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As a rule,  po lymers  are  obtained when the hydroxymethyl derivatives of phosphine and p r imary  phos- 
phines a re  reac ted  with NH 3 and p r imary  amines.  The monomer ic  products were obtained as follows: 1) by 
react ing t r ihydroxymethylphosphine with NH 3 in the presence  of excess pa ra fo rm [1]; 2) react ion of phenyl- 
phosphine, benzaldehyde, and p r imary  aliphatie amines [2]; 3) react ion of dihydroxymethylalkyl (and phenyl)- 
phosphines with p r i m a r y  amines [3-5]; 4) react ion of t r ihydroxymethylphosphine with aniline [6]. Reactions 
with compounds containing two p r im a ry  amino groups have not been studied, although cyclic products were ob- 
tained in the case of two secondary  amino groups [7]. The react ion of o-phenylenediamine with dihydroxymethyl-  
phenylphosphine is discussed in the present  paper.  

o-Phenylenediamtne can react  simultaneously as ei ther  one or two amino groups.  In the f i rs t  ease the 
react ion should proceed the same as the react ion with monofunctional p r ima ry  amines.  A study of such r e -  
actions on the example of aniline, p-toluidine, benzylamine,  and cer tain p r imary  aliphatic amines disclosed 
that 1 ,5-diaza-3,7-diphosphaeyelooctanes  are  formed instead of the expected 1,3-azaphosphetidines [3, 5]. 
This was confirmed by the x~ray s t ruc ture  analysis  data for the crystal l ine state [8], PMR spect roscopy for 
the solutions [3], and mass  spec t romet ry  for the gas phase [3]. Only for  1 ,5-d ibenzyl -3 ,7-d iphenyl - l ,5 -d iaza-  
3,7-diphosphaeyclooctane does the molecular  ion (MD have a mass  number that coincides with ehe molee~llar 
mass  of 1-phenyl-3-benzy1-1,3-azaphosphet idine [9], which can be due to the thermal  dissociat ion of the sub- 
s tance,  in view of these data a product with an e igh t -membered  ring (I) must  be expected for o-phenylenedi-  
amine when one amino group is used. 6 ,7-Benzo- l ,5 -d taza-3-phosphepane  (II) can be formed in the case of 
using both amino groups .  

C6tt~NH~-o 
I 

CH2NCH2 CH2NH 
/ "~ o-PDA \C61f4 PhP PPh ~ PhP(CH~OH)~ ~ PhP / 
\ / -2too \ / 
CH2NCH~ CH2NH 

] 
+s ] (u) CsH~NH2~o 

(I) 4 

S CH~NH 
If/ \ 

PhP C~H4 
\ / 

CH2NH 

(HI) 

A monomer i c  product with mp 182~ whose elemental composition corresponded to s t ruc tures  (I) and (II), 
was formed when o-phenylenediamine is heated with one mole of dihydroxymethylphenylphosphine. The IR 
spec t rum of the product had bands at 3200 and 3280 cm -1, which belong to the s tretching vibrations of the N - H  
bond and which a re  retained in the spec t rum of the substance in dilute CC14 solution. However ,  since secondary 
amino groups can take part  in symmet r i c  and an t i symmet r i c  s t retching vibrations,  the presence  of two bands in 
the 3100-3600 em -i  region did not permit  choosing in favor of ei ther  s t ruc ture .  The molecular  weight of the 
product (eryoscopy in naphthalene) proved to be equal to 245, with a theoret ical  value of 242 for (II) and 484 for 
(I). In addition, the mass  spec t rum of the product had an MI with m / z  242. This permit ted excluding s t ructure  
(I) f rom the discuss ion and determlntngthe product  as being (II). Substituted 6 ,7-benzo- l ,5 -d iaza-3-phosphepanes  

were  obtained in [7] by react ing dihydroxymethylalkylphosphines with N-subst i tuted ethylenediamines.  The r e -  
action of (li) with sulfur and CH~I gives sulfide (III) and methiodide (IV). Pre'r  it was mentioned tha~ the 
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chemical  shifts of the signals in the 31p NMR spec t ra  of the aminomethyl der ivat ives  of a phenylphosphine with 
a secondary  and t e r t i a r y  amino group differ  sharply [4, 5]. In this connection it is in teres t ing to mention that 
the chemical  shifts of (II) and (III) a re  equal to the chemical  shifts of diaminomethylphenylphosphine (-31 ppm) 
and diaminomethylphenylphosphine sulfide (40 ppm), respec t ive ly .  

