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The reaction of 2-(4.5-dihydrofur-3-yl)-1,3-diphenyl-l,3-diaza-2k3-phospholidine with 
C.N-diphenylnitrilimine is a multistage process, in the course of which the 1,2,4-diaza- 
phosphorine ring is formed and both rings of the initial organophosphorus compound are 
cleaved. 5-(2-Chloroethyt)-4-(N, N'-diphenyle'&ylenediamino)- 1,3-diphenyl- 1.4-dihydro- 
1.2,4kS-diazaphosphorine was obtained as the final product. 
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phenylnitritimine. 5-(2-chtoroethyl)-4-( N. N'-diphenylethylenediamino)- 1.3-diphenyl- 1,4- 
dihydro- 1.2.4ZS-diazaphosphorine. IR spectra, N M R spectra, X-ray diffraction ana[ysis. 

Recently, we have found 1.2 that the reactions of  
nitrilimines with 3-dialkoxyphosphino-4,5-dihydrofumns 
afford stable bicyclic products with a bridgehead five- 
coordinate phosphorus atom adopting a trigonal-bipymmidal 
configuration. The route of  their formation involves two. 
stages, viz., the closure of the 1,2,4diazaphosphorine ring 
simultaneously with the opening of  the dihydrofuran ring 
in the initial pm compound and the closure of the new 
O,P-containing ring. One would expect that the analogous 
reactions of nitrilimines with 3-phosphorylated 4,5-di- 
hydmfuran containing the 1,3-diaza-2~.3-phospholidine resi- 
due instead of the dialkoxyphosphine group would afford 
tricyclic spirophosphoranes. The latter are of interest in 
structural chemistry of organophosphorus compounds. The 
assumption that these compounds can be formed is based 
on the fact that the reactions of  substituted 1,3-diaza-2k 3- 
phospholidines with a number of  electrophilic reagents 
(hexafluoroacetone,  ct,ct,o~-trifluoroacetophenone, or  
phenanthrenequinone) yielded rather stable spirophos- 
phoranes. 3 

We found that under mild condi t ions  (THF, 20 ~ 
2 - ( 4 , 5 -d ihyd ro fu r -3 -y l ) -  1 , 3 -d ipheny l -  1,3-diaza-2~. -~- 
phosphotidine ( I )  reacted with C, N-diphenylnitr i l imine,  
which was genera ted  in situ from N-pheny lbenz-  
hyOrazon-oyl ehto ride u nde r-the action o l t  rie~ylaTn i n e ,  
to form 5- (2 -ch lo roe thy l ) -4 - (N,N ' -d ipheny le thy lene -  
diamino)-  1,3-diphenyl- 1 ,4-dihydro-  I, 2,4XS-diazaphos - 
phorine (2) as the final product .  Apparently, this reac- 
tion is a multistage process. Evidently, the reaction 
begins with nucleophilic at tack o f  the phosphorus atom 
on the carbonium atom of  the nitrilimine resulting in 
bipolar ion A (Scheme 1). Then the negatively charged 
nitrogen atom of  the P + C N N -  betaine fragment attacks 

position 2 of  the dihydrofuran ring, which is activated 
with the phosphonium group. In this case, the dihydro- 
furan ring is cleaved at the C- -O  bond to form six- 
membered phosphorus.nitrogen-containing heterocycle 
B with the P+CCCO- betaine fragment. Subsequent 
conversions of  intermediate B can take two pathways. 
According to the first pathway (a), the O,P-heterocycle 
is closed with simultaneous cleavage of  the P- -N bond 
followed by protonation of betaine C with triethylamine 
hydrochloride (formation of salt E). The second path- 
way (b) involves initial protonation of  the alkoxide ion 
of betaine B with triethylamine hydrochloride (forma- 
tion of  heterocyclic phosphonium salt D) followed by 
opening of  the diazaphospholidine ring as a result of 
intramolecular nucleophilic attack of  the alcoholic OH 
group on the quaternized phosphorus atom (formation 
of salt E). in both cases, the final stage of  the reaction 
involves cleavage of  the oxaphospholane ring of salt E 
under the action of  a chloride ion analogously to 
dealkylation of  phosphonium salts in the second stage of  
the Arbuzov reaction. 

