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SELECTIVE PREPARATION OF OXACYCLIC
AND LINEAR PHOSPHONATES AND THE
EFFECT OF DIETHYL PHOSPHONATE GROUP
ON SPECTROSCOPIC DETERMINATION OF
THE STRUCTURES

JEN-WEN YU and STEVE K. HUANG™

Graduate School of Chemical Engineering, National Taiwan University of Science and
Technology, Taipei, Taiwan 106, Republic of CHINA

(Received 21 January 1997; Revised 19 June 1997; In final form 19 June 1997)

The formation of either oxacyclic or linear phosphonates by alternating the synthetic condition of
a single method is described. Structural identification of these two isomeric oxacyclic and linear
phosphonates, 2 and 3, were performed with IR, MS, 'H & 'C NMR. The 'H & 'C NMR spec-
troscopic data (i.e., the chemical shifts and coupling constants) showed that the phosphonate group
was the dominant factor in the conformation of oxacyclic phosphonate, with little effect from the
phenyl and p-substituted phenyl groups. The phosphonate group with two ethoxy groups hovered
over the THF-ring, thus presenting a complex 'H & '*C NMR spectra. The results indicated that
the phenyl group stretched out and away from the THF-ring, thus exerting little electronic influence
on the oxacyclic ring. For linear phosphonate 3, McLafferty rearrangements with both C=0 and
P=0 groups were observed in mass fragmentations. Spectroscopic data provided the information
for identification of these phosphonates.

Keywords: Selective preparation; Spectroscopic data; Structural identification; 2-Aryl-2-tetrahydro-
furanyl phosphonate; 8-Ketophosphonate

INTRODUCTION

A ketophosphonate, containing carbonyl and phosphonate groups, is a versatile
compound for organic synthesis. The carbonyl group with an a-hydrogen shows
dual character, i.e. as an electrophile!"! in the carbocationic carbon and as a
stabilizing group for an enolate ion,? while the phosphonate group may activate
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the adjacent hydrogen (a-hydrogen) for the ylide formation'® and may act as a
leaving group under the RLi/O, condition.") The utilization of these functions
has been illustrated in the preparation of synthetic analogs of naturally occurring
materials, e.g. methylenomycin B from y-ketophosphonate.'”! An efficient con-
version of methyl §-ketophosphonate to synthetic analogs of the biologically
active 3-alkyl-cyclopentenones of allethrone and dihydrojasmone has also been
reported.) The formation of 3-aryl-cyclopentenones, however, requires aryl
d-ketophosphonates as the starting compounds, since these aryl groups can not
be formed by the synthetic procedure.

Synthesis of methyl 8-ketophosphonate has been reported by alkylation of
a-copper(l) alkanephosphonates with dihalopropenes,”® or as a hydrolytic prod-
uct of the reaction of 5-chloro-2-pentanone ethylene ketal and TEP.*® For an
oxacyclic phosphonate, 2-methyl-2-tetrahydrofuranyl phosphonate has been ob-
tained as a product of the reaction of 5-chloro-2-pentanone with sodium dialkyl-
phosphite.°! Besides these, other phosphonates with aryl groups have not been
reported. We report here the formation of methyl and new aryl
d-ketophosphonates, together with 2-methyl and new 2-aryl-2-tetrahydrofuranyl
phosphonates, by a novel method in which y-chloropropyl ketone was reacted
with triethyl phosphite (TEP). It may also be interesting to study the formation
of the oxacyclic phosphonates, which may be used as the starting materials for
the related biological substances, since some plant biologically active metabo-
lites, such as the stress metabolite of ipomearonem‘ are known to contain oxa-
cyclic rings. Furthermore, contamination of either oxacyclic or linear
S-ketophosphonates may produce undesirable effects. Therefore, a method for
purification of these compounds is also described.

The aim of this investigation was to develop a new method for selective
preparation of either oxacyclic phosphonates 2 or linear §-ketophosphonates 3
through the variation of the synthetic condition. The effect of p-substituted-
pheny! and phosphonate groups on the structural conformation of the products
has been determined by 'H & '*C NMRs. The characteristics of oxacyclic and
linear phosphonates are described and may provide useful data for differentiation
of two such isomeric phosphonates.

