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The molecular structures of both the cis(4a) and trans(4b) isomers of 3-(diphenylhydroxymethyl)-2-
ethoxy-2-oxo-1,2-oxaphosphorinane were determined by the single crystal X-ray diffraction method.
The cis and trans designation refer to the relative spacial arrangements of the phosphoryl oxygen and
the substituent group on the a-carbon. The crystallographic data are for 4a: C,,H,,0.P, M, = 346.36,
monoclinic, P2,/c, a = 13.2774(9) A, b = 8.5543(9) A, ¢ = 16.7289(25) A, B = 111.142(10)°, V =
1772.2(4) A3, Z = 4, D, = 1.298 g cm—3, A(MoKa) = 0.71069 A, p = 1.70 cm ", F(000) = 736,
T = 298 K, R = 0.065 for 2099 reflections; and for 4b: C,,H,,;0,P, M, = 346.36, monoclinic, P2,/c,
a = 9.5120(15) A, b = 12.317(4) A, ¢ = 15.309(3) A, 8 = 100.717(15)°, V = 1762.3(T) A>, Z = 4
Dy = 1.305 g em™3, A(MoKa) = 0.71069 A, p = 1.60 cm~!, F(000) = 736, T = 298 K, R = 0.041
for 1638 reflections. In both structures the diphenylhydroxymethy! group is in an equatorial position,
and the 1,2-oxaphosphorinane ring adopts a chair conformation. In the solid state 4b (trans) shows
neither inter- or intramolecular hydrogen-bonding, while 4a (cis) exhibits intramolecular H-bonding of
the type O—H:--O=P. The chair conformation of 4a is flattened at the C4 end relative to the
conformation of 4b. Solution IR spectroscopy studies of »(OH) reveal that only one conformer of 4a
is observed which is assignable to the rotamer containing the intramolecular hydrogen bond.

Key words: X-ray crystal structure, oxaphosphorinane, phostone, intramolecular hydrogen bonding.

INTRODUCTION

Our interest in the chemistry of 2-oxo0-1,2-oxaphosphorinane derivatives
(phostones) initially arose from the desire to develop a synthetic route to the
previously unreported trans-fused isomer of the bicyclic system 2,10-dioxa-1-phos-
phabicyclo[4.4.0]decane 1-oxide (3).! As shown in Scheme I, the first step in this
route is based on an alkylation of the ylid 2 derived from the parent phostone 12
with protected 3-bromo-1-propanol. A comprehensive study of this alkylation pro-
cess will be described elsewhere.> The formation of ylid 2 could be efficiently
63
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achieved by employing lithium-2,2,6,6-tetramethylpiperidide (LTMP) or LDA,
which was similar to the method used by Polniaszek and Foster* to alkylate alkoxy
phospholanates. The reaction of 2 with benzophenone to give 4a and 4b offers
evidence for the ylid intermediate. X-ray diffraction studies of 4a and 4b were
undertaken both to establish the stereochemical selectivity of alkylation of 2 and
to determine the conformation of the rings. An associated H-bonding study of 4a
and 4b was also undertaken in both the solid and solution states.

H Ph H Ph

M " "
o H D\i:i—“—p
0 Et

4a (cis) 4b (trans)

EXPERIMENTAL
Synthesis

General:  All reactions were carried out in flame dried glassware under a nitrogen atmosphere. 'H
NMR were taken at 300 MHz; '*C NMR spectra were taken at 75 MHz; 3'P NMR chemical shifts are
relative to 85% phosphoric acid (H,PO, external standard in CDCl;) on a GE OMEGA 300 NMR
spectrometer. 'H and *C NMR were reported in ppm referenced to TMS or CDC,. Infrared spectra
were recorded on a Mattson GL-4020 FT-IR using a variable pathlength (0.02-6.00 mm) solution cell
(NaCl). All solvents and reagents were purchased from Aldrich Chemical Co. (Milwaukee, WI) and
were purified when necessary by standard literature methods. Elemental analyses were performed by
Midwest Microlab of Indianapolis, IN. The parent compound, 2-oxo-2-ethoxy-1,2-oxaphosphorinane
(1), was prepared by the literature method.’

