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PREFACE

The division of Volume 5 into two parts is a new venture in this series. It
has become evident that these volumes are continually growing. Perhaps
correctly, criticism has been made that certain topics are out-weighing the
balance of the volumes. This is especially true with such topics as '°F
resonance.

Certainly had this chapter, which constitutes Volume 5B, been published
with Volume 5A as one volume the number of pages would have been in
excess of one thousand.

Therefore this Volume 5B is in some way an experiment which is
reasonable as many would be interested in the 3!P data without
necessarily wishing to have Volume 5A. This will become especially evi-
dent on inspection of the Compound Indices which are exhaustive and
basically forming a catalogue of some hundred and ninety pages giving
data on various phosphorus compounds. Comments on this new move
would be most welcome and it may be more convenient in future years to
run the second part of each volume on some special topic such as **F or
31P resonance studies which, by virtue of the nature of the investigations,
tends to become a vast catalogue.

Volume 6, which is now in preparation, is again a single volume work.

I must finally express my gratitude to Professor Mavel for his patience
with my editing and for his efforts in preparing the manuscript and produc-
ing a very valuable contribution to this series.

Eric F. MooNEY
Anacon (Instruments) Ltd,
Buckinghamshire,
October, 1973
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THE CHEMICAL SHIFT SCALES

Readers are reminded of the convention for the presentation of chemical shift data
mtroduced into Volume Three of this series. This self-consistent convention
bas now been used for some two years in various places and is gradually being
universally accepted.

Convention adopted for Chemical Shift Scales

1. All shifts will be denoted by the delta scale, low-field shifts being shown as
positive and high-field shifts as negative values. In all cases the standard
will take the reference shift of § 0-0.

No other symbols to denote shifts at infinite dilution will be used.
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NMR Studies of Phosphorus
Compounds
(1965-1969)

G. MAVEL
Ircha-12, Quai Henri 1V, Paris, France

I. INTRODUCTION

THE 1MPORTANCE of NMR in phosphorus chemistry is today not a matter
for dispute—this was already clearly evident at the time of writing my
earlier review on this topic.1966: D This earlier review was concerned with
nearly four hundred and fifty publications from the early days of NMR
(about 1950) until the end of 1965. Papers specifically restricted to 3!P
data were not included but these were, however, reviewed by Van Wazer
et al. %871 who at approximately the same time presented results for
about three thousand compounds.

The years 1966 to 1969+ have seen a continuous increase in the interest
of NMR studies of phosphorus compounds both from the practical, for
the solution of structural and conformational problems, and the theoreti-
cal aspects, for a better understanding of the nature of the bonding in
phosphorus compounds. About one thousand five hundred papers
appeared during those four years and it was clear that the moment was
ripe for an up-dated account of the NMR achievements in this field. In
this review it will be found that this formidable volume of literature has
answered many of the questions raised in the earlier review,1966:D
especially those dealing with phosphorus coupling constants and the
relationship of these J values to the hybridisation of phosphorus and
molecular geometry. Meanwhile, a number of new puzzling points have
been revealed, challenging for theoreticians and intriguing for chemists
attracted to a better understanding of structure and reactivity in phos-
phorus compounds. This essentially arises from the richness of phos-
phorus as a central atom, with its flexible hybridisation, and as a major
element in inorganic, organic and biological chemistry.

t+ The present literature survey was concluded at the end of December 1969.
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2 G. MAVEL

This review is intended to cover most of the aspects of NMR in
phosphorus chemistry, especially stressing those aspects directly related
to electronic and structural factors. Some subjects will only be briefly
reviewed, e.g. resonances in solid compounds, in metal complexes [this
subject has been treated in a previous article in this series96%-] and
biological applications. All the compounds reviewed are tabulated in
either Formula Index I (inorganics) or Formula Index II (organics), the
whole comprising of more than four thousand five hundred entries. These
indicest list all available chemical shifts for phosphorus and fluorine;
those for other nuclei (except protons) are reported in the text of this
review.

II. CHEMICAL SHIFTS IN PHOSPHORUS COMPOUNDS?

A. Phosphorus chemical shifts
1. Experimental determination of phosphorus chemical shifts

As the phosphorus-31 nucleus represents 1009, of natural phosphorus,
has a spin of 4 and not too low a magnetic moment the direct observa-
tion of 31P resonance is straightforward, as adequately reviewed by Van
Wazer et al.*967: The use of newer techniques is nevertheless interest-
ing and, as initiated by Pudovik and other Russian authors,1967:2%4) the
INDOR technique of Baker may be especially fruitful. In addition to its
increased sensitivity it gives a convenient method for the determination
of the signs of coupling constants [for a review see McFarlane!1968. ],
Advantage of this technique has been taken over the past two years for
investigating various typical compounds(968.2,3;1969,2t0® a5 discussed
later in Section III. Another method of obtaining spectra is the use of
FOURIER Transform Spectroscopy as described by Klein and
Phelps;(1967-% the sample under observation being submitted to pulse
sequences, the FOURIER transform of its response-function is the
absorption function (see vol. 5A, p. 557). Fig. 1 provides a typical FT
spectrum of A.'T.P.

