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NMR Studies of Organophosphorus Compounds

13C—3'P Spin-spin Coupling Constants in Some Heteroaromatic
Phosphine Derivatives
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Magnitudes of the spin-spin coupling constants involving the
aromatic *C atoms and P in some heteroaromatic phosphines such
as tri-2-furylphosphine, tri-(5-methyl-2-furyl)-phosphine, tri-2-thienyl-
phosphine, and tri-3-thienylphosphine, and in two tetracoordinated
phosphorus derivatives have been obtained from natural abundance,
noise-modulated proton decoupled *C spectra. The assignments of
13C chemical shifts, and thus of the 1*C —3P coupling constants, were
based on established relationships and additivity rules of *C chemical
shifts in furans and thiophenes, on the nuclear Overhauser enhance-
ment effect, and for the two tetracoordinated compounds on single
frequency, off resonance proton decoupling experiments. The one-
bond 13C —#P coupling constants in the phosphines are much smaller
than in the tetracoordinated compounds. This may be explained in
terms of the changes in phosphorus hybridization. Furthermore, in
the phosphines, the magnitude of this coupling constants is smaller
than the two-bond *C—C—%P coupling, and is smaller than any of
the long-range *C — 3P couplings in some of the compounds.

Measurements of spin-spin coupling constants between 3C and directly
bonded nuclei are of special importance for the testing of qualitative ! and
quantitative 2 theories on chemical bonding. A change in the sign of the reduced
coupling constant, 1K, from positive to negative across the Periodic Table
(e.g. from 1K, to 1K ) has been predicted,® and it has recently been stated
that the borderline region, where the change is expected, is in the Groups V
and VI Indeed recent INDO molecular orbital calculations on one-bund
13C —14N coupling constants 2 show that these couplings are small in magnitude,
in agreement with experimental values, and furthermore, exhibit a variation
in sign for different molecules. Thus a knowledge of 3C —3!P coupling constants
in different organophosphorus compounds would be of interest, since this
might throw light on deficiencies in the theoretical methods in comparison to
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13C SPECTRA OF PHOSPHINES 681

cases such as 13C —1H and 3C —19F, where all couplings are positive and nega-
tive, respectively, and rather large. Furthermore, with the use of 23C resonance
spectroscopy becoming increasingly widespread in organic chemistry, a knowl-
edge of 3C —31P couplirg constants would be of importance in the determina-
tion of structures of organophosphorus compounds.

Determinations of the signs and magnitudes of 13C —3'P coupling constants
involving sp® hybridized carbon atoms and tri- and tetracoordinated phos-
phorus atoms have been obtained from heteronuclear double resonance
experiments utilizing observations of 13C proton satellites.* Further data on
13C—31P couplings have been obtained by direct observation of 3C spectra 5
and from 13C — {{H} decoupled spectra.b

In connection with a study on 'H —3!P coupling constants of ring protons
and ring methyl-protons with phosphorus, and their sensitivity to phosphorus
hybridization in a series of aromatic and heteroaromatic phosphine derivatives ?
it was of interest to obtain information on 13C —31P couplings involving aromatic
carbons and phosphorus in these systems. A recent communication ¢ on
similar couplings in triphenylphosphine and its methylphosphonium salt
prompts us to report data obtained for the direct and long-range 13C—3'P
couplings in some heteroaromatic phosphine derivatives utilizing noise-
modulated proton decoupled '3C spectra.®

RESULTS AND DISCUSSION

The complete proton decoupled 3C spectra of the furyl- and thienyl-
phosphine derivatives reported here generally consist of four doublets for the
aromatic carbons due to splitting by the spin-} phosphorus nuclei (Fig. 1);
the chemical shifts and coupling constants involving these carbons are given
in Table 1. Assignments of the doublets to the individual ring carbons were
deduced from nuclear Overhauser enhancement effects,® single-frequency,
off-resonance proton decoupling,® and finally, in cases where off-resonance
decoupled spectra were not obtained, from substituent effects on 3C-chemical
shifts. Additivity of these substituent effects1® was found very useful as
shown in the assignments of the spectra of tri-2-furylphosphine (I) and tri-
(5-methyl-2-furyl)-phosphine (II).

