
this direction (see Table I). Changing the number of
alkylating centres from two to one might cause a
more profound effect as observed for the extensively
studied mono- and bifunctional nitrogen mustards
[34, 35].

Probably, by comparing isomeric bisaziridino
derivatives a most active form can be assigned. The
substitution pattern of aziridine towards (NPCl,);
being only partly geminal [10] offers the opportunity
to prepare these compounds. Preliminary screening
results, obtained with the three isomers of N3P3Az,-
(NHMe),, show the non-geminal isomers to possess
the highest activity. A detailed investigation including
the isolation of the various isomeric derivatives will
be published [36].

Additional in vivo experiments with a selection of
the compounds described here are now underway to
investigate their therapeutic potencies.

Experimental Section

Only the syntheses of compounds without a refer-
ence in Table I are described. All experiments were
carried out under dry nitrogen. The amines and the
trifluoroethanol were purified before use by distilla-
tion over KOH pellets. Imidazole was purified by
sublimation. P.az. (NPCl,);, kindly provided by
Otsuka Ltd., Osaka, Japan, was used as received.
Solvents were purified and dried by conventional
methods.

Elemental analyses (Table II) were carried out
under the supervision of Mr. A. F. Hamminga. 3'P
NMR (Table II) and '*C NMR spectra were taken
with a Nicolet 283 A FT spectrometer, equipped with
a NTCFT-1180 data system in 5 mm tubes at 25 °C
at 80.9 MHz. The deuterium resonance of the solvent
(CDCl3) was used for field-frequency lock. Purifica-
tion by HPLC was carried out using a Spectra-Physics
740 B pump and a LDC refractometer (model 1107).
Separations were performed on Lichrosorb Si 60/10
columns (Mr. H. P. Velvis, Department of Inorganic
Chemistry, University of Groningen). As a routine
purity check mass spectra were recorded on an AEl
M.S. 9 mass spectrometer operating at 70 eV, using
an accelerating voltage of 8 kV. Samples were intro-
duced directly by a conventional inlet system at
about 100 °C (Mr. A. Kiewiet, Department of Organic
Chemistry, University of Groningen).
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TABLE II. 3P NMR® and Elemental Analysisb Data.
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Compound 5(PAZ2) 5(PR;) 5(PAzR)  2Jpp (Hz) C(%) H(%) N(%)

vII 27.1/217 349 45.75(45.86)  7.66(1.70) 26.93(26.74)
VI 26.7 - 45.77(45.86)  1.57(7.70) 26.90(26.74)
XI 384 18.0 52.7 28.89(28.75)  3.99(4.02) 19.73(19.56)
XI1II 38.2 9.5 524 49.11(49.08)  5.39(5.36) 19.93(20.03)
XV 36.7 20.2 376 39.88(4042)  6.79(6.78) 26.44(26.52)
XVI 374 18.6 36.6 2845(28.66)  6.08(6.01) 36.65(37.60)°
XVII 37.6 18.5 36.2 42.64(42.95)  8.09(8.11) 27.87(28.17)
XVII 36.2 18.9 15.6 52.32(52.52)  5.72(5.73) 21.05(21.44)
XIX 36.8 20.7 36.5 46.00(45.86)  7.77(7.70) 26.70(26.74)
XX 36.9 16.5 35.8 4336(43.34)  7.44(1.27) 28.24(28.43)
XXI 37.6 21.6 36.1 32.87(33.06)  6.68(6.66) 33.81(34.70)°
XXII-THF 38.1 7.0 38.5 5143(51.52)  6.55(6.49) 22.50(22.53)
XXII 37.1 28.5 33.0 40.36(4042)  6.85(6.78) 26.50(26.52)
XXIV 36.8 27.4 33.8 4336(4334)  1.24(7.27) 28.13(28.43)
XXV 37.4 28.7 33.3 45.76(45.86)  17.70(7.70) 26.53(26.74)
XXVI 37.6 40.0 29.7 25.69(25.69)  4.28(4.31) 26.31(26.21)
XXVII 36.6 26.8 33.3 43.13(43.34)  7.23(7.27) 28.25(28.43)
XXVIII 37.1 274 32.6 45.87(45.86)  7.74(1.70) 26.73(26.74)
XXIX 37.1 20.8 35.4 38.03(37.87)  5.76(5.62) 33.07(33.97)°
XXXI 37.4 25.1 39.8 43.52(43.84)  5.74(5.75) 25.57(25.56)

8Chemical shifts (ppm) are relative to 85% H3POg4 and positive in downfield direction; solvent CDCl3.

parentheses.  ®Deviation as a result of systematic errors.

