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ABSTRACT

The synthesis of 2,2'-bis(bis(dimethylamino)-
phosphino)-3,3',5,5'-tetra-tert-butylbiphenyl (5) is
described. It was extensively studied by ‘H, *C, and
31p NMR spectroscopy. Furthermore, the X-ray anal-
ysis of 5 is reported. Crystals of 5 are tetragonal, space
roup P42,c,a = b = 24.770 (3) A, ¢ = 12.658 (4)
, Z = 8. The surprising reaction of 5 with proton
acids leading to the formation of various phosphorus
containing five- and six-membered ring compounds
is discussed. On reaction of one of the six-membered
ring compounds (9) with magnesium in THF, a A3,A5-
diphosphaphenanthrene (19) was obtained.

INTRODUCTION

One of the challenging problems in chemistry has
been connected with the preparation of compounds
containing double bonds of the pm-pw type involv-
ing atoms of the second or higher rows of the pe-
riodic table. In general, higher row elements prefer
to form o-bonds, and their compounds containing
m-bonds tend to dimerize or polymerize for ther-
modynamic reasons. Phosphorus is an example of
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a second row element, reluctant to form double
bonds. However, bulky substituents can prevent the
formation of dimers or oligomers in which phos-
phorus has the usual coordination number three.
Alternatively, the dicoordinated state can be made
thermodynamically more stable by including phos-
phorus into a delocalized 7-system.

Since 1966, aromatic heterocycles with dicoor-
dinated phosphorus have been known in the liter-
ature. Monocyclic [1], bicyclic [2], and tricyclic [3]
derivatives have been synthesized in several ways.
Though many examples of (stable) phosphaaro-
matic compounds are known to date, there are very
few with more than one phosphorus atom in the
aromatic system. With the exception of two nitro-
gen-containing five-membered ring svstems re-
ported quite recently [4a,b], they either do not con-
tain two phosphorus atoms bonded to each other
[4c,d] or have only been obtained as transition metal
m-complexes [4d.e].

Inspired by the well known Yoshifuji reaction,
which leads to a diphosphene with a localized P=P
double bond [5], we decided to investigate the ap-
proach outlined in Scheme 1 to prepare the A3,A3-
diphosphaphenanthrene 2 from 1.1In fact, 2 is a tied-
back analogue of the Z-isomer of the Yoshifuji di-
phosphene. We were aware of the probability that
this tricyclic compound would display less stabi-
lization than a corresponding monocyclic 1,2-di-
phosphabenzene, but we preferred 2 for reasons of
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preparative accessibility; moreover, it was antici-
pated that 2 derives its stability, if not from reso-
nance, from steric protection by the bulky tert-butyl
groups.

In this paper, we are concerned with chemistry
encountered en route to 2. We report on the prep-
aration of some new, highly congested, phosphorus
substituted biphenyls. The NMR spectroscopy and
X-ray analysis of 2,2'-bis(bis(dimethylamino)-
phosphino)-3,3',5,5'-tetra-tert-butyl biphenyl (5) is
discussed. The reactivity of 5 was investigated in
some detail; in particular, the formation of the A3,A5-
diphosphaphenanthrene 17 and of some other phos-
phorus containing ring compounds will be dis-
cussed.

RESULTS AND DISCUSSION
Synthesis and Reactions of 5

For the synthesis of the precursor of the desired
A3,A3-diphosphaphenanthrene 2, we followed the
approach outlined in Scheme 2. Biphenyl 3 [6] was
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treated with two equivalents of bromine at 140°C
in trimethyl phosphate to give the dibromo deriv-
ative 4 in 63% yield (after crystallization from
ethanol). Compound 4 was converted to its dilithio
derivative with n-butyllithium in diethyl ether. It
was anticipated that its reaction with trichloro-
phosphine would not yield the desired 1, but would
instead result in the formation of a five:membered
ring compound (vide infra). Therefore, we first pre-
pared the protected compound 5 in 40% yield by
treatment of the dilithio intermediate with chlo-
robis(dimethylamino)phosphine, with the inten-
tion of converting 5 to 1 with hydrogen chloride, a
reaction that, under normal circumstances, works
quite reliably.