Tri-2-furylphosphine (I) and tri-(5-methyl-2-furyl)-phosphine (II). The
earlier established additivity of methyl group substituent effects in 2-methyl-
furan and 2,5-dimethylfuran * allowed determination of a convincing set of
assignments for all resonances encountered in the spectra of (I) and (1I).

The four ring carbon resonances for both (I) and (II) fall in two well-
separated groups (Fig. 1): one to low field (C-2 and C-5), and one to high field
(C-3 and C-4) from neat benzene (external reference) as do the two resonances

Acta Chem. Scand. 25 (1971) No. 2



JAKOBSEN AND MANSCHER

682

‘90uoIojed [BUISIXE §B ouBXeyo[oAo 9eeu wioxy widd [§°g1+

*(3x09 oes) o[qrssod jou JuewruBisse eyruge(y 4
2’83100y pue 3308104 Aq pejiodes senfeA ,

="Hd9 18 (zH ¢'1> .Noxmﬁv 70[3uls @ SI EOUBUOSET gy [AYIOW Y], p

‘ZH 9°0—&°0F 03 peysuiljse sioxie Ym zH U ,

('wdd g'yg— =g pus ‘g'1g+ =

AJUm.

8:9T="CP¢ ‘g'g1—=(p :usmyhypour-g fwmdd 81+ =009 puw 91— =)0 :uwmy ‘wmdd g1+ =1(EIdg pus yg= (10D :ouoyd
-o1yq],) ‘spunoduros pegninsqns snioydsoyd oy pue (01 ‘Joyf wioay ueyw;) spunoduros juered oy usemieq (wdd) s931ys [eorweyo ur seousrejyiq q

(-uorgeearp prey Y3y eyy ur oAnisod st 6[BOS 9JIYS [BOTWIOYD ey OYJ, :090N) "wadd $0'0—g0'0F 07 perewmso e1w
szoxxy ‘wxdd gg+ eq og ﬂeM.E SI 0U6ZUO( [BILIOJXO 07 GAI}B[OI SUBXOIP JO 9JIYS |BOIWIOYO O} ‘6UeZUSq 03 oAlye8[ox ore sesoyjuersd ur sen8A “((ITA)
—(IA) spunodwos) eoueIejes [BUICIUT 88 GUBXOIP 0% 0A1B[eX puB ((A)— (T) spunoduioo) eousIejor [BUIS)Xe S8 6UEZUS( 480U 0} 0Alg8[es wdd uy ,,

. . . . o — e 1107 — arepr_ |66F —){(6L'9 —) (1¢F1—) (68°11—) . o
g9t 991 6°3IT €% |608 — 68'8— 11'91— 66F1 66'69— 6L19— 1269— 6599— | STXOP 91 (11A) Od-YL-¢-1L
. . . . T — aRr') — maret — peoar_ |OTIT—) (889 —) (3331 —) (€91 —) T T
27 1'el 8'6 198 | 03'%1— 86'L— 38'€1— ¥¥'61 01'99— 86'19— zz'Lo— FelL— | OTTXOW 95 (IA)  SdYL-Z°W-'d

1881 1£°92 160°9— 1379 — 67°€ — 138'¢ — . —
Yo 81 0F1 J8€C | LT — BI9— EoTI—8e9— |es0 + eee — gooi— sgee — | S0 (@A) L6 L
1 '8 692 93¢ [(69°L — 9I'G— 196 — 63FI— |[6F% — G20 — 16L — 6I'II— *SO 0L (AD) d-UL-5 L
0  IL'9 9961 HTI e e — e v o o o z -
e1> 19 661 ez |68°0 — 08°0— 209 — 996 68°0 08°0 $0'9 $9'6 SO ¢¥ (111) d-4d-1y,
e 9°g 938 €I1> |€I'v — LOT— LE'TII— 6%'9 — [ £9'83— €661+ €99 + 6661— 'S0 92 |,(ID d-(nd-g-oW-9)-1L,
e 9 S'83 62 99'F — 61— 1031— ¥%'9 — | 99'61— 9191+ 609 + F¥%13— 'S0 g¥ (1 dng-z-uy,
(8)>~a . (0)o—d p (8)O—d p (B)0—d fr @o- @0 (@1 (@)p ()9 UST) (&9 )9 (sa]m %)

