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ABSTRACT

The one-pot reaction of the alcohol adducts
F3CP(H)CF,OR of perfluoro-2-phosphapropene with
secondary amines in a 1:3 molar ratio affords the
stable phosphaalkenes F.CP=C(OR)NR, (R = Me,
Ef) 1-4 in yields of 58%. NMR and He(l) PE spec-
troscopic investigations show that the lone pair elec-
trons on nitrogen and oxygen participate in n/w con-
jugation. In contrast to typical low-coordinated double
bonds the new derivatives do not react with alcohols,
amines, and 1,3-dienes. The derivatives are more closely
related to the phosphaalkenes F;CP=C(F)NR, than
to perfluoro-2-phosphapropene. The reaction of
F;CP=C(OEt)NMe, (3) with Cr(CO)sTHF yields the
n'(P) complex Cr(CO)s[F;CP=C(OEf)NMe,] (T) with
an unusually long sp? PC bond (1.809 A).

INTRODUCTION

During the last five years we have been able to syn-
thesize several inert phosphaalkenes of type A and
B and to study their properties [2, 3]. The following
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results are of particular interest: a) Compounds of
type A, in contrast to B, are formed exclusively as
Z isomers [4], b) they do not resemble fluoro olefines
or alkyl, aryl, silyl, and perfluorophosphaalkenes
[4], c¢) with trialkylphosphines they yield stable
phosphorus ylides R;P—=C(NR,)P(F)CF; [5], and d)
they act as (n'-u;) 4e donor ligands in
[Cr(CO)s],P(CF3)CFNR, [6]. These results led us to
investigate the hitherto unknown compounds of type
C in order to study the changes in chemical behav-
ior caused by R,N substituents at the sp? carbon
atom.
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RESULTS AND DISCUSSION
Preparation of the Compounds
F3CP=C(OR)NR; (R=Me, E1)

The synthesis of the derivatives 1 to 4 is accom-
plished by the reaction of the precursors
F;CP(H)CF,0OR with the corresponding secondary
amines R,NH in a 1:3 molar ratio (Equation 1).
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The process can be carried out as a one-pot re-
action without isolating the known intermediates
B (R = Me, Et) [2], and it proceeds quantitatively
even at —40°C. If perfluoro-2-phosphapropene is the
starting material the overall yield of the derivatives
1 to 4 is reduced to about 58% by the isolation
procedure. Attempts to detect the expected inter-
mediates F;CP(H)CF(OR)NR, by low temperature
NMR measurements have so far proved unsuccess-
ful.

Since the amino phosphaalkenes of type A are
easily accessible by the reaction of HP(CF;), with
secondary amines in a 1:3 molar ratio, an alter-
native route to compounds of type C could be the
base-catalyzed addition of alcohols to A followed
by HF elimination. In practice this route has failed
because the aminophosphaalkenes do not react with
alcohols.

Compounds 1 to 4 are oily substances that un-
der vacuum or in an inert atmosphere are stable at
room temperature. Composition and structure have
been determined by elemental analysis (C, H, N)
and spectroscopic measurements (MS, IR; 'H, '°F,
31p, I3C-.NMR). Additional information was ob-
tained for 1 by >N and 7O NMR studies.

The synthesis of 1 and 2, according to Equation
1, leads to small amounts (5 to 10%) of the consti-
tutional isomers 5 and 6, respectively, as byprod-
ucts.

F,C 0

N 7

pP—C 5: R=Me
"SNR,

d 6 : R=Et

Products 5 and 6 have been characterized by
GC/MS, GC/IR, and NMR spectroscopic investiga-
tions. The mass spectrum of 5 shows a molecular
ion M* (m/z = 187), but does not contain the peak
m/z = 87 found for the isomer 1 and assigned to
the characteristic fragment [C(OMe)NMe,]*. The
presence of the carbamide group in 5 is suggested
by the IR absorption band at 1653 cm ! typical for
urea derivatives. In accord with this result the 70
resonance of 5 is observed at § = 358 in the region
of acid amides 8(*’0) = 320 to 380 [7]. The '°F and
31p NMR data confirm the structures suggested for
the isomers 5 and 6.

At present, the course of the reaction yielding
the acylphosphines 5 and 6 can only be a matter of

speculation, since their portion in the resulting
product mixture is only slightly dependent on the
ratio of F;CP(H)CF,OMe to HNR, and on the re--
action conditions (solvent, temperature). Thermal
treatment of solutions of 1 or 2 with or without
amines does not lead to a phosphaalkene/
acylphosphine rearrangement.

