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ABSTRACT

The preparation of 1,1-difluoro-3,7-di-tert-butyl-2,8-
dioxa-1-phosphabicyclo[3.3.0]octa-3,6-diene  (Dit-
BuADPO - F,) from hexafluoropropylene oxide (HFPO)
and 3,7-di-tert-butyl-2,8-dioxa-1-phosphabicyclo-
[3.3.0)octa-2,4,6-triene (DitBuADPO) is described. The
solid state structure of DitBuADPO - F, shows an un-
usual square pyramidal geometry. The structural and
spectroscopic properties of DitBuADPO - F, are com-
pared with other oxidized derivatives of DitBuADPO
that contain 5-coordinate phosphorus.

INTRODUCTION

In previous reports, we have described consider-
able chemistry of 3,7-di-tert-butyl-2,8-dioxa-1-
phosphabicyclo[3.3.0]octa-2,4,6-triene (DitBu-
ADPO)[1-12]. Oxidative additions of halogen, o-
chloranil, or hexafluoro-2-butyne (HFB) to Dit-
BuADPO occur smoothly at the phosphorus center
of DitBuADPO to produce structures which appear
to be best described as trigonal bipyramidal
(Scheme 1) [3].

The DitBuADPO - X, adduct is reactive toward
nucleophiles in a manner typical for 5-coordinate
phosphorus halides. It is possible to substitute one
or both of the halogens by methyl group(s). This
alkylation reaction afforded the methyl(chloro) and
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dimethy! adducts of DitBuADPQ according to
Scheme 2 [3].

The geometries of these products of oxidative
addition to DitBuADPO are all believed to possess
trigonal bipyramidal geometries. The DitBu-
ADPO - Cl,, DitBuADPO : Br,, DitBuADPO - (CH;)Cl,
and DitBuADPO - (CH;), adducts have very similar
NMR spectra, indicating similar structures in so-
lution [3]. Both DitBuADPO-(CH;)Cl and Dit-
BuADPO - (CH,), have had solid state structures
determined by X-ray crystallography, and indeed
these two compounds are best described by tri-
gonal bipyramidal geometries similar to the de-
pictions in Scheme 2 [3]. In these geometries, the
tridentate ligand spans the two apical sites with
its oxygens while the ligand nitrogen occupies one
of the equatorial sites.

Although  DitBuADPO-Cl, and DitBu-
ADPO:Br, have been synthesized [3], DitBu-
ADPO - F, has not been available for structural and
spectroscopic comparisons. During an investiga-
tion of the reactivity of ADPO with fluorocarbon
systems, we discovered the reactions shown in
Scheme 3 that provide a route to DitBuADPO - F,.

RESULTS AND DISCUSSION

When DitBuADPO was allowed to react with hex-
afluoropropylene oxide (HFPO) in tetrahydrofuran
(thf) at room temperature, a 1:1 adduct (DitBu-
ADPO - HFPO) was formed (Scheme 3). The *'P NMR
chemical shift of § —32.6 for DitBuADPO - HFPO
(Table 1) supports a 5-coordinate phosphorus
structure similar to DitBuADPO:-Cl,, DitBu-
ADPO - Br,, and the related compounds. A fluorine-
phosphorus coupling constant of 1021.1 Hz indi-
cates that there is a single fluorine attached di-
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rectly to the phosphorus. The ’C and 'H NMR
spectra show upfield shifts for every center in the
original tridentate organic ligand on DitBuADPO.
This shift pattern has been seen previously and in-
dicates the tridentate ligand is intact but present
in a reduced form [3,6]. The *N NMR chemical
shift of —266.8 also supports 2 reduced tridentate
organic ligand, and the 'Jpy value of 28.2 Hz fur-
ther supports a 5-coordinate phosphorus center [3].

