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INVESTIGATIONS IN THE SYSTEM
PHOSPHORUS
TRICHLORIDE / 1,3-PROPANEDIOL

HENRIK HACKLIN, WERNER OFFERMANN
and GERD-VOLKER ROSCHENTHALER*

Fachbereich 2 der Universitit, Postfach 330 440, D-2800 Bremen

( Received February 27, 1985)

The reaction of phosphorus trichloride and 1,3-propanediol was reinvestigated. Besides 2-chloro-1,3,2-di-
oxaphosphorinane 1 3-chloropropyl-dichlorophosphite 2 was formed. Compound 1 and 2 were fluorinated
to give the corresponding phosphorinane 3 and the phosphite 4, respectively. Proton NMR spectra were
recorded at 360.08 MHz and simulated for 1 and 3. The 4-H and 6-H signals were treated not as first
order but as AA’ XX’ systems.

The importance of 1,3,2-dioxaphosphorinanes in biological processes has initiated
intense activity in preparative phosphorus chemistry and research on structural and
mechanistic properties, respectively.! Our interest in 2-fluoro-1,3,2-di-
oxaphosphorinane led us to reinvestigate the reaction of phosphorus trichloride and

1,3-propanediol.?
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RESULTS

Two phosphorus compounds, the known' 2-chloro-1,3,2-dioxaphosphorinane 1 (eq.
1) (48%) and 3-chloropropyl-dichlorophosphite 2 (5%) (eq. 2, 3) were isolated upon

*Author to whom all correspondence should be addressed.
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1,3-PROPANEDIOL + PCL, 81

reacting phosphorus trichloride and 1,3-propanediol. 3-Chloro-1-propanol (eq. 2)
was formed probably as an intermediate furnishing 2 in the presence of phosphorus
trichloride (eq. 3). 1,3-Dichloropropane,® but no 3-chloro-1-propanol was found in
the reaction mixture. The two phosphorus(IIT) derivatives 1 and 2 could be separated
by distillation (1: 34°C/4 Torr, 2: 72°C/4 Torr). The corresponding fluorophos-
phites 3 and 4 were obtained easily by Cl/F exchange reaction with antimony
trifluoride (eq. 4, 5). All four compounds were colourless, air and moisture sensitive
liquids.
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FIGURE 1A Proton n.m.r. spectrum of 3.
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FIGURE 1B Txpanded portions of the experimental (upper trace; negative intensities obtained under
the experimental conditions applied are omitted) and the simulated spectrum (lower tiace).
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The 70 eV mass spectra of 2, 3 and 4 exhibit fragments like M™* (2, 3, 4), M*-X (2,
X=Cl 4, X=F), M*—C,H, (3), C;H,0* (3), PX; (2, 4), F,POCH; (4),
C,H,CI" (2, 4), C;HCl* (2) and C,H{ (2, 4) as characteristic ions.

The 'H-NMR spectrum of 1 has been recorded at low field and analyzed
recently.*"!* Our data (Table I, lower left) were obtained at 360 MHz and agree with
the earlier reports.

Methyl substituted 2-fluoro-1,3,2-dioxa-phosphorinanes were studied (5-dimeth-
y1%11 4-methyl'*) but not compound 3, however. The spectra (Table I, upper right;
Figure 1) were treated as first order, except the 4-H and 6-H signals of 1 and 3 which
were analyzed as AA’XX’ systems. The synthetic spectrat® fitted the experimental
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FIGURE 2 Dihedral angles along C4-C5 and C5-C6 in 1 and 3 (calculated from >Jyyy, lit. 19).
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ones closely with substantial %/,, and *J,,. Jgy values were assumed positive.'$18

Using a multi-parameter approach accounting for nonproton substituents on the
H—C—C—H fragment,'® we transformed 3/ values into dihedral angles (cf.
Figure 2).

The angles add up to 358°C for 1 and 355°C for 3 close to the full turn of 360°C
proving the validity of the calculation. Both, 1 and 3 exist almost exclusively as a
single conformer, the propylene fragment being pronouncedly chair-shaped. Accord-
ing to Dreiding models, the slight inflection of the axial protons towards the ring
center might indicate a partial flattening of the chair in the OPO fragment.

