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Reactions of phosphorus tr ichloride (PCI3), thiophosphoryl tr ichloride (PSCI,) and 
tris(dialky1amino)phosphine (P(NR,),) with substituted thiohydrazides (la-l) under a variety of con- 
ditions led to thirty one substituted 2,3-dihydro-1,3,4,2-thiadiazaphospholes (2a- 1 ,  3a-c, 4a- 1). The 
side-reactions leading to & and 5 also are discussed. The elimination of HCI from 2-chloro-5-methylthio- 
2,3-dihydro-l,3,4,2-thiadiazaphosphole (2) by 1,8-diazabicyclo-[5,4,0]-undec-7-ene ("DBU") gave rise 
to 5-methylthio-l,3,4,2-thiadiazaphosphole dimer (6). The Staudinger reaction and sulfuration of 2- 
diethylamino-3-N-phenyl-5-methylthio-2,3-dihydro-1,3,4,2-thiadiazaphosphole (4a) with Me,SiN, and 
S, result in the formation of 2-(trimethylsilyl)imino-(~) and 2-thiono-(8) substituted counterparts re- 
spectively. The structures of the above products were confirmed by elemental analysis, IR, MS, and 
'H-NMR. "C-NMR and "P-NMR. 

K e y  words: Thiohydrazide, 1,3,4,2-thiadiazaphosphoIe, 1,2,3-diazaphosphole, NMR spectra, 
tris(dialkylamino)phosphine, cyclocondensation, Staudinger reaction. 

INTRODUCTION 

Although heterocyclic compounds of phosphorus have received considerable at- 
tention over the past three decades, there remain a number of interesting problems 
to be solved. Thus, the nitrogen- and sulfur-containing heterophospholes, especially 
including a [N-P-S] unit, have been less studied,' primarily due to difficult 
synthesis and intrinsically due to the weakness of the P-S bond, and to sulfur as 
another large member in the ring in enhancing the ring strain.2 However, it was 
found that some of them are useful not only in the syntheses of  pesticide^^,^ and 
oligonucleotides5 but also in preparing d-phosphenium and d-phosphonium cat- 
ions (two- and three-coordinate phosphorus cations) .6-8 These findings encouraged 
us to synthesize five-membered heterocyclic compounds which include [N-P-S] 
units. 

This paper describes the syntheses of 2,3,5-trisubstituted-2,3-2(H)-1,3,4,2-thia- 
diazaphospholes (2, 3, 3) by reactions of substituted thiohydrazides with PCl,, 
PSCl, and P(NR2),. Some characteristic properties of products also are reported. 

RESULTS AND DISCUSSION 

1 .  Synthesis 

Tautomerism causes the substituted-thiohydrazides (1) to have an unsaturated four- 
membered chain terminated by mercapto and amino groups that can condense with 
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38 T.-B. HUANG and J.-L. ZHANG 

2a 

2b 
2c 

2d 

21 

3a 

4a 

4b 

4d 

4e 
4f 

4g 

4j 

4k 

5 

6 
8 

262 1.3, M), 227 (100, M-CI), 150 
(46.3, M-CI-Ph), 91 (78, PhN), 77 
(56, Ph) 

151 (100, M-CI), 103 (14, CN,PS) 
228 (5.4, M), 193 (8.8, M X I ) ,  103 

(100, CN2PS) 

TABLE 111 
MS and IR spectra of 2-6 

No. MS(int.) IR 

1595. 1490 fC=C\. 1520 fC=NI. 750.690 
( Ar-H) ,' 670 ( G M e )  

3350 (N-H), 1530 (C=N), 666 (S-Me) 
1690 (C=O), 1540 (C=N), 660 (!+Me) 

1600, 1490 (M), 1535 (C=N), 750, 710, 
690 (Ar-H) 

246 (5.1, M + 2). 244 (14, M), 209 
(46.5, M X I ) ,  164, 154 (31, 
PhNPS), 150 (EtCSPh), 108, 
91(PhN), 77 (Ph), 65 (C5Hs) 

