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2,3 -Dihy dro - 1,3 - dimethyl - 2 -ox0 - 1,3, 2h4 - benzo diaz ap  hos - 
phorin-4( 1H)-one 1 reacted with diethylaminotrimethylsilane 
to give solely the 2-trimethylsiloxy-h3-diazaphosphorinone 2. 
The reaction of 2 with the 2-chloro-h3-diazaphosphorinone 3 
yielded the P-0-P-bridged compound 4 in an  equilibrium 
reaction with elimination of trimethylchlorosilane. The syn- 
thesis of the P-difluorophosphite-substituted h3-benzodiaza- 
phosphorinone 6 was effected by the reaction of chlorodifluo- 
rophosphane (5) with 1 in the presence of triethylamine in a 
I : 1 molar ratio, or in the reaction of 5 with 2 or 4. The reac- 
1.ion of 5 with 6 led, with elimination of p-0x0-bis(dif1uoro- 
phosphane), to the P(II1)Cl species 3. 5 reacted with N,N'- 
dimethylanthranilamide in the presence of triethylamine in 
a 2:1:2 molar ratio to give the N,N'-bis(dif1uorophosphane) 
derivative 9, as evidenced by low temperature (-30°C) "F- 
and 31P-NMR data. At room temperature the 2-fluoro-h3-di- 
azaphosphorinone 10 was formed from 9 with intramolecular 
elimination of phosphorus trifluoride. 2-Chloroethyl- or bis(2- 

chloroethy1)aminodifluorophosphane 11 and 12 were obtai- 
ned in the reaction of 5 with 2-chloroethyl- or bis(2-chloro- 
ethy1)amine hydrochloride in the presence of triethylamine in 
a 1:1:2 molar ratio. 12 reacted with (COD)PtC12 (COD = 1 3 -  
cyclooctadiene) in a 2 : l  molar ratio to give the (cis-bis[bis(2- 
chloroethyl) aminodifluorophosphane]dichloro)platinum(II) 
complex 13. The characterization of 2, 4, 6, and 11-13 is 
based on their NMR and mass spectra. The structures of 10 
and 13 were established by single-crystal X-ray analysis. 10 
crystallizes with two independent molecules. Both six-mem- 
bered heterocycles display an  envelope conformation with 
the phosphorus atoms 36.9 and 50.4 pm, respectively, out of 
the plane. The phosphorus atoms have pyramidal coordina- 
tion geometry. The cis-configuration at platinum(I1) in the 
complex 13 was confirmed; two ligands (12) are coordinated 
to Pt" via phosphorus. The platinum atom has a distorted 
square-planar coordination geometry. 

Introduction 

In recent years a number of phosphorylated 1,3,5,2-tri- 
a~aphosphorin-4,6-diones['-~] and 1,3,2-benzodiazaphos- 
phorin-4( 1H)-oned6- lo] with 3-, 4-, and 5-coordinated 
phosphorus have been reported. The substituents at phos- 
phorus were halogen atoms and alkyl, aryl, and dialkyl- 
amino groups. 

The study of alkylating 2-chloroethylamino-substituted 
phosphorus compounds is of interest because of their po- 
tential cytostatic properties[' '1. The development of new po- 
tential cytostatics is of steadily growing importance in 
medicine" - 131. 

P-F compounds are of interest because of a useful pecu- 
liarity that distinguishes them with respect to their physio- 
logical effects from other halogen-containing phosphorus 
compounds: their hydrolysis is slowed down. For example, 
fluorophosphates are incorporated into oligodeoxyribonu- 
cleosides in such a way that they can control the growth of 
viruses and  cell^['^-'^]. There is increasing interest in the 
possible control of selectivity and activity of active sub- 
stances and of their physical, chemical, and biological 

properties by the introduction of fluorine or fluorine-con- 
taining groups in specific positions. The influence of fluo- 
rine on biological activity is still not well understood. It is 
evident that the use of chlorodifluorophosphane as a reac- 
tant can provide new fluorine-containing groups as syn- 
thons for the synthesis of active compounds. 

The discovery of the cyclostatic activity of the so-called 
"cis-platinum"['*] is important in respect to this problem. 
An increased cyclostatic effect (synergistic effect) of the cis- 
bis[bis(2-chloroethyl)~inodifulorophosphane]dichloro-pla- 
tinum(I1)complex described in this work could be ex- 
pected, because of its structural similarity to &-platinum. 

