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A FACILE SYNTHESIS OF DIETHYL 1-
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D. SIKORA and T. GAJDA™

Institute of Organic Chemistry, Technical University (Politechnika), Z'eromskiego
St. 116, 90-924 Lodz, Poland

(Received April 13, 1999)

Novel, diethyl 1-(isothiocyano)alkylphosphonates 3 have been efficiently synthesized via a
one-pot reaction of diethyl 1-azidoalkylphosphonates 1 with triphenylphosphine, followed by
in situ transformation of thus formed phosphazenes 2 with carbon disulfide. Application of
the title compounds in the synthesis of diethyl (N-phenylthioureido)- and (benzothia-
zol-2-ylamino)methylphosphonates was also described.

Keywords: Diethyl 1-azidoalkyphosphonates; iminophosphoranes; Staudinger reaction; die-
thyl 1-(isothiocyano)alkylphosphonates; diethyl (N-phenylthioureido)methylphosphonate;
diethyl (benzothiazol-2-ylamino)methylphosphonate

INTRODUCTION

Alkyl and aryl isothiocyanates are a versatile and important class of heter-
oallenes, which found wide application, especially in the construction of
heterocycles systems.[2‘6] A variety of synthetic approaches leading to
these heteroallenes has recently been reviewed,!27%! and the choice of the
procedure depends on target molecule.[4] Generally isothiocyanates have
been prepared by the reaction of primary amines with thiocarbonyl reagent
like carbon disulfide or thiophosgene.lz_S] Also iminophosphoranesm
(easily available from tertiary phosphines and organic azides) are valuable
starting materials, which in reaction with carbon disulfide give alkyl iso-
thiocyanates in high yields. (8-10)

On the other hand, diethyl 1-(isothiocyano)alkylphosphonates are a
novel class of bifunctional isothiocyanates in which the presence of the
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phosphoryl moiety on the o-carbon atom adjacent to the isothiocyano
group enhances their synthetic attractiveness. To the best of our knowl-
edge, the only papers on da-phosphorylated isothiocyanates reported in the
literature concern the preparation of bis(trimethylsilyl) 1-(isothiocy-
ano)alkylphosphonates from appropriate bis(trimethylsilyl) 1-aminoalkyl-
phosphonate and carbon disulfide as derivatives for gas chromatography
and mass spect.romeu'y.[1 L2l

RESULTS AND DISCUSSION

In connection with our interest in the chemistry of organic compounds
containing both phosphorus and nitrogen atoms we have recently become
involved in the application of diethyl l-azidoalkylphosphonates[l3] 1in
the synthesis of diethyl 1-aminoalkylphosphonates!!#!5] and derivatives
of 1-[1-(diethoxyphosphoryl)alkyl]-/H-1,2,3-triazoles.['® Herein, we
wish to report the application of the above-mentioned reagent 1 for the
new one-pot preparation of diethyl 1-(isothiocyano)alkylphosphonates 3
(Scheme 1).

0 0
t
(EtO)J’YNa Ph,P / Benzene / 3h, r.t. (Ho)zis\rmpph3
R _ R
1 2

CS, (excess) / r.t. or reflux

(-PhyP=8) I
50-99% - (EtO)szN=C=S
R
3

H.*ADJ d e f
R Me Et Pr i-Pr Ph

SCHEME 1



203

ISOTHIOCYANOALKYLPHOSPHONATES

“(L:6) auexay/ oy 01q
*(1:07) uexayPvoig
‘(p:1) suexayoyOig
L(1:1) duBXAY/SUO0JNY
Aoandadsar qg 10§ Ygy pue ‘Bg 10§ Ypg S11 18 PAIONPUOD SEM UOTIORI] USYM ‘PIUIEIQO UM SPIAIA Jwres i)
"0€'0%d ‘'STOFN ‘€7°0FH ‘$T'0FD paurelqo sask[eueordiur A1019ejsnes
‘1 uo paseq ‘g saeueAdonyost and A[feonkeue ‘paje[ost Jo SPIAL