The Yy value (1172.0 Hz) is somewhat at variance with lit. 14 (1156 Hz), but in
agreement with lit. 6 (1180 Hz). “/; is a geometric indicator for fluorine in axial
position %/, being one magnitude larger than %/, a relation similar to that found in
cyclohexanes.?®

The 'H-NMR spectra of 2 and 4 were similar showing a triplet of triplets (merging
to give a quintet) for the CH, group, a triplet for the CICH, substituent and a
doublet of triplets for the OCH, fragment (data see Experimental Part).

EXPERIMENTAL

The appropriate precautions in handling moisture and oxygen-sensitive compounds were observed
throughout this work.

Solvents were dried by standard procedures. Mass spectra were recorded on a Varian MAT CH-7
instrument at 70 eV. NMR spectra were obtained on a Bruker WH 360 spectrometer at 360.08 MHz (*H,
internal TMS), 338.68 MHz (‘°F, external CCL;F) and 145.72 MHz (*!P, external 85% H;PO,). Chemical
shifts were reported as downfield positive. Solutions ca. 10% (V/V) in CDCl; were measured.

2-Chloro-1, 3, 2-dioxaphosphorinane* (1) and 3-chloro-n-propyl-dichlorophosphite (2). 41.0 g (0.54 mole)
1,3-Propanediol was added dropwise to 95.0 g (0.69 mole) phosphorus trichloride in 100 ml methylene
chloride within 1 h and stirred for 1 h at ambient temperature. The mixture was distilled two times at 20
Torr and 4 Torr, respectively, to give 36.4 g (48%) 1 and 5.7 g (5%) (b.p. 72°C /4 Torr) 2.

Characterization of 2: MS: 194 (M*, 5%), 159 (M*—Cl, 50), 118 (PCL,OH™*, 25), 101 (PCl3, 18), 77
(C;HgCl%, 73), 76 (C;H;C17, 100), 42 (C;HY, 11), 41 (C;HY, 82) and other fragments (intensities based
on 3CI). NMR: 'H: & = 2.80 (—CHi—, 2 H, 3y = 5.9, tt), 3.70 (CICH,—, 2 H, */ggy = 5.9, 1), 4.40
(2 H, Jpy = 8.3, 3y = 5.9 Hz, dt); 3 P: § = +179.9. C;H,C1,0P (195, 41) Calc: C, 18.44%; H, 3.09%.
Found: C, 18.52; H, 3.04.

2-Fluoro-1, 3,2-dioxaphosphorinane (3). 2.4 g (0.017 mole) 1 was reacted with 6.0 g (0.034 mole) dry
antimony trifluoride for 2 h at ambient temperature. Distillation yielded 2.1 g (95%) 3 (b.p. 62°C).

MS: 124 (M*, 74%), 98 M*—C, H,, 32), 94 (M*—OCH,, 28), 58 (C;H,O*, 100), 41 (C;H?, 42)
and other fragments. C;H,FO,P (124, 05): Calc: C, 23.70%; H, 1.33%; F, 54.15. Found: C, 23.57; H,
1.10; F, 53.90.

3-Chloro-n-propyl-difluorophosphite (4). 3.2 g (0.016 mole) 2 was reacted with 6.5 g (0.036 mole) dry
antimony trifluoride for 4 h at ambient temperature. Distillation yielded 2.4 g (96%) 4 (b.p. 71°C).

MS: 161 (M*, 0.1%), 142 (M*—F, 0.1), 127 M*—Cl, 0.1), 99 (F, POCH}, 37), 77 (C; H4Cl1%, 89), 69
(PF,', 62), 41 (C,H{, 100) and other fragments. NMR: 'H: & = 2.14 (—CH,—, 2 H, *Juy = 5.9, tv),
3.69 (CICH,—, 2 H, ¥y =62 1), 428 (—OCH,—, 2 H, *Jpy = 6.5, 3Jyy = 5.9 Hz, dt); °F:
8 = —49.4 (Jpp = 1289 Hz); ?P: § = +113.9. C;H,CIF,0P (162, 50): Calc: C, 22.57%; H, 3.72%; F,
23.38. Found: C, 22.26; H, 3.60; F, 23.10.
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