Results and Discussion 
Synthesis of the 1,3,2h3-Benzodiazaphosphorin-4(lZf)-ones 2 and 4 

The existence of the P-trimethylsiloxy-substituted and 
the P-0-P bridged[l91 1 ,3,5-triaza-2h3-phosphorin-4,6-di- 
ones stimulated our interest in studying the possible syn- 
thesis of the corresponding 1 ,3,2h3-benzodiazaphosphorin- 
4(1H)-ones. The synthesis of an (O=)P-0-P(=O)-bridged 
h4-diazaphosphorinone has been described by Coppola[20]. 
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The reaction of 2,3-dihydro-l,3-dimethyl-2-0x0-l,3,2h4- 
diazaphosphorin-4( lH)-one 1 with diethylaminotrimethylsi- 
lane resulted in the formation of the 2-trimethylsiloxy-sub- 
stituted h3-diazaphosphorinone 2 [eq. (l)]. 

I 

CH, 

1 

CH, 

2 

The P-0-P bridged compound 4 was obtained from the 
reaction of 2 with the 2-chloro-h3-benzodiazaphosphori- 
none 3 in a 1 : 1 molar ratio [eq. (2)]. 

I -2 
CH3 
3 4 

The course of the reaction was followed by recording the 
31P-NMR spectrum every 24 hours. After ca. 3 d at 50°C, 
an equilibrium between 2, 3, and 4, and trimethylchlorosil- 
ane was established. The observed integral ratio 1 : 1 for 2:4 
in the 31P-NMR spectrum was unchanged after another 5 
days. Through repeated removal of trimethylchlorosilane 
and part of the solvent at reduced pressure it was possible 
to shift the equilibrium almost completely in the direction 
of the product (integral ratio 4:2 = 12: 1). 

The NMR and mass spectrometric investigation of com- 
pounds 2 and 4 showed the expected correlation between 
the S('H), S("C), and S(31P) values and the mass spectro- 
metric f ragmentat i~n[~- '~~ '~I .  In the mass spectra, molecu- 
lar ion peaks were of low intensity (1Yo for 2 and 10Y0 for 
4) reflecting, especially, the instability of the P-OSi(CH3)3 
bond. In the IR-spectrum the P-0-P stretching vibration 
was observed as a weak band at v = 884 cm-'[21]. For the 
complete NMR and mass spectrometric characterisation of 
2 and 4, see the Experimental Section. 

Synthesis of the h3-Benzodiazaphosphorin-4(lZT)-ones 6 and 10 

In the reaction of PF2Cl 5 with 2,3-dihydro-l,3-dimethyl- 
2-0x0-1 ,3,2h4-benzodiazaphosphorin-4( lw-one 1 in the 
presence of triethylamine in a 1 : 1 : 1 molar ratio, or in the 
reaction of 5 with 2 or 4 in an equimolar ratio, the P-di- 
fluorophosphito-substituted compound 6, which was un- 
stable at room temperature, was obtained in good yield 

6 could be characterised by NMR spectroscopy at 
-20°C. The observed 6('H), S(13C), S(19F), and S(31P) va- 
lues are in good agreement with literature The 
S(31P) value of the OPF2 group in 6 is characteristic of aro- 
matic d i f l~orophosphi ted~~,~~] .  

[eq. (311. 

+ 1; + Et3N 
/ xKiz \  

6 
- 3  

Reaction of 5 with 6 in an equimolar ratio led, with elim- 
ination of p-o~o-bis(difluorophosphane)[~~1, to 3[1°1 [eq. 
(411. 

+ 5  

-F>POPFz 
6 - 3  (4) 

A new synthesis of the 2-fluorosubstituted 1 ,3,2h3-benzo- 
diazaphosphorinone under mild conditions at room 
temperature, consists in the reaction of 5 with N,N-di- 
methylanthranilamide 7 in the presence of triethylamine in 
a molar ratio 2: 1 :2 [eq. ( 5 ) )  

r 0 

I 
CH1 

CH3 

10 9 

The previously described compound lo['] was obtained 
in good yield. The N,N'-bis(difluorophosphane)-substituted 
intermediate compound 9 could be observed by NMR spec- 
troscopy in solution (CD2C12 capillary) at - 30 "C. At room 
temperature a cyclisation reaction with elimination of PF3 
and formation of 10[25326] took place. The formation of 
phosphorus trifluoride may be explained by an entropy in- 
crease in a closed system[26-281. The existence of the mono- 
difluorophosphane-substituted intermediate 8 is postulated 
on the basis of the formation of 9.  Compound 8 could not 
be observed NMR-spectroscopically because of the rapid 
formation of 9 under the reaction conditions [eq. (5)]. A 
related intramolecular cyclisation reaction of 1,2-bis(difluo- 
rophosphit0)benzene with elimination of phosphorus tri- 
fluoride and formation of 2-fluoro-1 ,3,2h3-benzodioxa- 
phosphole was observed by KrugerI2'1. 
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The X-ray structure analysis of 10 reveals two indepen- 
dent molecules with minor conformational differences; one 
molecule is shown in Figure 1. The heterocyclic systems of 
both molecules display an “envelope”-type conformation, 
in which N1, N3, C4, C4a, and C8a (or the corresponding 
primed atoms) are coplanar to a good approximation 
(mean deviations from the planes are 4.0 and 4.3 pm). The 
phosphorus atoms lie 36.9 and 50.4 pm, respectively, out of 
the plane. A similar ring conformation was observed for the 
analogous 2-fluoro-3-methyl-l,3,2h3-benzoxazaphospho- 
r i n ~ n e [ ~ ~ ] .  The phosphorus atom in 10 displays a pyramidal 
coordination geometry; P2 (P2’) lies 77.1 (78.0 pm) out of 
the plane formed by the atoms in ~t-position[~~]. 