*ouo) punodwo)

,S1uBysu0d Jundno) Jig—Der £5199]30 Juenguisqngy ZSHIYS [BOTWOYD gy

*seA1yBALIop ourydsoyd o138UI0oIB0I0}0Y SUOS Ul §3uB)suod Jurjdnoo uids-uids J.—
1yeAllop ourgdsoyd ot q 1 I 1 1d8 d1e

e PUB ‘8300330 Juenquiysqns snaoydsoyd ‘sqyrys [Borwreq)) De; 7 2190,%




3 SECTRA OF PHOSPHINES 683
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Fig. 1. 15.09 MHz single scan, proton decoupled natural abundance *C NMR spectrum
of tri-2-furylphosphine (I) (45 % w/w solution in CS8,). The ppm scale is positive upfield
from neat benzene used as external reference.

(C-2,5 and C-3,4) in furan.l® The assignment of the two low field resonances,
C-2 and C-5, in tri-2-furylphosphine (I) was straigthforward, as the lowest
field resonance shows a much less pronounced Overhauser enhancement than
all other resonances (Fig. 1), thus corresponding to C-2. The two high
field chemical shifts (C-3 and C-4) can readily be assigned by comparison with
the four ring carbon resonances, still remaining undetermined, in tri-(5-
methyl-2-furyl)-phosphine (II), using the methyl substituent parameters of
Grant et al.l® and assuming additivity of substituent effects. This also allowed
a complete chemical shift assignment for (II), all low field peaks of which
exhibit decreased Overhauser enhancement. With the C-3 and C-4 resonances
being unassigned for (I) there were two possible sets of chemical shift
substituent effects which in turn led to two sets of additivity calculated
chemical shifts for (II), as shown in Table 2. A comparison between the ob-
served shifts for (II) and the two calculated sets (Table 2) shows that only
one of these is consistent with the experimental values, thus allowing the
remaining assignment of C-3 and C-4 in (I) and of the resonances in (II).

Table 2. *C Chemical shifts (ppm) in tri-(5-methyl-2-furyl)-phosphine (II) calculated
from substituent effects.

Substituent effects (ppm) in furans® Cale. chem. Obs. chem.
Position -methvl- shifts shifts
5-mothy (I) (1) (IT)
C-2 +1.83 - 6.44 — 6.44 | —19.61 —19.61 —~19.99
C-3 —0.74 —12.01 - 194 | + 5.36 +15.42 + 5.53
C-4 +4.06 — 1.94 —12.01 | +20.22 +10.15 +19.93
C-5 —9.18 — 4.66 — 4.66 | —28.84 —28.84 —28.63

% Chemical shifts of C-2,6 and C-3,4 in furan are taken to be —15.0 and --18.1 ppm,
respectively, from neat benzene as external reference.1?
® From Table III in Ref. 10.
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684 JAKOBSEN AND MANSCHER

Furthermore, the assumed additivity of substituent effects appears to be
borne out extremely well. .