J 8 JT U s

(1) 982 (1€°687) SA*ON'HY'D PU0  PIvS1 8L Xngar ‘yy| )
(§9) 75T (6T°157) SA*ONB'H®D 3620  +TI8Y'1 09 xnyjai ‘pg F
(oL) zst (62°157) Sd*ONE'HED RUOEENTE 4 66 XA}31 ‘Y6 PE
(66) 8€T (97°L£7) SA*ON®'HED 610 88yl 8L xnyai ‘yg %
U vz (£T°€T7) SA*ON"'HED plS0  06LY1 89 >X0LaI yg q€
(18) 01T (L1'60T) SA*ONC'H®D pP?0  ST6r'1 19 SXAUA ‘up LY
(%) HW SW/avi JPIaLO ] D3O N oY 0 oA%) PIPU “dwi3] ‘Fuiy SUONIPUOI UoUIDIY 13npoad

pasedaig J-eg sareuoydsoydjA3re(ouekoomposy)-1 [AyRid 1 ITIVL

1102 Alenuer 8z TG :€T

v pspeo jumog



D. SIKORA and T. GAJDA

204

(HS ‘W) €' -€€°L

9L6 ‘8201 ‘09T1 9SH1 ‘96¥1

061 =1 'H1 ‘P) £0°S “(HF ‘W) €TH€6'€ “(HY ‘W) £TH—€6°€ “(0°'L = *HY 1T) 6T°1 ‘9T’ 7091 ‘0007 ‘TLOT ‘¥86T ¥90E  JE
CRE

‘O'L=r"HTBP) vTy (9L 11 ‘STL = ‘HT DP) 1TH ($9'91 ‘ST =1 "HI ‘PP) SL'E “(H1 ‘W) TL6 ‘T66 ‘YTOL ‘091 ‘¥Ov1

WITHTTOL=1HI ) 6€°1 8E'T “(SL'9=F "HE 'P) SE'1 (SL'9“0'l =1 ‘HE ‘PP) TI'1 1881 ‘YZLT ‘000 ‘080T ‘8967 O
(9TS1°STL="r "HY 'DP} €T'¥ ‘(HT ‘W) 16°€ L6 *966 ‘000Z ‘9501

—8L°¢ “(HT ‘W) 16'[-6L 1 "(HZ ‘W) L1411 (0L =1 ‘HI N 8E'1 (STL=1"HE ) L6O 81'61 ‘09T1 ‘0ZLI ‘8807 ‘0967  PE
(9T°S1'0L =1 ‘HY BP) €TF (061 TL6 ‘T66 ‘PTOL ‘TSTE

‘0°01°0'F = £ "HI 'PPP) 9L°€ "(HT ‘W) $0°C -8L°1 (0L ="HO "N 8E T (SL=1 HEV +1'1 681 ‘06€1 ‘080T "9L6T ‘0967  IE
(STSL'OL=rHb €46 ‘1€01 ‘LETI ‘TULTL

bP) ¥T¥ “(8'%1 ‘0L =1 "HI ‘DP) €6°€ (9T°91 “0°L =/ *HE ‘PPY 8S'T (0L =1 "HY V) 6€°1 9961 ‘8GLI ‘$S0T ‘S60T ‘TY6T  4E
9L6 ‘TEOI ‘€SOL “L¥TI

(§8°6’L=r"Ht DP) ¥T¥ (STI =" 'HT P)6LE (SL=r"HI D O¥' 9591 ‘LSOT ‘890T ‘1LOT ‘06T  ®BE

Q(watodtH
2H) 1 @ (1 SWI 1DAD) AN H; *10a2) ¥WN d ¢ {,-wd) a (103u) ¥] 1omposg

J-e¢ sareuoydsoydjLyre(oueisonposy)-| [Ayivi jo eeq drdossonsads I g 19VL

1102 Alenuer 8z TS:ET @IV Papeo |uwog



13:51 28 January 2011

Downl oaded At:

ISOTHIOCYANOALKYLPHOSPHONATES 205

Starting diethyl 1-azidoalkylphosphonates[13] 1 are easily available from
diethyl 1—hydroxyalkylphosphonates[17] and hydrazoic acid under the Mit-
sunobu reaction.['® Thus, according to the Scheme 1, diethyl 1-azi-
doalkylphosphonate 1 was converted by the Staudinger reaction!”) with
triphenylphosphine into the respective iminophosphorane 2, which in turn
was immediately transformed into the corresponding isothiocyanate 3 by
the reaction with carbon disulfide. Reaction of iminophosphorane 2 with
carbon disulfide can be conducted at room temperature or under reflux.
However, the above-mentioned conversion needs much longer time for
completion at room temperature (Table I, compd. 3a and 3b, respectively).
Also the presence of aromatic or more hindered alkyl substitutents in the
iminophosphorane 2, demands prolonged heating with carbon disulfide
(Table I, compd. 3f and 3e, respectively). The progress of the above-men-
tioned reaction can be clearly monitored by the 3lp NMR spectroscopy.
Isothiocyanates 3 thus formed were isolated in high overall yields (60—
99%) by means of flash chromatography, and their structure was unequiv-
ocally confirmed by 31p and 'H NMR spectroscopy. The results are sum-
marized in Table I and II.

