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Diastereoisomeric Organophosphorus Compounds. Part 4.3 Proton
and Phosphorus-31 Nuclear Magnetic Resonance Spectra of
Compounds of the Type [RR'P(X)].Y and RR'P(X)-Y—(Z)PRR’

(R = CHs, R’ = t-C4H>)
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When R and R’ are simple alkyl groups, compounds of the type [RR’P(X)],Y give rise to

[AR:X.], spectra (assuming X and Y are non-magnetic). Explicit expressions for resonance frequencies

and intensities of A (3'P) and R and X ('H) are derived. Data are given for rac-[RR'P],, meso-[RR'P(S)]..
rac-[RR'P(S)],, meso-[RR'P(S)],0, and rac-[RR'P(S)].S. The results are discussed and compared

to those for asymmetric compounds of the type RR'P(S)-PRR’ and RR'P(S)-S-PRR".

Chiral diphosphane structures give rise to diastereoisomerism
as indicated in Scheme 1. In isotropic solution two different
specific n.m.r. spectra will be observed, distinguishing the
meso [Rp)Seey. SieyRp)-form from the racemic [Rep)Re),
Se)Se)] pair. Since solution-state n.m.r. a priori does not
enable the assignment of diastereospecific data sets, previous
work concerning [RR’P(X)],Y was based mainly on relatively
intangible considerations of analogies.*!! Absolute confirm-
ation of the stereochemically important n.m.r. parameters
such as 8y, 8p, Jen, and Jpp can only be obtained by combining
X-ray and n.m.r. studies.

In preceding papers ' * we described the synthesis and crystal
and molecular structures of the compounds in Scheme 2.
Our particular interests were drawn to symmetric model
systems with X == Z. The compounds [RR’P(X)],Y give rise
to symmetric spin systems of the general type [AR,X,],. Ex-
plicit algebraic expressions for the resonance frequencies and
intensities of R and X were derived ** to explain ® the 'H
n.m.r. pattern of one diastereoisomeric form of [CH;(t-C,Hy)-
P(S)],. Here we give a detailed account of spectral features of
A ('P), R and X (‘H) resonances for well defined model
systems such as: rac-[CH;(t-C;Hg)P], (1b), meso-[CH(t-
CiHy)P(S)]; (2a), rac-[CH;(t-C;H)P(S)], (2b), meso-[CHi(t-
C;Hy)P(S)1,0 (3a), and rac-[CH;(t-C,Hg)P(S)1,S (4b).

Theoretical
The description of the spin system in Scheme 3 will be used
in our discussion of the spectral analysis of the [AR,X,], spin
system. There are 12 independent n.m.r. parameters which in
principle affect the spectra, viz.: vo4 = V4., VR = Vg, and vy =
vx'; Jaas Jrre Ixxn Jax = Jax, Jar = Jary Jrx = Jrexes
JAX‘ == JA'x, JAR’ = JA'R, and JRX’ = JR')(. Determination of
the chemical shifts v,, vg, and vy is trivial since, under the
assumption that |vg — vx| > |Jrx| (and correspondingly for
the A.X and A, R pairs of groups) the three n.m.r. bands are
symmetrical about their respective chemical shifts. Moreover,
in the cases considered here Jgg, Jxx', Jrx, and Jgx- are long
range in nature and are negligibly small. Consequently the
appearance of each band in the spectrum can depend only on
five coupling parameters. Simple algebraic solutions to the
eigenvalue problem may be achieved, and these will be pre-
sented below.

The expressions for the R and X regions have been the
subject of a previous note,® but they have now been cast in a
different form, quoted below, for convenience of computing,
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RR’P(X)-Y—~(Z)PRR’ with R == CH; and R" : t-C,H,
References to

No. X Y z synthesis Structures
(1) I.p. — Lp. 1,3
2 S — S 1,3 meso?  rac?
3) S (o] S 3.4 meso 3
“4) S S S 1 rac?
(5) S — L.p. 1
(6) S S L.p. 1

Scheme 2. l.p. = Lone pair

and applied to a number of new examples. The equations for
the X region have not been presented in the open literature
before. The derivation of the equations proceeds along the
same lines as for '>'3 the simpler [AX,], spin system. However,
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it should be noted that in the [AR,X,]; case the R region of
the spectrum depends, inter alia, on J,x and J,x., which is at
first sight surprising.