RESULTS AND DISCUSSION

Selective Preparation of Oxacyclic and Linear Phosphonates

Phosphonation of y-chloropropyl methyl and p-aryl ketones 1 was carried out
with TEP as solvent and reagent (Scheme 1). The two products were identified
as 2-methyl- and 2-aryl-2-tetrahydrofuranyl phosphonates 2 and the isomeric
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SCHEME 1 Selective preparation of oxacyclic and linear phosphonates

S-ketophosphonates 3. The separation of the methyl products (2a and 3a) was
carried out by fractional distillation under reduced pressure since the GLC anal-
ysis showed wide retention times for these two products (2a = 12 min; 3a =
16 min). However, the aryl derivatives (2b-2i and 3b-3i, respectively) were
separated by column chromatography (Table I). Preliminary results of the kinetic
study indicated that these two isomeric phosphonates, 2 and 3 were formed
through different competitive pathways,””’ as shown in Scheme 2. The formation
of oxacyclic phosphonate 2 occurred through the generation of nucleophilic
carbonyl oxygen as the initial step, and required no participation of TEP mol-
ecules in the rate-determining step, although the TEP was needed in the latter
step. On the other hand, the formation of linear d-ketophosphonate 3 required
participation of the TEP molecule in the carbonyl group-assisted (CGA) initial

TABLE I The reaction of y-chloropropyl ketones 1 with TEP*

Reactant Total yield - Phosphonate distribution (%)
(%)
Oxacyclic 2 Linear 3
1a 76° 58 42
ib 66" 60 40
ic 72 80 20
id 70 84 16
e 56 79 21
if 82 >97 —°
1g 71 54 46
1h 61 42 58
i 51 39 61

(a) The reaction was carried out with y-chloropropyl ketones 1 (1.25 M) in excess TEP under reflux
for 6-8 h. (b) The data were obtained directly by GLC analysis. (c) Obtained from the fractional
distillation under vacuum. (d) Obtained from column chromatography. (e) Not found.
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SCHEME 2 The proposed mechanism for the formation of oxacyclic phosphonates 2 and linear
phosphonates 3.

stage (described as a quasi-3-membered ring stage®). If more TEP molecules
participate in this rate-determining step, the formation of 3 is likely to be fa-
vored. Therefore, the reaction was apparently dictated by the molar ratio of
starting ketone 1 and TEP. The corresponding results, presented in Table II,
show that &-ketophosphonate 3b (R = Ar-H) was formed under dilute condition
(=< 0.10 M), while oxacyclic phosphonate 2b (R = Ar-H) was produced under
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TABLE II  Selective formation of isomeric phosphonates®

Concentration of 1° Phosphonate distribution (%)
(M)

2b 3b
2.76 >99 —d
1.72 73 27
1.02 51 49
0.52 28 72
0.27 15 85
0.10 — >99

(a) The reaction was carried out under reflux for 8 h. (b) The concentration was based on excess
TEP as reagent and solvent. (¢} The phosphonate distribution was analyzed directly by GLC. (d)
Not detected.

sterically crowded conditions (= 2.76 M). They are two different competitive
pathways, such that one does not need while the other needs the participation
of TEP in their individual rate-determining steps. The difference of molar ratios
offers the different conditions for the formations of 2 and 3 in these solutions.
Therefore, an explanation may be offered as, the more TEP molecules in the
solution (dilute solution), the CGA pathway and the Sy2 mechanism are more
likely to be in operation and lead to the formation of linear &-ketophosphonate
3. By the same argument, the reaction with the presence of a smaller number
of TEP molecules proceeds through the more compact cyclic transition state and
leads to the formation of oxacyclic phosphonates 2.

Structures of phosphonates, 2 and 3, were determined on the basis of spec-
troscopic data. The data of 2b and 3b (R = Ar-H) are presented here to illustrate
the structural identifications.

Infrared Analysis

The striking absence of the carbonyl group was noticed in 2b, while strong
carbonyl absorption at 1678 cm ™' was noted in compound 3b (Tables III and
IV). The absorptions associated with the phosphonate group show a very strong

TABLE Il The infrared absorption data of 2 (cm™")

Compound C=C(cm™*) P=0(cm™ ) P-O-C(em™)

2a — 1233 1026, 960
2b 1484 1238 1038, 1023, 961
2c 1503 1238 1042, 1022, 964
2d 1502 1241 1040, 1020, 962
2e 1502 1241 1043, 1025, 959
2f 1604, 1503 1246 1044, 1026, 963
2g 1594, 1502 1224 1040, 1023, 959
2h 1583, 1484 1239 1040, 1026, 960

2i 1597, 1480 1245 1037, 1023, 966
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TABLE IV The infrared absorption data of 3

Compound C=0(cm™!) C=C(cm™ ) P=0(cm™') P-O-C(em™')

3a 1702 — 1231 1054, 1024, 961
3b 1678 1591 1218 1051, 1026, 960
3c 1674 1610 1224 1053, 1028, 966
3d 1676 1600 1223 1048, 1028, 959
3e 1676 1600 1224 1050, 1029, 960
3g 1681 1591 1223 1052, 1032, 959
3h 1680 1583 1217 1049, 1026, 959
3i 1679 1579 1227 1051, 1031, 958

peak at 1238-1218 cm ™' corresponding to P =0 stretching, and a band at 960
1050 cm ™' corresponding to P-O-C stretching. The IR absorption peak corre-
sponding to the THF ring is expected to be at 1085-1150 cm™' for C-O-C
stretching.””! The experimental C-O-C absorption at 1096 cm™' could not be
distinctly observed due to the strong P= 0O and P-O-C absorption in this region.
This result indicates that the nucleophilic attack of the carbonyl oxygen on the
terminal chlorocarbon must have occurred indeed when the phosphite bonds with
the carbonyl carbon, and result in the formation of a tetrahydrofuranyl ring, in
the reaction of y-chloropropyl ketone with TEP. The THF ring formation can
nevertheless be clearly seen in the 'H and '*C NMR spectra.