The 'F NMR spectrum reveals the identity of the
remaining fluorocarbon fragment. There is a "°F
resonance at 8 31.00, which indicates an acid flu-
oride functionality. The presence of the acid fluo-

ride is further supported by the *C resonance at )
154.0, with 'Jgc = 367.1 Hz. There is another °F
resonance at 8 —70.67 and a corresponding "*C res-
onance at 8 121.0 ({Jxc = 367.1 Hz), which indicate
the presence of a trifluoromethyl group. The '°F

resonance for the fluorine attached directly to
Phosphorus is at 8 —52.99, with the expected large
Jer (1021.1 Hz). The final 'F resonance occurs at
8 —172.79 and can be assigned to a fluoromethine
center attached directly to })hosphorus This fluo-
romethine center shows a '°C resonance at § 95.3.
This latter carbon resonance is very interesting in

that the largest coupling to this center appears as
a triplet pattern with Jippareny = 219.6 Hz, with su-
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perimposed smaller couplings. This triplet pattern
arises because 'y is approximately equal to Jgc.
These NMR data indicate that the structure of the
DitBuADPO - HFPO adduct is as depicted in Scheme
3. One final aspect of the structure of DitBu-
ADPO - HFPO is the chiral carbon from the fluo-
rocarbon moiety which is attached to the phos-
phorus. This renders the 5-membered rings in the
tridentate organic ligand backbone diastereotopic.
The very slight differences in these rings are evi-
dent from what is actually an ABMX splitting pat-
tern for the ring proton (AB = H; M = P; X = F).
The very slight doublet observed for the t-butyl
resonances could arise from either phosphorus
coupling or, more likely, different chemical shift
values.

The mechanism for the formation of DitBu-
ADPO - HFPO is uncertain, but a direct ring open-
ing of the epoxide ring followed by transfer of flu-
oride from the perfluoroalkoxide center to
phosphorus seems likely. Nucleophilic ring open-
ing of HFPO and related unsymmetrical fluoro-
epoxides generally proceed with attachment of the
nucleophile at the more substituted carbon [13,14].

Although DitBuADPO-HFPO forms nicely
shaped crystals from a variety of solvents, it was
not possible to complete an X-ray crystallographic
structure determination. Structure refinement
yielded reasonable positions for the atoms of the
tridentate organic ligand and the phosphorus
(similar to those in DitBuADPO - (CH;)CI), but there
was an extremely large amount of disorder in the
fluoroalkyl group, which prevented satisfactory re-
finement.

When DitBuADPO-HFPO was heated above
100 °C, the fluorocarbon substituent was replaced
by an additional fluorine to form DitBuADPO-F,
(Scheme 3). The identity of the fluorocarbon which
was eliminated is unknown. No DitBuADPO was
isolated from the reaction mixture, which suggests
that HFPO behaved as a donor of two fluorines.
The structure of the DitBuADPO-F, adduct was
apparent from the multinuclear magnetic reso-
nance spectra (Table 1). The *'P resonance at 8 —34.0
is a triplet (875.7 Hz) due to coupling to the two
directly attached fluorines. The "N NMR spec-
trum indicates, by the high field chemical shift value
(6 —270.2), that the tridentate organic ligand is in
a reduced oxidation state. The *'P-'>N coupling
constant of 30 Hz supports a 5-coordinate phos-
phorus center [3]. The high field '’O chemical shift
(6 151) provides further support for a reduced li-
gand backbone. As with DitBuADPO - HFPO, the 'H
and "C NMR spectra indicate an intact reduced
tridentate organic ligand backbone (see above).

