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AMINOALKYLOXYMETHYL
DIMETHYLPHOSPHINE OXIDES
AND (AMINOMETHANE)PHOSPHONIC
ACID ESTERS
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New triazolo(4,5-d]pyrimidine and pyrazolo[3,4-d]pyrimidine derivatives of aminomethyl-
and aminomethyloxymethyl dimethylphosphine oxides 8-14 as well as of esters of (ami-
nomethane) phosphonic acid 18~20 were synthesized. The structure of the compounds pre-
pared was confirmed by means of elemental analysis, IR, IH- and 3'P( H}-NMR
spectroscopy. Tertiary phosphine oxides 8, 9 and 12 as well as phosphonate 20 showed herbi-
cidal and plant growth regulating activity.

Kevwords: Triazolo[4.5-d]pyrimidines; pyrazolo[3,4-d]pyrimidines; tertiary phosphine
oxides; (aminomethane)phosphonates; herbicidal activity; plant growth regulating activity
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INTRODUCTION

Recently we have published the synthesis and anticytokinine activity data
of a series of 7-substituted 3-benzyl-3H-1,2,3-triazolo[4,5-d}pyrimidines
of type 1 and 4-substituted l-benzyl-1H-pyrazolo[3,4-d]pyrimidines of
type 2{!1. Compounds 1 and 2 were easily prepared by a nucleophilic sub-
stitution of the chlorine in 7-chloro-3-benzy!-3H-1,2,3-triazolo(4.5-d]pyri-
midine (3)[! and 4-chloro- 1-benzyl-1H-pyrazolo(3,4-d]pyrimidine (4)(!
by means of primary and secondary amines containing additional func-
tionality. According to the phytochemical tests, the anticytokinine activity
was better expressed by compounds with piperazino- and morpholino-
substituents. The triazolopyrimidines 1 were in general more active than
the pyrazolopyrimidines 201 (Scheme 1). In continuation of our investiga-
tions on the structure — phytochemical activity relationship in the group of
purine analogs, isomers and related compounds["4'5], we undertook the
synthesis of tertiary phosphine oxides and esters of phosphonic acids,
which are derivatives of triazolo{4,5-d]-and pyrazolo[3,4-d]pyrimidines. It
is well known that numerous heterocyclic compounds of different types,
modified with phosphorous containing substituents exhibit biological
activity. Thus, phosphoric, thiophosphoric, phosphonic, thiophosphonic
acids, esters and amides thereof, as well as tertiary phosphine oxides
including heterocyclic substituents were shown to possess various biologi-
cal activity: insecticide, fungicide, acaricide and herbicide activity[c”“',
antiviral!?, antileucotic!'3-'3), antihystamine and vasodilator!!6], analge-
sicl!7], tranquilizing“s], antihypertensive“g] activity, and they are
Ca-antagonists(?0),

RESULTS AND DISCUSSION

The tertiary phosphine oxides 8 — 14 were prepared in analogy to lit.!!} by
means of nucleophilic substitution of the chlorine atoms in 3(2, resp. 403!
by the known (aminomethyl)dimethylphosphine oxide 5 (Y=CH2)[2” and
(aminoalkyloxymethyl)dimethylphophine oxides § [(Y=(CH,);OCH,,
(CH2)3OCH2,(CH2)5OCH2]ml. The starting chlorides 3 and 4 were syn-
thesized from the pyrimidinone 6, resp. 7 by a modification of the reaction
conditions utilized in lit.*! (Scheme 2). The chloride 4 obtained by us
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exhibited a substantially different m.p. than that given in the 1it. 31, How-
ever, its elemental analysis, IR and 'H-NMR spectral data were in agree-
ment with the structure expected.

