This article was downloaded by:

On: 28 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

1
4
g

S PR} ] e e g

VT e Y S

Phosphorus, Sulfur, and Silicon and the Related Elements

Publication details, including instructions for authors and subscription information:

Phosphorus,

S-;'!-‘!f“rs and http://www.informaworld.com/smpp/title~content=t713618290
Silicon
and the Related Elements
».:.u, NEW SYMMETRIC DIISOPROPYLPHOSPHORYL-S-ALKANEDI
=Sy T YLDIISOTHIOUREAS. INVESTIGATIONS ON THEIR SYNTHESIS
1 MARCOS C. De Souza* Aniy K. Ohara? Denise R. Araripe?; Patricia Da C. V. Dias? Janaina C.
Kuwata®

* Instituto de Quimica, Departamentos de Quimica Orgnica e Quimica Analitica, Universidade Federal
Fluminense, Niterdi, RJ, Brazil

Editatan Chiel. Wariin 0. Fasdd —
Uuregmsn [dier Spestasin Ksaghigest ) i P

To cite this Article De Souza, MARCOS C. , Ohara, Aniy K., Araripe, Denise R. , Dias, Patricia Da C. V. and Kuwata,
Janaina C.(1999) 'NEW SYMMETRIC DIISOPROPYLPHOSPHORYL-S-ALKANEDI YLDIISOTHIOUREAS.
INVESTIGATIONS ON THEIR SYNTHESIS', Phosphorus, Sulfur, and Silicon and the Related Elements, 148: 1, 143 — 148

To link to this Article: DOIL: 10.1080/10426509908037006
URL: http://dx.doi.org/10.1080/10426509908037006

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww informaworld.coniterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi ||l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be Iiable for any | oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426509908037006
http://www.informaworld.com/terms-and-conditions-of-access.pdf

14:37 28 January 2011

Downl oaded At:

Phosphorus, Sulfur and Silicon, 1999, Vol. 148, pp. 143-148 © 1999 OPA (Overseas Publishers Association)
Reprints available directly from the publisher Amsterdam N.V. Published under license by
Photocopying permitted by license only the Gordon and Breach Science Publishers imprint.

Printed in Malaysia

NEW SYMMETRIC
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PATRICIA DA C. V. DIAS and JANAINA C. KUWATA
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Symmetric  dialkylphosphoryl-S-alkanediyldiisothioureas (RO),P(O)NHC(=NH)S(CH,),
SC(=NH)NHP(O)ORY), (I, R = isopropyl; n = 2-5) have potential coordination sites involving
O, P, N and S as donors atoms. For their synthesis, common two-phase reactions between the
corresponding diisothiourea derivatives and diisopropyl phosphonate were unsuccessful.
Herein we describe a new synthesis for such compounds using diisopropyl chlorophospho-
nate. Two new bis-phosphorylated alkanediyldiisothioureas with increasing carbon chain (I;
n =3, n=35) were prepared by this method.

Keywords: symmetric diisopropylphosphoryl-S-alkanediyldiisothioureas; phosphorylation
of S-alkanediyldiisothiourea; reaction of diisopropyl chlorophosphonate with S-alkanediyldi-
isothiourea

INTRODUCTION

Phosphate and amino are naturally occurring groups usually found in several
structural and functional combinations. The mechanism of action of such a
groups involves directly or indirectly complexation and transportation of
metal ions in physiological medium. Creatine phosphate, sphingomyelins,
and other phosphoramides are important biological systems where ion
complexation takes place./?! It has been demonstrated that the best
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results to guarantee selectivity of metal-ligand interaction are obtained
when both donor atom spatial disposition and nature of the functional
groups are considered in the design approaches to the ligand molecules.
Lin er al. have reported that diisopropylphosphoryl- S-ethanediyldii-
sothiourea (la) shows a nearly planar arrangement around the moieties
containing O=P-N-C-N-H atoms and strong intermolecular hydrogen
bonds in its crystal configuration. This finding suggests a very promising
site for coordination with metal cations'>* at such positions and makes
phosphoryl-S-alkanediyldiisothioureas interesting systems for investiga-
tion as complexing agents.