GC/MS Fragmentations

Since the formation of products 2 and 3 were monitored by GLC, GC/MS was
used for their identification. Two distinct fragmentation patterns were observed
for 2 and 3. Product 1 shows a strong base peak of [M-phosphonate] while 3
reveals complicated fragmentations. For 2b, the molecular peak occurs at 284
amu and the fragmentation pattern leading to the tetrahydrofuranyl ion as base
peak is shown in Figure 1.

On the other hand, the linear phosphonate 3b undergoes fragmentation
through two classic McLafferty rearrangements, involving both P=0 and C=0
groups, in multiple pathways as shown in Figure 2. Since the rearrangements
of these groups may take place in random order, the fragmented ions resulting
from different cleavage pathways complicate the spectrum.

The mass spectrum thus provides information pertaining to detection as well
as identification of oxacyclic 2b from linear 3b by their different fragmentation
patterns, even though both compounds possess the same molecular mass of 284
amu.
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FIGURE 2 The possible McLafferty rearrangements of 3b
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TABLE V  The chemical shifts of 2 in 'H NMR spectrum

? Hj Hd

g.h l

b TR0

CHy Hc

/Cﬂz/
CH;
a

Y

Compound H, H. H, H, Hy H, H, H; aromatic
and (Hz)/ (Hz)? and signal
H, H,

2a* 1.24 1.83 1.94 1.68 230 407 384" —

(14.9) (16.0)

2b 1.26 1.77 2.04 2.28 274 374 399 4.09 7.24

1.07 (12.7) (16.4) 3.86 7.29
7.51

2¢* 1.30 .79 2.07 2.30 275 381 4.03 4.14 7.14
1.14 (13.5) (15.7) 3.92 7.43

24° 1.26 177 2.02 2.27 272 374 400 4.09 7.12
1.09 (12.8) (15.5) 386 7.41

2¢° 1.25 1.76  2.02 227 271 374 398 4.09 7.09
1.06 (13.5) (16.8) 3.85 741

2 1.24 1.74 200 222 266 373 396 4.07 6.81
1.08 (13.0) (16.4) 384 7.40

2g 1.26 1.76  2.04 2.23 269 373 398 4.09 6.97
1.09 (13.0) (16.8) 3.88 7.48

2h 1.25 1.74 2.03 2.20 269 378 398 4.11 7.25
1.10 (12.5) (a7.n 390 7.44

2i 1.26 1.76  2.08 2.20 272 380 397 4.10 7.46
1.12 (13.5) (16.5) 3.90 7.56

(a) CHy: 1.31 ppm, *Jpyy=14.9 Hz. (b) Me: 2.33 ppm. (c) Et: 2.59, 1.18 ppm. (d) n-Pr: 2.51, 1.58,
0.88 ppm. (e) OMe: 3.73 ppm. (f) *Jpccne (8) *Jeconr (h) Average value 3.82 and 3.86 respectively.

'H NMR Analysis

All the chemical shifts in the '"H NMR spectrum for 2 are listed in Table V. H;
in 2b is deshielded by the phosphonate group. Such deshielding effects may
originate from the electronegativity as well as the relative spatial position (the
steric effect). The steric compression shift through the backbone may be induced
by one Et-O-P and one P=0 group, or by two Et-O-P groups. The vy effect!'?
through the field may also inflict an anisotropic effect on the synaxial proton H;
(see below).

The 'H NMR spectrum suggests a diastereotopic,'!! chemical nonequivalence
system for two hydrogens (H; and H,) at C-3. H; and H, have different chemical
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shifts because they are chemically nonequivalent since H; is cis to phosphonate
group, while H, is trans. With the methyl homolog, 2a, as a reference, the
chemical shifts of Hy and H, were assigned at 2.30 and 1.68 ppm respectively.
In 2b, H, and H, are deshield to 2.74 and 2.28 ppm, mainly by the phosphonate
group and the phenyl group.