The reaction of the chloride 3, resp. 4 and the selected amines § was car-
ried out in the presence of triethylamine using 1:1:1 molar ratio of the rea-
gents in dry tetrahydrofurane (THF) at room temperature (Scheme 3).
Thus the following compounds were prepared: 7-[(dimethylphosphinyl-
methyl)amino]-3-benzyl-3H-1,2,3-triazolo[4,5-d]pyrimidine (8); 4-
[(dimethylphosphinylmethyl)amino}- I-benzyl- 1 H-pyrazolo[3,4-d]pyrimi-
dine 9); 7-[2-(dimethylphosphinylmethoxy)ethylamino]-3-ben-
zyl-3H-1,2,3-triazolo(4,5-d]pyrimidine 10); 4-[2-(dimethyl
phosphinylmethoxy)ethylamino]-1-benzyl- 1 H-pyrazolo{3,4-d}pyrimidine
(11); 7-[3-(dimethylphosphinylmethoxy)propylamino]-3-ben-
zyl-3H-1,2,3-triazolo{4,5-d]pyrimidine (12); 4-[3-(dimethylphosphinyl
methoxy)propylamino]-1-benzyl-1H-pyrazolo[3,4-d]pyrimidine (13) and
4-[5-(dimethylphosphinylmethoxy)pentylamino]-1-benzyl-1H-pyra-
zolo[3,4-d]pyrimidine (14). The phosphine oxides 8, 9 and 12 were puri-
fied by a recrystallization, while 10, 11, 13 and 14 — by means of column
chromatography of the crude reaction products, followed by a recrystalli-
zation, except for 14, which was an oily product. Yields, m.ps. and ele-
mental analysis data of 8 - 14 are given in Table L.
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TABLE [ Preparative and analytical data of tertiary phosphine oxides 8-14 and phosphonates
18-20

Elemental analysis
No l;i;él)l (Solx;l,:}oicmcn) Ge(';;‘;.lfansz;da %C %H

Calcd. Found Calcd. Found

8 o7 199-200 C4H7NgOP 53.15 5288 542 518
(Ethanol) (316.3)

9 82 206-208 C,sH,gNsOP 57.13 5700 575 6.06
(Benzene) (315.3)

10 66 114117 CigHyiNgO,P 5332 5305 587 587
(Ethylacetate) (360.4)

11 84 1s5-117 C,7H;aNsO,P  56.81 57.11 617  6.25
(Benzene-n-Hexane) (359.4)

12 76 105-106.5 C|7Hy3NgO,P 5454 5424 619 6.4
(n-Hexane) (374.4)

13 47 128-129 C,gHyyNsO.P  57.89 58.06 648 6.44
(Benzene-n-Hexane) (373.4)

14 96 Oil C,oHagNsOsP - - - -
(401.4)

18 N 139-140 CigH|INgO;P 4827 4861 492 480
(Ethylacetate) (348.3)

19 59 151-152 CigHy NgOsP  51.00 5162 558 556
(Ethylacetate) (376.4)

20 68 163-165 C,sH;gNsOP 5187 5223 522 522
{Benzene-n-Hexane) (347.3)

The starting methyl and ethyl esters of the (aminomethane)phosphonic
acid 15 (R = CHj3, C;H;) as hydrochlorides were prepared from the known
trityl derivatives 171231 thereof. The synthesis of 17 was performed by us
using the following approach. Thus, dialky! (trimethylsilyl)phosphite pre-
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SCHEME 2

pared in situ from the corresponding dialky! phosphite, trimethylchlorosi-
lane and triethylamine according tol?*!, underwent a smooth addition to
N-methylene-N-tritylamine 16!23} in a refluxing dichloromethane solution
to give the known!23] dialkyl N-(tritylaminomethane)phosphonate 17. In
this way, the preparation of 17 was carried out under milder reaction con-
ditions than those utilized in lit.”?3]. Its deprotection'®! afforded hydro-
chlorides 15. (Scheme 4). The spectral data of 17, as well as of 15 are in
good agreement with those reported in the 1it. 231,

The reaction of the chloride 3, resp. 4 with the hydrochlorides of the
phosphonates 15 was carried out in the presence of triethylamine using
1:1:2 reagents ratio in a mixture of dry THF and abs. ethanol at room tem-
perature (Scheme 2). The following compounds were prepared: dimethyl
ester of N-[(3-benzyl-3H-1,2,3-triazolo[4,5-d]pyrimidin-7-yl)aminometh-
ane]phosphonic acid (18); diethyl ester of N-[(3-benzyl-3H-1,2,3-tria-
zolo[4,5-d]pyrimidin-7-yl)aminomethane]phosphonic acid (19) and
dimethyl ester of N-[(l1-benzyl-1H-pyrazolo[3,4-d]pyrimidin-4-yl)ami-
nomethane]phosphonic acid (20). The phosphonates 18-20 were purified
by means of recrystallization of the crude reaction products. Yields, m.ps.
and elemental analysis data of 18-20 are given in Table L