296 (22, M + 2), 294 (52, M), 259 (5.. 
M-CI), 227 (31, M : b l C t S ) ,  164 
(19, M-PS2Cl), 122 (10, 
M-CI-PhNN) 

301 (5.45, M + 2), 299 (55.6, M), 227 
(100, M-NEt,), 150 (62, MeS + 
CN,PS), 91 (86, PhN), 77 (23, Ph) 

329 (2.8, M + 2), 327 (26, M), 227 
(100. M-NPri, 91 (39, PhN), 77 
(19. Ph) 

265 (14, M), 193 (19, M--NEt2), 151 
(100, M-A-NEtJ, 146 (43. 
M-MeS-NEt,) 103 (4.3, CN,PS), - .  
72 (40, NEt2) 

293 fS. M). 193 (21. M-i-PRN). 151 ,. 
(l%, M e S  + CNiPS) 103 (4, 
CN2PS), 100 (36, i-PrZN) 

263 (5.7, M-2), 164 (15, Et,NCS,Me 
+ H), 146 (6.9, M-Et,N-MeS), 
129 (11, PNC + NEt,), 117 
(NPNEtJ, 91 (45, CS,Me), 86 (100, 
NPCHCO) 

151 (100, 1/2M, or M+ +) 
331 (4, M), 259 (100, M-NEt,), 182 

(50, M-NEt,-Ph), 91(54, PhN), 77 
(41, Ph) 

1600, 1495 (C=C), 1520 (C=N), 930 (P-N), 
773 (P=S), 760,705 (Ar-H), 695 (!+Me) 

1595, 1492 (C=C), 1530 (C=N) 

1595, 1490 (M), 1525 (C=N), 1390, 1380 
(i-Pr) 930 (P-N), 750, 690 (Ar-H), 665 
(S-Me) 

3050 (Ar-H), 1600, 1490 (w), 1520 
(C=N), 930 (P-N), 790,750, 720, 690 
( Ar-H) 

1600, 1490 (M), 890, 765, 690 (Ar-H) 
1600, 1490 (M), 1530 (C=N), 920 (P-N), 

775, 755, 690 (Ar-H) 
3070 (Ar-H), 1600, 1490 (M), 1545 

(C=N), 940 (P-N). 790. 750, 720, 690 
(Ar-H) . 

1670 (C=O), 1540 (CkN), 960 (P-N), 660 

1678 (C=O), 1520 (CkN), 1380, 1368 
(i-Pr) 970 (P-N), 660 (S-Me) 

3100--3300 (N-H), 17@&1665 
(-NH--C--O) 

1520, 1510 (C=N), 950 (P-N), 650 (S-Me) 

790 (F'=S), 750, 695 (Ar-H), 670 (%Me) 
1595, 1490 (M), 1520 (ChN), 925 (P-N), 
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THIADI AZAPHOSPHOLES 39 

PCl,, PSCI3 and P(NR2),. The routes for the preparation of 2, and 4 are outlined 
in Scheme I, Experimental data for products 2, 3, and 4 are listed in Tables I, I1 
and 111. 

Compounds &i-J were treated with PCI, in benzene at 20°C-80°C with the 
elimination of HCI to afford 2-chloro-5-R1-3-R2-2,3-2(H)-1,3,4,2-thiadiazaphos- 
pholes (a) in satisfactory yields. These cyclic chlorophosphines (2) could be 
purified either by molecular distillation or by centrifugal silica gel TLC under dry 
N,; products 2 decomposed above 120°C. The compounds 2 are reported for the 
first time except for and &.9J0 A11 of the compounds 2 are oils or low-melting 
solids; they are stable at room temperature under N,, but are sensitive to moisture, 
where they easily change back into 1. Compounds and a are so hygroscopic 
that no accurate C, H, N and P elemental analyses or satisfactory IR spectra could 
be obtained, and their structure had to be confirmed by NMR, MS. 