Despite a one-pot procedure described for above-mentioned transforma-
tions, iminophosphoranes 2 can be easily isolated; e.g. iminophosphorane
2al'%1 was for the first time separated and characterized as a pure com-
pound in quantitative yield.

The strategy, in which isothiocyanates 3 play a key role, was then applied
for a one-pot synthesis of diethyl (N-phenyithioureido)- and (benzothia-
zol-2-ylamino)methylphosphonates 4 and 5, respectively (Scheme 2).

Thus according to the Scheme 2, diethyl azidomethylphosphonate 1a
was converted by the procedure given above, into diethyl (isothiocy-
ano)methylphosphonate 3a, which in turn was immediately transformed
by heating with aniline?®! to the corresponding diethyl (N-phe-
nyl-thioureido)methylphosphonate 47%!! in 88% overall yield. In the same
way crude diethy! (isothiocyano)methyl phosphonate 3a, after heating
with aniline, was cyclized by means of bromine in acetic acid, (221 prior to
quenching with water into the diethyl (benzothiazol-2-ylamino)methyl-
phosphonate 5231 in overall 50% yield. Under these conditions the conver-
sion of triphenylphosphine sulfide to triphenylphosphine oxide also took
place.m]
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1a

1) Ph,P / Benzene / 3h, r.t.
2) CS, (excess) / reflux, 4h

(E0),P._N=C=§ + PhpP=8

3a
1) PhNH, / CH,Cl, / refiux, 3h
PhNH, / CH,Cl, 2) Br, /ACOH /3h, 0°tort.
reflux, 3h 3)H,0
(-Ph,P=0)
fo) o)
H H i H
(EtO)zlli"vNTN\Ph B0 NN
H S—I j
4 ]
SCHEME 2
CONCLUSION

In conclusion, the procedure given provides a simple and efficient route to
novel diethyl 1-(isothiocyano)alkylphosphonates with a range of aliphatic
and aromatic substituents at C-1 carbon, under mild conditions and from
easily available starting materials. This methodology has been conven-
iently adapted for a one-pot preparation of diethyl (N-phenylthioureido)-
and (benzothiazol-2-ylamino)methylphosphonates.

EXPERIMENTAL

NMR spectra were recorded on a Bruker AVANCE DPX 250 instrument at
250.13 MHz for 'H and 101.3 MHz for 3P NMR respectively using
CDCl, solutions. Positive chemical shifts are downfield from ext. 85%
H,3PO, for 3P NMR spectra. IR spectra were measured on a Specord M80
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(C. Zeiss) instrument and are reported in wavenumbers (cm_l). FAB/MS
were recorded on an APO Electron (Ukraine) Modell MI 12001E mass
spectrometer equipped with a FAB ion source (thioglycerol matrix). Melt-
ing points were determined in open capillaries and are uncorrected. Flash
chromatography was performed with glass column packed with Baker sil-
ica gel (30-60 um). All reagents were purchased from Fluka and used
without further purification. The diethyl azidoalkylphosphonates 1 were
obtained as described previously.m]

Preparation of diethyl 1-(isothiocyano)alkylphosphonates;
General Procedure

Ph;yP (0.535 g, 2.04 mmol) was added in one portion with stirring and
external cooling (ice bath) to a solution of diethyl 1-azidoalkylphospho-
nate 1 (2.0 mmol) in anhydrous benzene (10 mL) Stirring was continued
for 3h at r.t., and CS, (1.22g, 0,964 mL, 16.0 mmol) was then added in one
portion. After the addition has been completed, the mixture was kept at r.t.,
or in reflux for a given time (see Table I for details). Benzene and excess
of CS, was evaporated under reduced pressure, and the semi-crystalline
residue was extracted with hexane (3x25 mL) to remove most of Ph4PS.
The combined extracts were evaporated in vacuo, and the oily residue was
subjected to flash chromatography to give analytically pure diethyl 1-(iso-
thiocyano)alkylphosphonate 3 in good yield (Table I).

Diethyl [(triphenylphosphoranylidene)amino]methylphosphonate 2a

Ph,P (0.525 g, 2.0 mmol) was added in one portion with stirring and exter-
nal cooling (ice bath) to a solution of diethyl 1-azidomethylphosphonate
la (0.386 g, 2.0 mmol) in anhydrous benzene (10 mL). Stirring was con-
tinued for 3h at r.t., and benzene was then evaporated under reduced pres-
sure. The crystalline residue was washed with anhydrous ether (2x 5 mL),
and dried over P,Os to afford analytically pure imin(;phosphorane 2a in
quantitative yield (0.854 g), as colorless solid; mp. 96-98°C.