NMR Spectra

The 'H, !°F, and '*C resonances of 1 to 4 are detected
at values characteristic for trifluoromethyl phos-
phaalkenes of the type F:CP=CX, (X = F, NR,,
OR) [2, 3, 8]. The '3C signal of the sp? carbon atom
at & = 205 shows large J(PC) couplings of 77.3 to
81.6 Hz, which are typical for phosphaalkenes [9,
10]. It is interesting to note that the constants
1J(P—sp?C) and 'J(P—sp>C) of these compounds have
similar values of about 80 Hz in contrast to the data
of F;CP=:CF, [11] and F;CP=C(F)NR; [3] for which
1J(P—sp3C) is about 20 Hz smaller than 'J(P-sp?C).

The 3'P shift of trifluoromethyl phosphaalkenes
is very sensitive to the nature of the substituents
on the sp? carbon atom. Thus, a low field shift of
the 3'P signal of 130 to 150 is observed on replace-
ment of a + M substituent X (F, OR, NR,; 6 = —4
to + 19) in compounds of the type F;CP=C(F)X [12]
by a hydrogen atom (6§ = +150) or a CF; group
(6 = +135)[8].

The NMR data prove that only one of the pos-
sible isomers (E or Z) is formed in reaction (1), but
the absolute configurations of 1 to 4 cannot be de-
duced. A tentative structural assignment for the de-
rivatives of type C has been put forward by com-
paring the data with those of the known structures
of A (100% Z) and B (isomer mixture E:Z = 95:5)
[2, 3]: We place the OR group in the cis and the
NR, group in the trans position to the CF; substi-
tuent. This assignment was confirmed for 2 by an
X-ray diffraction study of the corresponding com-
plex (CO)sCr{F;CP=C(OEt)NMe,] (7).

The ""O{'H}NMR spectrum of 1 shows a singlet
at § = 80.3, a value between the 70 resonances of
ethers and carbonic acid esters. The high field shift
of ca 40 relative to RCOOR' absorption is due to
the p-donor effect of the Me,N substituent. It is known
that an increasing n-donor strength of R in such
compounds cuts down the lone pair participation
of the OR’ group in the resonance stabilization and
results in a high field shift of the 'O NMR signal
of the OR’ fragment [7, 13]. The preferred partici-
pation of the lone pair of the Me,N substituent in
the p/m conjugation of 1 is confirmed by the °N
NMR spectrum with a signal at § = 95.8 3J(PN) =
16.3 Hz), indicating a bonding situation similar to
that of nitrogen in amides or enamino ketones [14].
The interesting correlation of chemical shifts 6x/6p
of analogous compounds with bicoordinated N and
P [15] at present cannot be verified for correspond-
ing F3CE=C systems (E = N, P) because § values



of such derivatives, e.g. F;CN=C(OR)NR) or
F;CP==C(OR)PR;, are not yet available.

The observed NMR parameters suggest an ex-
tensive 7m(PC), p(N), and p(O) delocalization in com-
pounds of type C. Thus, the mesomeric forms I to
III contribute to the ground state of the system.

E Ce = £ G, E.Ce,
3 \p“ ‘—’3 \OF'). 3 ép,.

C o C Ca®
RO ONR, ROZ SNR, RO” R,

As indicated by the NMR data, the main con-
tribution to the electronic structure is reflected by
formula III. As a consequence a considerable ro-
tational barrier is expected for the C—NMe, frag-
ment of 1. This assumption has been confirmed by
low temperature NMR measurements giving two
signals for the methyl protons of the Me,N group
at —90°C (Figure 1).

Due to the participation of the mesomeric form
II the coalescence temperature of 1 (—78°C) for the
Me;N rotation is considerably lower than for de-
rivatives of the type RP==C(H)NMe, (R = ‘Bu, T,
= ~46°C; R = Ph,T. = -28°C; R = Mes, T. =
—15°C) [10].
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FIGURE 1 Temperature Dependent 'H NMR Spectrum
for 1
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FIGURE 2 He(l)PE Spectra of F;CP=CF,
F;CP=C(F)NMe., and F;CP=C(OEt)NMe.
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The conjugative effects explain the observed
stability and reactivity of the compounds 1 to 4,
which differ in their chemical behavior from
F3sCP=CF, and other perfluorophosphaalkenes (2,
81. Thus, compound 3 reacts neither with HX part-
ners like methanol or dialkylamines nor with 1,3-
dienes. In addition, they do not undergo [2 +
2]cycloaddition to give 1,3-diphosphetanes, a re-
action typical for phosphaalkenes. In conclusion,
derivatives of type C resemble compounds of type
A more closely than the perfluorophosphaalkenes.