Figure 1. One of the two independent molecules of compound 10 
in the crystalfa] 

the reaction of 5 or bromodifluorophosphane with the cor- 
responding aminotrimethylsilyl compounds is 

Compounds 11 and 12 were characterised by NMR and 
mass spectrometry. The ‘H-, I3C-, I9F-, and 3’P-NMR data 
correspond to the literature values for aminodifluorophos- 
phanesL3O1. In the mass spectra, a molecular ion of low 
intensity (2%) could be observed only for 11. The base peak 
for both compounds was the fragment [M - CH,Cl]+. For 
other fragments, see the Experimental Section. 

Reaction of 12 with ( C 0 D ) P t Q  

The reaction of 12 with (COD)PtC12 (COD = 1,5-cyclo- 
octadiene) in a 2:l  molar ratio yielded the complex {cis- 
bis[bis(2-chloroethyl)aminodifluorophosphane]dichloro} - 
platinum(I1) 13 in good yield, in accord with eq. (7). 

[‘I Atom radii are arbitrary; selected bond lengths [pm] and angles 
[“I: N(1)-P(2) 166.6(2), P(2)-N(3) 170.2(2), P(2’)-F’ 161.1(2), 
P(2)-F 161.66f14). N(I’bP(2‘) 167.1(2). P(2’)-N(3‘) 169.4(2): 

N( 1) 102.09( 8), N( 1) - P(2) - N(3) 99.59( 8), C(3) -N( 3)-P(2) 
114.90(13), F’-P(2’)-N(l’) 100.81(8), N(l’)-P(2’)-N(3’) 
99.02(8), C(3‘)-N(3‘)-P(2’) 116.40(13). 

Synthesis of the Aminodifluorophosphanes 11 and 12 

The reaction of chlorodifluorophosphane 5 with 2-chlo- 
roethylamine hydrochloride or bis(2-chloroethy1)amine hy- 
drochloride in the presence of triethylamine in a 1 : 1 :2 mo- 
lar ratio furnished l l  and 12 under mild conditions in good 
yield, according to eq. (6). 

/R‘ 

‘R’ 
F FzP-N + R’R*NH *HC1; + 2 EtlN 

- 2 EtjN * HCI 
5 

The synthesis of the aminodifluorophosphanes of type 
RNHPF2 [R = (CF3)$20SiMe3 and C6H40SiMe3] from 

(C0D)PtCh 
+ 2 12 

-COD 
COD - 1,5-cycloocta&ene 

13 

(7) 

The ‘H- and 13C-NMR data of 13 differ only insignifi- 
cantly from those of compound 12. In the 31P-NMR spec- 
trum, a triplet due to the bis(aminodifluorophosphane) 
groups in 13 [S = 89.98; 11+3b(PF) = 1137.19 Hz] was ob- 
served. The pronounced high-field shift, compared to the 
value of the free ligand 12 [S(31P) = 143.101, suggests the 
presence of a o /~c-synerg ism[~~~~~] .  

The value of the 1J(31P’95Pt) coupling constant, 5902.94 
Hz, indicates a cis arrangement of ligands at platinum in 
the square-planar platinum(I1) complex 13[22,331. The iden- 
tity of 13 was confirmed by I9F-NMR spectroscopy and 
elemental analysis. 

In the mass spectrum of 13 no molecular ion was ob- 
served. The base peak corresponded to the fragment [L - 
CH,Cl]+. Other fragments resulted from the consecutive 
loss of chloride anions and an aminodifluorophosphane li- 
gand (Experimental Section). 

The X-ray structure analysis of 13 (Fig. 2) shows that 
two ligands 12 (mutually cis) coordinate through the phos- 
phorus atom, consistent with the Pearson 
The platinum atom displays slightly distorted square planar 
coordination geometry; it lies only 1.1 pm out of the mean 
ligand plane (P, P’, C13, and C14; mean deviation 0.3 pm). 
The greater steric demand of the aminodifluorophosphane 
ligands is reflected in the wide P-Pt-P’ angle of 98.63(7)’. 
The aminodifluorophosphane ligands lie trans to each 
other; the torsion angle N-P...P’-N’ (174.7’) shows that 
N and N‘ are approximately antiperiplanar. As has been 
observed previously, platinum-phosphorus bonds involving 
fluorophosphane ligands are short[35-37] [here 21 8.5(2) and 
218.8(2) pm] and indicate o/n-synergistic  effect^[^^,^^]; cf. 
the 31P-NMR discussion of 13. The activity-related carbon- 
-chlorine bond lengths are not significantly different 
[177.0(8), 178.0(10) pm; cf. 179.4, 178.4 pm in 4-hydroper- 
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oxy~yclophosphamide[~~1]. Similar values (1 78, 179 pm and 
176.9, 179.8 pm) are observed for racemic CP and CP hy- 
drate[391 (CP = cyclophosphamide), whereas the values are 
appreciably greater in (+)-CP (181, 182 pm). The hetero- 
lysis of the C-Cl bonds in 13, which is important with re- 
spect to the potential cancerostatic activity, should be poss- 
ible in vivo. 