Substituted 1.4-dihydro- 1,2,4kS-diazaphosphorine 2 is 
a colorless crystalline compound, which is readily soluble 
in THF, acetone, chlorotbrm, and benzene and poorly 

-s~uble--in- hexane-arrd dtethyl ether. The ~ l-p N M R spec- 
trum of compound 2 has a signal with the 8( 31 P) chemical 
shift o f - 2 . 3  characteristic of 1,4-dihydro-l,2,4kS-diaza - 
phosphorine derivatives. 4 The I R spectrum of 2 has absorp- 
tion bands of  the NH (3375 cm - l )  and P=O (1195 cm - t )  
groups. The structure of compound 2 is also confirmed by 
the fact that the I H NMR spectrum has a doublet of the 
alkenyl proton (8 7.52) with a spin-spin coupling constant 
3JpH --- 23.3 Hz, which is typical of  substituted 
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1,4-dihydro-l.2.4kS-diazaphosphorines. 4 The methylene 
p r o t o n s  (=CCH 2, CH2CI, PNCH2, and NHCH 2) are 

anisochronous and are observed as pairs of multiplets. The 
structure of 5-(2-chloroet hyl)-4-(N, N'-diphenylethyl- 
enediamino)- 1,3-diphenyl- 1,4-dihydro- 1,2,4kS-diaza - 
phosphorine (7) was unambiguously established by X-ray 
diffraction analysis (Fig. 1, Tables I and 2). The hetero- 
cycle adopts a strongly flattened sofa conformation. The 
phosphorus atom deviates from the plane of the hetero- 
cycleby 0.145 A. The remaining a t o m s a r e  coplanar to 
within 0.030 A. The bond lengths in the heterocycle differ 
only slightly from the corresponding bond lengths in other 
1,4-dihydro-l,2,4LS-diazaphosphorine derivatives. The 
angles between the plane of the heterocycle and the planes 
of the C(8)--C(13) and C(14)--C(19) benzene rings are 
37.3 ~ and 7.9 ~ respectively. The CH2CH2CI chain has a 
rrans conformation. The C(I) - -C(4)- -C(5)- -CI  torsion 
angle is 178.3 ~ . 

Therefore. under mild conditions, the reaction of  
2-(4 ,5-dihydrofur-3-yl ) -  1 ,3-diphenyl-  1,3-diaza-2X 3- 
phospholidine (1) with C,N-diphenylnitrilimine yielded 
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Table 1. Principal bond lenglhs (d) in the molecule of 
5-(2-chloroethyl)-4-( N,N"-diphen.ylet hylenediamino)- 
1,3-diphenyl-l,4-dihydro-l,2.4XS-diazaphosphorine (2~ 

Bond d,/A Bond d/A 
CI--C(5) 1.801(8) Nt41--C(8) 1.438(8) 
P--O 1.474(4) C(1)--C(2) 1.338(8) 
P--N(I) 1.653(5) C( I )--C(4) 1.521(9) 
P--C(I) 1.745(6) C(3)--C1 t4) 1.486(9) 
P--C(3) 1,801(75 C(4)--C(5) 1.491(10) 
N(I )--C(20) 1,440(7:1 C(6)--C(7) 1.506(95 
N(I)--C(6) 1.472(7) C(8)--C(9) 1.364(11) 
N(2)--C(26) 1.378(8) C(8)--C(I 3) 1.372(t0) 
N(2)--C(7) 1.439(8) C(95--C(10) 1.367(15) 
N(35--C(3) 1.299(8) C(10)--C(1 I) 1.35(2) 
N(3)--N(4) 1.353(6) C(II)--C(12) 1.356(191 
N(4)--C(25 1.369(87 C(12)--C(13) 1.375(12t 

functionally substituted 1,4-dihydro-l,2,4y,.5-diaza - 
phosphorine 2 instead of the expected spirophosphorane. 
Compound 2 may be of  interest as a potential biologi- 
cally active compound. 
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Table 2, Principal bond angles (~o) in the molecule of 5-(2- 
chloroet hyl)-4-( N,N"-diphenylet hylenediamino)-1,3-diphenyl- 
1,4-dihydro- 1,2,4;,.5-diazaphosphorine (2) 

Angle o~/deg .Angle (o/deg 

O - - P - N ( I )  100.3(2) 
O--P--C(I)  115.1(3) 
N(I) - -P--C( I )  108.2(3) 
O--P--C(3)  116.9(3) 
N(I ) - -P- -C(3)  106.4(3) 
C(I ) - -P- -C(3)  100.1(3) 
C(20)--N(1)--C(6)  116.6(5) 
C(20) - -N(I ) - -P  120. I(3) 
C(6 ) - -N( I ) - -P  122.6(4) 
C(26)--N(2)--C(7)  123.6(6) 
C(3)--N(3)--N(4)  122.0(5) 
N(3)--N(4)--C(2)  t24.8(5) 
N(3)--N(4)--C(8)  114.2(4) 
C(2)--N(4)--C(8)  121.0(5) 
C(2)- -C(I) - -C(4)  119.3(6{ 
C(2) - -C( I ) - -P  120.9(5) 
C(4) - -C( I ) - -P  119.8(5) 
C(I ) - -C(2)- -N(4)  126.3(6) 
N(3)--C(3)--C(14) 114.4(6) 
N(3)--C(3)--P 125.2(67 