The IR, 'H-NMR and 3!P{'H}-NMR spectra of the newly prepared ter-
tiary phosphine oxides 8-14 and phosphonates 18-20 were measured and
compared with the spectra of the starting amines 5 and 15, as well as with
the previously studied 1 and 2. The investigation of the spectral data of 8-
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SCHEME 3

14 and 18-20 shows that they are in agreement with the structures
expected.

In the IR spectra of the tertiary phosphine oxides 8-14 measured as KBr
pellets (Table II) are present characteristic bands of the phosphoryl group
(P=0) at 1150-1177 cm™! and of CH;-P at 1291-1322 cm™!, which are in
accordance with the previously observed values for the starting aminoc-
ompounds of type 5[2122] 55 well as for some derivatives of 5/%1. Addi-
tional bands of the P=O-group have been observed in the spectra of
compounds 8 and 9. This phenomenon can be ascribed to two kinds of
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phosphory!l groups: the first one bonded, and the second one — nonbonded
with hydrogen bonds!?627], In the IR spectra of the phosphonates 18-20
(Table II) the P=O-band appears at 1233-1259 cm™ and the ether
P-O-R-band is at 1027-1065 cm™'. The IR frequences observed are in
accordance with the literature datal?’l. Bands of the NH-group of com-
pounds 8-14 and 18-20 are in the region of 16161637 cm™', as well as
3254-3454 cm™.

TABLE Il Characteristic infrared frequences (ecm™') of phosphine oxides 8-14 and
phosphonates 18-20

No P=0 CH;P P-O-R NH CsHs
8 H77(s) 1314(vs) - 1620¢vs) 1497(m)
1150(8) 3435(b) 1589(s)
9 1176(vs) 1305(m) - 1623(vs) 1487(m)
1151{m) 3254(b) 1572(m)
10 1160(s) 1316¢s) - 1626(vs) 1498(m)
3435(b) 1587(m)
11 1166(vs) 1322(s) - 1637(vs) 1496(m)
3422(b) 1589(m)
12 1155(vs) 1315(m) - 1629(vs) 1497(m)
420(b) 1578(s)
13 1166(s) 1291(m) - 1616(vs) 1496(m)
3420(b) 1572(m)
14 - 1166(s) 1292(m) - 1617(vs) 1496(m)
3272(b) 1572(m)
18 1233(s) - 1027(m) L615(s) 1497(m}
1041(m) 3454(b) 1587(m)
19 1236(s) - 1034(s) 1632(vs) 1493(m)
1064(s) 3448(b) 1586(m)
20 1259¢(s) - 1032(m) 1618(b) 1487(m)

1052(s) 3262(b) 1569(m)
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The 'H-NMR spectra of the tertiary phosphine oxides 8-14 (Table III)
and phosphonates 18-20 (Table IV) exhibit signals of protons of the hete-
rocyclic moiety as well as of the phosphorous — containing side chain at
the pyrimidine ring. Thus, the singlets of the benzylic CH,-protons are at
5.55-5.80 ppm, while the phenyl multiplets are in the region of 7.2-7.5
ppm. The pyrimidine ring protons (-N-CH=N-) exhibit singlets at 8.36—
8.56 ppm and the pyrazole ring protons (-C-CH=N-) of the pyrazolopyri-
midines 9, 11, 13, 14 and 20 are singlets in the stronger field at 7.99-8.20
ppm. Similar chemical shifts of the heterocyclic moiety protons are
observed in the spectra of the previously studied compounds 1 and 2!/,