The values of the two sets of 3C—3'P coupling constants in (I) and (IT)
obtained from the above assignments are in good mutual agreement, the
magnitudes of the couplirgs for the methyl derivative being slightly smaller
than for (I). A similar trend may be noted for the analogous **C —1H long-
range couplings determined for furan and 2-methylfuran.! The one-bond
13 —31P couplirgs are remarkably small, the magnitudes being smaller than
any of the long-range couplings in (I) and (II). In the spectrum of (II), the
C-2 resonance could not be resolved into a doublet, thus showing 1J(33C —31P)
to be less than the half-width (1.3 Hz) of the resonance peak. To our knowl-
edge, this is the smallest reported one-bond 3C—3'P coupling, if not the
smallest one-bond coupling, observed between any spin nuclei, although some
18C — BN couplings appear to be of similar small magnitude.1?

Tri-2-thienylphosphine (IV) and tri-3-thienylphosphine (V). The four
doublet 13C-resonances observed for tri-2 and 3-thienylphosphine, (VI) and
(V), respectively, were assigned on the basis of the phosphorus substituent
effects obtained for (I) and (II) and for triphenylphosphine (III), as no off-
resonance decoupling experiments and no studies of methyl derivatives of
these two compounds have been performed so far.

©) () (&)

(1) () (¥)

18C —31P couplings in (III) were recently reported by Weigert and Roberts.®
However, the results obtained for (III) in this study are included in Table 1,
especially for purposes of comparison with the phosphorus substituent effects
on the 13C chemical shifts. The results from 15 and 25 MHz spectra & immedi-
ately gave the correct assignment of the three closely spaced lines for the
carbons O-4 and C-5, and as seen from Table 1, the 13C —31P couplings agree
well with those earlier reported.®

For the two compounds (IV) and (V), the four ring carbon resonances are
shifted to lower field as compared to the respective carbons of the parent
aromatic ring (in thiophene J.gy5 = +3.1, and d.4 = -+ 1.6 ppm relative to
external benzene 1°) in agreement with the results for (I), (II), and (III).
From decreased Overhauser enhancement the carbons directly attached to
phosphorus, C-2 in (IV) and C-3 in (V), were easily assigned as the lowest
field resonances in both spectra. For (I), (II), and (III), a large downfield shift
may also be noted for this carbon (ca. 6 — 14 ppm).

The smallest downfield shift in (I), (II), and (IIT), caused by phosphorus
substitution (ca. 1—2 ppm), was clearly experienced by the C-4 carbons.
This could be utilized in the assignments of the resonances for C-4 in (IV) and
C-5 in (V), both of which are shifted ca. 2 ppm downfield from their respective
resonances in thiophene.

Acta Chem. Scand. 25 (1971) No. 2



3¢ SPECTRA OF PHOSPHINES 686

The relative larger phosphorus substituent effects on the C-3 carbons,
as compared to the effects on the C-5 carbons in (I), (II), and (III), served
as an aid in the assignments of the two remaining resonances in (IV). The
resulting values of the BC—31P coupling constants for (IV) roughly follow
those obtained for (I), (II), and (III), the two-bond couplings being the largest
of the sets in all cases. From the present data a definite assignment of the
C-2 and C-4 carbon resonances in (V) was not possible due to small differences
in chemical shifts and 13C—3'P coupling constants for the two carbons. In
Table 1, two tentative assignments for the two overlapping doublets are
given, which are based on the anticipated values of the two-bond 13C—31P
coupling constants, however, the correct one is not obvious. As for thiophene,0
the C-2 resonance is observed at slightly higher field than the C-4 resonance
in both cases.

Dimethyl-2-thienylphosphine sulfide (VI) and tri-3-thienylphosphine oxide
(V1I).The 25.15 MHz spectra of the tetracoordinated derivatives (VI) and
(VII) were obtained using dioxane as solvent. The chemical shifts are referred
to the natural abundance solvent 3C-resonance used as internal lock. The
carbons directly bonded to phosphorus were easily identified from decreased
Overhauser enhancement as the lowest field resonance in both spectra.