The Karplus ),y vicinal correlation!’?! was used for further elucidating the
relationship between hydrogens. The vicinal coupling constant *J is a function
of the dihedral angle, which reaches a maximum at 0° and 180° and a minimum
at 90°. The trend of variations in the vicinal coupling constant may be useful
for obtaining the relative configuration of the coupling protons. Therefore, the
peak at 2.74 ppm for 2b is assigned to H; with the geminal coupling constant
?J.. = 12.7 Hz. Since the two vicinal coupling constants are 8.2 Hz, both *Jey .4
and J(,ans are identical. The peak at 2.28 ppm is assigned to H, with the
geminal coupling constant *J.; = 12.7 Hz while the vicinal coupling constants
are 5.0 and 7.5 Hz respectively. These unequal *J couplings show that *J. (7.5
Hz) between the cis protons is larger than 3].4 (5.0 Hz) between the trans pro-

2.30 ppm
Hi Hd
(0]
/
S o— p/
O He
/0
CH; He
1.68 ppm

2a
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Jd(cis) = 82 Hz

Hf | Hq Hf Hy
LY
J =5.0Hz
Yfe(trans) ed(trans)
=82 Hz
He S He
He Hc\ Jec(cis) = 7.5 Hz
Vicinal couplings for Hf Vicinal couplings for He

tons, since the dihedral angle of H.-C-C-H, is closer to 90° than that of H.-C-
C-H.. Both *J, and *J.4 are %], couplings, and the relationship *J;, > *Jq
indicates that the dihedral angle between H-C-C-H, is closer to 180° than the
one between H.-C-C-H,, according to the Karplus correlation. This result pro-
vides further evidence against unhindered free rotation about C-C bonds of the
THF ring in our system. The relative positions of the hydrogens are shown
below.

The *Jpy, like 33y, is also angular dependent by the Karplus relationship.
The magnitude of 3Jpy is large for the dihedral angle of 0 or 180°, whereas it
is near zero for the dihedral angle of 90°.1"3 Therefore, *Jpy for H; is assigned
to be 16.4 Hz and that for H, is 12.7 Hz, since the phosphonate group is in the
cis position to H; and trans position to H, (as shown below).

With all these analyses, the '"H NMR splitting patterns from the calculated
couplings for H; and H, are in agreement with the experimental spectra as shown
in Figure 3.

0 Jpur=164Hz

(EtO)zllI’ / Hf
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FIGURE 3 The splitting patterns of H; and H, in 2b

The evaluations on other protons were also carried out. The peak at 2.04 ppm
is assigned to H, with the geminal coupling constant “J,. = 13.0 Hz. It contains
four vicinal coupling constants. Two *J,,,,,; couplings are *Jye(yansy = 5.0 Hz and
Y siaransy = 5-0 Hz, and two *J_;; couplings are *Jyq.,, = 8.2 Hz and *J 5 =
7.0 Hz respectively. In addition, the peak at 1.77 ppm is assigned to H, with
the geminal coupling constant %J.,4 = 13.0 Hz while the four vicinal coupling
constants are *Jegrany = 8.2 HZ, Vigransy = 7.0 Hz, *Jopeiry = 7.5 Hz and
i = 7.0 Hz respectively. The assignments in the splitting patterns of H,
and H_ in 2b also matched well with the experimental data (Figure 4).

In the '"H NMR analysis of the linear phosphonate 3b, two characteristic
couplings of 2Jpy and *Jpyy; were observed. The coupling of 2Jp, is 17.4-18.6 Hz
for Hy., while the magnitude of *Jpy for the dihedral angle between P-C-C-H..
(about 60°) is 7.2-8.0 Hz (Table VI).'*™

13C NMR Analysis

The assignments and couplings of 2 in the >C NMR spectrum are shown in
Tables VII and VIII. The striking characteristic of 2b was the different chemical
shifts (62.9 and 63.2 ppm), but with the same *Jpc coupling (7.5 Hz) at C-6 and
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FIGURE 4 The spitting patterns of H, and H, in 2b

C-7 of the two P-O-Et groups. These two chemical nonequivalent carbons may
be due to the P atom being attached to a chiral carbon (C-2), thus the substituents
on the P atom are diastereotropic and nonequivalent.

The '*C spectrum of 2 displays two distinct characteristics of the couplings.
One is the split peaks at C-2, which is greatly affected by the P atom, while
another is the angular dependence of *Jcp. Generally, the coupling of 'Jyc is
130145 Hz for alkylphosphonates''*! and 155-165 Hz for a-hydroxyphos-
phonates.!'>! This implies that the couplings of Jpc for the tertiary C-2 atom
adjacent to the P atom should be larger. The magnitude of 'Joc = 171.5 Hz
obtained in this study is thus consistent with this observation. The *Jpc, i.e. a
three-bond coupling between C and P is sensitive to the dihedral angle. The
stereospecificity of *Jp¢ is probably of more general applicability and indeed has
been used very widely in conformational and configurational analyses by the
relative magnitudes of transoid (16-18 Hz) and the corresponding cisoid ones
(< 0.6 Hz).!"®! The experimental *Jpc couplings were 5.7 and 7.2 Hz at C-4 and
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TABLE VI The chemical shifts of 3 in the 'H NMR spectrum

0]
CH;\ I ¢ I
o~ V2N o0— P _~CH, C
i o/ om’ > cny”
/CH'Z bl dl Y
CH; ©
a'