However, instead of 1, an unexpected new com-
pound with a bond between the two phosphorus
atoms (*'P NMR (CDCl;): 8 66.9 (d, J(PP) = 268
Hz) and 37.6 (d, YJ(PP) = 268 Hz)) was formed when
5 was treated with an excess of hydrogen chloride
in chloroform. Therefore, we decided to investigate
this reaction more carefully. The results of the re-
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TABLE 1 *'P NMR Data of Products Obtained from 5
Reaction Relative
Conditions 8 1J(PP)[HZ] Intensity Assignment
1 or 2 eq HCI 61.8 (s)? — 1 12
57.3 (d) 340 6 8
25.9 (d) 340 6 8
=4 eq HCI 82.3 (s)? —_ 1 13
66.9 (d) 268 6 9
37.6 (d) 268 6 9
MeOH 174.2 (s)® — — —
142.7 (s) —_ — —
109.4 (s) — — —
63.0 (s) -_— — 12
59.0 (d) 340 — 8’
26.6 (d) 340 — 8’
H,O/THF 113.1 (s)® — 18 —
61.9 (s) — 2 —
58.8 (s) — 3 —
55.4 (s) — 15 —
38.1 (d) 208 9 15
29.1 (s) — 1 —
27.3 (s) — 2 —
239 (s) — 1.3 —
-8.9 (d) 208 8 15
a|n CDCls.
?In MeOH.

action of 5 with 1, 2, 4, and 20 equivalents of hy-
drogen chloride are summarized in Table 1.

According to *'P NMR spectroscopy, two sets of
products were obtained in all reactions: one set ob-
tained with 1 or 2 equivalents of hydrogen chloride
and another one with 4 or more equivalents. Of each
set, one product (8 or 9) showed a strong coupling
between two phosphorus atoms (J(PP) = 340 Hz
or 268 Hz, respectively), which implies a ring clo-
sure reaction. The other signal of each set stems
from five-membered ring compounds (12 or 13), as
was proven by independent synthesis.

To rationalize this unexpected outcome, we
propose a mechanism as outlined in Scheme 3. Es-
sential in this mechanism is protonation of a phos-
phorus atom of 5 to furnish the phosphonium cation
6. Such a protonation has, in certain cases, been
invoked as the first step in the exchange of amino
groups by chlorine [7]. The usual subsequent step
is addition of chlorine to phosphorus. In the case
of 6, this is apparently impossible because it would
further increase the considerable strain already
present in the highly crowded molecule; again, there
is precedent for such behavior [7]. Instead, the strain
is reduced by attack of the cationic phosphorus on
the tertiary, basic phosphorus, leading to the for-
mation of a P—P bond in 7. Elimination of dimeth-
ylamine gives the phosphonium cation 8. It should
be pointed out that, up to this point, only one mol-
ecule of hydrogen chloride has been used, and in
line with this proposal, the transformation 5 — 8

is indeed complete with one equivalent of hydrogen
chloride; under these conditions, dimethylamine
formation has been detected by smell and by 'H
NMR spectroscopy. The second equivalent of hy-
drogen chloride is used to neutralize the dimethyl-
amine; it leaves 8 unchanged. Further reaction is
observed only on addition of four or more equiva-
lents of hydrogen chloride; it involves the conven-
tional substitution of the dimethylamino group at
the tertiary phosphorus by chlorine to furnish 9.
This is accompanied by the expected deshielding of
both phosphorus nuclei (Table 1). The two remain-
ing amino substituents of the phosphonium groups
are protected against chloro substitution by the
positive charge.

Due to the presence of about 15% of the side
products 12 and 13, respectively, 8 and 9 could not
be obtained in pure form. Nevertheless, their struc-
tures can be assigned with great confidence because
of the typical *'P chemical shifts and the large 'J(PP)
couplings; furthermore, their insolubility in apolar
solvents' testifies to their salt-like character.

The structure of the minor components 12 and
13 as 9-phosphafluorenes was established by in-
dependent synthesis: the dilithio derivative formed
from 4 and n-butyllithium reacted with trichloro-
phosphine to give 13 (not 1! vide supra), which was
converted to 12 by an excess of dimethylamine. Their
formation from 5 is explained in Scheme 4. We pro-
pose that the electrophilic phosphorus of 6 can re-
lieve the steric congestion by attack not only on the
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second phosphorus to give 7, but also on the ipso-
carbon of the other aromatic ring to give 10. The
preference for the ipso-carbon above the other or-
tho-carbon probably entails both electronic and steric
reasons; the ipso-carbon is more nucleophilic due
to its electron-rich phosphine substituent, and the
release of strain is larger, because the bulky phos-
phino substituent is bending out of the crowded
plane of the heavily substituted benzene ring. The
Sg2 substitution is completed by cleavage of the
phosphino substituent from 10 to give 11, which
releases dimethylamine to form 12. With excess hy-
drogen chloride, 12 is converted in a conventional
way to 13. Trichlorophosphine converted 5 to a mix-
ture of 8 and 9 without formation of 12 and 13.
The direct conversion of 5 to 1 with hydrogen
chloride having unexpectedly failed, we next at-
tempted to achieve this transformation stepwise via
14. Again, and to our surprise, even under the mild
conditions of dissolving 5 in pure methanol, ring
closure to a compound very similar to 8 occurred
(Table 1); we assign to this compound, with some
reservation, structure 8'. It differs from 8 only by
the counter anion methoxide instead of chloride.
Again, the formation of 8’ must be initiated by even
the low protic activity of methanol; the unexpected
fact that methoxide does not add to phosphorus
must be explained by steric congestion (Scheme 5).