Do ()

CHs
(V1 (¥

Single frequency, off resonance proton decoupled spectra, in which the
sample is strongly irradiated at a frequency several hundred Hz off the aromatic
proton frequencies (i.e. at the dioxane proton resonance as in Figs. 2 and 3),
were found very useful in the 3C chemical shift assignments. In such spectra,
no long-range 3C —1H couplings ! are observed, and the direct 13C —1H cou-
plings are reduced to about 30 —40 Hz. Comparison of the observed residual
1Jo_y splittings, J*._, obtained from the doublet of doublets for each C—H
bonded carbon, with the residual splittings calculated using the expression

Table 3. Calculated and observed residual splittings, Jfc_y= dwJc_g/yH,* from the
single-frequency, off resonance proton decoupling experiments (Figs. 2 and 3).

Residual Compound (VI) Compound (VII,

splittings Calc. Obs. Cale. Obs.

I (2)—Hi(9) — — 40.9 40.0
o (3)—~H(3) 33.7 32.2 — —
To(a)—H(a) 30.2 30.4 31.7 32.4
(s H—(s) 39.1 37.8 37.6 38.2

4 In Hz. The magnitudes of the 1Jo_y coupling constants used for the calculation of Jfe_ g
were those observed in thiophene ':'J (s _g(2)= Jc(s)—m(s) =188 Hz and J(s)_p(s)="Jcla—
H(4) =167 Hz. For compound (VI): yH,/27=2000 Hz; and for compound (VII): yH,(2n= 1950 Hz

Acta Chem. Scand. 25 (1971) No. 2



686 JAKOBSEN AND MANSCHER

5@{;<:H, €3 C5 C-4
S Hy

C-2
2?02 Hz lSlI)Z Hz

oo

Fig. 2. (a) 25.156 MHz proton noise-decoupled, natural abundance *C NMR spectrum
(89 scans) of dimethyl 2-thienylphosphine sulfide (VI) (26 9, w/w solution in dioxane).
The frequency scale is downfield from natural abundance 1*C-dioxane used as internal
lock. (b) Single frequency, off resonance proton decoupled 3C spectrum (100 scans)
obtained by strong irradiation at the dioxane proton frequency. The computer simulated
double resonance *C spectrum (c), and the residual splittings J%_y (see Table 3) were
calculated using the experimental parameters of Table 1; yH /2 = 2000 Hz; vy (s) = 404 Hz,
vu(s) =362 Hz, and vy(;) =423 Hz (at 100 MHz relative to internal dioxane); the J¢ g
values are those for thiophene.'?

. G @ )po c2 C-4 CS
3 c-3 u.|n Hz

1942 Hz

a0 SV 1 1Y VT

Fig. 3. (a) 25.15 MHz proton noise-decoupled, natural abundance *C NMR spectrum
(80 scans) of tri-3-thienylphosphine oxide (VII) (16 %, w/w solution in dioxane). Frequen-
cies are downfield from dioxane, used as internal lock. (b) Observed (100 scans) and (c)
computer simulated single frequency, off resonance proton decoupled *C spectrum.
The parameters used in the calculations of spectrum (c) and the residual sphittings in
Table 3 are those of Table 1; yH,/2x=1950 Hz; vy, =431 Hz, vy() =370 Hz, and
Vs) =396 Hz (at 100 MHz relative to internal dioxane); *Jo g values are taken from
thiophene.!’

Acta Chem. Scand. 25 (1971) No. 2



13 SPECTRA OF PHOSPHINES 687

Jioyg=dodoy/vHy (dwo=2ndv is the frequency offset of the irradiating
field H,) given by Ernst 8 (see Table 3) or with calculated double resonance
spectra,’® allows an unambiguous assignment of C-5 in (VI) and C-4 in (VII).

Finally, as observed for the corresponding 'H chemical shifts,? it is assumed
that C-3 will be more deshielded than C-4 in (VI), and C-2 more deshielded
than C-5 in (VII), which is in accordance with the order of observed and
calculated residual splittings J7._;; (Table 3).