3'p NMR (CDCl3, H3POy ext.): 8 =1592 (d, J=73.92 Hz), 29.60 (d,
J =73.92 Hz).

'H NMR (CDCl;, TMS): 8= 1.26 (6H, t, J= 7.0 Hz), 3.51 (2H, dd,
J =12.0, 19.0 Hz), 4.05-4.20 (4H, m), 7.42-7.49 (9H,,o1,.» M), 7.63-7.69
(6H,om-» m, ortho).
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13C NMR (CDCly): 8=16.47 (d, J= 5.7 Hz), 42.04 (dd, J = 164.71,
6.0 Hz), 61.66 (d, J = 6.82 Hz), 128.21-132.63 (aromatic envelope).

FAB MS: MH" 428 (46.6%)

Anal.: Cy3H,sNO5P, (427.43) Caled. C, 64.63; H, 6.37; N, 3.28; P,
14.49. Found. C, 64.41; H, 6.25: N, 3.15; P, 14.34.

Diethyl (N-phenylthioureido)methylphosphonate 4

Diethyl (isothiocyano)methylphosphonate 3a was obtained according to
the general procedure. Benzene and excess of CS, was evaporated under
reduced pressure. The semi-crystalline residue was dissolved in CH,Cl,
(10 mL) and freshly distilled aniline (0.186g, 2.0 mmol) was then added.
The mixture was heated under reflux for 3h, diluted with CH,Cl, (30 mL),
washed with 5% HCI aq. (2x5 mL), water (2x5 mL), and dried over
MgSO,. The solvent was evaporated under reduced pressure, and the resi-
due was subjected to flash chromatography (eluent: EtOAc/MeOH 30:1,
R=0.34) to give 0.53g analytically pure diethyl (N-phenylth-
ioureido)methyiphosphonate 4 in 88% overall yield, as colorless solid:
mp. 74-75°C.

3p NMR (CDCl,, H3POgext.): & = 22.83.

'H NMR (CDCl,, TMS): 6 = 1.32 (6H, t, J=7.0 Hz), 4.15 (4H, dq, J=
7.0, 8.0 Hz), 4.22 (2H, dd, J= 6.0, 12.0 Hz), 6.67 (1H, bs), 7.28-7.42
(5H,rom-» m), 8.19 (1H, bs).

IR (CCly, film): 3304, 3144, 1548, 1352, 1316, 1224, 1184, 1024, 984,
788.

FAB MS: MH"* 303 (63%)

Anal.: Ci,HgN,O3PS (302.33) Caled. C, 47.67; H, 6.33; N, 9.26.
Found. C, 47.41; H, 6.15; N, 9.05.

Diethyl (benzothiazol-2-ylamino)methylphosphonate 5

Diethyl (N-phenylthioureido)methylphosphonate 4 was obtained as
described above. The solvent was evaporated under reduced pressure and
the semi-crystalline residue was dissolved in acetic acid (10 mL). The
mixture was cooled to 0° (ice bath) and bromine (1.28g, 8.0 mmol) in ace-
tic acid (5 mL) was added dropwise. Stirring was continued for 3h at r.t.,
and the reaction mixture was then poured into ice water (20 mL). The
crude product was extracted with CH,Cl, (3x20 mL), washed with 5%
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NaHCOj; aq. (3x15 mL), 5%Na;S,05 aq. (3x5 mL), water (5 mL) and
dried over MgSQy. The solvent was evaporated under reduced pressure,
and the residue was subjected to flash chromatography (eluent: EtOAc,
R=0.26) to give 0.30g of analytically pure diethyl (benzothia-
zol-2-ylamino)methylphosphonate § in 50% overall yield as colorless
solid: mp. 82-83°C

31p NMR (CDCls, H3PO,ext.): & = 22.76.

'H NMR (CDCl;3, TMS): 8= 1.33 (6H, t, J= 7.25 Hz), 3.96 (2H, d,
J=12.0 Hz), 4.19 (4H, dq, J=7.25, 8.0 Hz), 7.14-7.21 (1Huym., m),
7.32-7.39 (1H 0., m), 7.57-7.62 (2H 0. + 1Hyy, m).

IR (CCly, film): 3232, 3048, 1600, 1572, 1560, 1544, 1536, 1440, 1352,
1316, 1264, 1248, 1216, 1040, 1032, 1020, 976, 788, 776.