Figure 2. The molecule of compound 13 in the crystal[a] 

c12’ 

la] Atom radii are arbitrary; selected bond lengths [pm] and angles 
101: Pt-P‘ 218.5m. ~ t - c i m  232.1m. ciri)-cm 178 .m.  
?3(ir)-c(27 177.o(~), Pt-P 218.8(ij, P ’ tk i (4 j  232.6(2j; 
C1(2)-C(4) 178.6(9), C1(2’)-C(4’) 178.0(10); P’-Pt-P 98.63(7), 
P-Pt-Cl(3) 86.03(7), P-Pt-Cl(4) 176.77(7), N’-P‘-Pt 118.4(2), 
P’-Pt-C1(3) 175.33(7), P’-Pt-C1(4) 84.53(7), N-P-Pt 120.1(2). 

We are grateful to BASF AG, BAYER AG, DEGUSSA AG, and 
HOECHST AG for generous gifts of chemical used in this research, 
and to Dr. H. M. Schiebel and Frau D. Doring for recording mass 
spectra. The support of the Fonds der Chemisehen tndustrie is grate- 
fully acknowledged. I. Neda thanks the Bundesunstalt f u r  Arbeit 
for ABM support. 

Experimental 
All experiments were carried out with exclusion of air and mois- 

ture; solvents were purified and dried according to the usual meth- 
o d ~ [ ~ ~ ] .  “In vacuo” refers to a pressure of 0.05 Torr at 25 “C, unless 
otherwise stated. - NMR: Spectrometer Bruker AC-200 (‘H at 
200.1 MHz; I3C at 50.3 MHz; I9F at 188.3 MHz; 3LP at 81 MHz); 
reference substances were SiMe4 (TMS) ext. (IH, I3C), CFCI3 ext. 
(I9F), and 85% H3P04 ext. (,’P); high-field shifts are given nega- 
tive, low-field shifts positive signs. - MS: Spectrometer Finnigan 
MAT 8430 (70 eV); melting points were determined in sealed capil- 
laries on a Biichi 510 instrument. - IR [in cm-I]: Spectrometer 
Beckman IR-4260 (spectra were recorded in CH2C12 solution, using 
NaCl cells). - Elemental analyses: Analytical laboratory of the In- 
stitut fur Anorganische und Analytische Chemie der Technischen 
Universitat, Braunschweig. 

Materials: 1,3-dimethyl-2,3-dihydro-2-oxo-1,3,2h4-benzodiazaphos- 
phorin-4(1H)-one lr4’], diethylamin~trimethylsilane[~~], 2-chloro- 
2,3-dihydro-l,3-dimethyl- 1 ,3,2h3-benzodiazaphosphorin-4( 1 H)-one 
(3)[’O], chlorodifluorophosphane (5)[431, N,N‘-dimethylanthra- 
nilamide (7)14,1, q4-1,5-cyclooctadienedichloroplatinum(II)~~~. Com- 
mercial products: 2-chloroethylamine hydrochloride and bis(2-chlo- 
roethy1)amine hydrochloride (Fa. Janssen Chimica). 

Preparation of 2,3-Dihydro-l,3-dimethyl-2-trimethylsiloxy-l,3, 
2/13-benzodiuzuphosphorin-4(lH)-one (2): Diethylaminotrimethyl- 
silane (2.76 g, 19.0 mmol) was added dropwise with stirring during 
15 min to a solution of 1 (3.99 g, 19.0 mmol) in 70 ml of toluene. 
Stirring was continued for 1 d, then the solvent and other volatile 
products were removed in vacuo. The identity of diethylamine was 

confirmed by ‘H-NMR spectroscopy. The product was obtained as 
an oily liquid, which was not purified further; yield 4.35 g (15.4 
mmol, 81%) 2. - ‘H NMR (CDC13): 6 = -0.09 [s, 9H, (H,C),Si]; 
3.13 and 3.17 [2 d, 3H + 3H, ,J(HP) = 12.32, 13.96 Hz, CH3NP, 
CH,NC(=O)]; 6.79-8.21 [m, 4H, C6H4]. - I3c NMR (CDCl,): 
6 = 0.76 [s, 3 C, (H,C),Si]; 32.63 and 35.23 [2 d, 1 C + 1 C, 