The reac t ion  of (II) with dihydroxymethylphenylphosphine gave a new product ,  whose elemental  composi-  
tion corresponded to 9 ,10-benzo-3,7-diphenyl- l ,5-diaza-3 ,7-diphosphabicyclo[3 .3 .2]decane (V): 

(H) 
s 

(v) (vi) 

The mass spectrum of the product had an M[ with m/z 376, which coincided with the molecular mass of 
(V). In addition, the peaks of fragments, formed by the cleavage of the Ph, CH2-PPh , (CH2)2PPh , and PPh 
groups from the MI, were detected in the spectrum. The IR spectrum lacks absorption in the 1600-2800 and 
3100-3600 em -i regions. The presented data proved the structure of (V); (V) with sulfur gives sulfide (VI). 
An analogous reaction was described in [i0] for dihydroxymethylphenylphosphine and hydrazine. 

As a result, diarnines with primary amino groups, the same as primary mono~nines, can react with the 
hydroxymethyl derivatives of primary phosphines to give monomeric products, but here both of the amino 
groups react with the hydroxymethyl groups. 

EXPERIMENTAL 

The IR spectra were obtained on a UR-10 spectrometer, and the 31p NMR spectra were obtained on a 
KGU-4 NMR spectrometer at a frequency of 10.2 MHz, with noise decoupling from the protons at a frequency 
of 25.2 MHz. The chemical shifts are given relative to 85% H3PO 4. 

The mass spectra were obtained using electrons with an ionizing energy of 50 eV. 

3-Phenyl-6,7-benzo-l,5-diaza-3-phosphepane (H). A mixture of 6.4 g (0.04 mole) of dihydroxymethyl- 
phenylphosphine [11] and 7.3 g (0.04 mole) of o-phenylenediamine was heated in benzene for 3 h with azeotropic 
distillation of the water. The precipitate was filtered and washed with methanol. Yield 8.1 g (89%), mp 182 ~ 
631P -32 ppm (DMSO). Found. C 69.26; H 6.20; P 12.24; N ii.50%. Ci4HI5PN2. Calculated: C 69.42; H 6.19; P 12.80; 
N II.57~. Infrared spectrum (v, cm-i) �9 3200 and 3280 (oil). Mass spectrum of (If). 243(3.5), 2.42(20), 240(3.5}, 
134(11), 133(58), 132(19), 131(39), 130(7), 121(16), 120 (63), 119 (100), 118(18), II0 (33), 109 (16), 108(33), 107(16), 
92(21), 91(11), 83(11), 82(5.3), 81(11), 80(5.3), 79(10), 78(16), 77(27), 57(12), 55(11), 51(11), 45(II). Mol. wt.233 
(cryoscopically in naphthalene), ealc. 242. 

.3-Phenyl-3-thio-6,7-benzo-l,5-diaza-3-ph0sphepane (Ill). A solution of 0.5 g (0.002 mole) of (if) and 
0.09 g (0.003 mole) of sulfur in 20 ml of MeC N was refluxed, the solvent was evaporated in vacuo, and the resi- 
due was washed with benzene. Yield 0.57 g (98%), mp 225-227 ~ 631P 40 ppm (DMSO). Found: C 60.25; H 5.75; 
P 11.08; N 10.76; S 11.65%. Ci4HisPN2S. Calculated: C 61.31; H 5.47; P 11.31; N 10.22; S 11.67%. Infrared 
spectrum (u, cm-l): 3200 and 3300 (oil). 

3-Methyl-3-phenyl-6,7-benzo-l,5-diaza-3-phosphoniepane Iodide (IV). A mixture of 1 g (0.004 mole) of 
(H) and 1 g (0.007 mole) of Mel was left standing overnight, evaporated in vaeuo, and the residue was washed 
with MeCN. Yield 1.17 g (98%), mp 147 ~ 6~Ip 16 ppm (DMSO). Found- C 46.44; H 4.52; P 8.02; N 7.20%. 
CisHisPN2 I. Calculated: C 46.51; H 4.65; P 8.01; N 7.23%. Infrared spectrum (v, cm-i): 3210 and 3310 (oil). 

9,10-Benzo-3,7-diphenyl-l,5-diaza-3,7-diphosphabicyclo[3.3.2]decane (V). A solution of 1 g (0.004 mole) 
of (If) and 0.7 g (0.004 mole) of dihydroxymethylphenylphosphine [ii] in 50 ml of benzene was refluxed for 3 h 
with azeotropic distillation of the water, evaporated in vacuo, and the residue was dissolved in pyridine. The 
addition of MeCN gave a precipitate. Yield 1.53 g (97%), mp 125-127 ~ 63ip -40 ppm (DMSO). Found: C 70.41; 
H 6.03%. C22H22P2N 2. Calculated- C 70.23; H 5.84%. Mass spectrum of (V)" 376(100), 299(4), 270(7}, 269 (2.6), 
268(4.8), 267(5.2), 262(4.8), 254(25), 253(13), 230(28), 214(20), 186(17), 185(26), 183(21), 170(31), 160(19), 159(67), 
158(43), 156(35), 110(25), 109(20), 108(35), 107(17), 78(95), 77(80). 