The precise solid state structure of DitBu-
ADPO-F, was determined by X-ray crystallogra-
phy and is depicted by the KANVAS [15] drawing
in Figure 1. The solid state structure of DitBu-
ADPO - F, contained two crystallographically unique

\\\\\\\\\\\\\\\\\\\

FIGURE 1 KANVAS drawing of DitBuADPO - F..

molecules whose structures were very similar. The
average data from the two structures are pre-
sented in Table 2. The DitBuADPO-F, structure
shows bond lengths in the tridentate organic li-
gand backbone, which suggest the ligand back-
bone is in a reduced oxidation state. As in the other
5-coordinate phosphorus derivatives of ADPO that
contain a reduced ligand backbone (DitBu-
ADPO - (CH,),, DitBuADPO - (CH;)Cl, DitBu-
ADPO - o-chloranil, DitBuADPO - 2HFB), the C-0O
and C-N bonds are lengthened relative to the ox-
idized ligand backbones found in the parent ADPO
molecules (DitBuADPO and DiCumylADPO) and the
5-coordinate silver complex (DitBuADPO- Ag,) [11].
On the other hand, the C-C,,, bond in the ligand
shortens in the reduced form of the ligand relative
to the oxidized form. These data suggest a locali-
zation of multibonding character between the ring
carbons at the expense of the C-O and C-N bonds
(in accord with the resonance structures depicted
in Schemes 1 and 3). The P-0 and P-N bonds also
tend to be shorter when the ligand backbone is re-
duced. Even though the magnitude of these changes
is not large, they are consistently repeated
throughout the ADPO series. One detail of the
structure of DitBuADPO -F, which is most inter-
esting is the geometry around the phosphorus cen-
ter.

There is a rather dramatic difference between
the structures of DitBuADPO-F, and DitBu-
ADPO - (CH;),. DitBuADPO - (CH;), represents the
5-coordinate ADPO derivative, with a reduced li-
gand backbone that most closely fits an idealized
trigonal bipyramidal (TBP) geometry. DitBu-
ADPO -F, is close to the “strainless” geometry of a
square pyramid (SP) described by Holmes et al.
[16,17]. The average deviations of the angles around
phosphorus from these idealized geometries are
listed in Table 2. DitBuADPO-(CH,), and Dit-
BuADPO - (CH;)Cl both fit closely to a TBP struc-
ture. DitBuADPO - F, deviates more from the ideal-
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ized TBP in favor of a SP geometry, and
DitBuADPO - o-chloranil is. intermediate.

A structural flexibility available to the reduced
ligand system that is not readily available to the
oxidized ligand backbone is a folding about the P-
N bond. This folding plays an important role in
many metal complexes of ADPO derivatives [2,7—
9]. Although the compounds with a reduced ligand
backbone tend to be nonplanar [18], DitBu-
ADPO - o-chloranil is the most folded (145.8° be-
tween the 2 5-membered rings). DitBuADPO - F, has
a fold of 168.1°, The tendency to pyramidalize at
nitrogen reflects this folding flexibility, and the
sums of valence angles about nitrogens are listed
in Table 2 as indicators. A second component to
this folding is a decrease in the O-P-O angle.

The unusual structures of DitBuADPO - F, and
DitBuADPO - o-chloranil can be considered in terms
of stress on the more normal type of TBP struc-
tures observed for DitBuADPO :(CH,),, DitBu-
ADPO - (CH,)CI, DitBuADPO - 2HFB, DitBu-
ADPO - Ag,, and some metal adducts of the ADSbO
and ADAsO molecules [8]. In the case of DitBu-
ADPO - F,, the stress results from an effect of the
electronegative fluorines that prefer to occupy the
apical sites of TBP structures. In the case of
DitBuADPO - o-chloranil, the stress arises because
the o-chloranil ligand forms a 5-membered ring with
the phosphorus center. The 5-membered ring would
best span an apical and an equatorial site rather
than the diequatorial linkage that the usual ar-
rangement of the tridentate organic ligand in
ADPnO systems would demand.