Preparation of Compounds N3P3Az4R,
Geminally Substituted Derivatives

Via gem-N3P3;ClLR,. (i) Preparation of XVI and
XVHI (R =NH,,Ph). Precursors N3P;Cl4R, with
R=NH, and R=Ph were prepared according to
literature methods [37, 38]. Thirty-two mmol of
aziridine in 30 ml of diethyl ether was added slowly
to a stirred solution of 2 mmol of precursor in 30 ml
of diethyl ether, cooled at —70 °C. The reaction
mixture was allowed to warm up slowly to room
temperature and stirred for an additional period of 18
h. The precipitate was removed by filtration and
washed with diethyl ether. The combined solutions
were evaporated to dryness and the resulting crude
products were crystallized from hot benzene (XVI)
and diethyl ether (XVIII), respectively, yielding 10%
of XVI, m.p. 250 °C (decomp.) and 60% of XVIII,
m.p. 155-156 °C.

(ii) Preparation of XXII (R =NHPh). Gem-N;-
P3Cl4(NHPh), was prepared as described by Lederle
et al. [39]. To a solution of 2.0 mmol of this starting
material in 30 ml of benzene, cooled at 5 °C, was
added dropwise a solution of 32.0 mmol of aziridine
in 30 ml of benzene. After warming up to room
temperature and an additional 18 h of stirring the
temperature was raised to about 50 °C for 3 h.
Removal of the precipitate by filtration and evapora-
tion of the filtrate to dryness gave the crude (solid)
product. Recrystallization from THF yielded 75% of
XX as a 1:1 THF adduct, m.p. 177—-178 °C.

©Calculated values in

Via gem-N3P3Az,Cl, (XII). XII was prepared as
described by Kobayashi et al. [9]. (i) Preparation of
XI (R =0CH,CF;). A solution of 3.0 mmol of
sodium trifluoroethoxide in 10 ml of THF was added
slowly to a solution of 2.0 mmol of XII in 5 ml of
THF, cooled at 10 °C. The reaction mixture was
allowed to warm up slowly to room temperature and
left stirring for an additional 48 h. Filtration of the
formed salt and evaporation of the filtrate to dryness
yielded XI as a crude solid product. Recrystallization
from diethyl ether gave XI in 38% yield, m.p.
132-133 °C.

(ii) Preparation of XIII (R=O0Ph). A reaction
of XII with sodium phenoxide carried out in a similar
way to that described for the preparation of XI gave a
crude oil, consisting of a 1:1 mixture of gem-Nj;-
P3Az,(OPh)Cl and XIII, according to 3'P NMR.
Separation of both products by HPLC using an
acetone/n-hexane mixture as eluent yielded XIII
(20%), m.p. 95 °C.

(iii) Preparation of XV, XVII, XIX, XX and XXI
(R = Morph, NHBu, Pip, Pyr, NHMe). To a solution
of 2.0 mmol of XII in 25 ml of benzene, cooled at
5 °C, was added dropwise a solution of 12.0 mmol of
the appropriate amine in 20 ml of benzene. After
warming up to room temperature the reaction
mixture was stirred for 18 h. Then, for an additional
period of 24 h, it was maintained at 55 °C. Filtration
of the precipitated amine hydrochloride and evapora-
tion of the filtrate to dryness in vacuo yielded the
crude products. Recrystallization from diethyl ether/
n-pentane mixtures gave analytically pure com-
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pounds: XV, yield 75%, m.p. 138—139.5 °C; XVII,
yield 60%, m.p. 92.5-94 °C; XIX, yield 75%, m.p.
118.5-119 °C; XX, yield 55%, m.p. 88—90 °C; XXI,
yield 60%, m.p. 119—121 °C.