1
(@yn=2
(byn=3
(c)n=4
(dyn=5

Chemical structure for Ia-d. No caption

In order to obtain more information on the complexation behavior and
selectivity of such compounds, we present here preliminary investigations
on their synthesis. For a study of the chain size effect on complexation, we
synthesized the phosphoryl-S-alkanediyldiisothioureas (Ia-d), where the
two binding groups O=P-N-C-N-H are kept apart by n methylene groups.
The structural dependence for such open-chain ligands on coordination is
now under investigation and will be reported later.
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RESULTS AND DISCUSSION

For the synthesis of diisopropylphosphoryl-S-alkanediyldiisothioureas
(Ia-d) we first followed the method described by Lin et al. ,[3’4] which con-
sisted of a biphasic reaction between alkanediyldiisothiourea dihydrobro-
mides Ila-d and dialkylphosphonate IIT (R =isopropyl) in carbon
tetrachloride and aqueous sodium hydroxide medium (route A, Fig. 1). By
such a phosphorylation method we obtained la in a yield less than 30%
after purification and only traces of Ib-d.

S
HzN)J\NHz + Br—(CHy)n—Br

EtOH 85%
(REFLUX)
0

0
2 (RO)P-H 2 (RO)P-CI

NH NH
HZNJLS(CHz)nS"U\NHz « 2HBr

i) v

4 BASE(.q)

CCly /ETOH 4 BASE / ETHYL ETHER

q MW 2
BASE = NET 3, CsHsN or NaOH
(RO);P\NJLS(CHz)nsJLu/P(OR)z
H

R=ISOPROPYL
@n=2

NH

{bhn=23
1 {cin=4
{dn=5

FIGURE 1 Two routes for Phosphorylation of alkanediyldiisothiourea

In all cases a strong mercaptan odor was evolved as an indication of
decomposition of the alkanediyldiisothiourea, common in strongly alkali
and high temperature conditions (Equation 1.5

0
NH NH NaOH/ H,0 N/U\
— 2, + HS(CH)RSH
HZN"lLS(CHz)nSJl\NHz A 2 Hy NH, (CHz)n

EQUATION 1. No caption

The reaction was run two times with different bases (NEt; and CsHsN),
being also unproductive for Ia-d. Only starting material was recovered.
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An alternative phosphorylation method was then proposed, which con-
sisted of the homogeneous reaction of H with dialkyl chlorophosphonate
IV (R = isopropyl) in ethyl ether/NEt; or CsHsN (route B, Figure 1). In both
routes A and B, phosphorylation of the symetric intermediate alkanediyldii-
sothiourea dihydrobromides ITa-d is necessary. These salts were easily pre-
pared by S-alkylation of thiourea with the appropriate alkyldibromide,[>*!
and had to be further neutralized and phosphorylated in situ. Results from
route B are presented in Table I and refer to purified products.

TABLE I Results for preparation of Ia-d by route B

(CH hCHO—c", —EH ju % H(CHs )2
(cH:),cHo/P N S TN OCH(CHa
).

COMPOUND YIELD(%) M.P. (°C) PURIFICATION METHOD
la(n=2) 47 180-182 cryst. from H,0
Ib(n=3) 30 oil column chrom. (AcOET)
lc(n=4) *

Id (n =5) 45 93-95 cryst. from H,Q

*not isolated

Replacement of diisopropyl phosphonate by diisopropyl chiorophospho-
nate influences markedly the nature of the base required. Mild experimen-
tal conditions and less risk of degradation for the alkanediyldiisothioureas
was observed when diisopropy! chlorophosphonate and NEt3 or CsHsN
were used. No mercaptan odor was detected. Two new diisopropylphos-
phoryl-S-alkanediyldiisothioureas Ib and Id were so synthesized, but curi-
ously Ic was not obtained. We conclude that the increment in alkyl chain
within the series Ila-d is size-limited for n=4 (Ic) and did not transfer any
difficulty to their bis-phosphorylation, as derivatives withn=2, n= 3 and
n=>5 (Ia, Ib and Id) were obtained in increasing to similar yield. This
intriguing result is still under investigation against their complexing proper-
ties. The compounds synthesized and the intermediates were characterized
by usual techniques.

EXPERIMENTAL

All experiments were carried out in standard laboratory glassware without
an inert gas atmosphere. Uncorrected melting points were taken on
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Fischer-Johns apparatus. Chemicals were obtained from commercial sup-
pliers and purified by suitable techniques. Solvents and PCl; were distilled
before use. 1H, 13C and 3!P NMR spectra were measured on a Varian
UP-300 spectrometer in CDCl; with TMS as internal standard or 85%
H;PO, as external standard; IR spectra were recorded as KBr discs or
films on a Perkin-Elmer spectrometer. Mass spectra (EI-70eV) were
recorded on VG Auto Spec instrument.