Compound H, H, H,. H, H, Aromatic
(He)  (Hz) signal

3a° 132 1.75 1.88 2.59 4.08 —
(18.6) (6.8)

3b 1.26 1.80 2.01 3.07 4.05 7.89, 7.47,
182  (73) 7.40

3! 1.27 1.83 2.01 3.05 4.07 7.16, 71.77
(18.3) (7.5)

3d¢ 1.31 1.86 2.06 3.10 4.10 7.88, 7.27
(18.6) (7.3)

3ef 1.27 1.81 2.01 3.05 4.05 7.83,7.21
(17.9) (7.6)

3g 1.26 1.79 2.00 3.05 4.05 7.92, 7.06
(17.4) (8.0)

3h 1.26 1.79 2.00 3.05 4.05 7.84, 7.37
(180) (7.2

3i 1.25 1.78 1.99 3.03 4.04 7.75.7.52
(18.2) (8.0)

(@) Jer'. (b) Jpuc. () CH5: 2.14 ppm. (d) Me: 2.31 ppm. (e) Et: 2.70, 1.26 ppm. (f) n-Pr: 2.59,
1.61, 0.89 ppm.

C-5 respectively, which were within the correlation data from the Karplus cor-
relations.”>'7) Additional couplings of *Jpc, *Jpc, *Ipc and *Jpe were also ob-
served between the carbons on the phenyl ring and the P atom. All the couplings
between P and C are listed in Table VIIL

For 3b, large splitted peaks at C-1’ show that the coupling of Jpc is 141.0
Hz. The magnitude of 3Joc (13.4 Hz) also suggests that transoid conformation
is predominant between P-C-C-C,., as expected. All the chemical shifts and
couplings between P and C for 3 are listed in Table IX.

3P NMR Analysis

The phosphorus chemical shifts of 2 and 3 are listed in Table X. For oxacyclic
phosphonates 2, the chemical shifts are upfield at 22.5-26.4 ppm compared to
those of the linear phosphonates 3 (31.8-32.3 ppm). This may be attributed to
the combination of the vy effect and electronegativity. The vy effect!*®! of the two
carbon atoms, C-4 and C-5 on the THF ring may shield the phosphorus chemical
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TABLE VII The chemical shifts of 2 in '*C NMR spectrum

O H H
6
_CHo P
CH;
CH;
77
CH;
8

Compound 2 3 4 5 6,7 8 9 10 11 12

2a* 789 345 259 694 62.1 16.4 — — — —
62.5

2b 843 362 257 694 62.9 16.2 1408 1263 1278 1272
63.2 16.4

2c° 840 361 256 693 62.8 16.1 1376 126.1 1284 136.8
63.1 16.3

24° 842 362 257 694 62.8 162 1379 1263 1273 1433
63.2 16.4

2¢* 84.2 362 257 693 62.8 16.2 1379 126.2 1279 1417
63.1 16.4

2f° 839 361 256 693 62.7 162 1326 1275 1132 1589
63.1 16.1

2g 839 363 257 695 63.0 16.2 136.6 128.1 1147 1622
63.2 16.4

2h 83.8 362 256 695 63.2 161 1393 1277 1280 1333
63.4 16.3

2i 839 363 257 696 63.1 16.2 140.1 128.1 1310 1215
63.3 16.4

(a) CH;: 23.2 ppm. (b) Me: 20.8 ppm. (c) Et: 28.4, 15.3 ppm. (d) n-Pr: 37.6, 24.3, 13.7 ppm. (e)
OMe: 55.1 ppm.

shift to higher field, but does not show much difference for alkyl and cycloalkyl
phosphonates.!'®?%! The electronegativity of the vicinal group is also important
for the *'P chemical shifts. The *'P chemical shift in 1-hydroxybutylphosphonate
is more shielded than that in 1-methylbutylphosphonate'*®! and may be attributed
to the electronegativity of the hydroxyl group. Therefore the electronegativity
of oxygen in the oxycyclopentyl ring may shift the *>'P chemical shift of 2 upfield
compared to 3. The electron-withdrawing ability of the phenyl group may move
the chemical shift upfield, such as observed in 2b (with the phenyl group) at
23.3 ppm, compared to 2a (with the methyl group) at 26.4 ppm.