He(I) Photoelectron Spectra

The changes in the electronic structure with the
formal step by step replacement of the fluorine at-
oms at the sp? carbon center of F;:CP=CF,, first by
NMe, to give A, then by OEt to yield C, are antic-
ipated to show up in the He(I) photoelectron (PE)
spectra of these compounds. We expect large effects
on the energies of the 7-MO’s and a smaller effect
on the energy level of the lone pair on P. The PE
spectra are displayed in Figure 2 and the first ver-
tical ionization energies, I,;, of F;CP=CF,,
F;CP=C(F)NMe,, and F;CP=C(OEt)NMe, are col-
lected in Table 1.

To demonstrate the effect of the substituents
and to assign the first two PE bands, we have cor-
related the first vertical ionization energies of the
three compounds with those of H;CP==CH, [16]. In
the PE spectrum of the latter compound the first
two bands have been assigned to ionizations from

TABLE 1 Recorded Vertical lonization Energies, /, ;, of
the Phosphaalkenes F;CP—=CF,, F;CP=C(F)NMe,,
FsCP=C(OEt)NMe, (Values in eV).

Band F;CP==CF, FsCP=C(F)NMe, F,CP=C(OEt)NMe,

O] 10.5 8.2 7.8
@ 11.9 10.55 9.7
® 14.1 10.9 10.2
@® 12.7 111

the 7-MO and the lone pair on P, respectively. From
our earlier investigations of the effect of CF; groups
in phosphorus compounds [17] and from studies of
m systems in which H atoms are replaced by F [18],
we expect for the comparison H;CP=CH,/F;CP=CF,
a strong shift (ca 1.0-1.5 eV) toward higher energy
for the band that stems from the lone pair on P and
a slightly smaller effect for the 7 band. This is in
accord with the experimental result (Figure 3). A
correlation between the first PE bands of F;CP=CF,,
FsCP=C(F)NMe,, and F;CP=C(OEt)NMe, allows
us to draw the following conclusions (Figure 3): 1.
The replacement of F by an amino group on the sp?
carbon atom yielding trifluoromethylphosphaal-
kenes of type A or C causes a large decrease of the
ionization energy of the first band. 2. The replace-
ment of the second F atom on the sp? carbon center
in F;CP=C(F)NMe, by an alkoxy group leads only
to a small change in the first ionization energy.

In this paper we have refrained from comparing
calculated orbital energies with measured vertical

H
P=C,
—r7
A=
RC
F,C F
N(CH,)
—r’ 32
P00 H,
3C

7 8 9 10

N 12 I({eV)

FIGURE 3 Comparison of the First lonization Energies of F;CP==CF,, F;CP=C(F)NMe,, and F;CP=C(OEt)NMe,



jonization potentials (Koopmans’ theorem [19]). The
main reason is that the calculated energy differ-
ences and orbital energies differ considerably from
the experimental values both for semiempirical
(MNDO) and ab initio (3-21G) calculations. Such
discrepancies are usually found if CF; groups are
present. A detailed investigation using more so-
phisticated calculations will be published else-
where.

Preparation and Molecular Structure of the
Complex (CO)sCr{F:CP=C(OEt)NMe,] [7]

In order to gain some information on the ligand
properties of compounds of type C and to confirm
their structure, 3 was combined with a solution of
photochemically prepared Cr(CO)sTHF ina 1:1 mo-
lar ratio. The reaction according to Equation 2 gives
the mononuclear complex 7 in 82% yield.

C(9)

O
Ci8) 7
0(6

Clo)“

F(2)

(= = P(1)

F(3) C{7)

F(1)
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F,CP=C(OEt)NMe, + Cr{COLTHF =

3
ChH OEt
N
_P= @)
(COKCr NMe,
7

The low coordination shifts Ad = 8(complex) —
d(ligand) (A8 = —1.4, As, = —4.8, Ad(sp?C) =
3.9) suggest a n'(P) coordination of 3 [3, 20] in ac-
cord with the results of an X-ray diffraction study
on single crystals (Figure 4). The Me,N and
CF; substituents occupy trans positions. As in the
case of Cr(CO)s[F;CP=C(F)NMe,] the CrP bond
(2.469 A) is longer than in other 7' phosphaalkene
chromium  pentacarbonyl complexes (e.g.,
(CO)sCr[MesP=CPh,], d(CrP)2.356 A [21]) and tri-
fluoromethylphosphine derivatives [22]. The build-

//// 0(3)

7/

FIGURE 4 Molecular Structure of 7
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ing units CPON and NC; of the ligand are planar
(sp? hybridization). The PC(sp?) bond distance of
1.809 A is close to the single bond value (covalent
radii: P(sp®) 1.10, C(sp3) 0.72 A [23]). While the
C(6)0(6) bond of 1.325 A is only slightly shorter than
a CO single bond, a considerable §hortening is ob-
served for the C(6)N bond (1.308 A) (Table 2).