Applying the same procedure to PSCL,, 2-chloro-5-R1-3-N-R2-2,3-2(H)-1 ,3,4,2- 
thiadiazaphospholes-2-thiono (w) were prepared in high yields. Compounds 3 
could be purified on flash silica gel by chromatography, and were stable in the air 
at room temperature. P(NR2)3 is a kind of versatile phosphorus-containing reagents, 
which are useful in the synthesis of cyclic compounds in which the phosphorus 
atoms are in either two- or three- or four-coordinated state.'*12 Compounds 2- 
dialkylamino-3-N-R2-5-R1-2,3-2(H)-1,3,4,2-thiadiazaphospholes (w) were pro- 
duced when ja-J and P(NR2), were refluxed in benzene for 3-4 hrs; they were 
easily purified by preparation TLC on silica gel. Most of the products 4a-41 are 
oily with unpleasant odor, and are sensitive to air, where they could be oxidized. 
These cyclic aminophosphines also can be prepared by the amination of 2, as 
outlined in Scheme I. 

Depending on the different substituents (3-R2-), there are two complicated cases, 
the first case is for (R2 = H), the refluxed mixture of methyl ester of dithio- 

N- N/B2 

2.-1 - 
N- 

B~-c(s) -NHNH-R~ # B' -C(SH)-NNH-B~ 

- 1.-1 

4.-1 - 

is' ,Q2 
Q;NH N- N 

PSC1, 

8 - - 3.-c 

R', RZ, R' = MeS, Ac, Et, PhCH,, Aryl (see Table 1) 

SCHEME I 
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40 T.-B. HUANG and .I.-L. ZHANG 

carbazic acid (Ib) with P(NEtJ, gave 2-diethylamino-5-methylthio-2,3-2(H)-1,3,4,2- 
thiadiazaphosphole (4c, 52% yield), and diphosphorus compound (&, 18% yield), 
as shown in Scheme 11. 

The second case was with & (R2 = CH,CO), the refluxed mixture of methyl 
ester of N2-acetyl-dithiocarbazic acid (lc) with P(NEt,), produced 2-diethylamino- 
3-N-acetyl-5-methylthio-2,3-2(H)-1,3,4,2-thiadiazaphosphole (3, 51 % yield), and 
2-diethylamino-3-N-[methyl ester of dithiocarboxy]-5-oxo-1,2,3,4-4(H)-1,2,3-dia- 
zaphosphole (5, 35 % yield). Compound 5 also was chromatographically separated 
by centrifugal TLC using petroleum ether (3O0C-60"C)/ether (4:l) as the eluent; 
the result is shown in Scheme 111. The strange structure of 5 was well characterized, 
as discussed in the next part. 

With C12PNEt2 instead of PCl, as a cyclocondensative reagent with thiobenzhy- 
drazide (I), the 2-chloro-substituted product (2) was formed in nearly 100% yield, 
as indicated by 31P NMR of the mixture. A typical example is given in Scheme IV. 
It is noted that the formation of P - C l  bond in this example differ somewhat from 
the formation of the P-N bond in the reaction between the derivatives of 
2-hydrazinothiazole and C12PNEt2. 

A dicoordinated-phosphole resulted from & by the elimination of HCl; thus 
when & was treated with 1,8-diazabicyclo-[5,4,0]-undec-7-ene ("DBU"; which is 
a strongbase with low nucleophilicity) at - 70°C in CH2C12 under N2, an immediate 
,'P-NMR study on the mixture showed that a single signal at 110.9 ppm arose, 
with the disappearance of the signal of 151.8 ppm; above 200 ppm the absence of 
a 31P NMR signal was indicative of no stable &-species [-S-P=N-] persistence. 
After purification on centrifugal silica gel TLC using petroleum ether/ether/Et,N 
(8:2:1) as eluent, the dimer of & (6) was obtained (Scheme V). 

lb - 4c 

SCHEME I1 

- 4h - 

- 5 lc 41 - 

SCHEME 111 

/Ph N-N 
I + E t 2 N H 2 +  C1-  

C6H6/rt 
P h C H , - C ( S ) - " H - P h  + C 1 , P N E t 2  ____) 

loo' P h C H A S / p \ C 1  

2d - Id - 
SCHEME IV 
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THIADI AZAPHOSPHOLES 41 