It will prove useful to define linear combinations as in
equations (i)—(iv). Since N,g and L,z are obtained inde-

Nar = Jar + Jar- ®
Lag = Jar — Jar: (i)
Nax = Jax +Jax (iii)
Lax = Jax — Jax (iv)

pendently from the spectra, it is evident that the relative signs
of Jar and Jagr are accessible (as are the relative signs of Jax
and Jax-). However, the single-resonance spectra do not
depend on any other relative signs of coupling constants,

The Spectra of the A Nuclei.—The A spectra in [AR,X,],
systems are symmetrical with respect to v,. They may easily
be broken down into a series of overlapping ab subspectra.
Here we adopt the usual symbols describing the ab subspec-
trum (Scheme 4). Since the A and A’ nuclei couple to the R,,
R’;, X,, and X', groups effective Larmor frequencies may be
defined as in equations (v) and (vi) where nig, mg-, myx, and

Vo = Va + Nigdag + Migdag + mixJax + mixJax: (V)

Vo == Va + Migdaps + Mg dag -+ MixIaxe + mixJax (Vi)

my. are the total component-spin quantum numbers of the
composite particles in groups R, R’,, X,,, and X’,, respectively,
and may take the following values: —1---myormyg -+ -4
and 7 mxormx - +2.(rt 1)and (# + 1) different
states exist for mg,mmg. and my, myx respectively. Therefore
(t + D¥n + 1)? ab-type subspectra comprise the total A part
of the [AR,X,], spectrum. Such ab subspectra are located at
frequencies v,,. [equation (vii)]. The differences, Av, in
effective Larmor frequencies are given by equation (viii). Of

Vav. = Va + (g + mig )Nar + (mix -+ nmix)Nax  (vii)

Av = (mg — mg)Lar + (mx — mx)Lax  (viii)

the ab-type subspectra described above, (r + 1)(n + 1) will
fall actually into the a, category, corresponding to situations
with nig == mg. and my == my., leading to Av = 0. Such sub-
spectra will give rise to singlet lines located at v,,. = v, +
2mgNar + 2mxNax and having relatively strong intensities
given by equation (ix). In practice a successful analysis of

t ? n z
I =4 i
(’1 —mR> (; — mx> (%)

such a, singlets will give information about N,z and N,x. For
Lar, Lax, and Jaa- a total analysis of the A spectrum is re-
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quired. In addition to the (+ -+ 1)(n + 1) a, subspectra, there
are Lr(t -+ Dn(n + 1) different ab subspectra.

Very often a direct analysis of a many-line [AR,X,], system
proves to be impossible, so simulations including lineshape
calculations are desirable. For effective computation, we chose
to rewrite the algebraic expressions given above. When the
parameterrangesO ***yxorA--*rand O -porv---nare
introduced, expressions for the (r + 1)Xn + 1)* ab-type
subspectra are obtained [equations (x)—(xii)]. The total

Vav, = Vao + %[(X - A)Nar + (1 4+ VINAx] (x)

Av — (x — MLar + (0 — V)Lax (xi)

=4 (GG (e

intensity for an A spectrum is [ — 2¥*+ 7+ D,

Our program DOKI78,"** designed on the basis given
above, permits successive simulations of A spectra in [AR,X,],
systems as a function of L g, Lax. Jaa -, and a common spectral
linewidth (using a Lorentzian shape). In the studies presented
here, *'P n.m.r. spectra of [CH;(t-C,Hy)P(X)];Y follow the
pattern described above.