(RO)2POSI(CHa)3
(CeHs)sCN=CH2 —»  (CgHs)3CNHCHP(O)(OR),

16 17

HCVCH30H
————— HCIL.H2NCH2P(Q)(OR)2

15: R=CH3 or CaHs
SCHEME 4

In the 'H-NMR spectra of 8-14, the CHj-protons at P=O (Table IIl)
appear as doublets at 1.40-1.63 ppm with ZJpH 12.6-13.1 Hz. The methyl-
ene group protons CH,P=0 are at 3.70-4.23 ppm. Except for compounds
13 and 14 having a longer side chain, 2JPH of CH,P=0 can be measured
and it is in the region of 3.6-6.8 Hz. Similar values of the chemical shifts
of (CH3),P=0 and CH,P=0, as well as of 2Jthave been observed previ-
ously for the starting amines 5(21.22] The signals of 3lP{ lI-{} of 8-14 are
singlets and appear in the range of +41.78 to +43.79 ppm, which is typical
for tertiary phosphine oxides containing methyl and methylene groups at
the phosphorous atom(*!,

The 'H- and *'P{'H}-NMR data of the phosphonates 18-20 are given in
Table IV. In the 'H-NMR spectra of dimethyl phosphonates 18 and 20 the
doublets of the methoxy groups protons are at 3.84, resp. 3.81 ppm with
3JPH 10.8, resp. 10.9 Hz. The signals of CH,P=0 in the compounds 18 and
20 are doublets of doublets centered at 4.26, resp. 4.20 ppm, due to addi-
tional spin-spin coupling. The signals of 31P[ lH} of 18-20 are singlets
and appear in the range of +22.88 to +26.44 ppm similarly to other esters
of (aminoalkane)phosphonic acids(?6-271,
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Phytochemical experiments

Compounds 8, 9, 12 and 20 were tested for plant growth regulating activ-
ity. They strongly inhibited the growth of both cucumber and wheat seed-
lings at preemergence application. The effect was better expressed in
relation to the dicotyledonous plant object (Table V). Thus, Aplsq value of
the pyrazolopyrimidines 9 and 20 showing the selectivity of herbicide
action, was 1.15 and 1.09, respectively. In comparison to glyphosate, the
preemergent herbicidal activity of compounds 9 and 12 is much higher.
Both triazolopyrimidines studied ~ 8 and 12, possessed lower activity and
selectivity.

TABLE V Effect of the compounds tested on the growth of cucumber and wheat seedlings
grown in the dark

Compound Herbicidal activity pls* [M]
Cucumber Whear Apl 50”
Shoot, mm Root, mm Shoot, mm Root, mm
Glyphosate 4.09 394 393 3.79 0.16
8 2.53 2.42. 2.15 1.81 0.38
9 4.35 4.20 3.20 2.16 115
12 298 272 2.65 2.6l 0.33
20 4.18 4.2] 3.09 3.59 1.09

a. plsg value was defined under Experimental.
b.  Aplsy was calculated as a difference between plsg of the shoots.

The data obtained from preemergence test system were confirmed using
intact pea plants at postemergence treatment (Table VI). Application of the
compounds tested at | and 2 mM concentrations provoked typical herbi-
cide effects - inhibition of the growth of the whole plants. The growth
suppression was accompanied with a decrease of leaf pigments and solu-
ble protein content (Table VII). The tertiary phosphine oxide 9 showed
similar activity as the standard glyphosate, while the phosphonosubstituted
pyrazolopyrimidine 20 exceeded the activity of the standard. Compared to
them, both triazolopyrimidines studied ~ 8 and 12, were found to be less
active.
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TABLE VII Effect of glyphosate and compounds tested on leaf pigment content and soiuble
protein in pea seedlings. The data are presented as a % to the relative controf®

Compound Conc. [mM] Chi.a Chi.B  Carotenoides  Soluble protein

Glyphosate 2 65.6 59.2 63.7 75.4
8 1 86.4 78.1 81.1 89.2

2 76.9 69.5 72.8 75.8

9 1 73.5 63.8 76.5 62.2

2 59.2 52.2 61.3 51.3

12 1 82.7 718 83.5 90.3

2 74.9 73.6 70.8 83.1

20 1 69.4 62.8 65.3 67.5

2 49.1 41.1 448 49.5

3Fresh weight values of the controls: Chi. a (chiorophyll a) - 1.761 mg/g: Chi. b (chloro-
phyll b) - 0.640 mg/g; carotenoides — 1.293 mg/g; soluble protein ~ 14.32 mg/g.