BC Chemical shifts. From the above study of phosphine derivatives and
from the data presented in Table 1 it is noted that phosphorus substitution
causes downfield shifts of all aromatic carbon atoms. The largest shifts are
observed for the directly phosphorus bonded carbons and for the carbons
C-3, C-5 in the 2-substituted derivatives, and C-2, C-4 in the 3-substituted
derivatives, whereas the effects on the carbons C-4 (or C-5 in (V)) are smaller
and of comparable magnitudes for all classes of compounds. Taking into
account the reverse order of 3C and *H chemical shifts in thiophene,'® a com-
parison of the *C chemical shifts obtained in this study with the corresponding
1H shifts 7c shows that the same shielding effects are roughly operative for
both nuclei, although no perfect correlation exists. However, the 13C shifts
are several times greater than the proton shifts.

Consideration of the 13C chemical shifts for the tetracoordinated derivatives
(VI) and (VII) reflects the presence of d= — px interactions in these compounds,
as indicated by the canonical structures (VIa and b) and (VIIa). Contributions

,, 8
Oy QL O

(Wa) (W b) (W a})

of such structures to the hybrids would result in substantial deshielding of
C-3 and C-5 in (VI), and C-2 in (VII), in agreement with the experimental
observations. However, since little is known regarding the magnetic and
electric field effects of the phosphoryl and thiophosphoryl groups, any conclu-
sion based on the chemical shifts must be qualitative.

BC —31P Spin-spin coupling constants. From the C —3'P coupling constants
(Table 1), obtained from the assigned 13C resonance doublets, it is noted that
for the trivalent phosphorus compounds, the magnitudes of the one-bond
13C —31P couplings are considerably smaller than previously reported one-bond
couplings involving aromatic carbon atoms (e.g. 13C — 'H and 3C — °F couplings).
Extremely small one-bond couplings, smaller than any of the long-range
13C —31P couplings, were observed in the two furylphosphines and, as mentioned
above, this coupling was even not resolvable in the spectrum of tri-(5-methyl-
2-furyl)-phosphine (II). In any of the phosphines, the magnitude of the one-
bond coupling constant does not exceed that of the two-bond coupling.

The magnitudes of the long-range 13C —31P couplings in the phosphines
decrease with increasing number of intervening bonds between the coupling
nuclei and thus parallels the behaviour of the related 'H—3'P couplings in
heteroaromatic and triphenylphosphine derivatives.” Opposite trends may

Acta Chem. Scand. 25 (1971) No. 2



688 JAKOBSEN AND MANSCHER

be noted for the analogous 13C —H long-range couplings in benzene,!4 thiophene,
and furan,! as these couplings vary in an oscillating manner with increasing
number of bonds. The vicinal, three-bond 3C —3'P couplings are sll of similar
magnitude and show the same constancy as observed for the corresponding
13C—1H couplings.!* The magnitudes of these three-bond 3C —'H couplings
have been explained with reference to the trans 'H —*H couplings in substituted
ethylenes and the Karabatsos relationship 1 for sp? carbon atoms, 3J.,=0.4
8J 1y 51514 On the other hand, the three-bond 3C —3!P couplings in hetero-
aromatic phosphinesand triphenylphosphine correlate well with3.J (133C —31P)=1/4
8J(*H —%P), where 3J(*H —3P) is the analogous frans 'H 3P coupling in
trivinylphosphine.16