In analogy to the complex (CO)sCr[FiCP==
C(F)NMe,] the geometrical arrangement of the P-
substituents of 7 completes a trigonal pyramid in-
dicating the presence of a lone pair on the phos-
phorus. The structural data of 7, therefore, suggest
zwitterionic formula IV as a reasonable represen-
tation of the bonding.

3 \C//_OEt
\\@
e A
(CO)5Cr N__
/ Me
Me
v

This description is supported by the fact that 7
in organic solvents (CDCl;, [D;]-toluene), similar to
(CO)sCr[F;CP=C(F)NMe,], is transformed to the
binuclear complex 8 and the free ligand 3 (Equa-
tion 3).

2 (CO),Cr[F,CP=C(OEt)NMe,] —p

7
F,CP=C(OEt)NMe, 3)
3
+ [(CO)sCr,[F;CP=C(OEt)NMe,]

8

This transformation goes along with character-
istic coordination shifts A = &(complex 8) —
d(complex 7): Adr = —13.2,Adp = 76.5, indicative
of the combination of the second Cr(CO)s fragment
with the P atom of 3. So far, it has been impossible
to grow single crystals of 8 suited for an X-ray dif-
fraction study. However, since the chemical prop-
erties of 3 are very similar to those of
F;CP=C(F)NMe, and the molecular structure of the
binuclear system [(CO)sCr],[F;CP==C(F)NMe-,] cor-
responds to formula V [6] there is no question that
the bonding situation in 8 can be well represented
by the zwitterionic description of formula VI.

EXPERIMENTAL

All reactions were carried out in closed vessels or
under an argon atmosphere using a standard high

vacuum line. All solvents were purified, dried, and
degassed.

(CO)SCr\ [CF3 (COICr  CR
) P\C/F c?,) P\C%OEt
(CONCr lo (CONCr \h]\
/ \Me / Me
Me Me
v Vi

Spectroscopic Investigations

MS: Model CH5, MAT Finnigan; electron energy:
70 eV; GC/MS: Combination of Varian-MAT 111,
gas chromatograph Varian 2700 (column: FS-SE
50/52 m CB) and computer Varian 1400. IR: Spec-
trometer 683, Perkin-Elmer, liquid sample cells with
KBr windows; solvents: pentane or chloroform;
GC/IR: Combination of Bruker IFS 48 FT-IR spec-

TABLE 2 Selected Structural Parameters (bond distances
{A), bond angles [deg]) for the Complex 7

Cr-P 2.469(2) P—Cr—C(1) 89.1(2)
Cr-C(1) 1.896(6) P-Cr-C(2) 89.5(2)
Cr-C(2) 1.890(6) P—Cr—C(3) 93.0(2)
Cr-C(3) 1.887(6) P—Cr—C(4) 179.4(2)
Cr-C(4) 1.834(6) P-Cr—C(5) 92.5(2)
Cr—C(5) 1.885(6) C(1)-Cr-C(2) 88.8(3)
C(1)-Cr—C(3) 91.0(3)
C()-0(1)  1.136(8) C(1)-Cr—C(4) 90.3(3)
C(2)-0(2)  1.136(8) C(1)-Cr-C(5) 177.9(3)
C(3)-O(3)  1.144(8) C(2)-Cr-C(3) 177.9(2)
C(4)-0(4)  1.162(7) C(2)-Cr-C(4) 90.5(3)
C(5)-0(5)  1.153(8) C(2)-Cr-C(5) 89.9(3)
C(3)-Cr—C(4) 87.0(3)
C(3)-Cr-C(5) 90.0(3)
C(4)-Cr—C(6) 88.1(3)
Cr-C(1)-0(1) 175.6(6)
Cr-C(2)-0(2) 175.7(5)
Cr—C(3)-0(3) 177.4(5)
Cr-C(4)-0(4) 178.3(3)
Cr—C(5)-0(5) 175.6(5)
P-C(6) 1.809(5) Cr—P-C(6) 106.9(2)
P-C(7) 1.876(7) Cr—P-C(7) 109.1(2)
C(6)-P-C(7) 97.7(3)
C(6)-N 1.308(7) P-C(6)-N 121.2(4)
C(6)-0(®B)  1.325(7) P—C(6)-0(6) 119.5(4)
N-C(6)-0(6) 119.2(5)
C(7)-F(1)  1.359(9) P-C(7)-F(1) 106.8(5)
C(7)-F(2)  1.323(8) P-C(7)-F(2) 120.0(5)
C(7)-F(3)  1.352(8) P—C(7)-F(3) 112.5(4)
F()-C(7)-F(2)  106.4(6)
F(1)-C(7)-F(3)  104.8(6)
F(2)-C(7)-F(3)  105.3(5)
C(8)-C(9)  1.463(10)  C(9)-C(8)-O(6)  107.8(5)
C(8)-O(6)  1.484(7) C(6)-C(6)-C(8)  119.5(4)
C(6)-N-C(10) 123.5(5)
N-C(10) 1.457(7) C(6)-N-C(11) 121.4(5)
N-C(11) 1.454(7) C(10)-N-C(11) 114.7(5)