[5 s, 5 C, aromatic C-5 and C-7-C-10 (for numbering scheme, see 
Figure 31; 144.56 [d, 1 C, ’J(CP) = 8.35 Hz, aromatic C-61; 163.71 
[d, 1 C, 2J(CP) = 6.79 Hz, C(=O)NP]. - ,‘P NMR (CDCl,): 6 = 
102.85 (s). - EI-MS; mlz (YO): 282 (I)  [M+]; 210 (100) [M+ - 
Si(CH3)3 + HI; 209 (2) [M+ - Si(CH3),]; 164 (24) 

2J(CP) = 39.99, 45.65 Hz, CH3NP. CHqNC(=O)]; 114.51-133.08 

[C6H4C(=O)NCH3Pt]; 133 (34) [C,H4C(=O)NCH,’]; 105 (22) 
[C,H,NCHf]; 104 (28) [C&4C(=O)+]; 77 (31) [C,H<]; 73 (30) 
[Si(CH3)f]. - CI2Hl9N2O2PSi (282.39): calcd. C 51.04, H 6.80, N 
9.92; found C 50.82, H 6.61, N 9.51. 

Figure 3. Numbering scheme for the assignment of the aromatic 
I3C-NMR resonances in compounds 2, 4, and 6 

0 

CH, 

Preparation of the P-0-P-Bridged Compound (4): A mixture of 
2 (2.46 g, 8.7 mmol) and 3 (2.0 g, 8.7 mmol), dissolved in 30 ml of 
toluene, was stirred at 50°C. The reaction was followed by re- 
cording the 31P-NMR spectrum every 24 h. After 3 days an equilib- 
rium between 2, 3, 4, and trimethylchlorosilane was established. 
The integration ratio 2:4 was 1 : 1. Trimethylchlorosilane, formed in 
the course of the reaction, together with part of the solvent, was 
removed in vacuo ( 5  Torr, 50°C) every 2 h until the equilibrium 
was strongly shifted in the direction of the products (integral ratio 
4:2 = 12:l). Finally, the remaining volatile reaction products were 
removed in vacuo and the residue was washed three times with 20 
ml of diethyl ether. The product was obtained as a colourless solid, 
which was dried in vacuo; m.p. 162°C; yield 2.58 g (6.4 mmol, 
74%) 4. - IH NMR (CDCI,): S = 2.92 and 3.16 [2 d, 6H + 6H, 

6.72-8.23 [m, 8H, 2 X C6H4]. - I3C NMR (CDC13): 6 = 32.99 
and 35.79 [2 d, 2 C + 2 C, 2J(CP) = 39.90, 46.0 Hz, 2 X CH3NP, 
2 X CH,NC(=O)]; 114.89-133.68 [5 s, 10 C, 2 X aromatic C-5 
and C-7-C-10 (for numbering scheme, see Figure 3)]; 144.33 [d, 2 
C, ’J(CP) = 8.07 Hz, 2 X aromatic C-61; 163.60 [s, 2 C, 2 X 

C(=O)NP]. - NMR (CDCI,): 6 = 103.33 (s). - EI MS; mlz 

,J(HP)= 12.81, 12.89 Hz, 2 X CH3NP, 2 X CH,NC(=O)]; 

(%)I 402 (10) [M+]; 386 (8) [M+ - CH3 - HI; 210 (94) 
[C,H,(NCH3)2C(=O)P(=O) + H+]; 193 (100) [C6H4- 
(NCH3)2C(=O)Pf]; 152 (26) [C,H4NCH3P(=O)+]; 136 (18) [C6H4- 
NCH,P’]; 133 (21) [C,H,C(=O)NCHf]; 105 (24) [C6H4- 
NCH;]; 57 (43) [C(=O)NCHf]. - IR (CD2C12): 0 = 884 (w) cm-’ 
(P-0-P). - C18H20N403P2 (402.36): calcd. C 53.73, H 5.02, N 
13.93; found C 53.80, H 5.03, N 13.72. 