Generation of the ylid (2): A 0.80 g (1.1 mL, 8.0 mmol) sample of diisopropylamine was dissolved in
10 mL of dry THF. The solution was cooled to 0°C and 4.4 mL (11 mmol) of a 2.5 M solution of nBuLi
(in hexanes) was added over 20 min. The resulting LDA solution was then cooled to —78°C and 1.54
g (9.4 mmol) of 1 in 3 mL THF was added. The resultant solution was stirred at —78°C for 1 h.
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TABLE {
Experimental details for structures 4a and 4b
Crystal data (%) 4a 4b
Empirical formula Cy HzOP C.H,,0P
Formula weight 346.36 346.36
Crystal color, habit Colorless, prism Colorless, prism
Crystal dimensions (mm) 0.30, 0.30, 0.25 0.25, 0.25, 0.30
Crystal system Monoclinic Monoclinic
Reflections for cell parameters 24 17
20 range for reflections 522-1395° 436 - 13.94°
Lattice parameters a=132774(17A a=9.5120(15)A
b =8.5543(9)A b=12317(4)A
¢=16.7293)A c=15.309(3)A
B = 111.142(10)° P =100.717(15)
V=17712.2(4) A? V =1762.3(1A?
Space group (¥#) P2,/c (14) P2,/c (14)
z 4 4
D, 1.298 g em’ 1.305 g cm™
Fo 736 736
B ooy 1.70 em! 1.60 cm™
Intensity measurements
Diffractometer Picker Picker
Radiation MoK (0.71069A) MoKa (0.71069A)
Temperature 25° 25°
Scan type 6-20 0-20
20 range 4-45° 4 -40°
Measured reflections 2506 1746
Unique reflections 2099 1638
Observed reflections 1576 1218
Criterion for observed reflection 1>2.50(D) 1> 20(])
h range -14-13 -14-13
k range 0-~9 0-9
1range 0-18 0-18
# of standard reflections 3 3
Interval time between standard 120 min 120 min
reflections
Structure solution and refinement
Refinement on: F P
Residuals R =0.065 R=0.041
Ry (F) = 0.071 Ry (F?) = 0.062
w= 1/0%(F,) Vo(F,)
Goodness of fit indicator 2.19 2.51
Max_ shift/error in final cycle 0.109 0.209
Max. peak in final differential map 0460 ¢ A? 0.290 ¢ A*

65
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3-(Diphenylhydroxymethyl)-2-Ethoxy-2-Oxo-1,2-Oxaphosphorinane (4): To the ylid (2) solution 2.0
g (11.0 mmol) of benzophenone (dissolved in 5 mL THF) was added over 25 min. The internal tem-
perature of the reaction was not allowed to rise beyond —70°C. The resultant reaction mixture was
stirred at —78°C for 2 h, after which the reaction mixture was allowed to slowly warm up to room
temperature (ca. 1 h). The reaction was quenched with 50 mL of 5% HCI solution. The THF was
removed and the aqueous residue was extracted with CH,Cl, (3 X 25 mL). The extracts were dried
with Na,SO,, filtered, and concentrated; an 85:15 mixture (4a:4b) of diastereoisomers was determined
by *'P NMR spectroscopy. The diastereoisomers were separated and purified by column chromatography
on silica gel affording 2.98 g (93%). 4a: mp 157-158°C (EtOAc), R, = 0.84 (EtOAc). *C NMR (CDCl,)
8146.73 (Joc = 2.4 Hz), 144.38 (Jpc = 19.2 Hz), 128.34 (s), 128.00 (s), 126.79 (s), 126.53 (s), 125.76
(s), 125.03 (s), 77.06 (Jpc = 8.6 Hz), 69.32 (Jpc = 6.1 Hz), 62.26 (Joc = 6.1 Hz), 44.30 (Jp = 122.8
Hz), 26.74 (Joc = 4.9 Hz), 24.40 (Jp. = 3.7 Hz), 16.05 (Jpc = 6.1 Hz). '"H NMR (CDCl;) 6 7.00-
7.70 (m, 10H), 5.52 (bs, 1H), 4.00-4.35 (m, 2H), 3.44-3.62 (m, 1H), 3.05 (ddd, 1H, J,;y = 4.9 Hz,
Jun = 12.7 Hz, Jpy = 18.8 Hz), 2.72-2.90 (m, 1H), 1.50-2.25 (m, 4H), 0.83 (t, 3H, J;u = 7.1 Hz).
P NMR (CDCl;,) 829.6. 4b: mp 143-144°C. (CH,Cl,/ether), R, = 0.46 (EtOAc). *C NMR (CDCl.)
8 145.23 (Joc = 4.9 Hz), 144.00 (Joc = 12.2 Hz), 128.10 (s), 128.02 (s), 127.42 (s), 126.78 (s), 126.03
(s), 125.74 (s), 78.23 (Jpc = 4.9 Hz), 69.88 (Jpc = 7.3 Hz), 61.48 (Jpc = 6.1 Hz), 46.48 (Jpc = 122.1
Hz), 26.74 (Joc = 4.9 Hz), 25.14 (Jpc = 4.9 Hz), 16.21 (Joc = 4.9 Hz). '"H NMR (CDCl,;) & 7.10-
7.65 (m, 10H), 3.98-4.35 (m, 2H), 3.72-3.98 (m, 2H), 3.21 (ddd, 1H, Jy,, = 4.5 Hz, Jy,; = 11.9 Hz,
Jen = 21.0 Hz), 1.67-2.10 (m, 4H), 1.60 (bs, 1H), 1.14 (t, 3H, Jyy = 7.1 Hz). *'P NMR (CDCl,,) 6
23.9. Anal. Calcd. for C,oH,,O,P (isomer mixture): C, 65.89; H, 6.69. Found: C, 66.00; H, 6.60.