trometer with a gas chromatograph (Shimadzu) and
an Aspect 1000 computer (Bruker). NMR: 84.66 ('°F)
and 36.44 (3'P) MHz, WH 90 spectrometer (Bruker);
standard (extern): CCL5F (*°F) and 85% H;PO, (*'P).
360.0 (*H), 75.43 (3'C), 48.81 (170), 36.48 (**N) MHz;
AM 300 (3C) and AM 360 spectrometer (Bruker)
with external standards TMS('H, !'3C), H,O0('70),
liquid NH;(!>N). PE-spectra: PS 18 spectrometer,
Perkin-Elmer, He(I) source, calibration using Ar and
Xe; resolution 20 meV for the 2P;;, argon line.

Starting Compounds

Perfluoro-2-phosphapropene [24], its alcohol ad-
ducts F;CP(H)CF,OR [2], and the complex
Cr(CO)sTHF [25] have been prepared according to
literature prescriptions.

Preparation of Fi;CP=C(OR)NR,, Compounds
1-4

To a solution of 5 mmol of the corresponding al-
cohol adduct F;CP(H)CF,OR (R = Me, Et) in 5 mL
CH,CI, kept in a Schlenk vessel, 15.5 mmol of the
secondary amine (HNMe, or HNEt,) was added by
low temperature vacuum condensation (—196°C).
The vessel was then transferred into a —78°C bath,
and, with stirring, the reaction mixture was slowly
warmed to room temperature. At —40°C the pre-
cipitation of ammonium salts indicated the start of
the reaction. In order to complete the reaction the
mixture was stirred at room temperature for an
additional 30 minutes. Then all volatile compounds
(CH,CL,,R,NH) were pumped off under vacuum, and
the remaining oily residue was taken up in 5 mL of
pentane yielding a precipitate of ammonium salt.
The pentane solution of the product was transferred
under an inert gas into a short path distillation
apparatus by means of a pipette. After removal of
the solvent by vacuum condensation the raw ma-
terial was purified by distillation in vacuo (tem-
perature of the heating bath: 25°C, temperature of
the cooling finger: —35°C). Yield: 58%.

(E)-(1-Dimethylamino-1-methoxy)-3,3,3-
trifluoro-2-phospha-1-propene (1)

'H NMR (CD,Cl,): 6 = 2.9(d, 47py 3.0 Hz, 6H, NMe,),
3.8 (s, 3H, OMe); '”F NMR (CD,Cl,): 6 = —38.5(d,
2Jpr 59.0 Hz); *'P NMR (CD,Cl,): 6 = 17.3 (q); '3C
NMR (CDCl5): 6 = 38.8(d, 3/pc 13.4 Hz, NMe,), 63.2
(d, 3pc 5.1 Hz, OMe), 135.6 (dq, Jec 316.7 Hz, Upc
76.2 Hz, CF3), 205.8 (dq, Yec 77.3 Hz, 3Jgc 7.6 Hz,
sp?C); '"0 NMR (CD,Cl,): 6 = 80.3(s); "N NMR
(CD,Cl,): 6 = 95.8(d, *Jpn 16.3 Hz); mass spectrum:
miz 187 (M*, 38%), 118 (M* — CF;,59%),87T(M™* —
PCF;, 10%), 72 (CONMes, 75%), 44 (NMeS, 100%);
IR spectrum: 730 (vw), 950 (w), 983 (m), 1084 (vs),
1114 (vs), 1172 (m), 1182 (m), 1214 (m), 1297 (s),
1378 (s), 1380 (s), 1382 (s), 1501 (s), 2947 (w), 3010 (w)
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cm !, Anal. Calcd. for CsHoF;NOP: C, 32.09, H, 4.81;
N, 7.49. Found: C, 31.68; H,4.97; N, 7.66.