Obviously, all this refers to observations on liquid samples; some work
is nevertheless done on solid samples. With great care, one may obtain
additional data using solid samples, especially chemical shift anisotropy.
Such work has very recently been performed on anhydrous sodium and
potassium pyrophosphates, for which o—¢, was measured as 200 + 10

+ The signs given in the indices strictly follow the conventions adopted in these
volumes (see the General Foreword). In the text itself, however, the original conven-
tions have been used for the sake of comparison with the reviewed literature.

1 Throughout this section all chemical shifts will be discussed as given in the
literature (i.e. with positive sign for upfield shifts), except where noted.
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4 G. MAVEL

ppm for phosphorus 26%:% and for polycrystalline BaFPQj,, for which
a value of —145+20 ppm for phosphorus and 182+22 ppm for
fluorine 1989:6: were obtained. A full discussion has been presented
for P(CN);, P,O,, and P,S;,; for these Lucken and Williams (1969-®
analysed the anisotropies of the different phosphorus types in terms of
orbital populations.

Another interesting point is to be presented in relation to chemical
shift evaluations. From the directly-measured spin-rotation constant of
POF;, diamagnetic and paramagnetic contributions to phosphorus
chemical shifts were estimated (ca. +1000 and — 640 p.p.m.). Extended
to H;PO,, which is the commonly accepted reference compound, this
gives about 320 p.p.m. for the absolute 3! P chemical shift.196%:9

2. Theoretical investigation of phosphorus chemical shifts

The outstanding variation of the hybridisation of phosphorus, which
may involve mixed s, p and d orbital participations, makes the interpre-
tation of 3P chemical shifts a very difficult task. As mentioned above (§ 1),
the separation of dia- and para- magnetic terms is obtained from spin-
rotation constants, in those compounds for which such observations are
possible but this is far from being generally applicable. Another type of
experimental data which may be found relevant, when discussing dia-
magnetic contributions, is to be expected from ‘“‘chemical shifts’
observed in ESCA spectroscopy;1%67'® these chemical shifts being of
electrostatic origin. In any case, the paramagnetic term which is the
dominating one (except, possibly, for tetrahedrally surrounded atoms)
integrates the influence of too many factors to be described by a few
gross parameters even for the simplest cases, such as attempted for PX;
or YPX; compounds for which a relation of X-P-X bond angles and
“magnetic configurations” was derived on the basis of an empirical
modification of the Lamb formula./*965: Dt The same applies to attempted
correlation of 3!P chemical shifts with theoretically calculated
changes. (1969, 10

Letcher and Van Wazer (1966,2,3:1967.1) hayve proposed to deal with s
and p contributions, and especially their #-terms, as being by far the
most important in relation to sizeable parameters, e.g. substituent elec-
tronegativities and bond angles, of phosphorus. As the latter are known
in but a few compounds the use of derived formulae can only be quali-
tative as for phosphonate anions.*%67:™ Of course, the consideration of
only s and p orbitals is better when dealing with di- or tri- valent

1 A clarification of this notation of “‘magnetic configurations’’ has been presented

more recently by this author (196%: 9 as the first step for elucidating the 3'P chemical
shifts on a firmer theoretical basis.
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phosphorus compounds;} in these cases, however, the role of lone-pair
electrons is so important that their contribution cannot be really pro-
perly appreciated.1965. 2

For phosphorus involving tetra-, penta- or hexa- coordination the
importance of d electrons (even if quantitatively small) must not be under-
estimated ;(1988:9 it is especially easy to detect as it strongly decreases the
paramagnetic shift from which a net high-field shift arises. To consider
these d-contributions on a theoretical basis is rather complex (1964:1) and
is at present limited to qualitative conclusions.?968:5 The case of the
assumed PBr,® ion, for which a shift of — 150 p.p.m. is observed (com-
pared with — 225 for PBry) is rather interesting in this respect.(1969, 1

3. Empirical correlations of phosphorus chemical shifts

The above facts explain the difficulties encountered when trying to
set up empirical correlations for observed chemical shifts. First attempts
were unsuccessful,*9%%-1 but Grim and co-workers have succeeded in
establishing such a relation for P™ and P'V® compounds. In defining
additive constants of for various groups these authors(1965,3;1967.8;
1968,6) egtablished fair correlation for tertiary phosphines:

3

5 =62— 3 of

1

and for secondary phosphines:

§=99-15% 0"

1
For primary phosphines, Maier *966:9 similarly obtained the relation:

8=163-5—2-5¢". Typical values of ¢* are shown in Table I.
TABLE I

Some typical additive constants ¢* for phosphorus-31
chemical shifts

R a* R of

CHj; 0 CeHs +18

C.Hs +14 CeHsCH, +17
iSOC3H7 + 27 CN —24-5

CyClO—CsH 11 -+ 23

+ Also applies to phosphonium compounds, although diamagnetic term is now
more important and chemical shifts are essentially controlled by small changes in
hybridisation arising from substituent electro-negativities.
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As stated in the footnote on p. 5, phosphonium compounds afford a
better example of chemical shifts which are essentially governed by
inductive factors thus giving better correlations.