X-ray Crystal Structure Determinations

General: All measurements were made on a Picker diffractometer automated with PCXTL data
collection software.® Data handling, reduction and analysis were performed using NRCVAX.” The data
was collected using MoKa (0.71069 A) radiation and the 6-26 scan technique. The intensities of three
reflections were checked every 120 minutes. No absorption corrections were applied. The thermal
factors for the ethoxy carbon atoms of both 4a and 4b were found to be significantly larger than those
of the other heavy atoms. Similar observations have been reported for ethoxy groups in diethyl phos-
phorus esters.® Attempts to refine these atoms without constraints resulted in unreasonably short C—C
bond lengths; thus, the ethyl groups of 4a and 4b were refined as ideal rigid rotational groups. Exper-
imental details for both structures are listed in Table 1.+

Structural Solution for 4a: The structure was solved by direct methods using SOLVER, with the
remaining heavy atoms localized by difference Fourier synthesis.” The hydrogen atoms were allowed
to ride with the heavy atom to which they were bonded, using a single hydrogen atom isotropic
temperature factor for all hydrogens that was refined to a value of U, = 0.122(5). All hydrogens were
placed in calculated positions prior to final refinement, except for the H104 (O4-H104) which was
located in a difference map and the positional parameters were refined. The structure was refined by
full-matrix least-squares refinement using SHELX-76° to a final R and R,, of 0.065 and 0.071, respec-
tively.

Structural Solution for 4b:  The structure was solved by direct methods using SOLVER.” The hydrogen
atoms were allowed to ride with the heavy atom to which they were bonded. The hydrogen atoms
isotropic temperature factor was 1.5 times the equivalent isotropic factor of the heavy atom. All
hydrogens were placed in calculated positions prior to final refinement, except for H4 which was located
in the difference map and the positional parameters were refined. H4 was found not to be pointed
toward either O1 or O3, and therefore not included in the ORTEP diagram. The structure was refined
by full-matrix least-squares refinement using SHELXL-93' to a final R and R,, of 0.041 and 0.062,
respectively.

RESULTS

Results from Structure 4a and Structure 4b

The ORTEP (35% thermal ellipsoids) diagram of 4a and 4b are given in Figure 1.
The bond lengths (A) are presented in Figure 2 and the bond angles (deg.) shown

tFull experimental details, as well as tables of thermal parameters, are deposited as supplementary
material with CCDC (18 pages).
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(b)
FIGURE 1 The ORTEP (35% thermal ellipsoids) diagrams of 4a and 4b showing similar views with

“hydrogens omitted for clarity (except H104 in 4a which is involved in hydrogen bonding).
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“OEt ®

8
Ke
/1564(3)
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1.466(5) d gy e 3)
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1

4a 4b
FIGURE 2 Bond lengths (A) for 4a and 4b with esds in parentheses.
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FIGURE 3 Selected bond angles (deg) for 4a and 4b with esds in parentheses.