Deceptively Simple A Spectra from [AR,X,]; Systems.—If
|/aa-| is much larger than both |Lagk| and |Lax], or, more ac-
curately, if [Jaa| > [(x ~ MLar © (0 - V)Lax| for all sub-
spectra of significant statistical weight, a deceptively simple
(2¢ + 1)(2n + 1) line pattern will result, as would be the
case for an AR,X,, system. The residual transition fre-
quencies are given by equation (xiii) and the intensities by
(xiv). No information on J.4., Lag, or Lox may be obtained

Av - Va f s[(x + )")NAR -+ (H ~+- V}N»\x] (Xlll)

I 4(x Y )\)'(u g v) (xiv)

from such spectra, which will yield only va, Nag, and Nax. An
example of this situation is found in [CH,(t-C,H)P],, (1b).
In cases of vanishing J4.- the A spectrum may be described
as simple overlapping first-order multiplets having (+ + 1)*-
(n -+ 1)? lines with repeated spacings Jar, Jar:s Jax, and Jax:.

* Copies are available from the authors.
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Figure 1. Experimental (upper) and simulated (lower) *'P n.nv.r. spectrum of meso-[CH,(t-CsHg)P(S)),0 (3a). Calibration bar 50 Hz

Table 1. Explicit expressions for the frequencies and intensities of
R and X x lines in {AR,X,]; n.m.r. spectra

v Frequency Intensity

ViR ve + 3 (T + Taw) 1 (1 — go)TrTrTsx
Vir ve + 3 (T, — Te) 1 (1 + ge)TwTawrTsx
Var vg — ¥ (T — Tw) L (1 + gr)TsrTerTsx
ViR ve = 3 (11 + Tw) 3 (1 = gr)TsuTsrTsx
Vix vx + 4 (T, + Tax) } (1 — gx)TsxTsxTse
Vax vx + 3 (T, — Txx) P (1 + gx)TaxTaxTse
Vix vx — ¥ (T, — Txx) 3 (1 + gx)TixTaxTsr
Vix vx — 3 (Ty + Tyx) 3 (1 — gx)TsxTaxTse

The Spectra of the R, and X, Groups.—The appearance
of R, and X, spectra is again governed by symmetry. These
spectra are symmetrically placed about vg and vx respectively.
Half of each total intensity is due to pairs of strong lines
separated by N g and N,x, respectively. These pairs will be
called N lines. The remaining half of each intensity is con-
tributed by so-called y lines. 2¢(n + 1) xr sets and 2n(r + 1)
xx Sets exist, each responsible for two pairs of centrosym-
metric lines which will be named inner and outer x lines. The
following parameters (or ranges) are used: —1* - yg *** -+1;

Axcccn o =X —H — b ax = ax — 4 — 4
I, = xrlar T AxLax; Xor = (Xr — DLar + xxLax; Xox =
(xx — DLax + XrLar: = [T + Janll¥; Tor = [Z7 +
Jaall¥ Tox = [Zax? + Jaall; Tog = 31 — ag); Tsx = ¥(n —

ax); Tar - (’ _210111); Tox = (" Enax); Ter - (n —2t|1R’);

2
Tsx == (n krllax'); rR = (Z1Zr + Jan )/ T1Tor;

(ZiZox + JanD)/ThTox.
Explicit equations for transition frequencies and intensities

and g, =

of the g and yx line sets are listed in Table 1. The N, g and
xr lines add up to 1 2@ + » + U in intensity, and N x and xx
lines to n 2¢* * » * 1 The equations given in Table 1 are
modifications of our previous results,* ® suitable for efficient
programming. Qur program DOKI177 '* allows for successive
simulations of R, and X, group spectra in [AR,X,), systems.
Specific values for the widths of Nag, Xar. Nax, and xax lines
may be separately assigned to simulate the total n.m.r.
spectrum using Lorentzian lineshapes.

Proton n.m.r. spectra of [CH;(t-CsH
rules given in the above section.

9)P(X))Y obey the

Deceptively simple R, and X, Group Spectra.—If J,a? is
very large compared to I,%, T,q%, and X,x? for all values of xg
and xx with significant statistical probability (close to { and 7)
the R, and X, spectra exhibit the typical features of deceptively
simple triplets. This situation holds for 'H n.m.r. spectra of
[CH,(t-C,Hy)P];, (1b). The only information then obtained
directly comprises the Larmor frequencies, N g, and N,x. No
information about L.g, Lox, and J.- is accessible.

