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Abrdnet-Z,~Bis(~metx~~nyl-IJJ,Q-dithiadiphosphetane-2,6disulfide, 1, reacts with phenylhydrazones of 
methylketones to give A’-1,2,3diazaphospholines, 3; in one case 2-methyl-3-phenylindole. 4, was also isolated. 
Phenylhydrazones of cyclopentanone and cyclohexanone similarly yield the corresponding annulated P-heterocy- 
cles, 6a,6b and as by-products the indoles ?a and Ib, respectively. The sole product from the reaction of 1 with the 
p~nylbyd~~~ of 1,3diphenyl-2-propanone is 2-~~yl-3-phenylindole, 9. A mec~nism for the formation of the 
dia~phospholines is suggested. 

The reagent 2,4 - bis(4 - methoxyphenyl) - 1,3,2,4 - 
dithiadiphosphetane - 2,4 - disulfide, 1, has been shown 
to be quite versatile in thiation of different carbonyl 
compounds,’ and it is also known that nucleophiles attack 

1 at the phosphorus atom.‘..’ In certain cases, where the 
substrate contains two functional groups or can react in 
different ways, P-heterocycles are formed.‘.C’o As an 
extension of our general studies on the reagent 1, its 
reaction with phenylhydrazones of ketones to give A5 - 
1,2,3 - dia~phosphoiines and indoles are reported in this 
paper. 

=ULTs AND DEXXJSXON 

The phenylhydrazones, 2a-g, derived from acyclic 
ketones, were reacted with 1 in anhydrous benzene at 
50-W (Table 1) and as the sole product in most cases A5 
- l,2,3 - diataphospholines, 3, were produced in high 
yields. In one case only, (2f, R = -CH,Ph), 2 - methyl - 3 
- phenylindole, 4, was isolated. 

The same type of reaction took place, when the 
phenylhydrazones of cyclopentanone, Sa, and cyclo- 
hexanone, Sb, were reacted with 1. However, besides the 
P-heterocycles 6a and 6b, respectively, also the conden- 
sed indoles, 7a and 7b, were formed due to a Fischer 
indole synthesis, catalyzed by 1. 

i Cs=N-NM% 

5 

5.fj.z; a :n=4 +& (Ctla)n - 1 
b:n=5 

Reaction times, yields, m.ps and analytical data are 
given in Experimental and Table 1. The structures of 3 
and 6 were proved by elementary analyses, MS, ‘H, 13C. 
and “P NMR (Table 2 and Experimental). The mass 
spectra of 3 and 6 allshowed molecular ions (M”) and in 
many cases @a+) hi” -33 corresponding to the loss 
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Table 1. Experimental and analytical data of products 

.tarr 1ng 
I’~*d”.2t 

React ton R*lction Yield AnRlY*** CalC+ (Iband) (!i) 
ompound time (h) temp.(t) (%) x C x w p 5 

zs 2s 3 50 SS 128 60.75 (60.65) (:::8) (x:x:) g::;, g::, 

b zi?!? 2 l/4. 80 83 112 61.82 3.76 a.49 (61.58) (5.82) (8.40) (f:;;] (t:;;) 

2e zk 2 If2 80 85 110 l 

a 2 4 00 70 101 &:;9s) rz::;, cx:::, (;::A, (f:::, 

a k 1 112 80 70 $34 63.69 6.24 7.82 8.66 6.94 

(63.32) (6.45) (7.85) (8.76) IS.651 

lf.:,g 4 80 60 52 126 61” l 

z6 2K 6 80 69 176 66.67 5.03 7.41 8.20 a.47 

(65.,!5) (4.8’3) (7.09) (7.92) (7.99) 

& 2 l/b SO 40 142 
64.ob 

(63.85) (::;:) (::;:, ts”:;;, (i:::: 

z& 
z!? 50 120“ 

I! ” 3 t/2 80 71 101’. 

Table 2. “C and ,‘P NMR data of the ring carbons in A-’ - I.23 - diazaphospholine derivatives 

R 

R’ 

H I?’ bC4 

(Ppl.) 