Preparution of the P-Di~uorophosphito-Substituted 1,3,2A3- 
Benzodiuzuphosphorin-4(1 H)-one (6). General Procedure for 
Routes A, B, and C: In a heavy-wall glass tube equipped with a 
Teflon@ stopcock was placed the phosphoryl compound 1 and tri- 
ethylamine in a 1 : 1 molar ratio (route A), the P-trimethylsiloxy- 
substituted compound 2 (route B), or the P-0-P-bridged com- 
pound 4 in dichloromethane (route C). At - 196°C chlorodifluoro- 
phosphane 5 was condensed into the glass tube in a 1 : 1 molar ratio, 
the reaction mixture was warmed to -20°C during 1 h and stirred 
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for 1 h at this temperature. The volatile by-products of the reaction 
were removed in vacuo. To the residue 15 ml of diethyl ether was 
added at -2O"C, the solution was filtered, and the filtrate was 
stored at the same temperature. In the case of compounds 4 and 5 
(route C) a colourless solid precipitated, which was filtered off and 
identified as compound 3. Finally, the solvent was removed from 

105.21 [q, 1 P, 'J(PF) = 1401.01 Hz, PF3]}[45]. After removal of all 
the volatile products in vacuo compound 10 was recrystallised from 
10 ml of diethyl ether at -20°C; m.p. 76°C; yield 0.92 g (4.33 
mmol, 71%) 10. Compound 10 was characterised by NMR-spec- 
troscopy and mass spectrometry[*] and by a single crystal X-ray 
structure analysis (Figure 1, Table 3). 

the filtrate in vacuo and compound 6, unstable at room tempera- 
ture, was obtained as a colourless oil. It was stored at -20°C. - 
'H NMR (CD2CI2, -20°C): 6 = 3.01 and 3.21 [2 d, 3H + 3H, 
,J(HP) = 12.90, 13.31 Hz, CH3NP, CH3NC(=O)]; 6.84-8.20 [m, 
4H, C6H4]. - 13C NMR (CD2C12, -20°C): 6 = 33.14 and 36.08 
[2 d, 1 C + 1 C, 2J(CP) = 38.23,45.44 Hz, CH3NP, CH,NC(=O)]; 
114.99-133.81 [5 s, 5 C, aromatic C-5 and C-7-C-10 (for num- 
bering scheme, see Figure 31; 144.22 [d, 1 C, 2J(CP) = 7.87 Hz, 
aromatic C-61; 163.60 [s, 1 C, C(=O)NP]. - 19F NMR (CD2CIZ, 
-20°C): 6 = -38.01 [dd, 2 F, 'J(FP) = 1347.51 Hz and 3J(FP) = 
22.35 Hz, FZPOP]. - 31P NMR (CD2C12, -20°C): 6 = 110.91 [dt, 
1 P, 'J(PF) = 1347.58 Hz, 2J(POP) = 13.56 Hz, POPF2]; 6 = 
103.11 [dt, 1 P, 'J(PP) = 13.61 Hz, ,J(PF) = 22.21 Hz, POPF,]. - 
As a consequence of the instability of 6 towards moisture and 
warming to room temperature, no mass spectrum and elemental 
analysis were obtained. 

Table 1. Experimental data for the synthesis of compound 6 

Compound 6 6 6 

Route A B C 
Reactants (g; nunol) l(5.0; 23.8) 2 (1.5; 5.3) 4 (1.3 3.7) 

Et,N (2.41; 23.8) 5 (0.55; 5.3) 5 (0.39; 3.7) 
5 12.49; 23.8) 

Solvent CH2C12 (ml) 50 25 25 
Yield g (mmol, W) 3.45 (12.4,52) 0.81 (2.9,55) 0.5 (1.8,49) 

3 
0.43 (1.9, 50) 

Funher products - - 
g (mmol, 96) 

Formation of 2-Chloro-2,3-dihydr0-1,3-ditnethyl-l,3,2~~-benzodi- 
azaphosphorin-4(1H)-one (3) from 6 and PF2Cl (5) :  A solution of 
6 (1.0 g, 3.6 mmol) in 20 ml of dichloromethane was placed at 
-20°C in a heavy-wall glass tube equipped with a Teflon@ stop- 
cock. At -196°C chlorodifluorophosphane 5 (0.38 g, 3.6 mmol) 
was condensed into the tube and the reaction mixture was allowed 
to warm up to room temperature during 1 h, and then stirred for 
3 h. The volatile product of the reaction was removed in vacuo and 
was identified at 0°C [6(I9F) = -41.24 (m) and 6(31P) = 110.91 
(m) in CDCl,] as p-oxo-bis(diflu~rophosphane)~~~]. After removal 
of the solvent, 25 ml of diethyl ether was added to the residue and 
the product was recrystallised at -20°C; m.p. 100°C; yield 0.73 g 
(3.2 mmol, 89%) of 3. Compound 3['O] was characterised by NMR 
spectroscopy and mass spectrometry. 