'sYsHe NB N-N-P N- N 
DBU, -70 O C  I 

H e  17% hie A s , j - N - N  1 

2b - 6 - 
SCHEME V 

SCHEME VT 

It is reasonable that 5-methylthio-l,3,4,2-thiadiazaphosphole is an intermediate 
in the formation of 5 from & by dimerization. There are three reasons possible 
for the absence of stable $-species: the first is low resonance energy of this kind 
of ring, resulting from weakness of P-S bond; the second is the large ring strain 
caused by the large size of S and P atoms2; the third is the lone pairs of donating 
electrons from the MeS group. Whether strong electron-withdrawing groups such 
as 5-CF3- or 5-NC- at carbon may stabilize this monomeric phosphole in a two- 
coordinated state or not will be considered further elsewhere. 

C. Malavand and coworkers13 found that 2-chloro-2,3-dihydro-benzo[ 1,3,2]- 
oxazaphosphole could be converted into a neutral $-species by use of a Lewis 
acid. When we applied their method to 2b, surprisingly, a d-cationic product (a3] 
P = 269.7 ppm) was formed, as outlined in Scheme VI; the details will be reported 
e1~ewhere.l~ 

The Staudinger reaction of & with Me3SiN3 gave rise to 2. Sulfuration of +J 
with SS afforded 8. The structures of 2 and &were proved by spectroscopic methods. 
The equation is outlined in Scheme VII: 

N/ph 
H e , S i N ,  '8 N- 

4a - H e S  A - A + N S i ! 4 e 3  'NEt2 4 582 
H e  

7 - 8 - 
SCHEME VII 

2. Spectra and Structure 

The structures of 2-8 were confirmed by MS, IR, IH-, 13C-, ,*P-NMR and/or 
elemental analyses, as summarized in Tables I, I1 and 111. The 31P chemical shifts 
of 2, 3, and 4 were about 150 ppm, 75 ppm and 100 ppm respectively. The facts 
that the values of the 31P chemical shifts of compounds 2 and 4 with a 5-MeS group 
are close to those with PhCH2, Ph, 2-fury1, a-naphthyl and p-Br-C6H, in the 5- 
position demonstrate that 5-substituted groups have only weak effect on the 31P 
chemical shifts of these heterocycles. 
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42 T.-B. HUANG and J.-L. ZHANG 

Two phosphorus nuclei of &I give rise to two signals at 97.2 pprn and 106.4 ppm 
with 2JpNp = 18.3 Hz in the NMR spectra. From Table 11, it is easy to recognize 
that the signal of in low field (106.4 ppm) can be attributed to the cyclic 
phosphorus nucleus and that the signal of exo-cyclic phosphorus appears in a relative 
high field (97.2 pprn). This can be supported by the 31P NMR of &. The 13C NMR 
spectrum which exhibits six signals is consistent with the proposed structure for & 
in Scheme 11. 

Compound 5 is a minor product in Scheme 111. The formation of 5 is very 
unexpected, and the structure is uncommon. A comprehensive survey of IR, MS, 
and NMR data rules out the possibility of the 1,3,4,2-0xadiazaphosphole species 
expected. The 31P NMR spectrum of 5 in CDCl, shows a single signal at 77.7 ppm, 
which is far below that of the main product 3; in the 5 the coupling constants for 
the P-C(-Ha)-Hb unit, of which AMX-system is consisted, are 2J,c,a = 10.1 
Hz, 3JpCH, = 27 Hz, and 3JHacHb = 12.64 Hz. Elemental analysis is consistent with 
C,H,,N30PS,. A strong broad band from 1650 to 1700 cm-’ in the IR spectrum 
is indicative of the presence of carbonyl (C=O) group. The ‘H NMR spectrum 
gives six kinds of signal: 1.1, 2.48, 2.63, 2.73, 3.1 and 9.56 ppm, with integrals 
6:1:3:1:4:1; these imply that there is an anisotropoic methylene, besides MeS, NEt,, 
NH (or OH) groups. In consideration also of the MS data (prominent peak m/z 
91 is from CS,Me, base peak m/z 86 is from NPCHCO), the structure of 5 is 
concluded to be 2-diethylamino-3-N-[methyl ester of dithiocarboxy]-5-oxo-1,2,3,4- 
4(H)-1,2,3-diazaphosphole. The I3C NMR spectrum also supports this conclusion. 