In cases of vanishing J... particularly primitive spectra
result. Each group (R, and X,) will give rise to doublets of
doublets separated by Jag,/ar: and Jax,Jax- respectively.

Spectral Analysis and Simulation of [AR,X,), Systems for
[CH;3(t-C,Ho)P(X)),Y Compounds.—The previous section
listed explicit expressions for transition frequencies and in-
tensities of A nuclei and R, and X, groups for [AR,X,).
systems. Here we demonstrate typical spectral features of
those systems, using [CH,(t-C,Hs)P(X)].Y as examples. The
experimental and simulated n.m.r. spectra are shown in
Figures 1-—3 (*'P) and 4—6 (*H).

Numerical results from our observations on compounds
having directly bonded P—P structures, [CH;(t-CsHs)P(X)].
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Figure 2. *'P N.m.r. spectrum of rac-[CH,(1-C{Hg)P(S)}; (2b) as in Figure 1. Calibration bar 30 Hz

Table 2. [AR,X,];, N.m.r. parameters (in Hz) for diphosphanes
[CH;(t-C;Hg)P]; and [CH1(t-C,Ho)P(S)),

Compound (1b) (2a) (2b)
Form rac meso rac
Nar 8.0 5.23 4.55 + 0.5
Lar 3.0 17.93 19.0 0.5
Nax 12.65 13.35 18.1 £ 0.5
Lax 11.8 16.85 18.1 £ 0.5
Janr 293 + 1 97 + 1 120 -+ 1
h.w. (A) 1.6 — 3.0
h.w. (Nar) 0.35 0.8 0.5
h.w. (x&) 04 1.2 .15
h.w. (NA)() 0.5 0.8 0.5
h.w. (xx) 0.9 1.2 0.95
h.w. = linewidth at half-height (from comparison of experimental

and simulated spectra).

(X = lone pair or S), (1b), (2a), and (2b), are given in Tables
2 and 3. Corresponding data for bridged P—-Y-P systems,
[CH;(t-C.Ho)P(S)1,Y (Y = O or S), (3a), (3b), (4a), and (4b),
follow in Tables 4 and 5. In addition, results for unsymmetri-
cal molecules CH,(t-C4Hg)P(S)-Y—P(t-CsH)CH; (Y = — or
S), (5a), (5b), (6a), and (6b), are given in Tables 6 and 7. These
compounds involve spin systems of ABR;S; XY, type (Scheme
5). The corresponding spectra are first order, and analysis in
principle should be trivial since in each case [va — va| > |Jaul.

Table 3. Proton and phosphorus-31 n.m.r. data “for [CH;(t-C4;H4)P),
and [CH,(t-C,H,)P(S)},

Compound (Ib) (2a) (2b)
Form rac meso rac
JAR o zJpn *kS.S —11.58 —11.78
Jar: == Vepcn +4-2.5 +6.35 +7.23
Jax  Uercu +122 +17.10 +18.10
Jax: Uppcen +0.4 +0.25 —0.25 <
Jax- < 0.25
Jan 0 Uep (—)293 -1 (—)97 + 1 (=)120 + 1
da = Op —-30.67 54.00 59.392
—31.73
Su(R,) = du(PCHj;) 0915°* 1.684 1.662
8u(Xa) - 8u(CCH;) 1.114 1.235 1.317
Solvent Dioxane ® CsDsCD; CeDs
or CeD¢
Concentration (%) 25 25 25

“ The coupling constants are given in Hz and the chemical shifts in
p.p.m. "3'P spectra for dioxane solution. ¢ 'H spectra for C¢Ds
solution.