P(NMe,),
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The structure assignment of 8’ is based on its
3P NMR spectrum (Table 1; cf. also 8) and on the
reaction with water that converts 8 to 15, a com-
pound that can be obtained directly from 5 (to-
gether with other products (Table 1)) with water in
tetrahydrofuran. Again, the weakly acidic proper-
ties of this medium are apparently sufficient to in-
duce phosphorus—phosphorus bond formation. We
assume that water or, more likely, the hydroxide
ion is able to penetrate the crowded surroundings
of the phosphonium phosphorus of intermediate 7
(Scheme 3), where the methoxide ion of 8’ does not;
this results in the formation of the phosphinamide
15. Remarkably, 8 with chloride as the counterion
is not attacked by water; we take this as evidence
that it is the hydroxide ion that triggers the for-
mation of 15, because with water, 8 can form OH~
whereas 8 can not.

As a model for 5, we also prepared and inves-
tigated its monofunctional analogue 16 (Scheme 6).
The synthesis of 16 and 17 was analogous to that
of 5. Reaction of 16 with a small excess of hydrogen
chloride gave 12 and 13 together with the “normal”
substitution product 18 (ratio 1:1:1). The formation
of 18 signals less strain in the monofunctional series
and thus confirms the importance of strain for the
unusual behavior of 5 and 6. The formation of the
phosphafluorenes 12 and 13 proves that ring closure
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is also possible from monofunctional precursors.
This raises the question whether from 5, too, 12 and
13 are formed via 16, i.e. by dephosphinylation prior
to ring closure. However, we do not consider this
alternative likely because from 5, the formation of
18 was never observed (*'P NMR spectroscopy).

NMR Spectroscopy of 5, 12, and 16

The phosphorus chemical shifts of 5 find some anal-
ogy in the literature [8]. The interpretation of the
'H and '3C spectra was initially complicated be-
cause 5, although being a symmetrical compound,
has magnetically nonequivalent phosphorus nuclei
[9]. This results in AA’X-systems in both the 'H (see
Experimental) and the '3C NMR spectra (see Table
2, with data of 16 for comparison). In these spectra
A =A'=3"Pand X = 3Cor 'H, respectively. Proper
simulation of the '*C NMR spectrum turned out to
be impossible for two reasons. Firstly, in order to
check the accuracy of the coupling constants de-
termined from the '*C NMR spectra, it would have
been necessary to observe the 13C satellites; this was
not possible due to the inherently broad linewidth
of the phosphorus signal. For the same reason, it
was not possible to see the contribution of the dif-
ferent phosphorus atoms to the phosphorus—
carbon coupling. Therefore, only the sum of the cou-
pling constants is given in Table 2. The coupling
constant between the two phosphorus atoms is es-
timated to be 22 Hz. Secondly, in one multiplet the
linewidth of the various signals differs too much;
therefore we could not determine the relative inten-
sities.

Compound 12 raised our interest by not show-
ing any signals of the dimethylamino group in the
'H NMR spectrum at room temperature. Cooling
to —50°C resulted in decoalescence to two signals

at 8 = 1.69 (s) and 2.74 (d, 3J(PH) = 3.8 Hz). This
unforeseen nonequivalence must be due to hindered
rotation around the phosphorus—nitrogen single
bond, which is another indication for the rather
crowded character of these tetra-tert-butylbiphenyl
derivatives. The large difference in chemical shift
and phosphorus coupling can be explained as fol-
lows. Due to the pyramidal configuration of phos-
phorus, the dimethylamino group sticks out from
the phosphafluorene plane at a certain angle. Due
to steric hindrance, the PNMe, plane stands more
or less perpendicular to the tricyclic aryl plane.
This brings one methyl group (6 = 2.74) close to
this aryl plane, where it is deshielded relative to
the other one. In this conformation, the deshielded
methyl group is oriented cis to the phosphorus lone
pair, while the other one is trans. According to the
well known angular dependence of 2J(PX) coupling
[9, 10], this leads to the observed coupling pattern.

X-ray Crystal Structure of 5

In the context of the interesting NMR phenomena
of 5 (see previous section), and to clarify its crowded
stereochemistry, an X-ray crystal structure was de-
termined. Figure 1 shows the molecule with adopted
numbering. Both benzene rings are significantl

puckered with maximum deviation of 0.050 (6) K
at C6 and C12; a similar degree of nonplanarity has
earlier been observed in bis(2,4,6-tri-tert-butyl-
phenyl)phosphinic chloride [11]. The highly crowded
nature of 5 isrevealed by 21 contacts (1-4 or greater)
that are considerably shorter (by 0.20 to 0.65 A)
than the van der Waals contact distances; no less
than 17 of these involve the two bis(dimethylami-
no)phosphino substituents. This strongly supports
our claim that the crowded situation, especially
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TABLE 2 '3C NMR Data (C¢Ds) of 5 and 16
5 16
Atom* ) J(CP)(Hz)® J(CH)(Hz) Atorr® 5 J(CP)(Hz) J(CH)(Hz)