The following relations, having the same of values, have been
given:(1968:7

3
R,PH®: & = 3-05 Yo"
1

2
Ry(CeH,)PH®: § = —1-0-57 3 o®
1

R(CgH;),PH®: & = —1-4—-0-57 0%
More generally, in phosphonium ions the relationship:
8 =-220-08n-026 3 o

where n = the number of attached alkyl groups, is found to be valid.(*9¢8:5
It is seen that the contribution from phenyl groups is entirely different
when dealing with P™ and P® compounds. In the former case the
phenyl groups accept electrons from the phosphorus lone-pair while this
is not so in the latter case in which there is 7-electron donation from the
phenyl groups to the phosphorus d orbitals.(1968: 7

Lastly, Olah@98%:12 has proposed the following relationship for
tertiary phosphonium ions:

5= 32-0563 oF
1

It must be noted that all these ¢* values have no significant correlation
with the corresponding Taft or Hammett constants;} the precise inter-
pretation of these oF values remains open to doubt.

4. Relation of observed chemical shifts to the nature of phosphorus bonds

As previously stated, the analysis of 3P chemical shifts for the eluci-
dation of the nature of bonds is not straightforward, but qualitative
relationships are possible. For example, in the recently described
azaphosphatriptycene (1) 96913 for which the 8p of + 80 is especially
high for a P! nucleus linked to three carbon atoms, the authors suggested
that this indicated a high percentage s character for the lone pair. For
the phosphonium homolog (2) the 8, of + 48 indicated a P~-CHj bond
with a high o character, i.e. an electron density greater than sp® on
phosphorus and less than s on methyl group. Similarly, in phosphiran (3)

+ Correlations have, however, been described for phosphorus chemical shifts in
(CeH:)P(0)X, (CeHs).PPX, etc. with the X substituent parameters.(1967:9:1968, 8}
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the 3!P shift appears at an astonishingly high position of + 341;1967.10) j
should be noted that the PH group is neither mobile nor exchangeable.

These unusual shifts may be an indication of a significant d orbital
participation, especially in phosphiran which probably has a nearly planar
geometry and may possess some ‘‘aromatic” character as in the parent
cvclopropanes [the P-H coupling in 3 of 155 Hz is between that found
in PH,® (138 Hz) and PH; (182 Hz)]. The same conclusions would to
some extent apply to organogermyl-, organostannyl- and organosilyl-
phosphines recently discussed by Schumann.969.1%

Lastly, relevant routine discussions for the elucidation of electro-
negativity or conjugation effects from 3P chemical data are fairly
numerous; (1965,4;1966,6t09;1967,3,11t014;1968,9t012;1969, 15) Cyano-, phenyl
and perfluorophenyl groups have all been considered from this point of
view as have halogeno groups [for which 3'P data compares with direct
observation as for instance obtained from 32Cl NQR data 967,19,

B. Proton and fluorine chemical shifts

Most of the applications of NMR to phosphorus compounds imply a
discussion of the relevant proton or fluorine spectra. These deserve no
special comment as they generally are not typical; mention will be made
of some discussions of the electronic structure of molecules (stereochemical
aspects will be considered in Section IV). Consideration of organic
derivativest is often based upon a Taft-type interpretation of resonance
data, thus permitting a separation of o- and =- electron distributions in
substituent-phosphorus bonds (often through p,—d, conjugation; see
1967, 16 for a general discussion). Such investigations often make use of
19F data involving either monofluoro- or perfluoro- substituents.(1965.5:
1966, 10;1967,17;1968,13,14;1969,161019) PMR may give gratifying results,
e.g. in p-tolyl compounds 1968:15:18) and appears to be useful for dis-
cussing group electronegativities 1967,18:1968,17,18) or for estimating
pK Values.(1967’19)

C. Carbon-13 chemical shifts

Because of the low natural abundance, the low sensitivity of the reson-
ance signal and the very long relaxation times associated with the nucleus,
carbon-13 resonance has not been really investigated prior to 1965. The
first spectra were observed using fast passage conditions;1957:1;1965,6)

+ Inorganic compounds present similar problems, e.g. for mixed halides of the
type SPFXX'1968.19 jn which the fluorine resonance gives an indication of
n-bonding present in systems when considered in conjunction with phosphorus-~

