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SUMMARY

Dimethylarsine reacts with (CH3),AsCF,CCl=CF, to give the novel ligand
1,3-bis(dimethylarsino)-2-chloro-1,1,3,3-tetrafluoropropane, (I). This ditertiary
arsine affords the complexes (L-L)M(CO), and (L-L)Mn(CO);I, (M = Cr, Mo;
L-L = (I)), which contain six-membered chelate rings. The 'H and 1F NMR
spectra have been studied in an attempt to obtain conformational information
from the derived coupling constants. The 19F spectra of the chromium and molyb-
denum complexes have been solved using spin “tickling” techniques.

INTRODUCTION

Studies on the conformation of five-membered chelate rings in ditertiary
arsine complexes such as (L-L)YM(CO), (M = Cr, Mo; L-L = (CH;),AsCHFCH,-
As(CHs3),) show an unexpected preference for the fluorine atom to occupy axial
positions in the puckered ring1—3. In view of this and the current interest in the
conformations of six-membered diamine chelate rings4-19, it seemed desirable to
study metal carbonyl complexes of ditertiary arsines with a three-carbon bridging
group.

The present paper is concerned with the synthesis of such a ligand with a
fluorocarbon bridge, (CH3),AsCF,CHCICF,As(CHs),, (I), and an NMR investiga-
tion of its chelate complexes (L-LYM(CO),; and (L-L)YMn(CO);I (M = Cr, Mo;
L-L = (I)).

EXPERIMENTAL

Volatile reactants and products were manipulated in a conventional vacuum
system. Non-volatile, air-sensitive liquids were handled using syringes. Infrared
spectra were recorded on a Perkin-Elmer 457 instrument and NMR spectra on an
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extensively modified Varian HA-100 spectrometer!l, Microanalyses were under-
taken by Mr. Peter Borda of this Department.

Preparation of (CH;),AsCF,CHCICF,As(CH3),, (1)

Dimethylarsine and 2,3-dichlorotetrafluoroprop-1-ene were allowed to react
at 20° to give 2-chloro-3-dimethylarsinotetrafluoroprop-1-ene!2. This arsine
(5.0 g; 1.98 mmol) and excess dimethylarsine (3.5 g; 3.30 mmol) were sealed in a
Pyrex tube and irradiated for 24 h with a 100 W UV lamp 20 cm away from the
tube. The unreacted dimethylarsine was removed and the amount recovered
indicated that an involatile 1:1 adduct had been formed (1009 yield).

The 1H NMR spectrum of the new ditertiary arsine (I) consisted of a singlet
at 1.12 ppm (As(CH3),) of area 12 and a quintuplet (J(H-F) = 12.4 Hz) at 4.41 ppm
(-CF,CHCI-CF,-) of area 1 downfield from internal TMS (CDCl; solution).

Preparation of (L-L)Cr(CO),, (L-L)Mo(CO)4 and (L-L)Mn(CO)sl; (L-L)
= (1)

The Group VI carbonyl complexes were prepared in good yield by reaction
of the ligand with the parent hexacarbonyl at 150° in benzene solution (16 h).
The manganese compound was obtained when a benzene solution of the ligand
and Mn(CO)sl was refluxed (2 h). All complexes were recrystallized from dichloro-
methane-hexane solutions. The manganese compound was sublimed (140°/
102 mmHg) on to a water-cooled cold finger.

RESULTS AND DISCUSSION

The addition of dimethylarsine to carbon-carbon double and triple bonds
in fluorocarbons has been known for some time13, and consequently a possible
route to the synthesis of ditertiary arsines with a three-carbon bridging group
would be to react dimethylarsine with an allylarsine.

| 7
I
>AsH + >C=C-C—As< — >As—C—C-C—As< ¢))

. .
The reaction of dimethylarsine with the double bond of 2,3-dichlorotetra-
fluoroprop-1-ene is an exception because addition does not take place; instead, as
is shown in equation (2), an allylarsine is obtained 12

(CH3),AsH + F,C=CCICF,Cl—(CH;),AsCF,CCl=CF, V)

We have now found that on ultraviolet irradiation dimethylarsine adds quantita-
tively to the allylarsine to yield 1,3-bis(dimethylarsino)-2-chloro-1,1,3,3-tetra-
fluoropropane, equation (3). The new ditertiary arsine is an air-sensitive ligand and
was not subjected to microanalysis; however, its tTH NMR spectrum was as expected
for molecule (I).