Diisopropy! phosphonate (III) and diisopropyl chlorophosphonate (IV)

Prepared as described in reference 6.

Alkanediyldiisothiourea dihydrobromides Ha-d1>4

Prepared by reaction of thiourea with the corresponding alkanediyl dibro-
mide and recrystallized in ethyl alcohol. Ila) 84%; m.p. 224-226 °C. 1Ib)
91%; m.p. 202-206 °C. IIc) 76%; m.p. 218-221 °C. IId) 73%; m.p. 168—
170°C.

Phosphorylation of alkanediyldiisothioureas by route B —
General Procedure

Appropriate alkanediyldiisothiourea dihydrobromide IIa-d (0,005mol)
was added to a solution of triethylamine or pyridine (3 ml) in 15 ml of ethyl
ether. After 15 minutes, the mixture was cooled to 0-5 °C and 0.01mol of
diisopropyl chlorophosphonate (IV) was added dropwise. The mixture was
stirred at room temperature for 4 hours, keeping a basic pH by adding tri-
ethylamine if necessary. Triethylamine hydrobromide was filtered off and
the solvent was removed in vacuum to give the crude product.

Ia: crude product was recrystallized from water to afford a solid, 47%;
m.p. 179-180 °C. IV(cm™): 3363, 3275, 3200, 3101 (vng); 1630
(Voenm): 1565 (Vp); 1202 (Vp_g); 975, 1010 (veop). P-NMR:
8=3.44. TH-NMR: 8 =1.32 (24 H, -CHj, 2 d, Jyccy = 6.0 Hz); 4.57
(4 H, -HCO, m, Jyccy = 6.0 Hz, Jpgey = 7.5 Hz); 3.16 (4 H, -CH,S, s).
I3C.RMN: 8 =23.63, 23.69, 23.75 (-CH3); 70.85 (-HCO, d, Jpoc = 6.0
Hz); 30.67 (-CH,S); 168.13 (C=NH, d, Jpnc =not calculated). EI-MS:
m/z (%): 506 (0.7) [M]*; 300 (86); 267 (69); 156 (46); 123 (100).
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Ib: the residual oil was purified by silica gel column chromatography
(silica gel MERCK-60, 70-230 mesh; ethyl acetate) to afford a clear oil,
30%. IV (cm™'): 3350, 3283, 3210, 3126 (vnp); 1630 (Voonp); 1560
(vNr); 1200 (broad, vp_q); 970 (broad, vc.o. p)- “1P-NMR: § = 3.00.
1H-NMR: & = 1.31 (24 H, -CH3, 2 d, Jgccy = 6.0 Hz); 4.57 (4 H,-HCO,
m, JHCCH =6.0 HZ, JPOCH =75 HZ); 3.05 (4 H, -Cst, t, JHCCH =69
Hz); 1.98 (2 H, C-CH,-C-S, qui, Jyccu= 6.9 Hz). 13C-NMR: § = 23.64,
23.70, 23.74, 23.80 (-CHj); 70.85 (-HCO, d, Jpoc =6.0 Hz); 29.64
(-CH,S); 29.59 (-CH,-C-8); 168.06 (C=NH, d, Jpnc=3.5 Hz).

Ic: not isolated.

Id: crude product was precipited and recrystallized from water to afford
a solid, 45%; m.p. 93-95 °C. IV (cm™'): 3360, 3280, 3210, 3150 (vxg):
1635 (Voong); 1560 (Vg); 1202 (Vp_o); 975, 1005 (ve.g.p)- S1P-NMR:
8=331."H-NMR: 8 = 1.31 (24 H, -CH3, 2 d, Jyccy= 5.7 Hz); 4.56 (4 H,
-HCO, m, Jyccg=6-3Hz, Jpocy=7-8 Hz); 297 (4 H, -CH,S, t,
Juccn = 7.2 Hz); 1.64 (4 H, -CH,-C-S, m); 1.47 2 H, -CH,-C-C-S, m).
I3C.NMR: & = 23.63, 23.69, 23.73, 23.80 (-CH3); 70.75 (-HCO, d, Jpoc=
6.1 Hz); 30.68 (-CH,S); 29.09 (-CH,-C-S): 27.65 (-CH,-C-C-S); 168.53
(C=NH, d, Jpnc = not calculated). EI-MS : m/z (%): 548 (7) [M]*; 342
(15); 309 (11); 240 (100); 156 (23); 123 (83).
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