(E)-(1-Diethylamino-1-methoxy)-3,3,3-trifluoro-
2-phospha-1-propene (2)

'H NMR (CD,Cl,): 6 = 0.7 (t, 3Juy 7.2 Hz, 6H, NCH3;),
2.9(q, ¥Jyu 7.2Hz, 4H, NCH.), 3.5 (s, 3H, OMe); F
NMR (CD.CL): 8 = —37.8 (d, %Jpr 59.0); *'P NMR
(CD,ClLy): 6 = 16.0(q); '*C NMR (CDCl;): 6 = 11.2
(d, 4/pc 4.2 Hz, CH,CH3), 43.6 (d, 3Jpc 12.5 Hz, NCH,),
64.0 (s, OCH3), 135.9 (dq, Jgc 317 Hz, Jpc 80.6 He,
CF;),205.0(dq, Jec 81.3 Hz, 3Jgc 7.6 Hz, sp*C); mass
spectrum: m/z 215 (M*, 48%); 146 (M* — CF;, 36%),
100 (PCF3;, 96%), 86 (PCNEt*,27%), 74
(PCOMet, 16%), 72 (NEtS, 100%); IR spectrum:
737 (w), 783 (vw), 854 (vw), 909 (vw), 983 (w),
1086 (vs), 1112 (vs), 1158 (m), 1265 (m), 1313 (m),
1361 (m), 1381 (w), 1412 (im), 1425 (m), 1452 (m),
1488 (m), 2889 (w), 2947 (m), 2984 (m) cm !. Anal.
Calcd. for C;H5FsNOP: C, 39.07; H, 6.05; N, 6.51.
Found: C, 39.99; H, 6.82; N, 7.18.

(E)-(1-Dimethylamino-1-ethoxy)-3,3,3-trifluoro-
2-phospha-1-propene (3)

'H NMR (CD,CL,): 6 = 1.2 (t, 3Jyug 7.0 Hz, 3H,
OCH,CHs3), 2.8 (d, ¥uyu 3.2 Hz, 6H, NMe;), 3.9 (q,
2H, OCH,); '"FNMR (CD,Cl,): —38.3(d, 2/pr 59.0 Hz);
31p NMR (CD,Cly): 8 = 18.2 (q); 13C NMR (CDCl,):
8 = 14.2 (s, CH,CH,), 38.7 (d, 3Jpc 13.8 Hz, NMe,),
72.5 (d, 3JPC 5.0 HZ, OCHz), 135.6 (dq, IJFC 316.3 HZ,
pc 77.6 Hz, CF3), 204.7 (dq, Jpc 77.4 Hz, 3/ 7.6 Hz,
sp?C); mass spectrum: m/z 201 (M*, 1%), 126 (Fs
CPN*, 100%), 101 (M*F5CP, 23%), 72 (CONMeS,
30%); IR spectrum: 717 (vw), 861 (w), 1014 (m),
1071 (vs), 1109 (vs), 1201 (m), 1293 (s), 1369 (m),
1384 (m), 1396 (w), 1496 (m), 2941 (w) cm " !. Anal.
Calcd. for C¢H,,F;:NOP: C, 35.82; H,5.47; N.6.97.
Found: C, 35.55; H, 5.56; N, 7.27.

(E)-(1-Diethylamino-1-ethoxy)-3,3,3-trifluoro-2-
phospha-1-propene (4)

'H NMR (CD,CL): 6 = 1.0 (t, 3Juyu 7.2 Hz, 6H,
NCH,CH,), 1.3 (t, *Jun, 7.0 Hz, 3H, OCH,CH;), 1.3
(t, 3JHH 7.0 HZ, 3H, OCH2CH3), 3.2 (q, 3JHH 7.2 HZ,
4H, NCH,), 4.0(q, 3/uu 7.0 Hz, 2H, OCH,); '°F NMR
(CD,CL): 6 = —37.8 (d, 2Jpr 59.0 Hz); *'P NMR
(CD,Cl,): 6 = 16.2(q); '*C NMR (CDCl3); 6 = 11.5
(d, 4Jpc 3.9 Hz, NCH,CH,), 14.4 (s, OCH,CH3), 43.6
(d, 3]])(: 125 HZ, NCHz), 73.6 (d, 3Jpc 2.2 HZ, OCH3),
136.1 (dq, Yec 317.0 Hz, Jpc 80.7 Hz, CF;), 203.9
(dq, Jec 81.6 Hz, 3Jgc 7.8 Hz, sp*C); mass spectrum:
m/z 229 (M*, 100%); IR spectrum: 713 (m) 738 (w),
787 (w), 848 (w), 890 (w), 941 (w), 1021 (s), 1082 (vs),
1114 (vs), 1141 (m), 1180(s), 1259(s), 1312 (s),
1348 (m), 1361 (m), 1370 (m), 1383 (m), 1396 (m),
1426 (s), 1463 (m), 1492 (s), 2877 (m), 2937 (m),
2982 (m) cm~!. Anal. Calcd. for CgH;sF:NOP:
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C,41.92; H,6.55; N, 6.11. Found: C, 41.80; H, 6.88;
N, 6.92.