NMR STUDIES ON DITERTIARY ARSINE COMPLEXES 343

(CH3),AsCF,CCl=CF, + HAs(CH3),—~(CH;),AsCF,CHCICF,As(CH3),
&)

Confirmation of this structure comes from the isolation and complete
characterization of complexes of the ligand with metal carbonyls as will be described
next.

When the ligand (I) is reacted with chromium or molybdenum hexacarbonyl,
or pentacarbonylmanganese iodide, two carbonyl groups are displaced and the
chelate complexes (II) shown in Figure 1 are obtained. The chromium and molyb-
denum compounds are also obtained when (I) reacts with the appropriate norborn-
adiene metal carbonyl derivatives. Analytical data for the new complexes are given
in Table 1. The infrared spectrum of the manganese complex indicates that the
ligand is cis to the iodine atom as shown in Figure 1*.

[N
CHs‘\ACHs (!“CTCI \M,{%X F i
X / As__\ / o /VAS—-I_C\
\M// - 3 cH ’As.l_c\\
oc// e, | !HC“ N\
S () T @

Fig. 1. The conformational equilibrium proposed for the complexes (II) in solution. (M = Cr,
Mo; X=Y=CO:M=Mn; X=CO,Y=TorX=1IY = CO).

TABLE 1
ANALYTICAL DATA AND CARBONYL INFRARED SPECTRA OF NEW COMPOUNDS

Analysis: Infrared M.p.c
Compound® Caled. % Found % spectra, v(CO)® (°C)
C H C H
(L-L)Cr(CO).4 25.29 251 25.58 2.60 2023, 1931, 164-166
1916, 1907
(L-L)Mo(CO)4 23.32 231 23.20  2.15 2036, 1940, 162-164
1928, 1917
(L-LYMn(CO);1 19.24  2.10 19.03  2.08 2033, 1974, darkens at ca. 200
1931

a (L-L) is the ligand (I).
b Cyclohexane solution; all bands are strong.
¢ With decomposition.

* The pattern of bands is characteristic of cis substitution and is identical with that obtained from
Cl{CO)sMn(CH3):AsCH>CH,CH,As(CH3;), which has the expected solid-state structure?’.
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Previous results from the solid-state structures of diamine and ditertiary
phosphine complexes indicated that the ligand would be in the chair conformation
in (IT)4.9,10,14 Fyurthermore, the NMR studies on diamine systems 7~ indicate that
in solution (II) would be involved in a conformational equilibrium between the
two possible chair forms. An X-ray investigation of the chromium complex (II) has
confirmed that in the solid state the chelate ring is in the chair conformation with
the hydrogen atom occupying the axial position!5. This structure shows no sign
of the disorder problems which have plagued the solid-state investigation of related
ditertiary arsine and phosphine complexes of chromium and molybdenum carbonyls
containing a five-membered chelate ring16,17,

The proton-decoupled 1°F NMR spectra of the chromium and molybdenum
compounds (IT) were of the AA’BB’ type; a sample spectrum, that of the chromium
compound, is shown in Figure 2. The analysis of such a system is not straight-
forward. For six of the 12 expected transitions in each half of the symmetrical
spectrum (disregarding weak combination lines), no explicit algebraic expressions
can be obtained for either the transition energies or their relative intensities. The
most successful and general methods for analyzing AA'BB’ systems have involved
the construction of an energy-level diagram (ELD) from which all the parameters
3(AB), N = J(AB) + J(AB’), L = J(AB)— J(AB"), M = J(AA')— J(BB’) and
the elusive K = J(AA') -+ J(BB") are obtainable!8.1%. The construction of a
complete and unique ELD is accomplished most easily using the weak double-
irradiation (“tickling”) method, as detailed by Lustig and co-workers20, and this
is the method used for the following analyses.

The lines in the downfield half of the spectrum of the chromium complex
were “tickled” and the resulting splittings are recorded in Table 2. Since the line
pairs 3, 4 and 9, 10 are individually only 3.2 Hz and 2.0 Hz apart respectively, each
could not be singly irradiated, but as will be seen this does not hinder the final
analysis.