‘J=IP_-c(4) ac> 
(Hz) (Pm) 

aJz~p_“C(~) 4,x,, 

(HZ) (PP-) 

CHJ - Ii 46.9 77.1 149.2 2.2 68.7 

CW, -CH. - H 45.8 77.1 153.4 2.2 68.4 

it4HJ 4x, -Gil, - H 45.4 77.02 15b.2 2.1 68.1 

(CHI )u-Cli- H 43.7 77.8 136.8 1.9 66.6 

(CHs )J -C- H 42.9 77.7 159.0 2.1 69.0 

Ph- 1, 43.7 77.4 148.1 4.4 69.7 

C*H~-CH.- H 44.6 76.7 149.3 3.2 69.2 

-CH*-as-CHa- 5b.6 77.9 1<*3.0 3.3 67.9 

-CHY-(CtiO)*-CH~- 49.3 75.6 155.3 3.3 73.6’ 

(solvmltr CDCIJ i “C ch.,m,ical shift* rslativ, to TtlS( =‘P chsmicrl *hilts 
rstativr f~ 85% I&PO,). 

of SH, was the base peak. Also mle = 105 (Ph-%N), appears as a doublet in the region 2.25-3.80 (2H, 
always found in the mass spectra of phenyl- Jp~loHz, coupling to P). From the ‘% NMR-spectra 
hydrazones,“*’ was abundant for most compounds (3 and 
6). From the ‘H NMR of 3 it is obvious that there is a 

(Table 2) the presence of sp’-hybridized carbons (C-4) 
in ComDound 3 needs no comments and the same 

> 
C=N function in the molecule as the -CHr group 

arguments for the structure of 6 can be used. The “P 
NMR spectra showed one absorption in the region S 
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68.1-73.6 (exceptionalIy, 61 absorbs at 87.2 ppm), which 
is typical for the structure:13 

:N 
y 

confirmed by MS and ‘H NMR. No P-heterocycle was 
isolated in this case (steric reason). The reaction of 
hydrazones of aldehydes (CH,CHO, PhCH,CHO) with 1 
did not give any P-heterocycles. The phenylhydrazone 
of diphenylketone, when reacted with 1 under different 
conditions, gave a complex reaction mixture (no 
thioketone). 

In the ‘H NMR spectra of 3b, 3e and 3f there are 
doublets at 3.40,3.45, and 2.25 ppm corresponding to the 
CHrP hydrogens, respectively. (No absorption of a 
methine-group is observed). In the 13C NMR spectra the 
absorption of the CHI group (C-4) appeared at 45.8 and 
45.4 ppm for 3b and 3c, respectively. In I, there are two 
signals at 38.9 and 44.6ppm corresponding to the ab 
sorption of the Ph_CH2 (3Jcccp = 3.9Hz) and P_CH, 
(‘Jcp = 76.7 Hz) groups, respectively. 

The structures of compounds 4:’ 7a,” and 7b,16 are 
known and also confirmed by ‘H NMR and mass spectra. 

As to the mechanism for the formation of 3 (and 6) it is 
suggested that the hydrazone is in equilibrium with its 
tautomeric enehydrazine(s), one of which will react with 
1 to give a salt, which at elevated temperature loses H$’ 
to produce 3 CR = PhCH& 

‘H NMR spectra were recorded at 6OMHz on a Varian A-60 
spectrometer: “C and 31P NMR spectra were obtained on a 
Varian EM 360 instrument at 20.14 MHz and 32.19 MHz, respcc- 
tively. CDCI, was used as solvent and TMS as internal rifercnce 
standard. Chemical shifts are expressed as &values. Also “P 
chemical shifts are reported positive low field to (external) 
HIPOd. Mass spectra were recorded on a Micromass 7070 F mass 
spectrometer operating at 70eV using direct inlet. Elementary 
analyses were carried out by Novo Microanalytical Laboratory, 
Novo Industri A/S, Novo All& DK-2880 Bagsvaerd. Silica gel 60 
(Merck) was used for column ~hromato~phy. The light 
petroleum used boiled below 45”. M.ps are uncorrected. 

Starting moferiub. Compound 1 (now available from Fluka 
AG, CH-9470 Buchs SC) was prepared as described earlier.’ The 
other starting compounds were prepared by known methods: 
2a.l’ 2b,20 2c;’ 2.d.” 2ep X” 2g,= Sa,% E&n Km 

General procedure for the reaction of 2a-g. Q, 4b and 8 with 
1. 0.01 mole of the starting compound and 4.04g (0.01 mole) of 1 

PhCH, 
\ 

PhCH, 

\ 
C=N-NHPh = 

W 
/ 

2f 

PhCH 
\ 

%-NHNHPh = 
CH2 

?-NHNHPh 
CH3 

2f’ 2f” 

‘hCH 

6CH, 

Scheme I. 

- 

-H,S 
PhCli2 

YPh 
r=s 

0 0 

t 
OCH, 

In all cases the tautomer 21’ is the reacting species and 
no other P-heterocycle than 3 is isolated. In that con- 
nection it should be noted that the reaction of 1 with the 
phenylhydra~nes of 1 - phenyl - 2 - propanone, cyclo- 
pentanone and ~yclohexanone also produced the indoles 
4, 7a. and 7b, respecteively, besides the P-heterocycles. 