9 ,10-Benzo-3 ,7-diphenyl-3 ,7-di th io- l ,5-diaza-3 ,7-diphosphabieyclo[3 .3 .2]decane  (VI). A solution of 0.83 g 
(0.002 mole) of (V) and 0.18 g (0.005 mole) of sulfur  in benzene was ref luxed for 2 h, evaporated i n  vacuo, and 
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the res idue  was washed with e ther .  Yield 0.66 g (69~), mp 140-145 ~ 6SiP 30 ppm (DMSO). Found: C 59.92; 
H 5.28~. C22H22P2N2 S. Calculated:  C 60.02; H4.99%. 

C ONC L U S I O N S  

The reac t ion  of o-phenylenediamine  with e i ther  one or two moles  of dihydroxymethylphenylphosphine 
gives r e spec t i ve ly  e i ther  3 - p h e n y l - 6 , 7 - b e n z o - l , 5 - d i a z a - 3 - p h o s p h e p a n e  or 9 , 10 -benzo -3 , 7 -d ipheny t - l , 5 -d i aza -  
3,7-diphosphabi  cyclo[3.3.2]decane.  
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3 - M O N O H A L O  D E R I V A T I V E S  OF T R I A C E T O N E A M I N E ,  

1 - H Y D R O X Y - 2 , 2 , 6 , 6 - T E T R A M E  T H Y L - 4 -  O X O P I P E R I D I N E ,  

A N D  2 , 2 , 6 , 6 - T  E T R A  ME T H Y  L - 4 - O X O P I P  E R I D I N - 1 - O X Y L  
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The synthes is  of the 3 -ch lo ro -  and 3 - b r o m o - 2 , 2 , 6 , 6 - t e t r a m e t h y l - 4 - o x o p i p e r i d i n e s ,  and a lso  of the i r  1- 
hydroxy de r iva t ives  and the cor responding  ni troxyl  r ad ica l s ,  is descr ibed  in the p resen t  paper .  

The a - m o n o h a l o  ketones,  based on 2 ,2 ,6 ,6 - t e t r amethy l -4 -oxop ipe r id ine  (~riacetoneamine),  w e r e p r e v i o u s l y  
unknown. Data a re  a lso  lacking on the halogenation of the N-subst i tuted t r i a c e t o n e a m i n e s .  The c lJor ina t ion  and 
bromina t ion  of t r i ace toneamine  (Ia) i t se l f  in polar  med ia  goes e i ther  at the N a tom to give the N-chloro,  N- 
b romo,  and N - p e r b r o m o  de r iva t ives  [1, 2] or  it leads to the s y m m e t r i c a l  3 ,5 -d ib romo-( Ia )  [3, 4]. The 3 -b ro mo  
ketone cannot be obtained under these  conditions [3], p robably  due to  the accumula t ion  of HBr in the reac t ion  
m a s s ,  which causes  the s y m m e t r i z a t t o n  of a - b r o m o  ketones to the (~,a~-dibromides  [5]. The in te rmedia te  f o r -  
mat ion  of the 3- iodo-  (Ia) was shown recen t ly  when ([a) is t r ea t ed  with hypoiodite [6]. As a r e su l t ,  in o rder  to 
obtain the 3-monohalo-( Ia)  it is n e c e s s a r y  to avoid N-halogenat ion and the fo rmat ion  of 3 ,5~dibromo-([a) .  
Usua l ly  in the synthes is  of a - h a l o  ketones ,  containing an amino group,  it is  f i r s t  p ro tec ted  by acylat ion [7]. 
In the case  of (Ia) the acyl pro tec t ion  cannot be r emoved ,  evidently due to s t e r i c  hindrance [4]. 

We were  able to chlor inate  and b romina te  t r i ace toneamine  (In) and 1 - h y d r o x y - 2 , 2 , 6 , 6 - t e t r a m e t h y l - 4 -  
oxopiperidine ([b) as the i r  hydrochlor ides .  Here  the pro tec t ion  of the  amino  and hydroxylamino  groups was 
achieved by protonat ion.  The halogenation was run in nonpolar  solvents ,  in which the fo rmed  hydrogen halide 
is s l ightly soluble .  The t r e a t m e n t  of the (In) and,~{[b) hydrochlor ides  with an equ imolar  amount of e i ther  SO2C12 
or Br2, followed by t r e a t m e n t  of the halogenated sa l t s  with a base ,  enables us to obtain the cor responding  3- 
chloro(IIa,  b) and 3 - b r o m o  der iva t ives  (IIIa, b) of these  ketones.  When t r ea t ed  with SOzC12the (Ib) hydrochlor ide  
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