Tetracoordination of phosphorus causes a large increase in the magnitude
of the one-bond 3C —3!P coupling, as observed for the compounds (VI) and
(VII); minor changes also occur for the long-range couplings. A similar change
has been observed for 1J(13C —3%P) in alkylphosphine derivatives 1,4 in which
LJ(13C —31P) is small and negative for the trivalent phosphorus compounds,
becoming large and positive on tetracoordination of phosphorus, and increas-
ingly positive as more electronegative groups or atoms are bonded to phos-
phorus. Although the signs of the coupling constants in Table 1 have not been
determined, it is thus assumed that 1J(133C —31P) in (VI) and (VII) is positive,
whereas the sign of this coupling in the phosphines (I)—(V) is unknown.
However, assuming a dependence of 1J(33C —3!P) in tri-2-furylphosphine (I)
and tri-2-thienylphosphine (IV) on the ring heteroatom electronegativity by
analogy with the effect of substituent electronegativity on 1J(13C — 'H) couplings
(increase of 1J(13C —1H) with the X electronegativity in the system X —13C — H)
suggests a lower value for }J(13C —31P) in (IV) as compared to that in (I). This
involves a negative sign for1J(}*C —3%P)in tri-2-thienylphosphine (IV), while
no conclusion regarding the sign for the small one-bond coupling in (I) may
be drawn so far. Further evidence for a negative one-bond 13C —3%1P coupling
in (IV) has recently been obtained from a study on long-range ring methyl
proton-phosphorus couplings in tri-(methylthienyl)-phosphines.” With a
negative sign for 1J(13C —31P) in (IV), this coupling is about 20 Hz below that
in (I), a difference also obtained between the corresponding 1J(13C—H)
couplings in thiophene and furan (in thiophene 1Jq =185 Hz; in furan
1 o2)-re) = 201 Hz 17).

'J),‘he increase observed for 1J(13C —31P) on tetracoordination of phosphorus
is in qualitative agreement with both experimental and theoretical results
for other one-bond 1¥C — X coupling constants 2 and with the model proposed
for such couplings.1,® According to this model, one-bond couplings are mostly
dependent on the s-character of the orbital used by the X atom in forming
the C—X bond (eg., WJ(BC—1H) large positive, and 1J(3C—F) large
negative).2 Phosphorus in phosphines uses nearly pure p orbitals to form bonds
to carbon,1,18 as does fluorine, whereas hybrid orbitals are used in the tetra-
coordinated phosphorus compounds. Thus the changes in phosphorus hybridi-
zation on tetracoordination arereflected by the observed increase in 1J (13C —31P).
The larger magnitude of *J(33C —3'P) in (VII) as compared to that in (VI) may
in part be rationalized by using the Walsh rule 1:1? that the s-character of
a phosphorus atom tends to concentrate in the bonds towards the more

Acta Chem. Scand. 25 (1971) No. 2



3C SPECTRA OF PHOSPHINES 689

electropositive groups or atoms.1!® Finally, the long-range 3C —3!P couplings
in the tetracoordinated compounds show more resemblance with the analogous
13C—1H long-range couplings than those in the phosphines, a trend that is
probably also related to the increased s-character in the P —C bonds. It may
be noted that the three-bond couplings in (VI), (VII), and methyl triphenyl-
phosphonium bromide ¢ are all of similar magnitude and correlate well with
the Karabatsos relation 3J(13C —31P)=0.4 8J(1H —31P).

EXPERIMENTAL

Materials. The compounds used in this study are those of earlier studies on H —31P
coupling constants.™ %€,

13¢ Spectra. Spectra of the phosphines were obtained on a JEOL C-60HL spectrometer,
operating at 15.09 MHz. The spectra were generally obtained as single scan spectra with
complete proton decoupling. However, in a few cases, time averaging technique was
used in order to increase the signal-to-noise ratio. The *C resonance of neat benzene
was used as external reference; 1*C chemical shifts and *C —3P coupling constants were
read off from spectra recorded with a sweep width of 0.5 ppm/cm and a sweep time of
0.12 ppm/s. Spectra of the two tetracoordinated phosphine derivatives were obtained
on a \;;rian HA-100 spectrometer, operating at a frequency of 25.15 MHz. Both noise-
modulated proton decoupled, and single frequency, off resonance proton decoupled
spectra were recorded. The *C resonance of solvent dioxane was used as internal lock,
and the chemical shifts are referred to the lock signal. The Varian C-1024 CAT was used
for time averaging of the 50— 100 scans necessary for acceptable signal-to-noise ratios,
using a sweep width of 10 Hz/em and a sweep time of 10 Hfz)/sec. Sample solutions were
contained in 8 mm sample tubes for both spectrometers.
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