The acylphosphines 5 and 6, respectively, are
formed as byproducts (5 to 10%) during the syn-
thesis of 1 or 2. So far, isolation from the product
mixture has not been possible. Compounds 5 and 6
are characterized by the following spectroscopic
data:

S: F NMR: 6§ = —55.4 (d, 2/pr 54.0 Hz); 3'P
NMR: 6 = 15.3(qq, ¥Jpr 54.0 Hz, 2Jpy 5.0 Hz);
170 NMR: 8 = 385.0 (s); mass spectrum (GC-
MS): 187 (M*, 2%), 143 (M* — NMe,, 0.2%),
118 (M* — CF;3, 0.6%), 72 (CONMe; , 100%),
56 (CNMes,4%); IR spectrum (GC-IR):
650 (w), 710 (w), 737 (vw), 785 (w), 856 (w),
891 (w), 943 (vw), 1123 (vs), 1159 (s), 1219 (m),
1254 (m), 1310(m), 1410(m), 1462 (w),
1653 (vs), 1697 (vw), 1703 (vw), 2889 (w),
2947 (m), 2983 (m), cm ™!,

6: °F NMR: 6 = —54.3 (d, ?Jpr 54.0 Hz); 3'P
NMR: & = 10.9 (qq, 2/pr 54.0 Hz, 2/p4 5.0 Hz).

f’r)eparation of (CO)sCr[FsCP=C(OEt)NMe,]
7

A 300 mL sample of dry and stabilizer-free tetra-
hydrofuran (THF) together with 4 mmol (0.88 g) of
Cr(CO)¢ were placed in a photoreactor (NORMAG)
and irradiated with UV light at 10°C (TQ 718). The
CO evolved during the irradiation was determined
indirectly by measuring the volume of gas leaving
the reactor. The UV lamp was switched off when
4 mmol CO had been replaced by THF.

The solution containing the complex Cr(CO)s
THF was transferred to a Schlenk vessel and a so-
lution of 4 mmol (0.8 g) FsCP=(0OEt)NMe, (3) in
20 mL THF was added slowly by use of a dropping
funnel. After 12 hours of stirring at room temper-
ature the solvent was removed under vacuum. The
residue obtained consisted of the new complex 7
and some Cr(CO)s, which could be separated by
sublimation. Repeated crystallization from pen-
tane gave the pure product, but the crystals ob-
tained without exception were twinned and there-
fore not suited for X-ray diffraction measurements.
Suitable crystals have been grown by a vapor phase
transport in an evacuated ampoule along a tem-
perature gradient from 65 to 20°C. Yield, referred
to F3CP=C(OEt)NMez' 82%.

Pentacarbonyl-[ 1-dimethylamino-1-ethoxy)-
(3,;,3-triﬂuoro-Z-phospha-l -propenelchromium
7

'H NMR (CDCls): § = 1.5 (t, 3/yy 6.8 Hz, 3H,
OCH,CHs5); 3.36 (s, 6H, NMe,); 4.6 (q, 3Juu 6.8 Hz,
2H, OCH,). '°F NMR (CDCl;): 6 = —39.7 (d, 2/
69.0 Hz); 3'P NMR (CDCls): & = 13.4(q); *C NMR
(CDCl3): & = 15.3 (s, OCH,CHs3), 42.0 (br, NMe,),
74.0 (d, ¥pc 9.4 Hz, OCH,), 135.8 (dq, Jgc 319.4 Hz,
Upc 60.1 Hz, CF;), 208.6 (dq, Jpc 87.1 Hz, 3Jgc 6.4 Hz,
sp?C), 217.7 (s, cis-CO), 224.3 (s, trans-CO); mass
spectrum: 393 (M*, 11%), 365 M* — CO, 11%),
337 (M* — 2CO, 2%), 309 (M* — 3CO, 3%), 281
(M* — 4CO0, 14%), 253 (M* — 5CO,9%), 201
(F;CPC(OEt)NMes, 5%), 182 (F,CPC(OEt)NMe,,
100%); IR spectrum (CO region): 1920 (s), 1930 (s),

TABLE 3 Crystallographic Data for Compound 7

Crystal size [mm)]
Molecular formula
Molecular weight

Crystal system

Space group

Cell dimensions

al

b, A

c, A

B, deg

v, A?

z

dx, g/cm—3

Diffractometer

©(Mo-Ka), cm~!