TABLE IT

Bond angles (deg) and torsional angles (deg) for 4a and 4b with
esds in parentheses

atoms
01-P1-02
03-P1-C4
04-C7-C8
P1-03-CS
C4-C7-C8
C7-C8-C9
C8-C7-Cl14

atoms
01-P1-02-C1
01-P1-C4-C3
02-P1-03-C5
03-P1-02-C1
03-P1-C4-C7
04-C7-C4-C3
04-C7-C8-C13
P1-C4-C7-C8
C2-C3-C4-C7
C4-P1-05-C5

4
114.9(3)
106.1(2)
110.(4)
122.0(4)
110.5(4)
121.0(5)
109.6(4)

4

-68.7(3)
77.5(3)
110.4(4)
164.7(4)
£3.3(3)
-61.6(3)
174.6(6)
-62.4(3)
177.9(6)
-140.5(4)

Bond angles (deg)

4b atoma 4a
111.08(19) 02-P1-03 101.2(2)
107.67(18) 03-C5-C6 107.3(6)
107.3(4) 04-C7-C14 106.7(4)
124.1(3) C3-C4-C7 110.4(4)
111.0(3) C4-C7-Cl4 110.4(4)
121.7(4) C7-C14-C15  122.3(4)
108.2(3) C7-04-HIO4  103(5)

Torsional angles (deg)

4 atoms da
179.7(3) O1-P1-03-CS  -15.0(3)
-173.1(4) 01-P1-C4-C7 -45.0(3)
-141.7(3) 02-P1-C4-C7  -170.1(4)
-56.4(2) 03-P1-C4-C3  -154.2(4)
-73.9(3) 04-C7-C4P1  59.5(3)
-59.8(3) 04-C7-C8-C9  -5.9(3)
170.3(5) P1-03-C5-C6  -122.0(6)
-52.0(2) P1-C4-C7-Cl4  176.2(5)
-168.9(5) C3-C4-C7-C8  176.6(5)
101.5(3) C4-C7-C8-CY  114.5(5)

4b
102.06(18)
108.7(4)
108.1(3)
112.5(3)
111.9(4)
123.0(4)

———n

4b

-31.0(2)
58.1(2)
179.2(3)
$4.9(2)
66.7(2)
-10.4(2)
-163.4(5)
-173.0(3)
-178.5(5)
110.0(4)
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in Figure 3. A more detailed listing of bond angles and torsional angles is given in
Table II. The packing diagrams of the molecules in the unit cells are displayed in
Figure 4. The fractional coordinates are given in Table III along with the U, value
for each atom.

In each structure the diphenylhydroxymethyl substituent is found in the equa-
torial position, as expected. As revealed in the single crystal structure of 6-(iodo
methyl)-2-oxo-2-phenoxy-1,2-oxaphosphorinane,!! the oxaphosphorinane rings of
4a and 4b assume a standard chair conformation, although not identical to each
other (vide infra). Both phenyl groups in each structure have comparable spacial
orientations as shown by the torsional angles C4—C7—C8—C9 [114.5(5)° and

FIGURE 4 Perspective view of the packing diagrams for 4a and 4b.
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TABLE III

Atomic coordinates ( X 10*) and U(eq) [U(iso) for hydrogen atoms}
(A? x 10%) for 4a and 4b