Preparation of NN'-Bis(dijluorophosphanyl)-N;N'-dimethylan- 
thranilamide (9) and of 2-Fluor0-2,3-dihydro-l,3-dimethyl-l,3,2~~- 
benzodiazaphosphorin-4(lH)-one (10): The reactions and all the 
subsequent operations were conducted as described for 6 (routes 
A-C): Reactants: 7 (1.0 g, 6.1 mmol) and PF2Cl (5, 1.27 g, 12.2 
mmol) in 20 ml of dichloromethane. The intermediate product 9 
was observed in solution by NMR spectroscopy at -30°C (CD2C12 
capillary): 6(I9F) = -71.14 and -68.21 [2 d, 2 x 2  F, 'J(FP) = 
1184.12 and 1202.44 Hz, 2 X PF,]; 6()'P) = 142.11 and 146.31 [2 
t, 2 P, 'J(PF) = 1183.99 and 1202.81 Hz, 2 X PF2]. After stirring 
9 for 1 d at room temperature compound 10 was formed with elim- 
ination of phosphorus trifluoride[26], which was observed by NMR- 
spectroscopy in a sealed NMR tube in CD2C12 as a solvent 
{6("F) = -33.1 [d, 3 F, 'J(FP) = 1401.04 Hz, PF31; 6(31P) = 

Preparation of 2-Chloroethylaminodifluorophosphane (1 1) and of 
Bis(2-chloroethyl)aminodiji'uorophosphane (12). - General method: 
A solution of the primary or secondary amine hydrochloride and 
triethylamine in a 1:2 molar ratio in 30 ml of diethyl ether was 
placed in a heavy-wall glass tube equipped with a Teflon@ stop- 
cock. At - 196 "C an equimolar quantity of chlorodifluorophos- 
phane 5 was condensed in the glass tube. The reaction mixture was 
allowed to warm up to room temperature, was then stirred for 1 
d and the solution was filtered [the precipitate is assumed to be 
triethylamine hydrofluoride, 6(I9F) = - 125.15 (s) in CDCl3['1]. The 
solvent was removed in vacuo. Fractional distillation of the remain- 
ing liquid resulted in the isolation of the aminodifluorophosphanes, 
11 and 12, as colourless liquids in good yield. Experimental data, 
boiling points, and yields are listed in Table 2. 

Table 2. Experimental data for the synthesis of compounds 11 and 
12 

Aminodifluom- 11 12 
phosphane 

Reactants (g; mmol) 2-chlotoethylamine bis(2-chloroethyl)amine 
hydrochloride (3.0; 25.9) 

5 (2.76; 26.4) 
EtlN (5.35; 52.9) 

hydrochloride (3.0; 17.2) 
5 (1.87; 17.9) 

Et3N (3.52; 34.8) 

Yield g (mmol, X) 2.71 (18.4,71) 2.67 (12.7.74) 
b. p. "C (Tom) 31-32 (7) 40(0.1) 

Characterization of 11: 'H NMR (CDC13): 6 = 3.25-3.57 [m, 
4H, CH2CH2Cl]; 3.84-4.21 [m, 1 H, HN]. - I3C NMR (CDC13): 
6 = 39.41 [d, 1 C, 3J(CP) = 1.77 Hz, CH*Cl]; 46.08 [d, 1 C, 
2J(CP) = 7.49 Hz, CH2NPI. - I9F NMR (CDCI,): 6 = -67.80 [d, 
2 F, 'J(FP) = 1198.65 Hz, FPP]. - 31P NMR (CDC13): 6 = 142.92 
[t, 1 P, 'J(PF) = 1199.10 Hz, PF21. - EI MS; mlz (%): 147 (2) 
[M+]; 128 (2) [M+ - F]; 98 (100) [M+ - CH,CI]; 84 (3) [F2PNH+]; 
78 (4) [FPNCHf]; 69 (31) [PF;]; 50 (3) [PF+]. - CzHsClFZNP 
(147.50): calcd. C 16.28, H 3.42, N 9.50; found C 16.25, H 3.45, 
N 9.53. 

Characterization of 12: 'H NMR (CDC13): 6 = 3.35-3.60 [m, 

3J(CP) = 2.02 Hz, 2 X CH2Cl]; 45.30 [d, 2 C, 'J(CP) = 6.61 Hz, 2 
8H, 2 X CH&H2CI]. - I3C NMR (CDCI,): 6 = 42.05 [d, 2 C, 

X CHZNP]. - I9F NMR (CDC13): 6 = -64.90 [d, 2 F, 'J(FP) = 
1210.67 Hz, FZP]. - 31P NMR (CDC13): 6 = 143.10 [t, 1 P, 
'J(PF) = 1210.83 Hz, PF,]. - EI MS; mlz 1%): 160 (100) [M+ - 
CH2ClI; 98 (5 )  [FZPNCHZ + H+]; 78 (2) [FPNCH;]; 69 (14) 
[PFf]; 63 (8) [CH2CH2CI+]; 50 (2) [PF+]. - C4HsC12FZNP 
(210.00): calcd. C 22.88, H 3.85, N 6.67; found C 22.92, H 3.95, 
N 6.50. 