1 148.787 5.80 — 1 148.755 6.63 —e

2 138.751 48.05 —d 2 139.293 32.85 —e

3 152.224 21.00 multiplet 3 156.826 11.43 multiplet

4 128.324 — 155.139 4 125.258 — 151.32"

5 147.847 — multiplet 5 148.946 1.68 multiplet

6 123.654 3.59 153.40 6 125.886 1.66 156.96'

NCH, 41.731 15.25 133.70 7 146.292 — —

NCH, 41.108 25.82 133.96 8,8’ 123.606 2.62 154,72+

C(CHg)a® 39.537 — — 9,9’ 149.650 — multiplet’

C(CHy)s® 34.155 13.88 125.63 10 119.789 — 151.82

C(CHa)® 34.611 — — NCH;, 41.714 17.07 133.91

C(CHa)s® 31.480 — 125.44 C(CHa)s® 40.095 3.63 —
C(CHg)s® 33.662 9.33 125.63
C(CHa)s® 34.964 — —
C(CHa)s® 31.480 — 125.46
C(CHa)s® 34.964 — —
C(CHa)s® 31.707 — 125.44

aThe numbers are indicated in Schemes 2 (5) and 6 (16).
>This is the sum of both J(CP') and J(CP?).
©3J(CH) = 3.90 Hz, with H&.

93J(CH) = 6.1 Hz, with H* and H°.

93J(CH) = 5.82 Hz, with H* and H®.

f3J(CH) = 3.4 Hz, with C(CHy)3.

93J(CH) = 6.91 Hz, with HS.

" With H* and 3J(CH) = 6.83 Hz with HE.

‘With H* and 3J(CH) = 6.98 Hz, with H*.

I3J(CH) = 4.25 Hz, with HE.

kWith H? and 3J(CH) = 6.59 Hz, with H® and H'°.
'With H'° and ®J(CH) = 6.67 Hz, with H®.

around phosphorus, is the cause of the unusual
chemical behavior of 5.

A M A-diphosphaphenanthrene (19)

In a final attempt to introduce a double bond be-
tween the two phosphorus atoms, we investigated
the behavior of 8 and 9 toward magnesium. Not
surprisingly, the all-amino substituted 8 showed
only decomposition and no identifiable products in
a slow reaction. In contrast, 9 has a P—Cl function-
ality that is more susceptible to reduction; within
five hours, stirring 9 with magnesium in THF
produced an orange-colored solution from which,
after workup, the A3,A>-diphosphaphenanthrene 19
was identified as the major product by its charac-
teristic 3'P NMR data; unfortunately, purification
was not possible as 13, present as an impurity in
9, was simultaneously reduced to 20 (Scheme 7).
The structure of 20 was confirmed by its indepen-
dent synthesis from 13 with lithium aluminum hy-
dride.

The 3'P NMR data of 19 (6 = 94.5 (d) and —129.0
(d) J(PP) = 469 Hz), in particular the large phos-
phorus—phosphorus coupling, confirm the struc-
ture of 19, but at the same time show no unusual
spectroscopic properties as compared to those of

normal A3,A5-diphosphenes, which are known to be
ylids rather than m-bonded species [12].

CONCLUSIONS

The highly crowded biphenyl 5 could be prepared.
Due to its strained character, which manifests itself
in the crystal structure, attempts to convert it to 1
(and further to the A3,A3-diphosphaphenanthrene 2)
were not successful, but they furnished interesting
examples of unusual reactivity of phosphorus com-
pounds. However, the A3A3-diphosphaphenan-
threne 19 could be obtained from 9 and magnesium;
its spectroscopic properties identify 19 as a normal
ylid without special aromatic properties of the (for-
mal) diphosphabenzene ring system.

EXPERIMENTAL

The reactions and subsequent manipulations of air
sensitive compounds were carried out in a high vac-
uum system. The reported melting points are un-
corrected. Elemental analyses were performed by
the Mikroanalytisches Labor Pascher, Remagen-
Bandorf, Germany. The NMR spectra were mea-
sured on a Bruker WM 250 NMR spectrometer at
250 MHz (‘H), 62.89 MHz ('*C), or 101.2 MHz (*'P)
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and a Bruker MSL 400 NMR spectrometer at 400
MHz (*H) or 100.63 MHz (**C). Chemical shifts were
measured relative to external (CH;),Si or 85% H;PO,.
GCMS was performed on a 5070 Hewlett-Packard
Mass Selective Detector connected to a HP 5890 gas
chromatograph equipped with a 25 m CP sil 5 CB
capillary column and using a column head pressure
of 12 psi. HR mass spectra were obtained on a Fin-
nigan MAT 90 (Finnigan MAT, San José, USA); the
exact masses were checked by peak-matching against
an appropriate reference signal.