Another interesting phenomenon revealed by ‘H-NMR is that the methylene 
groups of PhCH, in 2d, and a are to AB-system; this demonstrates that the 
rotation around the CH,-C(N)S bond is restricted at room temperature. 

A comprehensive view of all of the IR data show that the ueN spreads between 
1520 - 1570 cm -’ as a strong band. uSMe, v, and +-N fall in the ranges of 
660 - 670, 770 - 790 and 930 - 970 cm-’ respectively. As to I3C NMR, the 6,,, 
of C=N and CH3S are about 145 pprn and 17 ppm; ,JpSc is about 15 - 25 Hz. 
Most of the MS spectra give peaks at 103 (ring species CN,PS) and 150 (MeS + 
CH,PS) as base or prominent signals, implying that cations of thiadiazaphosphole 
have considerable stability in the gas phase. 

EXPERIMENTAL 

Instruments: Elemental analyses were obtained with a PE-2400 elementary analyzer. Mass spectra 
were recorded with a HEWLETT-PACKARD HP5988A spectrometer at 70ev ionization energy. 
IH-, ”C- and ”P-NMR were recorded with Varian XL-200 spectrometer. The chemical shifts are 
reported in ppm relative to the internal standard TMS for ‘H- and W-NMR, and the external standard 
85%H,PO, for 31PNMR. IR were recorded on PE-983G spectrometer. 

Solvents: Ether was distilled from benzophenone ketyl; n-hexane, benzene and xylene were dried 
with sodium and calcium hydnde; CH2C12 was dried over P,O, and stored over CaH,. 

Reagents: Substituted thiohydrazides (la-1),I5J6 Et2NPCI2 and P(NEt2),” were respectively pre- 
pared according to the reported procedures. PCI,, PSCI3, RzNH and Et,N were obtained commercially 
and distilled before use. 1,8-diazabicyclo-[5,4,0]-undec-7-ene (“DBU”) and Ss were purchased from 
ALDRICH. 

All manipulations were carried out under an atmosphere of dry nitrogen 
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2-chloro-3-N-R2-5-R‘-2,3-2(H)-1,3,4,2-thiadiazaphospholes (a): To a stirred solution of an appro- 
priate thiocarohydrazide Q, 10 mmol) in 45 ml of anhydrous benzene, below 0°C during 30 min, was 
syringed PCI3 (1.6 g, 12 mmol) in 5 ml of benzene. The mixture was stirred for 2 hrs at 20-30°C and 
then refluxed until the disappearance of HCI. Most of the solvent was removed under reduced pressure, 
20 ml of n-hexane was added to the concentrated solution, the mixture was stirred for 30 min and kept 
overnight at room temperature, a clear filtrate was obtained by filtration. Removing the solvent from 
the above filtrate left an oily residue, which was either distilled under vacuum or chromatographed on 
silica gel by centrifugal TLC using an appropriate eluent. All experimental data are listed in Tables 1,  
I1 and 111. 

2-chloro-3-N-RZ-5-R‘-2-thiono-2,3.-2(H)-1,3,4,2-thiadiazaphospholes (3): The mixture of the appro- 
priate thiohydrazine (L, 10 mmol) in 45 ml of benzene and PSCl, (1.86 g, 11 mmol) were refluxed for 
3 hrs. Completion was indicated by the disappearance of 1 on silica gel TLC. The clear filtrate which 
was obtained by filtration was concentrated at reduced pressure. The residue was purified on a flash 
silica gel column or by molecular distillation. All data of 3 are listed in Tables I, I1 and 111. 