resonances.
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TABLE II

Carbon-13 chemical shifts for typical organo-phosphorus compounds

Type Compound Chemical shift? Reference
Tricoordinated (CHj)sP —116-8 1968, 3
phosphorus —-111-4 1968, 22
(CHj3):PH —121-6 1968, 22
CHzPH, —-133-1 1968, 22
CH,3PCl, —113-5 1968, 20
*
(CH3CH,),P —104-0 1968, 3
*
(CH;3;CH_;).P —1136 1968, 3
(CH;30O):P -75 1968, 3
—-79-8 1968, 22
%
(CH;CH,0):P —656 1968, 3
—-70-7 1968, 22
*
(CH3;CH,0);P —106-3 1968, 3
-111-3 1968, 22
Phosphonium (CHj3),P® -1119 1968, 3
: %
lons (CH5CHL),P® —111:3 1968, 3
*
(CH3CH),P® -117.3 1968, 3
Tetracoordinated  (CHaj)sPS -100-4 1968, 3
phosphorus (CHj)aPSe —100 1968, 3
CH;P(0)Cl, -97-0 1968, 20
CH3;P(O)F, —107-0 1968, 20
CH,P(S)Cl, —87-5 1968, 20
HP(O)Y(OCHsy), -713 1968, 3
(CH30);PO —69-0 1968, 3
1965, 7
*
(CH;CH,0);PO —59-8 1968, 3
*
(CH3CH,0);PO —107-3 1968, 3
(CH30)3PS —68-5 1968, 3
*
(CH;CH,0);PS —62-3 1968, 3
*
(CH3CH,0)4,PS —1074 1968, 3
(CH,;S),PS —110-4 1969, 20
[(CH3);:N];P —90-7 1969, 20
{(CH,).N]sPO -91-5 1969, 20
[(CH,).N]sPS -90 1969, 20
[(CH2)sNIsP —843; —104-5 1969, 20

* In ppm downfield respect to C¢Hag.
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the results (especially regarding resolution) were latter improved either
by spectral accumulation (1968,20,21:1969,20) or hy noise decoupling
which washes out all structure arising by coupling to neighbouring
protons.(1968,22:1969,21) Apother method is using the INDOR technique,
as mentioned for ®'P resonance, which involves selective irradiation of
the carbon-13 peaks while observing the proton spectrum.(1968:3;
1969, 2to 4)

Some typical carbon-13 shifts of phosphorus compounds are shown in
Table II. As is well known (see 1969, 22), one of the interests in carbon-
13 data is the sensitivity to charge distributions in molecules since these
shifts are less susceptible to spurious effects than found for proton shifts
(e.g. solvent effects, diamagnetic anisotropy of neighbours, etc.). For
instance, comparison of carbon-13 shifts of methyl phosphines and
methyl substituted methanes (Table III) at first sight exclude any
hyperconjugation as a major factor in the P-CHjy bond. A systematic
study of phosphines and phosphonium compounds by Bucci,1968:1
which took into account the lone-pair contribution, revealed only a
slight change in phosphorus electronegativity, from 2-4 to 2-2, in going
from (CH;);P to (CHj),P® despite the presence of the positive charge
on the phosphonium ion; a charge of similar magnitude but in the reverse
direction was expected.t Thus some minor interaction in the P-CHg,
bond seems to be very likely.

This effect is better illustrated when considering conjugated and
hetero-atomic systems. For instance, a carbon-13 shift of 855 p.p.m.
is observed@968.20 jn (EtO),P(O)CH,COCH; compared to 104 in
(CH;),CO and 57-0 and 28-0 ppm in (EtO),P(O)C=C.CHj, compared to
46 in Et.C=C-.Et. In both these cases the observed changes support
the presence of conjugation of the phosphonyl group with either the
carbonyl or acetylenic group19%%:2% ag was suggested from consideration
of proton and phosphorus resonance.196720%022 Simjlar trends are found
in hetero-atomic molecules as shown in Table IV.(1968.3:1969,20) Thege
relations are especially neat for nitrogen in which, as discussed later
(see III.B.5), P-N conjugation occurs. Conversely, it is noted that the
observed changes are relatively insensitive to the nature of the element
attached to phosphorus in the >P=X group. This was attributed to the
anisotropic effect of the phosphoryl or thiophosphoryl groups as these
are highly polarisable./*%68:3 This interpretation is questionable as it
ignores the possible rehybridisation of phosphorus and, in consequence,
of the neighbouring atoms.

1 A similar effect is found in the comparison of tetramethylammonium ion and
trimethylamine 1961 D
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TABLE III

Comparison of carbon-13 shifts of methyl phosphines and methyl
substituted methanes

CH;PH, 1343 (CH,).,PH 1229 (CHs)sP 112:5
CH;CH; 1228 (CH;).CH., 1131 (CH3);CH 1043
TABLE IV

Comparison of carbon-13 shifts of some phosphorus compounds and
some closely related ethers, sulphides and amines

(CHz0)sP 75 to 80 CH3;OH 81
(CH;0):P=0 69 to 75 (CHj3):0 69-3
(CH30)sP=5 68 to 73

[(CHa)2N]sP 90-7 (CH;)sN 81-2
[(CH3):N];P=0 91-5

(CH;3S)sP=S 110-4 (CH,).S 109

D. Boron-11 chemical shifts

Boron-11 resonance has been rather frequently investigated in boron
containing phosphorus compounds which, in most instances, were
borane- or boron halide-adducts (see Section IV). Some data are never-
theless available for typical boron-phosphorus compounds which may
be discussed in relation to available !B literature (for a general review
see 1969, 24).