Atom x y z U(eq)®
Structure 4a

Pl 8143(1) 1312) 2093(1) 62(1)
o1 8650(3) 1010(5) 1587(3) 78(3)
02 8068(3) -1680(5) 1932(3) 81(3)
) 8713(3) 197(5) 3082(2) 75(2)
04 6973(3) 3167(5) 1186(2) 57(2)
c1 7333(6) -2242(8) 1101(4) 94(5)
c2 6193(6) -1790(6) 984(4) 7%4)
c3 6051(5) -6(6) 1000(3) 64(3)
c4 6773(4) 741(6) 1873(3) 51(3)
cs 9833(4) 760(10) 3492(5) 133(8)
cé 10490(8) -568(11) 4065(6) 155(9)
c7 6632(4) 2560(6) 1842(3) 46(3)
C8 7286(4) 3289(6) 2716(3) 49(3)
c9 8155(5) 4275(6) 2811(4) 65(3)
cio 8766(5) 4905(8) 3605(4) 81(4)
cu 8511(6) 4564(8) 4316(4) 78(4)
c12 7641(5) 3607(8) 4228(4) 7(4)
c13 7045(5) 2985(6) 3440(3) 61(3)
Cl4 5450(4) 2989(6) 1595(3) 46(3)
Cis 4749(4) 2152(6) 1893(3) 61(3)
Ci6 3650(5) 2561(8) 1632(4) 69(4)
17 3269(5) 3837(9) 1088(4) 76(4)
cis 3953(5) 4668(8) 797(3) 65(4)
c19 5030(5) 4266(6) 1050(3) 57(3)
H104 7613(55) 2673(89) 1278(44) 122(5)
Structure 4b

Pl 933(1) 4942(1) 2191(0) 60(1)
01 198(3) 3900(2) 221(2) 70(2)
o 2309(3) 4809(2) 1768(2) 70(2)
03 1559(3) $462(2) 3114(2) 7Q2)
04 -1324(3) 6390(2) 2531(1) 57(2)
cl 3182(%) 5743(3) 1674(3) 75(3)
c2 2319(5) 6610(3) 1111(3) 69(3)
c3 999(4) 6946(3) 1477(2) 57(3)
c4 -33(4) 5989(3) 1500(2) 47(2)
cs 947(5) $329(4) 3894(3) 80(4)
cs 1538(7) 5163(4) 4544(3) 122(5)
c7 -1505(4) 6359(3) 1694(2) 47(3)
(¢} -2486(4) 5386(3) 1736(3) 49(3)
c9 -2846(4) 5050(3) 2526(3) 57(3)
c1o -3697(5) 4144(8) 2561(3) 70(3)
Cl1 -4208(5) 3561(3) 1803(3) 72(3)
Cl12 -3882(5) 3897(4) 1006(3) 73(3)
c13 -3034(5) 4801(3) 976(3) 64(3)
cl4 -226%(4) 7146(3) 983(3) 49(3)
c1s -2049(5) 7144(3) 117(3) 58(3)
Clé -2782(5) 7831(3) -525(3) 65(3)
c17 -378%(5) 85243) -309(3) 70(3)
c18 -4036(5) 8535(3) 851(3) 71(3)
Cc19 -3275(5) 7853(3) 1193(3) 61(3)
H4 -1055(44) 6450(16) 2928(6) 86

* U, is defined as one-third of the trace of the orthogonalized Uj tensor
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FIGURE 5 Geometry of the intramolecular H-bond of 4a showing bond lengths (A) and angles (deg)
with esds in parentheses.

110.0(4)° for 4a and 4b, respectively] and C4—C7—C14—C15[38.5(3)° and 27.4(3)°
for 4a and 4b, respectively].

The corresponding bond lengths in both structures are very similar. The phos-
phoryl (P=0) bond lengths of 1.466(5) A for 4a and 1.466(3) A for 4b fall within
the range of 1.444 to 1.473 A found for P=O bond lengths of similar com-
pounds.'s!12 As expected, the longest bond is P1—C4 [1.797(5) A for 4a and
1.808(4) A for 4b]. The P—C bond lengths are within the expected range of 1.772
to 1.807 A.':11-13 The exocyclic P1I—O3 bond length for 4a [1.551(3) A] is shorter,
but comparable to the corresponding bond length for 4b [1.564(3) A] [A = 0.013(4)
A:i.e. 30]. The endocyclic P1—O2 bond lengths as well as all the endocyclic bond
lengths of 4a and 4b are not significantly different.

The solid state structure of 4a establishes the existence of intramolecular H-
bonding of the form O—H---O=P as shown in Figure 5. The non-bonded intra-
molecular O1---O4 distance for 4a is 2.781 A. The associated O4—H104---O1
angle is 158°. The other bond angles of 15° [O1---O4—H104] and 7° [O4---O1---
H104] suggest a nearly linear arrangement of these atoms. Thus, from the close
04 ---O1 contact and the nearly colinear vectors of O4---0O1 and O1---H a rela-
tively strong H-bond is confirmed.