The reaction of the phenylhydrazone of l$diphenyl- 
2-propanone, 8, and 1, only gave 2 - benzyl - 3 - phenyl- 
indole, 9, the structure of which is known’* and also 

PhCH, 
\ 

C= N-NHPh A 

PhCH( 

t &C” 

9 

were refluxed in IOml of anhydrous benzene with stirring until 
no more of the starting material could be detected (tic). After 
cooling to room temperature the excess of 1 was filtered off. 
Then the reaction mixture was evaporated on silica gel under 
reduced pressure and applied to a silica gel column using 
et~r~~~t ~~leurn as eluent. The reaction ~o~it~ns, physica! 
and analytical data are summarized in Table I. 

Compound 3a. MS: m/e (%I: 316(M’+, IOO), 283&t’+-SH, 100). 

163(M), 121 (MO), 105(Ph-&N, IS), Pl(Ph:, 8). ‘H NMR 

(CDC13): 6 2.20(3H, S, CH3) 3.40(28, d. JpH IOHz, CHTP). 
3.85(3H, S. OCH,). 6.80-7,50(7H, m. Ph and m-protons), 7.80(2H, 
dd, JpH I5 Hz, JHH 9 Hz. ortho protons), 

Compound 3b. MS: m/e (?& 330&t +. 24). 297(M’+-SH, 23). 
122(33), 105(35), 91(9!. 77floO). ‘H NMR (CDClJ: 6 1.25(3H, t, J 
7H.z. CH3), 2.5(2% q, j 7 iiz, CH>Cti,), 3&2H, d. J 9Hz. 
CHYPI. 3.8QH. S. 0CH.l 6.8-7.3 ffH. m. Ph and m-orotons). 
i&$2& dd, ‘r, 1s Hz an;i JHH 9 H< o&o protons). . 

Compound 3c. MS m/e (%I, 344(M’+. 97). 3ll(M’+-SH, 78). 
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122(8), 105(S), 91(15). ‘H NMR (CDCI,): 6 l.l(JH, t, CHs), 
1.45-2.0(2H, m, CHs-CHs-CHz), 2.5(2H, 1, CHs-C=N), 3.45(2H, 
d, J IOHz, CH,P), 3.85(3H, S, OCH,). 6.8-7,3(7H, m, Ph and 
m-protons), 7.85(2H, dd Jpn 15 Hz, Jnn 9 Hz, ortho protons). 

Compound 3d. MS% m/c (%): 344(M’+, 9). 311(M”SH, BHI), 
244(33), 105(36), 91(50). ‘H NMR (CDCI,): 6 1.25(6H, d, J 10 Hz, 

HC($, 2.62.8(1H, m, CH-C=N), 3.45(2H. d, J lOHz, CH, 

P), 3.85(;H, S, GCH’), 6.&7.3(78, m, Ph and m-protons), 7.8 
(2H, dd, Jr.” 15 Hz, Jnn 9 Hz, ortho protons). 

Compound k. MS: m/c (96): 358&f’+, IOO), 343(M’+-CH,, 40), 
325(M+-SH, 100). 105(6), 91(5). ‘H NMR (CD&): S 1.35 (9H, S, 
(CH&-C), 3.55(2H. d, J IOHz, CHrP), 3.9(3H, S, GCHs), 6.9- 
7.35(7H, m, Ph and m-protons), 7.8(28, dd, Jpu 15 Hz, Jun 9 Hz, 
ortho protons). 

Compound 31: MS: m/c (%), 392JM’+, lOO), 359(M”SH, 80), 
260(1 I), 122(1 l), 91(56), 77(18). ‘H NMR (CDCI,): 6 2.25 (2H, d, J 
10 Hz, CH,P), 3.78(3H, S. OCHs), 3.82(2H, S, CHx-C=N), 6.7- 
7.5(12 H, m, Ph and m-protons), 7.8(2H, dd JPH 15 Hz, Jun 9 Hz, 
ortho protons). 

Compowd 3g: MS: m/c (%), 378(M’+. lOO), 345(M’+-SH, lOO), 
121(86), 105(90), 91(28). ‘H NMR (CDCI,): 6 3.8 (2H, d, J 10 Hz, 
CHrP), 3.9(3H, S, OCHs) 6.9-7.8(12H, m, Ph and m-protons), 
7.9(2H, dd JpB 15 Hz, Juu 9 Hz, ortho prodons). 