Cage-like structures containing phosphorus have been assigned on
the basis of NMR spectra. For instance, in B;yH;,CHP, identified as a
1,2- or 1,7- isomer, the shifts of the main resonance peaks for the
isomers differ +14-7 and —9:6 in the former and +13-6 and —3-9 in
the latter isomer,969:2% or in RR'PBs;Hg, in which the phosphorus
links B-2 and B-3 when R=CH,,R’'=CH, or CF; but resides on B-1
if R=R’=CF,.19882%

Other interesting problems solved by 1B resonance include monomer-
dimer equilibria in molecules of the type Cl,BNRP(CFj),,1968:2
the structure of (MegPBH,NMeg)® (81'B= +8-7, ref. BF;-etherate)

® O
which is written Me,PBH,NMe® (1969:26) and lastly the nature of the
bonding in the compounds shown in Table V compared to corresponding
simple boron esters, (196,27
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TABLE V

Comparison of boron-11 shifts of phosphorus containing boron esters
with simple boron esters

6 1B S1B
B[OP(CF3):]s —-172 B(OCHs)s —18-3
CH3B[OP(CF3)2])s -336 CH;3B(OCHj;), —29-5
(CHg),BOP(CFj3), —60-3 (CHj3);:BOCHj3 ~53-0

E. Other nuclei

Obtaining resonance data on elements other than those mentioned
above is not very easy and available data are therefore rather scarce.
The other nuclei will be reviewed according to the method used for
observing the resonance.

1. Direct observation of other nuclei

(a) Nitrogen-14. The 1*N resonance has been investigated in [(CH3),N],PO
(1964,2 and in Et,P(O)NHEt198: 2% but only the chemical shift of the for-
mer compound was reported (351 + 8 p.p.m., ref. NO;©). For comparison,
one may note that the shifts in (CH,;),NH and Et,NCHO are 353 + 1 and
259 respectively which, at first sight, might imply a negligible delocalisa-
tion of the nitrogen lone-pair to phosphorus in structures such as

>1(\DI=P(09) (for a general review see 1969, 26). This implication is in
contradiction with indirect conclusions drawn from estimation of Lewis
basicity (see Section IV) and from dipole moment analysis.1970-1 A
more profound analysis is certainly required in order to elucidate this
problem.

(b) Oxygen-17. Christ and Diehl?963.D collected data on a rather large
number of compounds (Table VI) some years ago and, on this account,
no detailed discussion is possible at present.

(c) Aluminium-27. This resonance has only been observed in adducts
such as (CHj);P-AlCl; and (CHj)sP-AlBrg (—108-2 and —100-8
respectively vs AlCl;) in which 27Al-31P coupling appears. 196723 This
resonance has also been useful for following halogen exchange in Al,Xq—
POCI; mixtures 1969:28) (see Vol. 5A, p. 465).

2. Indirect observations of other nuclei

The technical difficulties of observing the resonance of other nuclei
are often deterring and an elegant solution may be found in the INDOR
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TABLE VI

Oxygen-17 data on typical phosphorus compounds
[After Christ and Diehl 1968, D]

Compounds Chemical Compounds Chemical
Shifts* Shifts®
H;PO, 84 (CH;0),PO 68, 19
H;PO; 102 (C;Hs0);PO 66
H;PO, 79 (CH20),P(O)H 101, 38
(CH;30):P 45 (C.H0),P(O)H 84
(C:H;0)sP 80 Cl,PO 216

® In p.p.m. downfield vs. H;O.

technique, previously mentioned for observing !3C and 3P shifts. The
first, perhaps typical applications, have recently been reported for
stlicon and tin in (CH,)3SiP(C¢H;), and (CHg)sSnP(CgH;),196%2 and
for selenium in CH,SeP(CHj), and CHgSeP(S)(CH,),.1196%% As a
common reference standard has not yet been defined (reference fre-
quency being 'H resonance of TMS or dioxane according to the authors),
the measured shifts are not reported here; the technique certainly
appears to be promising for future investigations.

III. SPIN-SPIN COUPLINGS IN
PHOSPHORUS COMPOUNDS

A. General considerations and theoretical approach

1. Main features and phenomenological description

The spin-spin couplings observed in phosphorus compounds offer a
number of interesting features many of which being particularly chal-
lenging for theoreticians. These will be detailed hereafter but to pin-
point the most important we may list:

(1) relation to the hybridisation of phosphorus
(it) marked stereospecificity in many two- and more bond situations.
(1ii) sign reversal appearing especially in typical one-bond couplings
for which a positive (or at least, a stable) sign was previously taken
as a rule.