Non-geminally substituted derivatives

Preparation of cis-ftrans-N3PyAzqR, (XXIII-
XXV, XXVII and XXVIII) via cis-/trans-N3P3CLLR,
(R = Pyr, Pip, Morph). The starting compounds were
prepared as described in [1]. To a solution of 2.0
mmol of N3P;Cl4R, in 25 ml of benzene, cooled at
5 °C, was added dropwise a solution of 60 mmol of
aziridine in 25 ml of benzene. The reaction mixture
was warmed up slowly to 50—55 °C. Depending on
the reactivity of the starting material [1] this temper-
ature was retained for 24-96 h. Filtration and
subsequent evaporation of the filtrate to dryness
in vacuo gave the crude product, which was recrystal-
lized several times from diethyl ether/n-pentane
mixtures. XXIII, yield 80%, m.p. 112.5-114 °C;
XXIV, yield 40%, m.p. 99—100 °C; XXV, yield 65%,
m.p. 99.5-100.5 °C; XXVII, yield 50%, m.p. 71.5—
73 °C; XXVIII, yield 40%, m.p. 80—82 °C.

Preparation of trans-N,P3Az,Cl, (XXVI). A (1:8)
reaction of I with aziridine, as described by Koba-
yashi et al [9], gives XXVI as one of the products
[36]. It was isolated in 10% yield by preparative
HPLC, using diethyl ether with traces of methanol as
eluent, and subsequent recrystallizations from diethyl
ether. M.p. 102.5—104 °C. The trans-structure was
assigned due to the simplicity of the right part of the
13C NMR spectrum (Fig. 4, doublet at 23.9 ppm).
Moreover, a reaction with excess of pyrrolidine gave
XXIV as the ultimate product.

7 [ T T O T T T Tt 7

30 28 26 24 22 ;0 PEM
Fig. 4. 13C NMR spectrum of trans-N3P3Az4Cly (XXVI).
813C(PAZ) = 23.9 ppm, 2Jpc*=6.9 Hz. §13C(PAzCI) =
25.9 ppm, 2Jpc*=8.3 Hz. Chemical shifts are relative to
TMS; 7'Jpc“'= 2Jpc + E4Jpc.

Preparation of Compounds N3P3Az R via XXXIII
XXXIII was prepared as described in [9].

Preparation of XXIX (R =Im)

To a stirred solution of 2.0 mmol of XXXIII in
30 ml of THF at a temperature of 10 °C, was added
slowly a solution of 5.0 mmol of imidazole in 50 ml
of THF. The resulting mixture was warmed up to
room temperature and stirring was continued for 18 h
at that temperature. Afterwards the mixture was kept
at ca. 45 °C for 3 h. The resulting clear solution was
evaporated to dryness in vacuo. XXIX was isolated
from the remaining hygroscopic oil by fractional
crystallization from THF under dry nitrogen. Yield:
30%. Recrystallization from diethyl ether gave the
pure product, m.p. 148—149 °C.

Preparation of XXXI (R = OPh)

At room temperature a solution of 4.0 mmol of
sodium phenoxide in 15 ml of THF was added
dropwise to a stirred solution of 2.0 mmol of XXXIII
in 15 ml of THF. The reaction mixture was refluxed
for 18 hours. After cooling the precipitated NaCl was
removed by filtration. Evaporation of the solvent
gave an oil, from which XXXI was isolated by prepar-
ative HPLC, using acetone as an eluent, and
subsequent recrystallization from n-pentane. Yield:
50%, m.p. 9092 °C.

Preparation of VII and VIII

The starting compounds zrans- and cis-(NPPyrCl),
were prepared simultaneously as follows: to a stirred
solution of 2.0 mmol of I in 25 ml of acetonitrile,
cooled at —14 °C, was added slowly a solution of
12.0 mmol of pyrrolidine in 15 ml of acetonitrile.
The reaction mixture was warmed up to room
temperature and stirring was continued overnight.
Evaporation of the solvent in vacuo yielded a yellow-
ish oil, which was washed three times with 25 ml
portions of n-hexane. The combined n-hexane
solutions were evaporated to 1/10 of the original
volume. Trans- and cis-(NPPyrCl), were separated by
HPLC, using n-hexane as an eluent and subsequent
recrystallization from n-hexane. Yields: trans-(NPPyr-
Cl); 40%, m.p. 161163 °C; cis-(NPPyrCl); 10%,
m.p. 73-75 °C. Both compounds were converted to
their corresponding aziridino derivatives, VII and
VIII. For this purpose, the procedure described above
for non-geminally substituted derivatives was used
with a reaction time of two days for the zrans- and
4 days for the cis-isomer. Both yields were 30%, m.p.
105 °C (VII) and 89-91 °C (VIII).
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