FAB MS: MH* 301 (100%)

Anal.: Cj,H7N,O4PS (300.32) Calcd. C, 47.99; H, 5,70; N, 9.33.
Found. C, 47.85; H, 5,52; N, 9.13.

Acknowledgements

The financial supports of the Polish Committee of Scientific Research
(KBN) under grant number 3T-09A/095/08 is gratefully acknowledged.

References

[1] Presented in part during the XIVth International Conference on Phosphorus Chemistry,
July 12-17, 1998, Cincinatti, Ohio, U.S.A.

[2] L. Drobnica, PKristian and J. Augustin, In The Chemistry of Cyanates and Their Thio
Derivatives, S. Patai, Ed., John Wiley and Sons: New York (1977), Part 2, pp. 1003-
1221.

{3] A.Hartmann, In Houben-Weyl, 4th ed., Vol E4, Georg Thieme Verlag: Stuttgart (1983),
pp. 834-883.

[4] A. K. Mukerjee and R. Ashare, Chem. Rev., 91, 1 (1991).

[5] M. Avalos, R. Babiano, P. Cintas, J. L. Jiménez and J. C.Palacios, Heterocycles, 33,
973 (1992).

[6] S.Sharma. Sulfur Rep., 8, 327 (1989).

[7) Y. G. Gololobov and L. F. Kasukhin, Tetrahedron, 48, 1353 (1992).

[8] H. Staudinger and E. Hauser, Helv. Chim. Acta, 4, 861 (1921).

[9] P Molina, M. Alajarin and A. Arques, Synthesis, 596 (1982).

[10] A. R. Katritzky, J. Jiang and L. Urogdi, Synthesis, 565 (1990). A. R. Katritzky, S.
Rachwal and G. J. Hitchings, Tetrahedron, 47, 2683 (1991).

[t1] D.J. Harvey and M. G. Homing, J. Chromatog., 79, 65 (1973).

[12] D.J. Harvey and M. G. Horning, Org. Mass. Spectrom., 9, 955 (1974).

[13] T. Gajda and M. Matusiak, Synthesis, 367 (1992).

[14] T. Gajda and M. Matusiak, Synth. Commun., 22, 2193 (1992).

[15) T. Gajda, Tetrahedron: Asymmetry, 5, 1965 (1994).

[16] D. Sikora and T. Gajda, Synth. Commun., 28, 1215 (1998).

[17] D.L. Hughes, In Organic Reactions Vol. 42, L. A. Paquette, Ed., John Wiley and Sons
Inc.: New York-Chichester-Brisbane-Toronto-Singapore (1992), pp. 335-656.



13:51 28 January 2011

Downl oaded At:

210

(18]

(19]

[201

(21]

[22]
(23]

{24]

D. SIKORA and T. GAJIDA

R. Engel, In Organic Reactions Vo). 36, W. G. Dauben, Ed.; John Wiley and Sons Inc.:
New York-London-Sydney-Toronto (1988), pp. 176-248.

For applications of iminophosphorane 2a obtained in situ respectively from diethyl
1-azidomethylphosphonate and Ph;P, or [1-[[(triphenylphosphoranylidene)amino]-
methyl]benzotriazole and lithium diethyl phosphonate see Ref. 14 and the following
papers: A. R. Katritzky, J. Jiang and J. V. Greenhill, J. Org. Chem., 58, 1987 (1993). A.
R. Katritzky, G. Zhang and J.Jiang, J. Org. Chem., 59, 4556 (1994).

U. Kraatz, In Houben-Weyl, 4th ed., Vol E4, Georg Thieme Verlag: Stuttgart (1983), p.
486.

For other approach to the synthesis of dialkyl and diphenyl (N-arylthioureido)alkyl-
phosphonates see: M. I. Kabatchnik and T. Ya. Medwed, Dokl. Akad. Nauk SSSR, 99,
765 (1954); Chem. Abstr., 49, 14664 (1955). Z. H. Kudzin and W. J. Stec, Synthesis,
469 (1978); ibid, 1032 (1980).

N. B. Ambati, V. Anand and P. Hanumanthu, Synth. Commun., 27, 1487 (1997).

For the synthesis of dialkyl 1-(benzothiazol-2-ylamino)benzylphosphonates via the
addition of diethyl phosphite to the appropriate imines see: L. N. Grishina and N. P.
Grechkin, Zh. Obshch. Khim., §7, 815 (1987).

For the conversion of triphenylphosphine sulfide into its oxygen analog with bromine,
under the basic conditions see: H. Singh, P. Singh and N. Malhotra, J. Chem. Soc. Per-
kin Trans 1, 2647 (1981).