The tridentate organic ligand backbone can only
span an apical-equatorial-apical (O-N-O) linkage
of a ““‘normal” TBP structure (e.g., DitBuADPO - X,
in Scheme 1) when planar regardless of the ligand
oxidation state of the ligand. This leaves the two
equatorial sites to be occupied by the remaining
substituent(s) at phosphorus. If the tridentate or-
ganic ligand is in a reduced form, it can fold, as
indicated previously. This folding of the tridentate
organic ligand makes it possible to span equato-
rial-apical-equatorial (O-N-O) sites of an “alter-
native” TBP structure (e.g., DitBuADPO - o-chlor-
anil in Scheme 1), thus leaving an equatorial and
an apical site for the remaining substituent(s). It
is this latter alternative TBP structure that best
describes DitBuADPO - o-chloranil. In this alter-
native TBP arrangement, each equatorial site is
linked to an apical site by a 5-membered ring and
a diequatorial linkage by the o-chloranil unit is
avoided. The only negative feature of this alter-
native arrangement is the placement of nitrogen in
an apical position about phosphorus when there
are more electronegative oxygens available. The
difference between apical nitrogen and oxygen is
not sufficient to drive the structure of DitBu-
ADPO - o-chloranil to a different minimum. The
structure of DitBuADPO-2HFB deserves some

1-Bu
(o]
/ l X ’I‘
X [
N—P 0——-P—X
X = NI _—_-( X = 1-Bi ,
\ PO t-Bu +-Bu \\ N
(o) t-Bu
t-Bu
normal TBP SP alternative TBP
SCHEME 4

comment at this point since it too contains an ad-
ditional 5-membered ring that is formed by the
“new”’ substituents at phosphorus. For DitBu-
ADPO - 2HFB, the additional 5-membered ring does
manage to span the two equatorial sites required
by the normal apical-equatorial-apical position of
the tridentate organic ligand. The reason for this
geometry in DitBuADPO - 2HFB may be that the new
substituents are carbons whose electronegativity
relative to oxygen requires that they occupy equa-
torial sites.

The structure of DitBuADPO-F, is greatly in-
fluenced by the high electronegativity of the fluo-
rine substituents at phosphorus. Although the al-
ternative = TBP  structure observed with
DitBuADPO - o-chloranil would allow one fluorine
to be apical, the second fluorine is forced to re-
main equatorial while the nitrogen assumes the
other apical position. This awkward placement of
substituents allows DitBuADPO - F, to adopt a dif-
ferent geometry altogether. The unusual SP ge-
ometry found for DitBuADPO - F, is actually inter-
mediate on the pseudorotation surface that connects
the normal TBP structure of compounds like
DitBuADPO - (CH,), with the alternative TBP
structure of DitBuADPO - o-chloranil. This is illus-
trated in Scheme 4.

Finally, it should be recognized that the struc-
tures observed for the compounds reported in Ta-
ble 2 are in the solid state and do not necessarily
hold for the solution structures. It is also difficult
to establish the role of any crystal packing forces
which may give rise to special geometric features.
Other than establishing the coordination number
of phosphorus, the oxidation state of the tridentate
organic ligand, and a slight indication of the pyr-
amidalization at nitrogen (through the ease with
which N spectra can be obtained and *J¢u cou-
plings in the ring [3]), there is little indication of
the finer details of the geometries at the phospho-
rus centers from the solution NMR spectra given
in Table 1. The only possible indication for a square
pyramidal geometry preference in solution might
be the somewhat higher 'Jpy value of 30 Hz found
for DitBuADPO - F,. This remains only a single point
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at this time, and more data are necessary to de-
termine if this datum has any special structural
correlation.

CONCLUSIONS

As has been recognized at main group hypervalent
centers, both electronic and steric effects can play
important roles in determining the geometry ob-
served at a central atom. For ADPO derived mol-
ecules, the more common TBP arrangement, in
which the tridentate organic ligand spans apical-
equatorial-apical sites, can be changed to an al-
ternative TBP structure, in which the tridentate
organic ligand spans equatorial-apical-equatorial
sites or even a square pyramidal geometry under
the influence of ligand effects in the other two sites.
The square pyramidal geometry of DitBu-
ADPO-F,, which is unusual for compounds con-
taining this tridentate organic ligand, is largely the
result of an electronic effect of the highly electro-
negative fluorines. The alternative TBP geometry
observed for DitBuADPO - o-chloranil appears to be
the result of both steric and electronic factors. These
solid state geometries may be considerably more
flexible in solution.