The first two points permit the invoking of lone-pair contributions to
explain the unusual behaviour in P! compounds as previously proposed
for 5N couplings *9¢°-2® and was satisfactorily accounted for in this case
on the basis of the theoretical treatment of Yonezawa et al. (1967-24:1969, 29)
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It is noticeable that lone-pair contributions may intervene in coupling
not directly involving but passing through the heteroatom; this has been
reported in pyrazolines.(1967:2% Similarly, the stereospecificity of H+---H
couplings in 4 for which J(trans) is ca. 12 Hz and J(gauche) ca. 2 Hz. 1998
2+ We shall find a similar behaviour later when discussing H--H
couplings in trioxaphosphabicyclooctane (see Section I11.B.8); a clearer
example is afforded by F:---F couplings in P,F,—the fluorine atoms are
inequivalent and the FP-PF and FP-PF’ couplings are opposite in
sign.(1969,3D)

Obviously, phosphorus lone-pair contribution cannot be invoked for
explaining the stereospecificity observed in couplings involving PV atoms,
but some evidence has been presented supporting “through-space”
contributions [“through-space” meaning via another route other than
formal bonds and not arising from direct dipole-dipole coupling which
involves a “direct coupling” contribution as discussed by Barfield and
Karplus 1969-32], This is especially clear when fluorine nuclei are in-
volved; for instance, P----CF; couplings in (CF;CgH,)sP only appear
when the trifluoromethyl group is ortho, i.e. sterically very close to the
phosphorus atom. 196933 Many examples of stereospecific proton-
phosphorus couplings will be presented to support such ‘“through-
space” long-range mechanisms. Just to quote some striking cases,
methyl groups in (CH;),NP(O)F(¢-C,H,) are inequivalent, one with a
P----CHj; coupling of 8-2 Hz, the other with a zero coupling (simul-
taneously, the F----CHj couplings are 2-0 and 0-0 Hz); 1965:® methylene
protons in HP(C,H;)CgH; present two different couplings (+5-5 and
1-0 Hz) to phosphorus (1968.28;1969,39) and R’ groups have different
couplings in (RO),P(O)C(O)NR3.(1967.26:1968.29) Gimilarly, ‘‘through-
space”’ couplings have been suggested in metal complexes. 967:27 Jn all
cases, observed trends cannot agree with the simple description of Fermi
contact terms by a ‘“Hund” coupling mechanism. (19643

The same appears to be the case when couplings do not decrease with
increasing bond separationasin : P(O)C(O)CH,CHj, in which 3J(P-CH,)
is less than 0-5 Hz while *J(P-CHj) is about 1 Hz. Similarly, the absence
of sign reversal when comparing the couplings in a compound and the
methyl homologue is an indication of anomalous behaviour. This be-
haviour has been observed in oximes (5 and 6) in which the absolute
signs of coupling are known 1969:3% for which the coupling involving
the ¢is (H) is normal but not so for #rans (H'); this is in agreement with
the possible influence of the nitrogen lone-pair. A similar behaviour will
be found in unsaturated phosphorus systems (see Section II1.B.7).

1 See also (1999:30 for g Karplus-like relationship in secondary cyclic alcohols.
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2. Theoretical descriptions

The preceeding approach is purely qualitative and the proposed
mechanism is only phenomenological. Despite the difficulty of the
description of phosphorus orbitals the problem is nevertheless an ap-
pealing one for theoreticians and to date two different approaches have
been made to a non-empirical description.

(a) Theoretical approach of Cowley and White. This method starts from
the Pople-Santry formalism (1964:4:1965.9) of the general Ramsey formula
for spin-spin coupling, thus avoiding the ‘“‘mean excitation energy”
approximation which is especially misleading as it necessarily predicts a
stable sign for a given type of coupling. As a first step, Cowley, White and
Manatt performed calculations for one bond couplings, using extended
Huckel and CNDO-SCF molecular orbitals, thus obtaining some

qualitative agreement with experimental data as shown in Table
VII.(1967,28)

TABLE VII

Comparison of some calculated and experimental phosphorus
coupling constants

EHMO CNDO-SCF Experimental
J(P-H) in PH; +189-4 +66-6 +182
PHP +213-7 +192-6 + 547
J(P-F) in PF; —736-2 —424-4 —1441
J(P-P) in “Py” -129:0 —-305 —180 (in P;Me,)

Evidently, this approach did not take into account orbital overlap.
These rather gratifying results and the puzzling question of the stereo-
specificity of coupling and sign reversal prompted the authors to refine
their approach by including overlap and bond-geometry in one-bond
and higher couplings; again use was made of semi-empirical LCAO-SCF
orbitals after the Pople-Santry formalism, (1969.36t138) They succeeded
in reproducing changes in sign of 3'P-?1P and 3'P-!3C one-bond
coupling and of 3'P-C-'H two-bond couplings; the general predicted
trends qualitatively agreed with experimental finds as shown in Table
VIII. One shortcoming has nevertheless been found for P,F, in which
J(3*P-31P) is definitely negative; 1969:3D further improvements therefore
are necessary.

(b) Theoretical approach of Jameson. Jameson and Gutowsky (1969.39
have been able to account for the reversal of sign of various one-bond
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TABLE VIII

Typical couplings calculated by Cowley and White196¢.37

b (1968, 22) probably negative.