2,2'-Dibromo-3,3'5,5'-tetra-tert-butylbiphenyl
4)

A solution of bromine (10 g, 62.5 mmol) in trimethyl
phosphate (200 mL) was added within half an hour
to a solution of 3 [6] (5.9 g, 15.6 mmol) in trimethyl
phosphate (50 mL) at 140°C. After having been stirred
for 120 min at this temperature, the reaction mix-
ture was poured onto ice. The water layer was ex-
tracted several times with pentane. The combined
organic layers were washed with water till neutral,
and subsequently with an aqueous solution of
Na,S,0; (10%) and dried over MgSO,. After filtra-
tion and evaporation of the filtrate, the residue was
recrystallized from ethanol, yielding 4 as colorless
crystals (5 g, 60% yield), mp 193°C. '"H NMR (CDCl;)
5 1.36 (s, 18H, -Bu p to Br), 1.60 (s, 18H, t-Bu o to
Br), 7.13 (d, “/(HH) = 2.6 Hz, 2H, ArH), 7.52 (d,
4J(HH) = 2.5Hz, 2H, ArH). 13C NMR (CDCl;) § 149.1
(s), 147.3 (s), 146.4 (s), 126.2 (d, J(CH) = 157 Hz),
124.0 (d, J(CH) = 143 Hz), 121.2 (s), 37.5 (s), 349
(s), 31.4 (g, UJ(CH) = 125 Hz), 30.3 (g, Y(CH) = 125
Hz). MS (70 eV) m/z (%): 538 (5), 536 (7), 534 (3),
457 (50), 455 (52), 57 (100). Anal. Calcd. for C,sH,oBr-
(536.4): C,62.69; H,7.52; Br, 29.79. Found: C, 62.76;
H, 7.48; Br, 30.0.

2,2'-Bis(bis(dimethylamino)phosphino)-
3,3'5,5'-tetra-tert-butylbiphenyl (5)

A solution of n-butyllithium (11.2 mmol) in n-hex-
ane (7.5 mL) was added to a solution of 4 (3 g, 5.6
mmol) in diethyl ether (50 mL) at 0°C. The reaction
mixture was allowed to warm to room tempera-
ture within one hour. Then, a solution of chlo-
robis(dimethylamino)phosphine (11.2 mmol) in n-
hexane was added at —70°C. The reaction mixture
was warmed to room temperature in 30 min and
stirred for another 90 min. The solvent was evap-
orated and n-hexane (30 mL) was added. After fil-
tration from the lithium salts, the residue was re-
crystallized at —20°C, yielding 5 as colorless crystals
(2.29 g, 37%), mp 214°C. '"H NMR (C,Dy) 6 1.34 (s,
18H, #-Bu), 1.80 (s, 18H, t-Bu), 2.13 (AA'X-system,
J(PH) = 8.45 Hz, 6H, —N(CH3),), 2.41 (AA'X-sys-
tem, J(PH) = 8.2 Hz, 6H, —N(CH3),), 7.21 (d,
4J(HH) = 2.1 Hz, 2H, ArH*®), 7.59 (dd, “J(HH) = 2.1
Hz, “J(PH) = 1.9 Hz, 2H, ArH®). 3C NMR (C¢D.)
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see Table 2.3'P NMR (C¢D¢): 6 114.1 (s). Anal. Calcd.
for HRMS C; HgsN,P>: 614.461. Found: 614.463. Anal.
Calcd. for CsgHeaN4P> (614.5): C, 70.12; H, 10.46.
Found: C, 70.07; H, 10.55. To obtain suitable crys-
tals for X-ray analysis, 5 was recrystallized twice
from hexane at —20°C. To avoid oxidation, the crys-
tals were sampled under a nitrogen atmosphere in
a glovebox.