Data for such compounds were obtained from an equilibrated
mixture following the general equation (xv). Details of this re-
distribution reaction will be given elsewhere.! Nine individual
proton resonance bands for CH; and t-C,H, groups in each of
the compounds (1b), (5a), (5b), (6a), and (6b) were assigned
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Figure 3. *'P N.m.r. spectrum of rac-[CH,(t-CH,)P), (1b) as in Figure 1. Calibration bar 25 Hz

Table 4. [AR.X,], N.m.r. parameters (in Hz) for [CH,(t-CH,)P-
)Y

Compound (3a) (4b)

Y (¢} S

Form meso rac

Nar 11.70 11.9 + 0.1
Lag 12.20 14.0 + 0.25
Nax 18.40 18.9 + 0.1
Lax 18.40 189 + 0.25
Janr 56 170 £ 0.5
h.w. (A) 1.7 —

h.w. (Nag) 0.5 0.5

h.w. (xg) 0.75 1.0

h.w. (Nax) 0.5 0.8

h.w. (xx) 0.8 1.5

specifically using lineshape simulations for 90-, 360-, and
500-MHz 'H n.m.r, spectra.

[CHa(t-C,Hy)P]; + [CHi(t-C.Ho)P(S)), ===
(1b) (2b)

2 CH;(t-CHg)P(S)-Y—P(t-C,H,)CH;  (xv)
(5a), (5b), (6a), (6b)

Discussion
Crystal-structure determinations by X-ray techniques for di-
phosphanes are sparse,'>'® and, in any case, not necessarily

Table 5. Proton and *'P n.m.r. data * for [CH,(t-C,H,)P(S)].Y

Compound (3a) (3b) (4a) (4b)

Y 0O (0] S S

Form meso rac meso rac

Jar = Upcu —11.95 —_ — +13.0
Jar' = “Jpyecu +0.25 — —_ +1.0
JAX = Jpccu +18.4 —_ — —— +189
Jax: = sjnpccu 0 _— — 0

Janr = Upyp (=)s6 £+ 1 — —_— (-7 +1
4 =0 110.81 109.746 91.026 90.825
Su(R,) = 84(PCH,) 1.76 — 1.900 2.217
Su(X,) = 84(CCHy,) 1.19 — 1.136 1.049
Solvent C5D5 CstCD; C6D5CD3 CsDSCD_\
Concentration (%) 25 3 5 5

* Coupling constants are given in Hz and chemical shifts in p.p.m.

relevant to the solution state. They suggest that a conform-
ation approaching the semi-eclipsed is favoured in some
cases, but an anti conformation in others. The stability of
conformations near the semi-eclipsed is supported by empiri-
cal force-field calculations,!” although applications of ab-
initio SCF-MO theory to P,H, itself show !® a relatively flat
potential minimum extending from the gauche to the trans
conformation, with the former only slightly favoured
(optimum dihedral angle 76°).

Crystal-structure work by Lee and Goodacre '*2° has
established that the rrans conformation is favoured for two
cyclic diphosphane disulphides and the parent [(CH;),P(S)],.%
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Figure 4. Experimental (upper) and simulated (lower) 'H n.m.r. spectrum of meso-[CH;(t-C4H)P(S)],O (3a). Calibration bar 20 Hz. Left,

CH, group; right, t-C,H, group

Ry CHy A B CH, S3
\P-——Y-——P
/ll
S
Xg t-C,Hg t-C,Hy Yq
Scheme 5.

Wunderlich and Wussow ? deduced unequivocally the ex-
istence of the all-rrans conformation for our model system,
meso-diphosphane disulphide (2a). The same authors pre-
sented 2 the first example known of a gauchoid diphosphane
disulphide, compound (2b). The molecular structures of (2a)
and (2b) in the solid state are shown in Figures 7 and 8. P-O—P
and P-S—P bridged structures for meso (3a) and rac (4b) were
determined by Mootz and co-workers.? Results for correspond-
ing X-ray studies may be seen in Figures 9 and 10; for details

see Parts 2 and 3 of this series.>® As far as we know, there
are no reported X-ray crystallographic studies of compounds
of the types (5) and (6).