EXPERIMENTAL SECTION

Reactions and manipulations were carried out un-
der an atmosphere of dry nitrogen, cither in a Vac-
uum Atmospheres dry box or using standard
Schlenk techniques. Solvents were dried (using
standard procedures), [19] distilled, and deoxygen-
ated prior to use, unless otherwise indicated.
Glassware was oven-dried at 160 °C overnight. The
'H (300.75 MHz), '*C (75.629 MHz), *'P (121.745
MHz), °F (282.987 MHz), "N (21.725 MHz), ®N
(30.484 MHz), and '"O (40.772 MHz) NMR spectra
were recorded on a GE Omega 300WB spectrom-
eter. The NMR references are as follows: (CH,),Si
(*H, '*C); 85% H,PO, ('P); CFCli,, (**F); NH,*NO,"~
(**N, ®N); and H,0 ("’0). The >N DEPT experi-
ments were run using the standard NT DEPT se-
quence, assuming Jyy = 7 Hz and Jgy =~ 28 Hz with
a 0 pulse of 45°. Melting points were obtained on
a Thomas-Hoover capillary apparatus and were not
corrected. Elemental analyses were performed by
Oneida Research Services, Whitesboro, NY. The X-
ray structural study of DitBuADPO:F, was per-
formed by Oneida Research Services, and the crys-
tal structure of DiCumylADPO was performed by
D. Staley (DuPont Central Research).

DiCumylADPO

A solution of 350 mg (1.04 mmol) of 5-aza-2,8-di-
methyl-2,8-diphenylnonane-3,7-dione in 10 mL of
thf was added dropwise to a solution of 142 mg
(1.04 mmol) of phosphorus trichloride in 10 mL of

thf at —78 °C under a dry nitrogen atmosphere.
When the addition was complete, a solution of 348
mg (3.11 mmol) of DABCO (diazabicyclo-
[2.2.2]octane) in 10 mL of thf was added to the cold
reaction mixture in a dropwise fashion. Three hours
after the second addition was complete, the mix-
ture was allowed to warm slowly to room temper-
ature and stirred for 1 additional hour. The thf was
evaporated in vacuo, and the solid residue was ex-
tracted with pentane. The pentane extract was
evaporated to dryness and the solid residue re-
crystallized from diethyl ether to afford 140 mg
(37%) DiCumylADPO as an off-white solid: mp
132 °C. [Compared to DitBuADPO, the synthesis of
DiCumylADPO seemed more resistant to eliminate
the third equivalent of HCl. An attempted synthe-
sis of DiCumylADPO using triethylamine as the base
led to the loss of only 2 equivalents of HCl. This
intermediate (DiCumylADPO - HCI) gave a *'P res-
onance at § 171 in CD,Cl, and 'H NMR (CD,Cl,) é
1.52 (s, CCH3, 6H), 1.58 (s, CCH,, 6H), 4.20 (d, NCH,,
2H), 5.81 (d, NCH, 1H), 7.34 (m, PhH, 5H). These
data suggest a structure similar to compound 11
of ref. [3]. The third equivalent of HCl could be
removed by subsequent treatment with 1 equiv.
DABCO.] A sample of DiCumylADPO gave the fol-
lowing data. NMR spectra (CD,Cl,): 'H, 8 1.63 (s,
CCH;, 12 H), 7.16-7.28 (m, PhH, 5H), 7.41 (d, Jeu
= 9.6 Hz, NCH, 2H); *C {'H}, & 27.537 (s, CCHj),
41.85 (d, Jec = 7.0 Hz, C(CH3),), 113.14 (d, *Jpc =
6.0 Hz, HCN), 128.54 (s, 2,6-Ph), 126.66 (s, 4-Ph),
126.57 (s, 3,5-Ph), 146.85 (d, Jyc = 1.0 Hz, 1-Ph),
168.5 (s, COP); *'P {'H}, & 188.34; '*N & —128.1 (brs).
Mass spectrum (CI-CH,") 366 (M*+1, 100%), 119
(CsHsC'(CHs),, 43%). Elemental analysis: Calcd C,
72.31; H, 6.62; N, 3.83; Found C, 72.22; H, 6.80; N,
3.72.