Molecules Couplings Calculated Experm.
value value
One-bond couplings
PHS P-H +130-6 139
PH; . +146-3 +182
P;H,4 gauche . +169-0 + 1864
trans . +160-0 —
cis ’ +167-6 —
CHsPH. » +179-4 + 1863
CH3PH§0 121 + 246-3 -—
CF;PH, ’ +122-1 +199,
PF; P-F —1407-3 —1441
P;F, gauche ” —1189-5 —-1125
trans " -1160-8 —
cis ” —1250-7 —
P;H, gauche P-P —53-5 —108,
trans ’ +169-0 —
cis » —84-6 —
P.F. gauche . +219-8 —227-48
trans . +707-4 —
cis . +212-2 —
CHaPH2 P—C b 20'9 93b
CF3;PH, » +42-4 —
CHPH$ ' +75 °
Two-bond couplings
PHj H-P-H —-18-8 -13,
CHaPHz ”” - 14'1 - 125
CF;PH, . —40 —13,
HPF, H-P-F + 344 +41,
CF;PH, P-C-F +479 +483
CHaPHz P—C—H + 2'95 + 3'99
CHsPH$ » -7
» (1969, 31).

° 4555, + 565 in (CHa)sP® (1968, 3; 1969, 2).

(reduced) couplings Ky_y- by separating the contact terms of N and N’,
ay and ay,, each of which may be written:

ay = ay(s)+ay (core pol)

This introduces, besides ay(s) (the direct Fermi contact term from the
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s electrons in an open shell or in accessible configurations with open s
shells), an indirect Fermi contact interaction from the polarisation of s
electrons in the core. The latter could be the most important if the ground
figuration of IV is not an open s shell or if no low-lying configurations
with open s shells are available. This is the case for Group VI and VII
nuclei, such as *°F, but not for Groups I to IV (e.g. *H, 1B, 13C);
Group V appears to be on the borderline and, according to the state of
hybridisation, ay could be positive or negative.

This model at least provides a rationalisation of the observed trends
throughout the table of elements. It has been extended by Jameson to
account for two-bond couplings, especially those involving phosphorus.
Using localized VB orbitals (s and p orbitals only with perfect pairing),
she considered *969: 40 reduced geminal couplings 2Ky, as arising from
ay, ay and yyyy, a transfer factor for *“‘electron spin information” from the
X bonding to the Z bonding orbitals.t The latter term is a function of
exchange integrals so it is sensitive to the hybridisation of the Y atom,
the bond angles, the substituents etc. The factor, y, may be positive or
negative—its average over all dihedral angles being probably negative
(in agreement with “Hund coupling”).

This phenomenological model has been used by Jameson ¢989:40 to
explain some typical results which will be discussed in detail later. The
first one is the great charge from P™ compounds (with a nearly p,
hybridisation) to P'V® and PV compounds (nearly sps, with more p
contribution in P==X bonds from X =Se, S to O). For the former, ap(s)
is small and in bonds involving carbon ap (core pol) becomes predomi-
nant, thus giving small positive P-C couplings; P~H couplings, governed
by ap(s), are also small and positive. If substituents attached to phos-
phorus have an increasing electronegativity, the s character of the P-C
bond is increased and the P-C coupling becomes positive and P-C-H
coupling negative; similarly P-H coupling becomes increasingly positive.
This whole picture agrees with the rationalisation of experimental data
on the basis of the Walsh rule (see ref. 1966, 1, p. 265 seq.). For PIV® and
PV compounds, ap(s) is greater towards C or H (increasing for P®, PSe,
PS, PO); P-H coupling becomes more and more positive, P~C coupling
positive and P-C-H coupling negative. As both P-C and P-C-H
couplings have ap as the dominant term, the close relationship between
these two types (see Section I1I1.D.1) is clear enough.

The Jameson model would similarly apply to H—P—H couplings which
were investigated by Manatt et @l.09%4) In P™ compounds (PHj,,

+ The importance of separating the effects of intervening atoms in the transmis-
sion of spin-spin couplings had similarly been stressed for couplings through
carbon atoms in saturated chains. 1962 1)
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CH;PH,, etc.) 2J(H-P-H) are negative and decrease when substituents
on phosphorus have an increased electronegativity (e.g. CsH;PH,,
CF;PH,). In PV® compounds [PHP, (CH;),PH,®], 2J(H-P-H) are
small and positive ; in H,PO,®, which has a tetrahedral hybridisation with
strongly electronegative substituents on phosphorus, the H-P-H
coupling is large and positive (despite the rather small H-P-H angle,
ca. 92°). This latter example caused Manatt et al. some puzzlement, but
now fits in fairly well with the Jameson approach.

Somewhat similar arguments may be used to discuss P-F (or other)
couplings in penta-coordinated compounds which were discussed at
some length in ref. 1966, 1, p. 281 seq. For the direct P-F couplings,
ap(s) would be the dominating term and J(P-F,,)/J(P-F,,) may be directly
related to the s character of these two orbitals. For couplings through
phosphorus (proton-proton, proton-fluorine or fluorine-fluorine), one
would have J(ax-ax), J(eq-ax) and J(eq—eq) in a ratio determined by
y(ax-ax), y(eq—ax) and y(eq—eq). A closer examination of these transfer
factors may be of interest for discussing this type of experimental data.

The various types of couplings encountered involving phosphorus in
the order of practical importance, i.e. P-H, P-F, P-P, P-C and others,
will now be considered.