Some n.m.r. data have been presented previously 4:6:7.10.22
for compounds (1) and (2), and, where relevant, our results
are in reasonable agreement with the earlier work. McFarlane
and McFarlane 7 established that the sign of 'Jpp is negative
for both these compounds. The variation of 'Jpe for diphos-
phanes with dihedral angle has been the subject of a number
of theoretical investigations,?? #7 and it seems to be generally
agreed that the most negative value of 'Jpp would be given by
the conformation with eclipsed lone pairs. However, it is very
likely that other factors, such as substituent bulk, are also of
great importance in governing the value of 'Jys. Moreover,
Tutunjian and Waugh ?® have shown that the anisotropy in
Jep is much larger than the isotropic average for [(C,Hs),P-
(S))2, thus rendering problematic discussion of solution-state
results from Jpp.
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Figure 5. Proton n.m.r, spectrum of meso-[CH;(t-CsH)P(S)]; (2a) as in
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Figure 4. Calibration bar 10 Hz

Table 6. N.m.r. data * for CH,(t-C,Ho)P(S)—P(t-C,Hs)CH; and CH;(t-CyHg)P(S)~S—P(t-C,H,)CH,

Compound (5a) (Sb)
Form neso rac

Jar == Ypcn —11.20 —11.28
J.\s E ].Ipp(_‘" +2.57 0

Jav = Mecen +12.44 13.04
Jax E 4-lppc('u 0.81 0.81
Jas = Upcn —15.05 —17.78
Jar - 3-’PPCH 6.24 0

Jax = Yecen +16.16 16.25
Jay *Jepcent 0 0

Jan - VUpe (—)294.2 312.5

da - Bp(PY) 59.99 54.55
3(R,) = 3(PCHj) 1.5658 1.3679
8(X,) =8u(CCH3) 1.0520 1.3173
3g 7= 6p(P'") —~28.73 —28.80
ﬁ(Sr) = SH(PCHJ) 0.9338 0.8986
3(Ys) = 8u(CCH3) 1.0776 1.1424
Solvent CoDs CsDe
Concentration ® (%) 7 4

7 The coupling constants are given in Hz and the chemical shifts in p.p.m
of products, see text.

(6a) (6b)
meso rac
Jecu —11.54 —11.54
Jespch 0 0.86
ecen +16.93 +18.21
Jpsecen +6.67 +7.69
Zlecu ~18.29 —14.96
4-’PsPcu 0 0
Uecen +12.65 +12.74
*Jespccn 0 0
*esp 54.8 51.3
8.(PY) 87.83 85.80
8u(PCHy,) 1.7896 1.7154
3w(CCH3) 1.2588 1.1846
3e(P'") 40.76 41.02
31(PCH3;) 1.1769 1.0678
S (CCHs3) 1.044 1.0165
C,D, CsDs
3 1.5

. For the designations A, B, R, S, X, and Y see Scheme 5.° Mixture

The data presented here confirm that inclusion of bulky t-
butyl substituents substantially increases the magnitude of Jpp
in both series (1) and (2). Moreover, |Jpp| appears to be
larger for the rac form than for the meso form in compounds
(2a), (2b) and (5a), (5b), although the situation is not clear for

series (1).'92° 32 Differences in Jpp between rac and meso forms
are presumably related to changes in rotamer populations and/
or in the dihedral angles for the most stable rotamers. This
should be true for series (2) and (5) as well as (1). Since the
alkyl substituents in the compounds studied here are markedly
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Figure 6. Proton n.m.r. spectrum of rac-[CH,(t-C4H,)P}; (1b) as in Figure 4. Calibration bar 10 Hz

different in bulk (CH; and t-C4H,), variations in n.m.r.
parameters between the two diastereoisomers might be ex-
pected to be substantial. This scarcely seems to be the case for
Jep in (5a), (5b), and although our value for the difference in
Jep between (2a) and (2b) is large in terms of percentage, this
is not true for the results reported by McFarlane and McFar-
lane.”

The inclusion of sulphur as a substituent presumably im-
parts additional rigidity to molecular structures.” This is per-
haps reflected in the fact that Jpp values for compounds (1) and
(5) are similar, whereas those for (2) are much smaller, which
is true for the tetramethyl compounds as well as for those
studied here.