Preparation of (cis-Bis(bis(2-chloroethyl)aminod1jluorophos- 
phane]dichlorofplatinum(II) (13): Compound 12 (0.55 g, 2.6 
mmol) was added dropwise' to a solution of 0.50 g (1.3 mmol) 
(COD)PtC12 in 50 ml of dichloromethane during 5 min with stir- 
ring. The reaction mixture was stirred at room temperature for 2 
d. Afterwards, 1/4 of the solvent was removed in vacuo. Then di- 
ethyl ether was added until the solution became turbid. At -20°C 
after 1 d colourless crystals were obtained; m.p. 164°C; yield 0.75 
g (1.1 mmol, 84%) 13. - 'H NMR (CD3CN): 6 = 3.44-3.92 [m, 
16H, 4 X CH2CH2CII. - I3C NMR (CD3CN): 6 = 41.77 [s, 4 C, 
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4 X CHZCl]; 47.82 [d, 4 C, ’J(CP) = 4.37 Hz, 4 X CHZNP]. - I9F 
NMR (CD3CN): 6 = -49.72 [“d”, 4 F, 11+31J(FP) = 1136.58 Hz, 
2J(’yFL95Pt) = 571.68 Hz, 2 X FZP]. - 3LP NMR (CD3CN): 6 = 
89.98 [“t”, 2 P, 11+31J(PF) = 1137.19 Hz, 1J(31P195Pt) = 5902.94 Hz, 
2 X F2P]. - EI MS; mlz (%): 648 (93) [Mf - CI]; 613 (58) [M+ 
- 2 CI]; 404 (26) [M+ - 2 C1 - L]; 369 (16) [M+ - 3 C1 - L]; 
209 (4) [L+]; 174 (50) [Lf - CI]; 160 (100) [L+ - CHZCI]; 138 (12) 
[Lf - 2 C1 - HI; 111 (11) [L+ - 2 CHZCI]; 70 (21) [PF2 + H+]; 
69 (13) [PFf]; 63 (27) [CH2CHZCl+]. - C&16C16F4N2P2Pt 
(685.98): calcd. C 14.01, H 2.36, N 4.08; found C 13.93, H 2.31, 
N 3.97. 

Crystal Structure Analysis of 10 and 13: See Table 3[461. 

Table 3. Crystallographic data of compounds 10 and 13 

Compound 10 13 

Formula 
M, 

C9HloFN2OP C ~ H I ~ C I ~ F ~ N ~ P ~ P ~  
212.2 686.0 

Crystal habit colourless cry- colourless 
stal prism 

0.6 0.25 
Crystal size 0.8 X 0.75 X 0.35 X 0.3 X 

Space group P2 1 Ic P211c 
TemDerature PC) - 100 20 
Lattice constants: 
a (pm) 

2@Inax (“1 
Number of reflections: 
measured 
independent 
Rim 
wR(1”) (all reflections) 
R(FI (observed reflectic 
Number of parameters 
S 
Max. Ala 
Max. A (e nm-3) 

824.8(2) 
891.3(2) 
2620.4(6) 
92.48(3) 
1.9246 
8 
1.464 
880 
0.27 
50 

3481 
340 1 
0.026 
0.095 

ins) 0.033 
257 
1.04 
0.001 
223 

782.0(2) 
1 5 1 7.4(3) 
1 7 1 3.6(4) 
99.15(2) 
2.0075 
4 
2.270 
1296 
7.98 
50 

3554 
3537 
0.075 
0.090 
0.035 
209 
1.09 
0.002 
1462 

* Dedicated to Professor Wilhelm Preetz on the occasion of his 
60th birthday. 
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[461 Data collection and reduction of 10: The crystal was mounted 
in inert oil on a glass fibre and transferred to the cold gas 
stream of the diffractometer (Siemens R3 system with LT-2 low 
temperature attachment). Intensities were measured with o 
scans using nionochromated Mo-I& radiation (h = 71.073 pm). 
Cell constants were refined from diffractometer angles of 50 

41 1-428. 
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reflections in the 20-range 20-23". Structure solution and re- 
finement: The structure was solved by direct methods and re- 
fined anisotropically on p using the program SHELXL-93 (G. 
M. Sheldrick, University of Gottingen). Hydrogen atoms were 
included with rigid methyl groups or a riding model. 

Data collection and reduction of 13: Because of its instability 
at low temperature (presumably because of a phase transition) 
the data were recorded at room temperature. Stoe STADI-4 dif- 
fractometer, 010 scans, cell constants refined from fw angles 
of 56 reflections in the 20-range 20-23". An absorption correc- 

701 

tion based on y~ scans yielded transmission factors 0.42-0.76. 
Structure solution and refinement: The structure was solved by 
the heavy-atom method and refined as above. 

Full details of the structure determinations have been de- 
posited at the Fachinformationszentrum Karlsruhe, Gesell- 
schaft fur wissenschaftlich-technische Information mbH, D- 
76344 Eggenstein-Leopoldshafen, Germany. Any request for 
this material should quote a full literature citation and the refer- 
ence number CSD-401539 (lo), 401538 (13). 
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