CONCLUSION

Selective preparation of oxacyclic 2 and linear 3 isomeric phosphonates is de-
scribed. The formations of 2 and 3 have been found to be in competition. The
spectroscopic characteristics of oxacyclic and linear phosphonates are deter-



17: 00 28 January 2011

Downl oaded At:

OXACYCLIC PHOSPHONATES 121

TABLE VIII  J(PC) Coupling Constants of 2
O H H

Compound 17 2 3 37 2 i 2 37 4 37
(PC;) (PC3) (PCy (PCs) (PCs) (PCg) (PCy) (PCy) (PCy) (PCpp)
2a° 1715 44 3.7 52 6.9 5.4 — — — —_
2b 170.1 24 57 7.2 7.5 5.4 5.7 39 23 27
2¢ 171.0 3.7 55 7.3 7.4 55 55 3.7 —_ —
2d 170.1 2.6 5.7 72 74 57 5.5 33 — —
2e 170.0 2.7 5.6 7.3 7.4 5.7 5.7 42 2.6 29
2f 1715 3.2 5.7 7.3 74 5.5 5.0 4.2 — 24
2g 1714 23 57 7.1 73 5.7 5.7° 3.7¢ 2.44 —*
2h 1715 25 5.0 6.6 73 55 6.0 4.0 23 —
2i 1713 2.4 48 6.6 74 5.7 6.0 4.0 — —

(@) Jpccrs = 8.6 Hz. (b) Jpcece =29 Hz. (¢) Fecce=8.4 Hz. (d) Jece=21.7 Hz. (e) Jpc=245.7 Hz.

mined. For oxacyclic 2, the lack of carbonyl was clearly indicated in the infrared
spectrum. The mass fragmentation with the dephosphonated base peak, [M-
phosphonate] was observed for 2. The 'H & '*C NMR spectra showed compli-
cated splitting patterns due to the different couplings of the P atom. These
characteristics are quite different from that of its isomeric counterpart, the linear
&-phosphonate 3. For linear 8-ketophosphonates, the strong C = O absorption at
1674-1702 was observed in the infrared spectra. Complicated mass fragmenta-
tions with multiple McLafferty rearrangements were observed in the mass spec-
trum. The 'H & *C NMR spectra showed specific chemical shifts and coupling

3‘Jpc =72Hz
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TABLE IX The chemical shifts and J(PC) coupling constants of 3

(0]
1) '
10 SN0 PN CHAN O 7
CH3 — CH2 CHZ 4
CH2 1 3’ 8’
/ Y
CH;
Compound Ccl' c2' c3 c4’ Cs’ c6' Cc7' c8’ 9 Cly
(Hz) (Hz)  (Hz) (Hz) (Hz)
2a* 24.5 16.5 432 2075 — — _— —_ 613 16.2
(139.7)  (5.5) (129 74 (G5
2b 24.7 17.1 38.3 199.1 136.7 128.5 127.9 133.0 614 16.3
(141.0) 4.7y (13.4) 6.7y (5.9
2c® 24.8 17.2 38.2 199.0 134.2 129.1 127.9 1438 614 163
(140.4) (5.1) (13.1) (6.6) (5.5
20 24.8 17.2 38.2 198.8 1345 128.2 128.0 1500 614 16.3
(139.7)  (5.5) (12.9) (5.5) (5.5
2¢? 24.8 17.2 38.2 198.8 134.6 128.6 1280 1485 615 16.3
(141.0) (4.8) (14.2) 6.8) (5.8
2g 24.7 17.1 38.2 197.5 133.2° 1305 11565 167.6" 614 16.3
(141.2) (4.5) Q3. 6.0) (5.9
2h 24.7 17.0 38.2 1978 1350 1293 1288 1394 615 16.3
(141.1) 4.8y (3.1 (63) (5.8)
2i 24.6 17.0 38.2 198.0 1354 1294 1318 128.1 61.5 16.3
(141.0) (49 (13.D (6.3) (5.8)

(a) CHai: 29.7 ppm. (b) Me: 21.5 ppm. (c) Et: 28.8, 15.1 ppm. (d) n-Pr: 37.9, 24.1, 13.6 ppm. (e)
Yeccce = 2.9 Hz. (f) Jecee = 8.4 Hz. (g) Jpcc =21.7 Hz. (h) J-=245.7 Hz.

constants. Well defined spectroscopic data for identification of the oxacyclic and
linear phosphonates are provided in this article.

EXPERIMENTAL

Commercially available chemicals of reagent grade were used for all reactions.
Triethyl phosphite was distilled from sodium before use.’?'! 5-Chloro-2-penta-
none was purchased from Janssen Chemical Co. y-Chloropropyl phenone and

100~ CHiNo—P

C

9'

Hj

Jpc=141.0Hz

O
Il

/.

cy,— O

/
CH;

3JPC =134 Hz

1, I 3 4

2Jpc=4.7Hz

6'

O,
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TABLE X The chemical shifts of 2 and 3 in *'P NMR spectrum®

Compound &P (ppm) Compound &P (ppm)
2a 26.4 3a 32.0

2b 23.3 3b 32.1

2c 233 3c 32.1

2d 23.4 3d 31.8

2e 23.4 3e 323

2f 23.4 —>* _—

2 23.0 3g 321

2h 22.6 3h 320

2i 22.5 3i 32.0

(a) Relative to 85% H;PO,. (b) not formed.

derivatives were prepared according to the procedure given by Westeringh and
Schliemann et al.??!. All the solvents and chemicals used in preparations and
reactions were purified and checked by GLC before use. All reactions were
carried out under inert atmosphere of N, and in oven dried glassware.