DitBuADPO - HFPO

A 20 mL heavy walled glass bomb with 6 mm Tef-
lon® screw valve was charged under N, with 3.00
g (12.4 mmol) DitBuADPO, 5 mL CH,CIl,, and a stir
bar. The solution was degassed under vacuum with
three freeze-thaw cycles. Hexafluoropropylene ox-
ide (14.7 mmol) was condensed into the bomb while
cooling with liquid N,. The bomb was allowed to
warm slowly to room temperature and was then
stirred for 24 hours. The solution became slightly
pink and was heated at 50 °C for 72 hours. The so-
lution became a darker red and was heated at 70 °C
for 72 hours. The dark red solution was cooled to
room temperature and approximately 3 mL of vol-
atiles allowed to distill from the bomb into a trap
held at —35 °C. The colorless volatile liquids formed
two layers in the collection trap. The residual red
solution in the bomb was cooled to —25 °C for 72
hours and colorless crystals formed which were
collected by filtration: 377 mg, mp 63-66 °C. The
CH,Cl, was removed from the mother liquor and
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replaced with a minimum amount of hexane to al-
low dissolution at room temperature. The hexane
solution was again cooled to —25 °C and, over-
night, yielded a second crop of crystals: 434 mg,
mp 63-66 °C. The hexane mother liquor was
reduced to 2 mL volume and again cooled to
—25 °C to yield a third crop of crystals, 1.04 g, mp
61-64 °C. The total yield was 1.85 g of DitBu-
ADPO - HFPO (38%). DitBuADPO - HFPO could be
further purified by recrystallization from hexane,
and a sample afforded the following data. mp 63—
66 °C. The NMR spectra (CD,CL,): 'H, 8 1.13 (d, A48
= 1.2 Hz, CCH;, 18H), 6.24 (average) (dm, Jpy =
35.4 Hz, NCH, 2H); “°F & 31.00 (ddqd, J& = 30.2
Hz, Jer = 9.5 Hz, T = 7.8 Hz, *Jpz = 3.1 Hz, C(O)F),
-52.99 (dm, 'y = 10213 Hz, PF), —70.67
(dq(apparent)’ 3]].1: = 10.0 HZ, 3(JFF =70 HZ), CF3),
—172.79 (dddq, ¥Jer = 79.4 Hz, *Jgr = 29.0 Hz, *Ji¢
= 10.0 Hz, ¥/ = 12.2 Hz, FC(PF)(CF;)(COF)); *C
{*H}, 8 27.2 (d, Jpc = 2.8 Hz, CCH;), 32.7 (dd, Jec =
1.6 Hz, Jc = 5.2 Hz, C(CH;)3), 95.3 (tipparenndda,
Upe = g = 219.6 Hz, Y = 33.5 Hz, Jgc = 63.8
Hz, %Jgc = 47.05 Hz, FC(PF)(CF;)(COF)), 104.1 (dm,
2Jpc = 19.6 Hz, HCN), 121.0 (qdd, 'Jrc = 285.5 Hz,
J = 264 Hz, ] = 4.0 Hz, CF3), 150.4 (tupparenty J =
4.8 Hz, COP), 154.0 (ddq, Jzc = 367.1 Hz,J = 26.4
Hz, J = 2.1 Hz, C(O)F); *'P {'H}, § —32.55 (ddqd,
l.]]:p = 1021.1 HZ, ZJFP =795 HZ, 3JFP = 6.5 HZ, BJFP
= 3.0 Hz); N {'"H DEPT}, 8 —266.8 (dd, 'Jpy = 28.2
Hz, ¥ = 17.7 Hz), {*°F DEPT}, 6 —266.8 (dd, 'Jpy
= 28.44 Hz, ’Juy = 3.5 Hz); N, § —268.2 (brs). El-
emental analysis: Caled C, 44.23; H, 4.95; N, 3.44;
F, 27.99; P, 7.60; Found C, 44.38; H, 4.98; N, 3.37;
F, 2791; P, 7.65.