CompoundQ: MS: m/e (46). 207(M+,I85). 12q75). 
Comoound 6a. MS: m/r (%). 342(M +. 100). 309fM”SH. 25). 

105(8),91(12), 77(28). ‘H Nk(CD&: b 1.6<2.9(bH, m, 3CHr), 
3.6-3.7(1H, m, N=CH-P), 3.9(38. S, OCH’), 6.8-7.35(7H, m, Ph 
and m-protons), 8.0(2H, dd, Jpu 15 Hz, Jnn 9 Hz, ortho protons). 

Compowds 6b. MS: m/e (%): 356 (M”, IOO), 323(M”-SH, 52). 
171(55j, 105(10), 91(10). 
‘H NMR (CLXX): 8 15-2.818H. m. 4CH,). 3.2-3.5(1H. m. N= 
CH-P), 3.85(3H,*‘S, OCHs), 6.&7&H; rn, -Ph and m-protons), 
7.85(28, dd, Jpu 15 Hz, Inn 9 Hz, ortho protons). 

Compound 78. MS: m/e (%), 157(M’+, IOO), 141(50), 131(100), 
103(100), 65(100). 

Compound 7b. MS: m/e (%), 171(M’+, 71) 143 (100). 
Compound 9. MS: m/e (%), 283(M +, 70), 206(100), 178(18), 

77(66). 

Acknowledgmenfs-Thanks are expressed to DANIDA for a 
fellowship to one of us (A. A. E.-B.) and to Fluka AG for a 
generous supply of 1. 

RE-Es 
‘R. Shabana, S. S&bye, K. Clausen, S. 0. Olesen and S.-O. 
Lawesson. Nouo. 1. Chem. 447 (1980) and Refs. thcrein. 

‘G. Schumacher. Doctoral Thesis, University of Mainz (1968). 
lB. S. Pedersen, Doctoral Thesis, University of Aarhus (1980). 
‘S. Scheibve. B. S. Pedersen and S.-O. Lawesson, Bull. Sot. 
Chim. Be&. 87,229 (1978). 

‘S. Scbeibye, B. S. Pedersen and S.-O. Lawesson, Ibid. 87, 299 
(1978). 

6B. S. Pedersen and S.-O. Lawesson, Tetrahedron, Js, 2433 
(1979). 

‘K. A. Jnrgensen, R. Shabana, S. Scheibye and S.-O. Lawesson, 
Bull. Sot. Chbn. Bdg. 89,247 (1980). 

‘A. A. El-Barbary, K. Clauseu and S.-D. Lawesson, Tetru- 
hedrun, 36.3309 (1980). 

9A. A. El-Barbary, S. Scheibye, S.-O. Lawesson and H. Fritz, Acla 
Chem. Stand. ew, 597 (1980). 

“A. A. El-Barbarv and S.-O. Lawesson. Unnublished work. 
“W. D. Crow, J. L. Occolowitz and R. K. sblly, Austr. 1. Chem. 

21,761 (1968). 
‘*K G. Das, P. S. Kulkami and C. A. Chinchwadkar. Indian I. 

&em. 7, 140 (1%9). 
“V. Mark, C. H. Dungan, M. M. Crutchfield, and J. R. Van 

Wazer. Topics in Phosphorus Chemistrv. Vol. 5. D. 374. Inter- 
science, New York (1967). 

_. _ 

“B. Trenkler, Ann. 248, 106 (1888). 
“W. H. Perkin and S. G. P. Plant, /. Chem. Sot. 123, 3242 

(1923). 
16W. B&s&, Ann. 359.49 (1908). 
“K. Clausen. A. A. El-Barbarv and S.-O. Lawesson. Tetra- 

hedrtm, 37, iOl9 (1981). _ 
‘*P. L. Julian, E. W. Meyer, A. Magnani and W. Cole, 1. Am. 

Chem. Sot. 67, 1203 (1945). 
19E. Fischer, Ann. 234, 116 (1886). 
“A. Arnold, Chem. Ber. 30, 1015 (1897). 
*‘A. Mailhe, Bull. Sot. Chim. Frunce 29.420 (1921). 
nG. Plan&r, Chem Ber. 31. 1488 (1898). 
UMme Ramort-Lucas, J. Hoch and M. Martyoff, Bull. Sot. 

Gem. Frunce, [S], 4.481 (1937). 
%. Zincke and K. Zahn, C/mm. Ber. 43,849 (1910). 
z’H. Reisenegger, Chem. Ber. 16,661 (1883). 
%W. Dieckmann. Ann. 317,27 (1901). 
“A. Baeyer, Ibid 278,88 (1894). 