Reaction of 5 with Hydrogen Chloride

In a typical run, gaseous hydrogen chloride (0.26,
0.52, 1.04, or 5.20 mmol, respectively) was added
to a solution of 5 (0.26 mmol) in HCl-free chloroform
(10 mL) at room temperature. After 4 h, the 3'P
NMR spectrum was recorded from the crude re-
action mixture (see Table 1). Then the chloroform
was removed by evaporation and the residue was
“washed” with n-pentane to remove the side prod-
ucts (mainly phosphafluorenes). The remaining
traces of n-pentane were pumped off carefully and
the resulting colorless solid material was dissolved
in DCl-free CDCl;. The product analysis was per-
formed by 3'P NMR spectroscopy (see Table 1). 8
'H NMR (CDCl;) 8§ 1.24 (s, 9H, t-Bu), 1.25 (s, 9H, t-
Bu), 1.35 (s, 9H, ¢-Bu), 1.50 (s, 9H, t-Bu), 2.24 (d,
3J(PH) = 8.2 Hz, 6H, NMe,), 2.28 (d, *J(PH) = 8.8
Hz, 6H, NMe,), 2.81 (d, 3J(PH) = 9.1 Hz, 6H, NMe,),
7.08(d,*y(HH) = 1.4Hz, 1H, ArH), 7.11 (dd, */(HH) =
3.2Hz, 4/(PH) = 1.6 Hz, 1H, ArH), 7.57 (d, *J(HH) =
5.7 Hz, 1H, ArH), 7.65 (dd, *J(HH) = 1.8 Hz, *J(PH)
= 1.5 Hz, 1H, ArH). 9 '"H NMR (CDCl;) 8 1.263 (s,
9H, +-Bu), 1.275 (s, 9H, +-Bu), 1.37 (s, 9H, t-Bu), 1.56
(s, 9H, t-Bu), 2.42 (d, *J(PH) = 9.82 Hz, 6H, NMe,),
2.95(d, *J(PH) = 10.3 Hz, 6H, NMe,), 7.07 (d, *J(HH)
= 1.3 Hg, 1H, ArH), 7.13 (dd, “/(HH) = 3.9 Hz, */(PH)
= 1.4 Hz, 1H, ArH), 7.55 (d, “/(HH) = 5.8 Hz, 1H,
ArH), 7.65 (dd, “J(HH) = 3.3 Hz, *J(PH) = 1.53 Hz,
1H, ArH). Compounds 8 and 9 are air sensitive and
decompose above 300°C without melting.

9-Chloro-1,3,6,7-tetra-tert-butyl-9-
phosphafluorene (13)

A solution of n-butyllithium (1.0 mmol} in n-pen-
tane (2.0 mL) was added to a solution of 4 (0.268 g,
0.50 mmol) in diethyl ether (10 mL) at room tem-
perature. After stirring for 15 min, the reaction mix-
ture was cooled to —20°C and a solution of tri-
chlorophosphine (0.50 mmol) in n-pentane (2.0 mL)
was added slowly. The reaction mixture was al-
lowed to warm to room temperature slowly. Then,
the solvent was evaporated and n-pentane (10 mL)
was added. After filtration from the lithium salts,
the residue was recrystallized at —20°C, yielding
13 as colorless crystals, mp 110°C. '"H NMR (C¢Ds)
81.30 (s, 18H, t-Bu), 1.67 (s, 18H, t-Bu) 7.57 (dd, 2H,
4J(PH) = 4.8, “J(HH) = 2 Hz, ArH), 7.88 (d, 2H, 2H,
J = 2 Hz). 3'P NMR (C,D,) 8 81.3 (s). Anal. Calcd.
for HRMS C,3H.oPCl: 442.2556. Found: 442.2565.
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Anal. Calcd. for C,sH,oPCl (442.3): C,75.91; H, 9.10.
Found: C, 77.41; H, 9.70.

9-Dimethylamino-1,3,6,7-tetra-tert-butyl-9-
phosphafluorene (12)

An excess of dimethylamine (about 1 mL) was added
to a solution of 13 (0.25 mmol) in diethyl ether (3.0
mL) at 0°C. After 30 min, the solvents were evap-
orated and n-pentane (10 mL) was added. After fil-
tration from the ammonium salts, it was not pos-
sible to crystallize 12 properly. Therefore analyses
were performed on the oily compound. '"H NMR
(CDCl3) (—=50°C) 6 1.23 (s), 1.37 (s), 1.69 (s), 2.74 (d,
3J(PH) = 3.8 Hz), 6.95(d, V(HH) = 1.6 Hz), 7.32 (d,
17(HH) = 1.6 Hz). 3'P(CDCl;) 6 61.8 (s). Anal. Calcd.
for HRMS C;,H,sNP: 451.681. Found: 451.337.

Reaction of 5 with Methanol

A solution of 5 (0.08 mmol) in n-pentane (2 mL) was
evaporated to dryness and methanol (10 mL) was
added. The suspension was stirred for several hours.
A 3P NMR spectrum was measured from the crude
reaction mixture (see Table 1).

Reaction of 5 with Water

A solution of 5 (0.08 mimol) in n-pentane (2 mL) was
mixed with a solution of water (0.5 mL) in THF (10
mL). After the mixture had been stirred for several
hours, the solvents were evaporated, the dry residue
was dissolved in DCl-free CDCl;, and a 3'P NMR
spectrum was recorded (see Table 1).

Reaction of 5 with Trichlorophosphine

To a solution of 5 (0.08 mmol) in n-pentane (2 mL),
a solution of trichlorophosphine (0.5 mmol) in n-
pentane was added at room temperature. After hav-
ing been stirred for 6 h and filtered from the salts,
the solvents were evaporated and the residue dis-
solved in CDCl; (0.5 mL). *'P NMR spectroscopy
showed that a mixture of 8 and 9 (ratio 4:1) had
been formed.