The two-bond (P,P) coupling constants found for com-
pounds (3a), (4b) and (6a), (6b) are smaller than the values of
'Jep discussed above, and this is in line with results for related
compounds.?® Few conclusive comments can be made on the
(P,H) coupling constants, especially as there is an inherent
ambiguity between the long- and short-range data. In general,
the changes induced in these parameters by the replacement of
CH; by t-C4H, are not large except in the case of [(CH,),P];

Figure 7. Molecular structure of meso-[CH (t-CHy)P(S)], (2a)

and [CH,(t-C;Hg)P],. The phosphorus chemical shifts follow
the patterns established for the corresponding tetramethyl
compounds, although there is a pronounced deshielding effect
of replacing CHj; by t-C,H,. Such deshielding has been dis-
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Table 7. Hypothetical N-type and L-type values (in Hz) for CH(t-
C.Hg)P(S)-Y-P(t-CHy)CH,*

Compound (5a) (5b) (6a) (6b)
Y — — S S
Form meso rac meso rac
Nags = Jar + Jas 8.63 11.28 11.54 10.68
Lars = Jar — Jas 13.77 11.28 11.54 12.40
Naxy = Jax + Jay 13.25 13.85 23.60 25.90
Laxy = Jax — Jay 11.63 12.23 10.26 10.52
ang = Jgs + Jgn 8.79 ‘7.78 18.29 1496
Lese = Jos — Jur 21.29 17.78 18.29 14.96
Novx = Jav + Jax 16.16 16.25 12.25 12.74
Lgyx = Jav — JBx 16.16 16.25 12.25 12.74
Jan (=)294.2 (—-)3125 54.8 51.3

¢ For the spin-system notation, see Scheme 5. Absolute values of the
coupling parameters are given.

Figure 8. Molecular strlicture of rac-[CH;(t-C,Hg)P(S)]; (2b)

cussed %23 for compounds related to (1) in terms of B- and
y-substituent effects.

Experimental

For synthetic routes to compounds (1)—(6) see refs. 1, 3,
and 7. The samples were dissolved in the relevant solvent,
SiMe, added, and the solutions filtered into 5-mm and 10-mm
n.m.r. tubes as appropriate. The tubes were then sealed after
application of the conventional freeze-pump-thaw technique.
90-MHz Proton n.m.r. spectra were obtained using a Bruker
HX90R spectrometer at Diisseldorf. For the continuous-wave
mode the following conditions were applied: chart scale 1 Hz
cm™!, scan speed 0.06 Hz s™!, with an accuracy in frequency
measurement of -1-0.1 Hz. Phosphorus-31 n.m.r. spectra were
run in the Fourier-transform mode at 36.43 MHz. Data
for compounds (5) and (6) were extracted from 360-MHz
and 500-MHz 'H n.m.r. spectra obtained from Dr. D. Wend-
isch, Bayer AG, and Dr. W. Hull, Bruker Analytische Mep-
technik GmbH. Chemical shift data (3y) in Tables 3, 5, and 6
are referenced to internal SiMe,. For 3P shifts the data in
these Tables are presented with respect to external HiPO,
[setting 3p (85% HiPO,) == O from an independent measure-
ment on 85% H;PO,]. Lineshape simulations were performed
using computer programs DOKI77 and DOKI78, arranged
for the Telefunken TR 445 computer at Diisseldorf. Satisfying
lineshapes in [AR,X,); systems resulted when specific line-
widths were used for N and yx lines separately. Different ac-
curacies for data reported in Tables 2—7 resulted from the
use of 90-MHz, 360-MHz, and 500-MHz spectrometers, from
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Figure 9. Molecular structure of meso-{CH,(t-C,H)P(S)],O (3a)

Figure 10. Molecular structure of rac-[CH;(t-C,Hq)P(S)],S (4b)

direct readings of &y and N values respectively, and from line-
shape simulations leading to L and J,- data.
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