The results obtained are in an agreement with the data of other authors
about the herbicidal and piant growth regulating activity of the pentavalent
derivatives of phosphorous — phosphoric and phosphonic acid deriva-

tives!28-31,

EXPERIMENTAL

Melting points (m.p. uncorrected): microhot stage Boetius PHMK 05. IR
spectra: Bruker IFC 25 (KBr pellets). 'H-NMR spectra: Bruker Spectros-
pin WM-250 (250 MHz), 3'P{'H}-NMR spectra: Bruker Avance (81
MHz). CDCl, as a solvent. Chemical shifts are measured towards TMS as
internal standard ('H-NMR spectra) or 85% H;PO, (*'P{'H}-NMR spec-
tra). TLC: “Merck” Silicagel 60F,s4 on aluminium sheets, layer thickness
0.2 mm. Mobile phase: ethylacetate:hexane=1:2. Column chromatogra-
phy: “Acros Chimica” Silicagel, particle size 0.2-0.06 mm using 1:50
product:silicagel ratio. The eluents are used in the following order: 1.
Ethylacetate:light petroleum (b.p. 40-60°): aq. NH4 = 4:1:0.1; 2. Ethylac-
etate; 3. Methanol.
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Phytochemical experiments

Preemergent Herbicidal Activity

Seedlings of wheat (Triticum aestivum L., cv. Sadovo-1) and cucumber
(Cucumis sativus L., cv. Levina) were used in this type of experiment. The
seeds were put on two layers filter paper moistened with test compound
solutions. After 96 h incubation in the dark (25°C) shoot and root lengths
of the test-objects were measured. The inhibitory action of the compounds
was calculated as a % to the relative control. The herbicidal activity was
expressed by plso value (logarithm of the reciprocal of molar concentra-
tion at which 50% inhibition of the growth is obtained).

Postemergent Herbicidal Activity

Pea (Pisum sativum L., cv. Citrina) seedlings with a fully developped sec-
ond leaf grown in a climatic chamber at 25°C under daylight conditions
(25°C, 12 h photoperiod, light intensity approximately 70
umol.cm™2.sec™!) were sprayed with an emulsified solution of a test com-
pound containing an emulsifier (0.5%, v/v), prepared with Tween 80. The
growth parameters (length, fresh and dry weight, chlorophyll and soluble
protein content) were determined 7 days after the treatment. Glyphosate
(N-phosphonomethylglycine) was used as a standard.

All biological experiments were performed 3 times, each in 3 replica-
tions at least. The data were evaluated statistically by Fisher t-criteria.

Preparation of 7-chloro-3-benzyl-3H-1,2,3-triazolo(4, 5-d]pyrimidine (3)
and 4-chloro-1-benzyl-1H-pyrazolo[3,4-d]Jpyrimidine (4) (General
Procedure)

To a stirred and boiled suspension of 10 mmol triazolopyrimidinone 6[2,
resp. 78! in thionylchloride (11.5 ml, 160 mmol) is added dropwise
dimethylformamide (1.2 ml, 16 mmol). The reaction mixture is heated
under reflux until clear, and then additionally 1 h more, after that it is
stirred at room temperature for 1 h. The volatile components are removed
in vacuo at 30°. The residue, cooled to 0°C, is treated with ice and neutral-
ized to pH 7 by slow addition of 10 % NaHCO;. The solid product is fil-
tered, air dried and recrystallized from light petroleum (b.p. 40-60°C).

Chloride 3: Yield 60 %, m.p. 94-95°C. Lit.2l: m.p. 92°C (from light
petroleum, b.p. 60-80°C).
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Chloride 4: Yield 80 %, m.p. 75°C. Lit.’\: m.p. 245°C (from methanol).
Caled. for C|,HgCIN, (244.5): C, 58.90 %; H, 3.71 %. Found: C, 58.65 %;
H, 4.01 %.