From the fact that “tickling” each of the lines 1, (3 + 4), 6, 7, (O + 10)
and 12 splittings occurred at lines 1, 3, 6, 7, 10 and 12 respectively, the latter are
classified as being 0—| 1| transitions of the .. group. Two of these lines, using
energy levels 0; and 04 are expected to produce splittings in a total of four lines
each, while the remaining four, using energy levels 0, and 0; are expected to cause
splittings in six other lines each when irradiated. From Table 2, lines 3 and 10 are
therefore seen to be 0; and 0, transitions, while lines 1, 6, 7 and 12 are 0, and 0,
transitions. “Tickling” lines 1, 6, 7 and 12 caused, apart from splittings in other
0-|1] transitions, splittings in lines 4 and 9, which are therefore 2-1 transitions. By
elimination, lines 2, 5, 8 and 11 are the £ group transitions. This is substantiated
by the result that tickling line 7 produces splittings only in lines |k|, 7 # k where
iork = |2|, |5|, |8|, or |11|.

From the above arguments and a further consideration of the results in
Table 2, the completed ELD in Figure 3 may be constructed. The sum relationships
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Fig, 2. The *F NMR spectrum of the chromium complex (II) with proton decoupling.
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TABLE 2
RESULTS OF “TICKLING”’ EXPERIMENTS ON THE COMPOUND (L-L)Cr(CO), *

“Tickle”
1 2 3 4 5 6 7 g 9 10 11 12
1 X X
2 X X
3
4
5 X X
6 X X
7 X X
3 X X
9
210
211 X X
o -
12 X X
1 X X X
2 X X
3 X X
4 X X
5 X X
6 X X
7 X X
8 X X
9 X X ?
10 X ? X
11 X X
12 X X

& Lines in the downfield half of the spectrum, Figure 2, were “tickled” and the perturbed lines
are indicated with an X,

Vit vig = Vg 4 V73 V4 -+ Vg =v7 +vp; and v, + vy =v5+ vg, which are
expected from the ELD, were found to be valid to 0.1 Hz. This ELD also ration-
alizes the somewhat surprising result that tickling the line pairs (3 + 4) and
(9 + 10) caused splittings in only four other lines, all of which were in the upfield
half of the spectrum.
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Following the method of Whitman 9, the energy levels also given in Figure 3
were calculated, and from these the five parameters 3(AB) = 535.6, N = +277.3,
L =+2732, M = +38.0 and K = +56.6 describing the 19F system were
obtained. The derived coupling constants were refined using a modified version of
the LAOCQON III program and are given, along with the 1H NMR parameters,
in Table 3 for both the chromium and molybdenum complexes. Although the sign
of K relative to N is not directly evident from either the spectra or the ELD,
calculated spectra using equal and opposite signs indicated that X, as well as N,
is positive. (The fluorine spectrum of the manganese complex (II) was unfortunately
too broad for any meaningful assignments to be made.)

‘ig. 3. The energy-level diagram for the chromium complex (II). The numbers associated with the
ransitions correspond with those of the absorptions in Figure 2.

In all compounds, the resonance of the single proton in the six-membered
ing was split by the fluorine atoms into a triplet of triplets. Although the crystal-
tructure determination of the chromium complex indicated that the chlorine
tom occupied the equatorial position, it is probable that these complexes undergo
onformational inversion in solution, as shown in Figure 1. Since the effect of the
rsenic substituent on the 3J(H-F) and 4J(F-F) values is not well understood, only

qualitative discussion about the relative population of the two conformers will
€ presented.
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The conformers with the chloro substituents locked in the axial position
would most likely yield roughly equal 3J(H-F) values less than ca. 8 Hz in magni-
tude 2!, The data in Table 3 seem to exclude this possibility. They also indicate that
these conformers are not very predominant in solution.

TABLE 3
NMR DATA FOR NEW COMPLEXES®

Compound N ogP J(AB) J(AB) J(AA’)" J(BB): dx? JHF)

(L-L)Cr(CO),4 91.58 97.27 2752 420 493  +47.2 445 5.6,15.2
(L-L)Mo(CO). 90.29 97.34  +276.9 +2.0 +83 +49.1 4.52 6.0, 15.8
(L-L)Mn(CO)s1L — — — — — — 5.05 4.0,21.2

3 CDCl; solution.

b Upfield from internal CFCl,.
¢ See text.