'H, *C and *'P NMR spertra were recorded on a Bruker AM-300WB spec-
trometer in deuteriochloroform using tetramethylsilane as a standard for proton
spectra, solvent signals as the standard for carbon spectra and 85% H,PO, as
the standard for phosphorus spectra. The '"H NMR spectrum with the *'P de-
coupling confirmed the Jpy assignment for 2. All the couplings were measured
directly from the 'H & '>C NMR spectra. Infrared spectra were recorded on a
Jasco IR-700 Spectrometer. Mass spectra were obtained from a VG Trio-2000
instrument with EI mode at 70 ev. HRMS were recorded on a VG prospec
spectrometer. Elemental analyses were performed on a Perkin-Elmer 2400 ele-
mental analyzer.

Analytical thin-layer chromatography was performed on silica gelcoated
plates using ethyl acetate/hexane as the development solvents. The R; values
presented here refer to those obtained from thin-layer chromatography on 2.5
X 10 cm analytical plates, coated with silica gel 60 F,s, (R.D.H.). Column
chromatography was performed on silica gel (ACROS Co., 0.06-0.20 mm). The
solvent mixtures used for column chromatography were volume/volume
mixtures.

General Prodedure for Reaction of y-Chloroalkyl Methyl Ketone with
TEP

A mixture of y-chloropropyl ketone 1 (0.04 mol) and TEP (32 mL, 4.6 fold
excess) in a round-bottomed flask, equipped with a magnetic stirrer and a con-
denser, was refluxed under nitrogen atmosphere for 6-8 h. The mixture was
allowed to cool to room temperature and the excess unreacted TEP was distilled
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off (65-70 °C, 15 mmHg). The brown residue was subjected to fractional dis-
tillation in vacuo or column chromatography to obtain two colorless oils. The
yield, boiling point and details of other spectral data are summarized below.

Diethyl 2-methyl-2-tetrahydrofuranyl phosphonate (2a)

4.6 g, 52%, bpegos = 35-57°C (lit.> bp, = 89°C); *'P NMR (300 MHz, CDCl,)
8 26.4; MS (70 eV) m/z 222 (M™, 0.9), 85 (100); Anal. Calc. for CoH,,PO,:
C, 48.64; H, 8.62. Found: C, 48.45; H, 8.81.

Diethyl 2-phenyl-2-tetrahydrofuranyl phosphonate (2b)

4.6 g, 41%, bpogos = 110-114 °C, R, = 0.34 (60/40); *'P NMR (CDCl,) &
23.3; MS (70 eV) m/z 284 (M ™, 2), 147 (100), 105 (47), 77 (22); HRMS m/z
Calc. for C,,H,,0,P: 284.1177. Found: 284.1164.

Diethyl 2-(p-methylphenyl)-2-tetrahydrofuranyl phosphonate (2c)

6.8 g, 57%, bpooes = 115-119 °C, R, = 0.43 (60/40); 3'P NMR (CDCL,) 8
23.3; MS (70 eV) m/z 298 (M*, 1), 161 (100), 119 (29), 91 (8); HRMS m/z
Calc. for C,sH,,0,P: 298.1334. Found: 298.1322.

Diethyl 2-(p-ethylphenyl)-2-tetrahydrofuranyl phosphonate (2d)

7.2 g, 58%, bpooes = 117-121 °C, R, = 0.57 (60/40); *'P NMR (CDCL,) &
23.4; MS (70 eV) m/z 312 (M*, 1), 175 (100), 133 (35); HRMS m/z Calc. for
C,6H,50,P: 312.1490. Found: 312.1501.

Diethyl 2-(p-n-propylphenyl)-2-tetrahydrofuranyl phosphonate (2e)

5.7 g, 44%, bpyoos = 121-124 °C, R; = 0.45 (50/50); *'P NMR (CDClL,) &
23.5; MS (70 eV) m/z 326 (M*, 1), 189 (100), 147 (29), 91 (12); HRMS m/z
Calc. for C,,H,,0,P: 326.1647. Found: 326.1643.

Diethyl 2-(p-methoxyphenyl)-2-tetrahydrofuranyl phosphonate (2f)

10.3 g, 82%, bpyogs = 123-126 °C, R; = 0.30 (50/50); *'P NMR (CDCl,) &
23.4; MS (70 eV) m/z 314 (M™, 1), 177 (100), 135 (39); HRMS m/z Calc. for
C,sH,;04P: 314.1283. Found: 314.1290.
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Diethyl 2-(p-fluorophenyl)-2-tetrahydrofuranyl phosphonate (2g)

4.8 g, 40%, bpogs = 111-114 °C, Ry = 0.43 (65/35); >'P NMR (CDCl,) &
23.0; MS (70 eV) m/z 302 (M™, 1), 165 (100), 123 (35); HRMS m/z Calc. for
C,4H,,FO,P: 302.1083. Found: 302.1085.