Reaction of 8 with Magnesium

A solution of 8 (0.26 mmol) in THF (10 mL) was
stirred for several days on twice sublimed magne-
sium (100 mg). No identifiable products could be
detected.

Reaction of 8 with Hydrogen Chloride

Gaseous hydrogen chloride (2.6 mmol) was added
to a solution of 8 (0.26 mmol) in CHCl; (10 mL) at
room temperature. After the mixture had been stirred
for 6 h, 2'P NMR spectroscopy of the crude reaction
mixture showed almost clean formation of 9.

Reaction of 9 with Magnesium

A solution of 9 (0.26 mmol) in THF (10 mL) was
stirred for 5 h at room temperature on twice sub-
limed magnesium (100 mg). The reaction mixture
turned slowly orange. After evaporation of the sol-
vents, n-pentane was added and the salts were fil-
tered off. Then the n-pentane was removed by
pumping carefully and the oily residue (19) was
dissolved in C¢Dg (0.5 mL). 3'P NMR 6 94.5 (d, .J(PP)
= 469 Hz), —129.0 (d, J(PP) = 469 Hz). The cou-
pling was confirmed by 3'P-COSY-NMR. Mass spec-
troscopy under EI conditions was not possible be-
cause 19 decomposes upon heating. 19 was mainly
contaminated by 20, *'P NMR é —60.1 (d, 'J(PH) =
207 Hz).

1,3,6,7-Tetra-tert-butyl-9-phosphafluorene (20)

A suspension of LiAlH; (1 mmol) was added to a
solution of 13 (0.25 mmol) in diethyl ether (10 mL)
at —20°C. The reaction mixture was allowed to warm
to room temperature and stirred for 1 h. Then, the
solvent was evaporated and n-pentane (10 mL) was
added. After filtration from the salts, the residue
was recrystallized from n-pentane at —20°C, yield-
ing 20 as colorless crystals, mp 254-256°C. 'H NMR
(CsD¢) 6 1.40 (s), 1.60 (s), 5.66 (d, V(PH) = 207 Hz),
7.63 (dd, “J(PH) = 4.2 Hz, *J(HH) = 1.6 Hz), 8.17
(d, V(HH) = 1.6 Hz). 3'P NMR (C¢Ds): vide supra.
Anal. Calc. for HRMS C,sH,,P: 408.2946. Found:
408.2941. Anal. Calcd. for C,sH,, P (408.3): C, 82.13;
H, 10.11. Found: C, 79.90; H, 9.90.

2-Bromo-3,3',5,5'-tetra-tert-butyl biphenyl (17)

A solution of bromine (0.8 g, 5 mmol) in trimethyl
phosphate (5 mL) was slowly added to a solution
of 3 (0.75 g, 2 mmol) in trimethyl phosphate ( 40
mL) at 100°C. After having been stirred for 75 min
at this temperature, the reaction mixture was poured
into an aqueous solution of Na,S,0; (10%). A formed
precipitate was filtered off and washed several times
with water. The crude compound was recrystallized
from ethanol, yielding 17 as colorless crystals (0.65
g, 70%), mp 171°C. '"H NMR (CDCl,) 6 1.35 (s, 9H,
t-Bu), 1.38 (s, 18H, t-Bu), 1.61 (s, 9H, +-Bu), 7.25 (d,
“J(HH) = 2.5 Hz, 2H, ArH), 7.29 (d, ¥/(HH) = 2.5
Hz, 1H, ArH), 7.49 (t, “7/(HH) = 2.5 Hz, 1H, ArH),
7.57(d,*J(HH) = 2.5 Hz, 2H, ArH). '*C NMR (CDCl5)
149.78 (s), 149.12 (s), 147.54 (s), 145.88 (s), 142.91 (s),
126 .45 (d, 'J(CH) = 155.4 Hz), 124.29 (d, J(CH) =
156.6 Hz), 124.19 (d, 'J(CH) = 153.2 Hz), 120.62 (d,
J(CH) = 152.7 Hz), 120.51 (s), 37.69 (s), 34.98 (s),
34.85 (s), 31.62 (q, J(CH) = 125.6 Hz), 3143 (q,
1J(CH) = 126.1 Hz), 30.38 (q, J(CH) = 125.9 Hz).
MS (70 eV) m/z (%): 458 (100), 456 (100), 443 (83),
442 (23), 441 (84), 253 (4), 214 (13), 57 (43). Anal.
Calcd. for C,3H,4 Br (457.5): C, 73.50; H, 9.03; Br,
17.46. Found: C, 73.68; H, 9.03; Br, 17.7.