4 Downfield from internal TMS.

Locked conformers (II)(a) would be expected to have trans *H-19F (axial-
axial) coupling constants several times larger than their gauche (axial-equatorial)
couplings2!. If the trans 1TH-19F couplings of the locked conformers (II){a) were
relatively small, for example 25 Hz, the data could be taken to infer that the
complexes exist in solution as an equilibrium mixture of (I){(a) and (II)(b). If,
however, this trans 3J(H-F) value were larger, say 40 Hz, the equilibrium popula-
tion of (II)(a) would be much lower. Thus, even a qualitative interpretation of the
relative populations of the conformers is dependent upon knowledge of the
3J(H-F) couplings for the locked conformers (II)(a) and (I)(b).

A slight axial chlorine preference? has been reported as the result of measure-
ments on some six-membered diamine chelate complexes. In “normal” cyclo-
hexanes, chlorine has a small equatorial preference2s. The diamine chelates
probably show a slight axial preference because of hydrogen bonding with the
>NH, moieties.

Since the trans *H-19F coupling constant for the manganese complex is
ca. 5 Hz larger than those obtained for the chromium and molybdenum derivatives,
it is possible that this difference indicates a greater population of conformer
(ID)(a). As is shown in Figure 2, there are two geometric isomers for the manganese
complex having the proton and chlorine atoms in a specific configuration. (This
may account for the broadened 19F spectrum.) Thus, even if the ring were known
to be locked, the position of the iodine atom relative to the ring cannot be assigned.
A similar trend has been observed 24 in the Cr(CO), and Mn(CO);I complexes of
the ligand (CH;),AsCD,CH,CH,As(CH,),, where the 3J(H-H) couplings suggest
that one conformation in the chelate ring of the manganese compound is highly
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favored. However, until further information about the electronic and steric effect
of changing the metal atom and its substituents is obtained, it is unwise to attribute
all these coupling changes to purely conformational alterations.

It must be mentioned at this stage that the mathematical solution of an
AA’BB’ system does not allow one to differentiate between 3, or 3g, or between
J(A-A’) and J(B-B’). Because F; and F, are involved in axial-axial and equatorial-
equatorial interactions with the proton, the assumption can be made that the
greater H-F coupling in the chromium and molybdenum compounds is associated
with these fluorine atoms. The atoms Fy and F, are only involved in gauche (axial-
equatorial) interactions, so that their coupling constants should be less. Examina-
tion of the undecoupled spectrum reveals that it is the downfield half which must
be assigned to F3 and F,. But even with this information the calculated coupling
constants from K and M can still not be assigned uniquely to J(A-A") and J(B-B').

With regard to 4J(F-F) couplings, if there is no strong conformational
preference in solution J(A-A’) and J(B~B’) should be the average of axial-axial
and equatorial-equatorial couplings. The value of ca. 9 Hz is in line with the
published values of both Abraham?2? (J(ax.-ax.) = +26, J(ax.—eq.) = 0 and
J(eq.—eq.) = —10) and Hall and co-workers?23 (J(ax.—ax.) = 10.4, J(ax.—eq.) =0
and J(eq.—eq.) = —3) who studied molecules such as (III) and (IV).

F F F H F
F CF, H7 F—0 H
F F H H
F H
F F AcO AcO
(1) ()

The very different value of ca. 43 Hz, however, is irreconcilable with these previ-
ously published constants. It appears that the chlorine atom in one of its positions
greatly affects these 4J(F-F) couplings, making them both significantly more
positive.

On the other hand, if it is assumed that the equilibrium (in solution) is
weighted in favor of (II)(a), the X-ray determined structure, then the F3-F,
coupling would be predominantly axial-axial and J(F;-F,) predominantly
equatorial-equatorial. The assignment of J(F;-F,) to the larger coupling of 48 Hz
and J(F;-F,) to the lower-valued coupling of ca. 9 Hz would mean that both
axial-axial and equatorial-equatorial couplings are, in these complexes, significantly
more positive than the published values. The reverse assignment would again
explain the smaller coupling, leaving the larger one at least 50 Hz higher than the
published negative values.

Further studies now in progress on ditertiary arsine complexes containing
fewer fluorine atoms should clarify some of the problems that have arisen in the
present investigation.
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