DISCUSSION

No intermolecular or intramolecular association is observed in the single crystal
structure of 4b. In fact, from the spacial orientation of the ethoxy group, the oxygen
lone pairs are pointed away from the oxygen of the hydroxy group. The ethoxy
carbons are positioned on the diphenylhydroxymethyl side of the phosphorus,
projecting the idealized lone pairs of O3 away from the OH group, thus making
intramolecular H-bonding to the ethoxy oxygen unrealistic in the solid state. The
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formation of intermolecular H-bonding would also be unlikely given the hindered
region about the diphenylhydroxymethyl and the ethoxy groups. Considerable steric
repulsions would limit the ability of two or more molecules of 4b to couple in a
favorable position for intermolecular H-bonding in the solid state.

To form the intramolecular H-bond in 4a, or as a consequence of its formation,
significant differences in bond angles and torsional angles between 4a and 4b are
observed. Although the bond lengths are nearly identical in each oxaphosphorinane
ring (Figure 2), the torsional angles of the ring, given in Figure 6 for 4a and 4b,
clearly show that the rings are non-equivalent. Compared to the oxaphosphorinane
ring of 4b, the ring of 4a is flattened at the C4 end and more puckered at the C1
end.

Although there are no significant differences in angles about atoms not associated
with the H-bond [C4—P1—O03 =106.1(2)° and 107.67(18)°; and O3—P1—02 =
101.2(2)° and 102.06(18)° for 4a and 4b, respectively], the C4—P1—O1 and
P1-—C4—C7 bond angles are smaller in 4a [112.0(2)° and 113.3(4)°, respectively]
relative to 4b [116.68(18)° and 118.4(3)°, respectively]. The O2—P1—C4 bond
angle is somewhat greater in 4a [104.7(2)°] relative to 4b [101.83(19)°]. These results
suggest that it is energetically favorable to form the H-bond in 4a at the expense
of the added steric repulsion caused by the changes in bond angles compared to
the trans isomer.

02 i 02
-62.3(4) 54.6(3) 58.63) 54.8(2)
cr P cr >

61.1(4) -47.6(3) 55.8(3) -52.0(2)

Cc2 4 C2 4
6164) 345(3) -61 .2(3)\ c 3/59.0(3)

4a 4b

FIGURE 6 Torsional angles (deg) for the 1,2-oxaphosphorinane ring for 4a and 4b with esds in
parentheses.

H—0 o) o)
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H H H
A B (o]
H (l)Et ?Et (I)Et
o Ph
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4b o / [—
Ph Ph Ph O-H HO Ph
H H H

FIGURE 7 Idealized rotational conformation equilibrium shown along the C7-C4 bond for both da
and 4b.
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The rotational conformation equlibrium of monomeric 4a and 4b expected in
solution can be schematically depicted in Figure 7. In the solid state only rotamer
A is observed for both structures with evidence of intramolecular H-bonding only
to the phosphoryl oxygen of 4a. Rotamer A is preferred since the other two rotamers
(B and C) have additional phenyl-phosphorus and/or —C3 gauche interactions.'>

Several solution infrared spectroscopy (IR) studies by Shagidullin ef 4l.'6 have
suggested that intramolecular H-bonding of the OH group exists in equilibrium
with the phosphoryl oxygen and the oxygen of the P-—O—C linkage. Other IR
studies’>-'” make no mention of H-bonding to the oxygen of the P—O—C linkage.
Moreover, crystallographic data®!2¢::!8 have determined the H-bond to form ex-
clusively to the phosphoryl oxygen of phosphorus esters. The phosphoryl oxygen
is the site of highest basicity in phosphorus esters!’®1%-?° which is consistent with
the postulated resonance diagram below. Thus, the exclusive preference in the
solid state for H-bonding to the phosphoryl oxygen is appreciated which further
helps to explain the observed lack of intramolecular H-bonding in 4b.