2-dialkylamino-3-N-R2-5-R1-2,3-dihydro-l,3,4,2-thiadiazaphosphole (4): The appropriate thiohydra- 
zide (L, 2.5 mmol), tris(dialky1amino)phosphine (5 mmol) and benzene (10 ml) were placed in a 50- 
ml two-neck round-bottom flask. The mixture was refluxed for 3-4 hrs. Silica gel TLC indicated the 
completion of the reaction. The solvent was evaporated under reduced pressure, the residue was 
chromatographed on three 20 cm x 20 cm silica gel plates, or on a centrifugal silica gel plate, so the 
pure Products 5 could be obtained. 

The details for 4j and 3 from &: under nitrogen atmosphere, 10 ml of dry benzene, 0.85 g of N’- 
aceto-hydrodrazniodithiocarbazic methyl ester (&, 5.2 mmol) and 3 ml of P(NEt2)3(11 mmol) were 
placed in a round-bottom flask. The mixture was heated at 80°C for 4 hrs. Then the solvent was 
evaporated in vacuo and residual crude product was purified on silicon gel TLC using petroleum ether/ 
ether (4:l) as eluent. Pure 1. (0.48 g) and pure 4j (0.70 g) were obtained in the yield of 35% and 51% 
respectively. The products 4 could be also prepared through the amination of 2 with the corresponding 
R,NH in the presence of Et,N. The related data are listed in Tables I, I1 and 111. 

The dimer oJ5-methylthio-1,3,4,2-thiadiazaphosphole (5): To a solution of purified 2-chloro-2,3-2(H)- 
1,3,4,2-thiadiazaphosphole (g; 0.372 g, 2 mmol) in 10 ml of CH2C12 was dropped a solution of 1,8- 
diazabicyclo-[5,4,0]-undec-7-ene (“DBU”; 0.466 g, 3 mmol) in 5 ml of CH,CI, below - 70°C over 5 
min with stirring. An immediate and successive 31P NMR study on the mixture indicated that the signal 
at 110.9 ppm was growing with that at 151.8 ppm was lowering. The precipitate was filtered and 
discarded. CH2CIz in the filtrate was stripped off by dry NZ, and the residue was purified by preparative 
TLC using ether/petroleum etherhiethylamine (551) as the eluent. The yield of 6 was 17% (63.4 mg, 
m.p. 99-100°C). The data are listed in Tables I, I1 and 111. 

2-diethylamino-3-N-phenyl-5-methylthio-2,3, -dihydro-I ,3,4,2-thiadiazaphosphole-2-(trimethylsilyl) 
imino- (7) and -2-thino (8): The mixture of & (190 mg, 0.64 mmol), Me3SiN,(95 mg, 0.82 mmol), 
and 2 ml of benzene was refluxed for 2 hrs, then cooled. Most of the solvent was removed under 
reduced pressure. The residue was purified on silica gel preparative TLC using ether/petroleum ether 
(1 : 10) as the eluent. Compound 2-(trimethylsilyl)i~no-2-diethylamino-3-~-phenyl-5-methylthio-1.3,4,2- 
2,3-2(H)-thiadiazaphosphole (z, 140 mg) was obtained in 58% yield. 

The mixture of & (172 mg, 0.58 mmol), S8 (100 mg, 3 mmol) and 5 ml of benzene was refluxed for 
4 hrs, then cooled. The excess sulfur was filtered off, and most of the solvent was removed under 
reduced pressure. The residue was purified on silica gel preparative TLC using the ethedpetroleum 
ether (1:9) as the eluent. A colorless oil 8 (152 mg) was obtained in the yield of 80%. 

After the mixture of & (2.94 g, 10 mmol) and EtzNH (2 ml, 20 mmol) were stirred at room 
temperature for 2 hrs., a flash column chromatography on silica gel using light petroleum as the eluent 
could afford 8 (3.2 g, 97%). 

The related data are listed in Tables I, I1 and 111. 
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