IR (nujol): no bands for C=0 and NH.

'"H-NMR (80 MHz, CDCly): 5.50 (s, 2H, CH,C¢Hs); 7.16 (s, SH, CHa-
rom), 7.88 (s, 1H, -C-CH=N-); 8.10 (s, 1H, -N-CH=N-).

Synthesis of phosphine oxides 8-14 (General procedure)

A solution of (aminoalkyl)dimethylphosphine oxide of type 521221 (2
mmol) in dry THF (5 ml) is added dropwise to a stirred solution containing
chloride 3, resp. 4 (2 mmol) and triethylamine (0.28 ml, 2 mmol) in dry
THF (5 ml) at room temperature. The reaction mixture is stirred until the
starting chloride is consumed completely according to TLC (ca. 48 hrs).
The mixture is evaporated under reducec_i pressure, water (10 ml) is added
to the residue and it is extracted with dichloromethane. The extract is dried
(Na,SO,) and the solvent is removed. Compounds 8, 9 and 12 are recrys-
tallized. Compounds 10, 11, 13 and 14 are purified by means of column
chromatography. They are eluted from the column with eluent 3. The elu-
ate is evaporated to dryness, the residue is dissolved in dichloromethane
and filtered. After evaporation of the filtrate, the residue is recrystallized,
with the exception of 14, which is an uncrystallizable oil.

Synthesis of phosphonates 18-20 (General procedure)

1. Preparation of dimethyl-, resp. diethyl ester of N-(tritylaminometh-
ane)phosphonic acid 17 (R = CHj;, C,Hs).

A solution of dimethyl, resp. diethyl phosphite (2 mmol) and triethyl-
amine (0.35 ml, 2.5 mmol) in dry dichloromethane (50 mil) is treated with
trimethylchlorosilane (0.32 ml, 2.5 mmol) at 0°C under argon as it is
described in the lit.2*]. To this mixture a solution of N-methylene-N-trit-
ylamine (16)231 (0.542 g, 2 mmol) in dry dichloromethane (5 ml) is added
dropwise at 0°C. The solution is brought to room temperature, after which
it is refluxed for 1 h. After cooling, it is poured into water (50 ml) and the
organic products are extracted with dichloromethane. The combined
organic extracts are dried (Na,SO,) and evaporated to afford dimethyl,
resp. diethyl N-(tritylaminomethane)phosphonate of type 17 (R = CH;,
C,Hs), which is purified by recrystallization.



Downloaded by [University of Sussex Library] at 18:43 29 September 2015

132 ELENA STANOEVA et al.

17 (R = CHj;): Yield 87 %; m.p. 214-217°C (from ethylacetate). Acc. to
1it.[23], m.p. 210-211°C (from methanol-chloroform).

17 (R =C;Hs): Yield 88 %; m.p. 115-117°C (from methanol-chloro-
form). Acc. to 1it.[231, m.p. 115~117°C (from methanol-chloroform).

2. Deprotection of 17 to 15, and reaction of the latter with 3, resp. 4.

A mixture of dialkyl N-(tritylaminomethane)phosphonate 17 (2 mmol)
and a IM solution of HCI in methanol (8 ml) is refluxed for 15 min. acc. to
the lit.!*3)to give the hydrochloride of dialkyl N-(aminomethane)phospho-
nate of type 15 (R = CH;, resp. C,Hs), identical in '"H-NMR data with
those cited in the 1it.[?3]. The phosphonate hydrochloride 15, thus prepared
is dissolved in abs. ethanol (5 ml) and the solution is added dropwise to a
stirred solution containing chloride 3, resp. 4 (2 mmol) and triethylamine
(0.56 ml, 4 mmol) in dry THF (5 ml) at room temperature. The reaction
mixture is stirred until the staring chloride is consumed completely
according to TLC (ca. 48 hrs). The mixture is worked up as in the synthe-
sis of componds 8-14. The compounds 18-20 are purified by means of
recrystallization.

Yields, m.p. and elemental analysis data of compounds 8-14 and 18-20
are given in Table L.
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