T,C°

Scan mode/scan range

No. of measured reflections
No. of obsd. data with / > 1.96 o (/)
No. of variables

R = Z(IFo| — IF)/Z|F|
Ru = Zw(Fo| — |Fl)?/ZwF3]'?
Solution

Weighting scheme

0.30 x 0.25 x 0.30
C11H11F3NOGPC|'
393.18

Monoclinic

P2,

6.672(4)

12.080(7)

10.126(6)

91.46(5)

815.9

2

1.60

Siemens R3

8.3

22

20 — 0;4° < 20 < 54°
3892

3224

207

0.058

0.064

Direct methods, SHELXTL PLUS
w = [o(Fo)? + 0.0001}F,[7] "
a(Fo) = a()/(2 x |Fe| X Lp)
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TABLE 4 Atomic Coordinates and Equivalent Isotropic Displacement
Parameters for Compound 7

X y b4 Ueq

Cr 0.8908(1) 0.7988(0) 0.3790(7) 0.0363(2)

P(19) 1.0180(2) 0.9153(1) 0.1992(1) 0.0452(5)

Cc(1) 1.0109(10) 0.8974(5) 0.5033(6) 0.0520(19)
C(2) 1.1326(9) 0.7173(5) 0.3798(5) 0.0474(19)
C(3) 0.6460(9) 0.8766(5) 0.3848(5) 0.0470(19)
C(4) 0.7977(9) 0.7131(5) 0.5139(5) 0.0472(18)
C(5) 0.7746(10) 0.6964(5) 0.2594(6) 0.0523(20)
C(6) 0.8013(8) 0.9691(4) 0.1093(5) 0.0389(16)
C(@) 1.1149(11) 0.8238(5) 0.0655(7) 0.0662(27)
C(8) 0.7255(11) 0.9780(5) —0.1262(5) 0.0592(22)
C(9) 0.6241(14) 0.9067(7) —0.2236(6) 0.0880(32)
C(10) 0.5334(9) 1.0859(5) 0.1056(6) 0.0584(22)
c(11) 0.7860(10) 1.1245(5) 0.2580(6) 0.0595(22)
N(1) 0.7055(7) 1.0564(4) 0.1509(4) 0.0400(14)
F(1) 1.2967(7) 0.7857(5) 0.1088(4) 0.0983(18)
F(2) 1.0108(8) 0.7360(3) 0.0264(4) 0.0892(19)
F(3) 1.1532(7) 0.8803(4) —0.0463(4) 0.0801(16)
o) 1.0820(9) 0.9513(5) 0.5837(5) 0.0899(22)
02) 1.2730(8) 0.6641(4) 0.3863(5) 0.0758(19)
O(3) 0.4945(8) 0.9205(5) 0.3908(5) 0.0810(19)
0@4) 0.7338(8) 0.6595(5) 0.5983(4) 0.0716(18)
O(5) 0.7023(8) 0.6292(5) 0.1930(5) 0.0879(21)
O(6) 0.7350(6) 0.9175(3) 0.0014(3) 0.0497(12)

Ueq = 1/3EZUsataf ag;

1939 (vs), 1986 (w), 2062 (w). Anal. Calcd. for
C,:H,CrF;NOGP: C, 33.59; H, 2.80; N, 3.56. Found:
C,33.64; H,2.78; N, 3.56.

On storing a chloroform solution of 7 at room
temperature a very slow conversion to the binu-
clear complex [(CO)sCr], [F:CP=C(OEt) NMe,] (8)
and the free ligand 3 was observed. The rate of
conversion was so small that the amount of 8 formed
within 6 weeks did not allow for a detailed inves-
tigation. Attempts to enhance rate and conversion
of the reaction by heating the solution to 60°C led
to the decomposition of the free ligand 3 and to
formation of undesired byproducts, but not to an
increase of the yield. The direct synthesis of 8 by
the reaction of 7 with Cr(CO)s THF also failed. NMR
data of 8 (CDCl; solution): ""’FNMR: 6 = —52.9(d,
2Jpg 50.6 Hz); *'P NMR: 6 = 89.9 (g, ?Jpr 50.6 Hz).

X-ray Diffraction Study of 7

The data were collected on a Siemens R3 Four-
Cycle-Diffractometer using Mo-Ka radiation, A =
0.71069 A. The structure was solved by direct meth-
ods (SHELXTL system). Details of the structure de-
termination are given in Table 2. Atomic coordi-
nates and selected bond lengths and angles are
presented in Tables 3 and 4.

SUPPLEMENTARY MATERIAL AVAILABLE

Further details about this structural investigation
are available from the Fachinformationszentrum

Energie, Physik, Mathemathik GmbH, D-7514 Eg-
genstein-Leopoldshafen 2, referring to the depot
number CSD 55130, the authors, and the literature
reference.
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