R R
@ ©
CFC-O - P=0

o~ 0" |
OEt OEt

I n

The angle of the H-bond about O1 is 95(5)° [P1=01- - H104], which is far from
the idealized angle of 120°. Typically H-bonds point to the center of electron
density. For example, many X-ray and neutron diffraction studies have found H-
bonds to C—=0 to have C=—0"-H angles of 120 + 15°.'*2! Assuming a correctly
located hydrogen and that crystal packing forces and structural constraints are not
significant factors in the geometric arrangement in the H-bond of 4a, this associated
angle may reflect sp® hybridization for the oxygen rather than the expected sp?
hybridization (see I and II above).

Infrared Study

The solid state KBr diffuse reflection IR spectra of both isomers show strong
absorptions centered at 3331 cm~! and 3238 cm~! for 4a and 4b, respectively,
assignable to the hydroxyl band. According to Huggins and Pimentel?? and Mecke??
intermolecular H-bonding is easily distinguished from intramolecular H-bonding
in the solid state by the sharpness of the hydroxyl band of the latter. The band
widths of the hydroxyl bands of phosphoryl compounds (hydroxyalkyl diphenyl-
phosphine oxides [HO(CH, ),P(O)Ph, where n = 1, 2, 3, and 4] by Aksnes and
Bergesen®* containing H-bonds were found to be up to 300 cm ™! (w,,,) wide. In
comparison the sharpness of hydroxyl bands of 4a (w,, = ~90 cm~!) and 4b (w,),
= ~130 cm™') appear to support our crystallographic findings that no intermo-
lecular H-bonding exists in the solid state of either isomer.

The two isomers are easily distinguished by their dilute (10-2 to 104 M) CCl,
solution IR spectra. In the v(OH) region 4a exhibits one band at 3370 cm~! found
to be independent of concentration down to 10-* M which is indicative of an
intramolecular H-bond. Thus “A” (Figure 7) is the only rotamer observed for 4a
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in both the solid and solution states. In fact, the hydrogen bond of 4a prevails
upon the addition of THF to the CCl, solutions and even in solutions of 4a in pure
THF.!5a

The other isomer, 4b, shows two absorptions at 3548 and 3420 cm~' in CCl,
which are concentration independent. The relative areas (~50:50) of the two bands
also remained the same throughout the concentration range. We tentatively as-
signed the lower energy band of 4b to the H-bonded rotamer B and the band at
3548 cm ™! to free OH (presumably a time averaged band of both A and C).

The hydroxyl bands in CCl, for both isomers were found to be independent of
concentration. Thus we are able to establish that in solution no intermolecular H-
bond exists for either isomer.

In pure THF three bands are discernable for 4b (10~2 M) at 3574, 3510, and
3405 cm~!. The absorptions at 3574 and 3405 cm~! in THF correspond to the two
bands in CCl, at 3548 and 3420 cm~!, respectively. Intermolecular associations
with the THF may account for the frequency changes. The disruption of the H-
bond to form a THF associated OH band at 3510 cm~! may explain the added
band in THF compared to the CCl, solutions. The observed decrease in the relative
intensity of the 3405 cm~! band compared to the 3574 cm~! band in THF may
indicate that the intramolecular equilibrium has changed due to the THF associ-
ation.

The addition of incremental amounts of THF to the CCl, solution of 4b also
gives rise to three bands (3543, 3493 and 3423 cm~!). The intensity of middle band
(3493 cm~!) increases with increasing THF concentration while the 3423 cm ™!
band decreases. This result is consistent with the THF interfering with the intra-
molecular H-bond of rotamer B to form an intermolecular H-bond to THF.

CONCLUSION

Although there are no significant differences in bond lengths between the two
isomers, differences in bond angles and torisonal angles may be attributed to the
presence of intramolecular H-bonding in 4a. The intramolecular H-bond of the
form O—H---O=P was found to have an interatomic O---O distance of 2.781
A, and an O—H - --O angle of 158°. Solid state IR spectra support the observed
lack of intermolecular H-bonds in both isomers. Solution studies in CCl, show that
4a, as in the solid state, only exists in one rotamer, A, in which the H-bond prevails
in THF. Similar CCl, solution studies of 4b revealed two bands assignable to a free
and associated hydroxyl group.
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