Diethyl 2-(p-chlorophenyl)-2-tetrahydrofuranyl phosphonate (2h)

3.8 g, 30%, bpooes = 122-125 °C, Ry = 0.40 (40/60); *'P NMR (CDCl,) &
22.6; MS (70 eV) m/z 318 (M ¥, 1), 183 (33), 181 (100), 141 (15), 139 (47),
111 (19); HRMS m/z Calc. for C,,H,,Cl1O,P: 318.0788. Found: 318.0790.

Diethyl 2-(p-bromophenyl)-2-tetrahydrofuranyl phosphonate (2i)

2.2 g, 15%, bpoges = 129-132 °C, Ry = 0.33 (20/80); *'P NMR (CDCl,) &
22.5; MS (70 eV) m/z 362 M *, 1), 364 (M +2, 1), 227 (100), 225 (100), 185
(42), 183 (42), 157 (44), 155 (44), 146 (14), 115 (10), 104 (15); HRMS m/z
Calc. for CH,oBrOP: 362.0283. Found: 362.0285.

Diethyl 5-oxopentyl phosphonate (3a)

2.1 g, 24%, bpooos = 76-78 °C (1it.>**® bp, s = 114-117 °C); >'P NMR (300.
MHz, CDCl;) 8 32.0; MS (70 eV) m/z 222 M, 18), 179 (32), 152 (88), 125
(100) and 97 (30); Anal. Calc. for C;H,oPO,: C, 48.64; H, 8.62. Found: C,
48.37; H, 8.74.

Diethyl 4-o0xo0-4-phenylbutyl phosphonate (3b)

2.8 g, 25%, bpooss = 139-142 °C, R, = 0.22 (60/40); >'P NMR (CDCL,) &
32.1; MS (70eV) m/z 284 (M™*, 3), 179 (16), 165 (12), 152 (26), 125 (19), 105
(100, 77 (50); HRMS m/z Calc. for CHOP: 284.1177. Found: 284.1170.

Diethyl 4-ox0-4-(p-methylphenyl)butyl phosphonate (3c)

1.8 g, 15%, bpooes = 147-150 °C, R; = 0.28 (60/40); *'P NMR (CDCl,) &
32.1; MS (70eV) m/z 298 (M*, 6), 179 (13), 165 (7), 152 (21), 119 (100), 91
(27); HRMS m/z Calc. for C,sH,,0,P: 298.1334. Found: 298.1129.
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Diethyl 4-0xo-4-(p-ethylphenyl)butyl phosphonate (3d)

1.5 g, 12%, bpyges = 148-151 °C, Ry = 0.34 (60/40); *'P NMR (CDCl,) &
31.8; MS (70eV) m/z 312 (M™, 6), 179 (13), 152 (23), 133 (100), 125 (14),
105 (10); HRMS m/z Calc. for C,¢H,s0,P: 312.1490. Found: 312.1488.

Diethyl 4-o0xo0-4-(p-n-propylphenyl)butyl phosphonate (3e)

1.5 g 12%, bpeops = 154-156 °C, R, = 0.30 (50/50); *'P NMR (CDCl,) &
32.3; MS (70eV) m/z 326 (M*, 5), 179 (20), 165 (12), 152 (32), 147 (100),
125 (13), 91 (21); HRMS m/z Calc. for C,,H,0,P: 326.1647. Found: 326.1651.

Diethyl 4-oxo-4-(p-fluorophenyl)butyl phosphonate (3g)

3.7 g 31%, bpyoss = 141-142 °C, R, = 0.25 (65/35); *'P NMR (CDCl,) &
32.1; MS (70eV) m/z 302 (M*, 4), 179 (18), 165 (12), 152 (31), 125 (24), 123
(100), 95 (35); HRMS m/z Calc. for C,4H,oFO,P: 302.1083. Found: 302.1187.

Diethyl 4-0xo-4-(p-chlorophenyl)butyl phosphonate (3h)

4.0 g, 31%, bpgges = 150-152 °C, Ry = 0.20 (40/60); *'P NMR (CDCl;) §
32.0; MS (70eV) m/z 318 (M*, 4), 179 (34), 165 (17), 152 (55), 139 (100),
%25 (39), 111 (41), 97 (18); HRMS m/z Calc. for C,,H,,ClO,P: 318.0788.
Found: 318.0785.

Diethyl 4-ox0-4-(p-bromophenyl)butyl phosphonate (3i)

5.2 g, 36%, bpooos = 158-162 °C, R; = 0.20 (20/80); *'P NMR (CDCl,) &
32.0; MS (70eV) m/z 362 (M*, 3), 364 (M+2, 3), 183 (66), 185 (66), 165
(22), 152 (100), 125 (50), 108 (12), 97 (19); HRMS m/z Calc. for C,;H,,BrO,P:
362.0283. Found: 362.0290.
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