DitBuADPO - F,

A direct path microdistillation apparatus was
charged with 2.1 g (5.16 mmol) of DitBu-
ADPO - HFPO under nitrogen. The apparatus was
evacuated and heated to 125 °C. A pink waxy sub-
stance began to sublime onto the cold finger. The
apparatus was occasionally opened to vacuum to
remove the volatiles. After 1 week, the apparatus
was taken into a drybox and the waxy product was
removed from the cold finger; yield 965 mg (67%).
DitBuADPO - F, could be further purified by re-
crystallization from hexane, and a sample afforded
the following data: mp 85-90 °C (dec). NMR spec-
tra (CD,Cl,): 'H, & 1.14 (s, CCH;, 18H), 6.15 (d, Jpy
= 33,7 Hz, NCH, 2H); "°F 6 53.17 (d, Jpr = 876.4
Hz); °C {'H}, & 27.5 (d, Jpc = 2.8 Hz, CCH,), 32.4
(dt, Joc = 8.8 Hz, Jgc = 0.5 Hz, C(CH,);), 103.1 (dt,
Jpc = 20.1 Hz, *Jgc = 1.5 Hz, HCN), 1484 (d,J =
1.2 Hz, COP); *'P {'H}, 6 —33.96 (t, Ve = 876.7);
5N {'H DEPT}, 6 —270.2 (dt, Jpy = 30.0 Hz, gy
= 6.7 Hz); N & —271.4 (brs); 'O, 6 150.8 (brs).
Elemental analysis: Calcd C, 51.61; H, 7.22; N, 5.02;
F, 13.61; Found C, 49.01; H, 6.62; N, 4.79; F, 13.61.

Crystal Data for DiCumylADPO at —70 °C with
Mo K, Radiation: = 850.7 (4), b = 16034 (3), c
= 1457.6 (6) pm, B = 101.46 (2)°, monoclinic, P2,/
n, Z = 4, w(Mo) = 1.51 cm™, 2879 unique reflec-
tions with I > 3a(I). The structure was solved by
automated Patterson analysis (PHASE) and re-
fined by full-matrix least squares on F. Phospho-
rus, oxygens, carbons, and nitrogen were refined
with anisotropic thermal parameters. Hydrogens
were placed in idealized positions (rfC-H = 95 pm).
The largest residual electron density in the final
difference Fourier map was 0.30 e/A’ near phos-
phorus. The data/parameter ratio was 12.25. The
final R factors were R = 0.044 and R,, = 0.052, the
error of fit = 1.92, and max A/c = 0.00. Further
details of the crystal structure are available in the
supplementary material deposited with the Cam-
bridge Crystallographic Data Centre.

Crystal Data for DiBuADPO - F, at —35 °C with
Mo K, Radiation: a = 1194.3 (7), b = 1615.0 (4),
¢ = 1591.2 (9) pm, orthorhombic, Pna2,, Z = 8,
w(Mo) = 1.9 cm™*, 1658 unique reflections with I
> 20(I). The structure was solved by direct meth-
ods and refined by full-matrix least squares on F.
Phosphorus, oxygens, carbons, and nitrogen were
refined with anisotropic thermal parameters. Hy-
drogens were placed in idealized positions (rc_.y =
97 pm). The largest residual electron density in the
final difference Fourier map was 0.41 e¢/AA%. The
data/parameter ratio was 5.12. The final R factors
were R = 0.083 and R, = 0.089 and max A/o =
0.02. Further details of the crystal structure are
available in the supplementary material deposited
with the Cambridge Crystallographic Data Centre.
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