2-Bis(dimethylamino)phosphino-3,3'5,5'-tetra-
tert-butylbiphenyl (16

This compound was prepared in the same manner
as compound 5, using 17 instead of 4 as starting
material. After filteration from the lithium salts, the
residue was recrystallized from n-pentane at —20°C,
yielding 16 as colorless crystals, mp 150-153°C. 'H
NMR (C¢Dg) 8 1.33 (s, 9H, +-Bu®), 1.38 (s, 18H, ¢-
Bu®), 1.69 (s, 9H, +-Bu®), 2.25 (AA'X-system, J(PH) =
8.9 Hz, 6H, —N(CH,),), 7.32 (dd, *7/(HH) = 2.2 Hz,
47(PH) = 2.0 Hz, 1H, ArH®), 737 (d, “/(HH) = 19
Hz, 1H, ArH"?), 7.59 (d, 4/(HH) = 1.9 Hz, 2H, ArH®),
7.68 (dd, “J(HH) = 2.16 Hz, “7J(PH) = 2.0 Hz, 1H,
ArH®). 13C NMR (C¢Dy) see Table 2. 3'P NMR (C¢Dg)
5 108.1 (s). Anal. Calcd. for C;5,Hs3N,P (443.1): C,
77.30; H, 10.75; N, 5.64; P, 6.24. Found: C, 77 44;
H, 10.86; N, 5.54; P, 6.27.

Reaction of 16 with Hydrogen Chloride

Gaseous hydrogen chloride (0.7 mmol) was added
to a solution of 15 (~0.4 mmol) in C¢D¢ (0.5 mL) at
room temperature. After the mixture had been stirred
for 5 h, the 3'P NMR spectrum was measured: &
161.9 (s)(18), 81.3 (s)(13), 61.9 (s)(12) (ratio: 1:1:1).

2-Dichlorophosphino-3,3'5,5'-tetra-tert-
butylbiphenyl (18)

This compound was prepared from 17 in the same
manner as compound 16, using trichlorophosphine
instead of chlorobis(dimethylamino)phosphine. After
filtration from the lithium salts, it turned out to be
impossible to crystallize 18 properly. Therefore, the
analyses were performed on the crude oily residue.
3'P NMR (CDy) 6 161.9 (s).

X-ray Crystal Structure Determination of 5

Crystal Data. C3sHeaN4P>, Mr = 614.87, tetra-
gonal, P42,¢c, a =°b = 24770 (3) A, ¢ = 12.658 (4)
AV =7766 (3) A, Z = 8, D, = 1.052 gcm >, A
(MoKa) = 0.71073 A, u = 1.3cm 1, F (000) = 2704,
T =295 K.

Structure Determination. Data were collected
on an Enraf-Nonius CAD4-F diffractometer for a
colorless transparent crystal (0.25 x 0.28 x 1.30
mm) mounted in a Lindemann glass capillary. Unit
cell parameters and their e.s.d’s were derived from
a least-squares treatment of 25 SET4 reflections (9 <
6 < 11°). Intensity data for 8183 reflections (4 0:23,
k0:31,1 — 15:0; 8 < 26.5% Zr-filtered MoKa radia-
tion) were collected in the w/26 scan mode with
Aw = 0.60 + 0.35tan#°. Three reference reflections
(-30-1,0 -3 -1, and 4 -4 0) indicated no de-
cay. The space group was derived from the observed
systematic absences. The intensity data were cor-
rected for Lp but not for absorption and averaged
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(Rin; = 0.02) into a unique set of 4197 reflections.
The structure was solved by direct methods
(SHELXS-86 [13]) and refined on F by full-matrix
least-squares with SHELX-76 [14]. H atoms were
introduced on calculated positions (C-H = 0.98 )
and refined with fixed geometry with respect to the
atoms they are attached to and with two common
isotropic thermal parameters. Refinement with
weights, w™! = o2 (F) + 0.0024 F?, converged at
R = 0.058 (WR = 0.075; S = 1.78; 420 parameters;
2613 reflections with I > 2.5 o{I), (A/0)max = 0.5).
A final difference Fourier map did not show residual
peaks outside —0.24 and 0.43 eA 3. Six methyl
groups (C14, C15, C16, C26, C27, C28) show signif-
icant librational motion. The reflection 1 1 0 was
omitted from the final refinement cycles. Scattering
factors of Cromer and Mann [15] and anomalous-
dispersion terms from Cromer and Liberman [16]
were used. Refinement of the inverted structure re-
sulted in slightly higher R-values. The programs
PLATON and PLUTON (Spek, 1982) [17] were used
for the calculation of geometrical data and the plot
respectively. All calculations were done on a micro
VAX-II cluster.

SUPPLEMENTARY MATERIAL

Tables with positional parameters for all atoms,
bond distances, and angles have been deposited with
the Cambridge Crystallographic Data Centre, Uni-
versity Chemical Laboratory, Lensfield Road, Cam-
bridge CB2 1EW England.
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