C( I4)--C(3)--P 
C(5)--C(4)--C( 1 
C(4)--C(5)--CI 
N( I )--C(6)--C(7) 
N(2)--C(7)--Cr 
C(91--C(8)--C(13) 
C(9)--C(8)--N(4) 
C(13)--C(8)--N(4) 
C(10)--C(9)--C(8) 
C( I I)--C(IO)--C(9) 
C( 10)--C(I t)--C(12) 
C(I I)--C( 12)--C(13) 
C( 12)--C(13)--C(8) 
C( 19)--C(14)--C(3) 
C( 15)--C(14)--C(3) 
C(21)--C(20)--N(I)  
C(25)--C(20)--N(I)  
C(31 )--C(26)--N(2) 
N(2)--C(26)--C(27) 

120.3(6) 
111.3(6) 
109.6(6) 
I 12.7(6) 
I I 1,0(6) 
121.2(81 
119.5(7) 
119.3(7) 
119.0(12) 
120.5(14) 
120.5(12) 
120.5(13) 
118,3(10) 
122.1(0) 
120.7(6) 
120.5(6) 
119.9(5) 
120.2(6) 
121.8(6) 
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Fig. I. Overall view of the molecule of 5-(2-chloroeth.vl),-4- 
(N,N' -d iphenyle thylenediamino)-  1,3-dipheny[- 1,4-dihydro- 
1.2.4~5-diazaphosphorine (27. 

Experimental 

The IR spectra of compounds 1 and 2 were recorded on an 
IKS-29 instrument in KBr pellets. The iH NMR spectra were 
measured on a Bruker AM-500 instrument (500.1 MHz) in the 

(0.05 tool) and triethylamine (0.1 tool) in THF (150 mL) at 0-- 
5 ~C. The reaction mixture was ~tirred at 0--5 ~ for 0.5 h and 
then at 20 ~ for 0.5 h. Triethylamine hydrochloride was filtered 
off and washed with THF (50 mL). The filtrate was concen- 
trated under reduced pressure and the solid residue was recrys- 
tallized from a I : 2 benzene--diethyl ether mixture. The yield 
was 70%, m.p. 153--155 "C. Foun d (%): C, 69.51; H, 6.29; P. 
9.83. CIsHIgN_~OP. Calculated (%): C, 69.67; H, 6.17; P, 9.98. 
IR, v/era-t :  1605 (Ph, C=C); II00 (COC). iH NMR (C6D0), 
8 :2 .00 (td, 2 H, =CCH 2. 3JHH = 9.6 Hz, 4JHH -'= 2.1 Hz. 
3Ji, r- t ~ 0 klz); 3.21 (m, 4 H, NCH2); 3.69 (t, 2 H, OCH 2, 3JHH 
= 9.6 Hz); 6.67 (dr, I H, =CH, 3JpH = 2.8 Hz, 4JI_IH = 2.1 Hz): 
650--7.30 (m, 10 H, Ph). 31p NMR (THF), 6: 70.3. 

5-(2-Chloroethyl)-4-(N,N'-diphenylethylenediamino)- 1,3- 
diphenyl- 1,4-dihydro- 1,2,4kS-diazaphosphorine (2). A solution 
of 1,3-diaza-2~,3-phospholidine 1 (0.005 molt, ,V-phenyl- 
benzhydrazonoyl chloride (0.005 m o l l  and triethylamine 
(2 mL) in T H F  (20 mL) was kept at 20 ~ for 24 h. An 
insignificant amount  of triethylamine hydrochloride (15%) was 
filtered off. The filtrate was concentrated under reduced pres- 
sure and the cry. stalline precipitate was triturated with diethyl 
ether (5 mL), filtered off. and recrystallized from a I : t 
benzene--diethyl ether mixture. The yield was 67%, m.p. 
148--150 ~ Found (%): C, 68.70; H, 5.73: P, 5.88. 
C31H30CIN4OP. Calculated (%): C, 68.82; H, 5.59; P, 5.72. 
IR, v/cm-I :  3370 (NH); 1195 (P=O). IH NMR (CDCI3), 6: 
2.57, 3.20 (both m, I H, =CCH2): 2.99, 3.16 (both m, 1 H. 
CH~NHPh): 3.78, 3.94 (both m. 1 H, CH2CI): 3.52, 4.04 
(both m, I H, CH2NP): 7.52 (d. I H, =CH,  3JpH -- 23.3 Hz); 
6.40--8.20 (m, 20 H, Ph). 31p NMR (CttCI3), 8: -2.6.  

X-ray diffraction study of crystals of 2 was performed on a 
CAD-4 diffractometer (Mo-Ka radiation, 0/20 scanning tech- 
nique). The crystals of 2, C31H30CIN4OP, belong to the 
monoclinic system, a = 11.668(2) A, b = 28.295(6) A, c = 
8.644(2) A, 13 = 98.01(37 ~ , V = 2825.9(10) A;; space group 
P2i/c. Z = 4, dcalc= 1.272 gcm -3. The structure was solved by 
the direct method. The R factor was 0.0255, R w = 0.0655 
(2010 reflections with 1 > 2e~(/)). The atomic coordinates and 
the complete list of the bond lengths and bond angles were 
deposited with the Cambridge Structural Database. 
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