B. Phosphorus coupling to proton and fluorine
1. One-bond P-H and P-F couplings

(a) P-H couplings. P-H couplings have been investigated in a large
variety of compounds and cover a range from ca. 120 to 1180 Hz [in
H,PSiH; 19%%:2], Typical data are given in Table IX for the various
types of phosphorus hybridisation. In all cases, where the signs of
coupling were determined, these were found to be positive, (1966, 13:1967,31
and 40;1968,28 and 30; 1969, 47 and 48) jn clear contradiction with the reasoning
of Paolillo and Feretti.966.5% It should be emphasised that such
determinations were generally made on P™ compounds but no obvious
reason exists for reversal of sign as no value around zero has yet been
reported. Some theoretical considerations regarding these couplings
have already been mentioned which agree with the stability of the
sign of the coupling, variation in magnitude with the phosphorus
hybridisation and substituent electronegativity. Vinogradov and Nico-
laiev (196949 have recently calculated the P~H coupling in PH; and PHY
using the Pople-Santry formalism and the function of the angle ¢ be-
tween the P-H bond and the symmetry axis of the molecule. These authors
found that the effect of ¢ was marked for the tetrahedral conformation
of (P™V)® but was relatively of less importance for P conformations.
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TABLE IX
Typical one-bond phosphorus-proton coupling constants
Compound Coupling References
(PH©
PHY 137 to 140 1965, 10; 1966, 11 and 12
(BHj;),-PHY ca. 320 1969, 42
PIII
PH, 182 to 189 1966, 11; 1969, 42
H.PPH, +186:5 @
H.PPF, 191 1968, 31
H,PCHj; 1864 ®
H.PGeH;; H,PSiH; 180 to 181 1967, 29; 1968, 32
H,PCF, +187:8 1966, 13
H,PR (R=C,H; to C;;Hzs) 185 to 192 1965, 11; 1966, 14 and 15
H,PCH.PH, 190 to 202 1966, 15 and 16
H,P(CH,),PH; (n=2 to 41) 190 to 193 1966, 16
H,PCsH; 195 to 201 1965, 11; 1966, 17 and 18
1967, 30
H,PCsF 205-5 1966, 19
HPF, +181-7; 1824 1966, 20; 1967, 31 and 32
HP(CH3)2 + 191 6 a
HP(GeHs).; HP(SiH;), 171 to 187 1967, 29; 1968, 32
HP(CF5), 217 to 218 1969, 43
HP<] 155 1967, 10
/ N\
HP, O 185 1969, 44
__/
HP(CsHs), 214 to 218 (239) 1966, 21; 1967, 30;
1968, 33
HP(CgF5). 219 1966, 19
HP(CH;)CeHs +204-2 1968, 33; 1969, 34
HP(C.H;)CeHs +205 1965, 11; 1968, 28;
1969, 34
(py®
PHY 547-5 to 5483  *; 1969, 42
(CH3);PH® +505-5 1966, 22
(CH;),PHY 516:6 1966, 22
CH.PH? 5271 1966, 22
(--C3H);PH® 455 1968, 7
PV
HP(O)F, 844 to 878 1967, 33; 1968, 34
HP(O)F(OH) 1030 1968, 34
HP(O)CH;3)CsHs +467-8 1968, 33; 1969, 34

* Quoted in 1968, 30.
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TABLE IX (continued)

19

Compound Coupling References
HP(O)YCe¢Hs)CHCsHs +474 1968, 35; 1969, 34
HP(O)(CsHs)2 481 to 486 1968, 35 and 36
HP(O)OC He)2 688 1967, 34
HP(O)[N(CHj).]2 570 1966, 18
HP(0)(0®)],.0 +667-5 1968, 37
HPOZ® 577 1967, 35
HPO,S2° 548 1967, 35
HP(S)F, 7254 1967, 33
HP(Se)(:-C4Hs)2 420 1966, 23
HP(Se)(CeHs)2 450 1966, 23
HPF, (-16°) 1075 1966, 24; 1967, 36
H,PF; (0°) 841 1966, 24; 1967, 36
H(CH;)PF; 850 1968, 38 and 39
HPF,(CH}(OC:Hs) 850 1967, 37 and 38
H[(CH;),N1],P=NR 560 to 590 1969, 15

R R=CH; 509 1968, 40
H\p Y
R=0CgH; 676 1968, 40

(CoTPA Pl

()\P/()]
/|\
() 0
[: /|\ ]
[()/l\ ]

730 to 810

780

830

1)
| 480 to 500
© "

(PVI)G
[HPF(CF2)]®
[HPF4(CF3)2]®

943
622

1967, 39; 1969, 45

1967, 39

1967, 39

1966, 25; 1969, 46

1967, 39
1968, 41
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Previously Issleib ez al.19%6:2D had found a clear relationship of
J(P-H) with the s character, calculated from LCAO-MO orbitals, for
PHY (ca. 140 Hz; 179%, s5), PH; (185 Hz; 189%, s) and PHP (550 Hz;
36% s).t Other factors, however, may contribute to these couplings,
some arguments have been recently proposed 196%:59 to prove the
importance of the phosphorus effective charge, similar to that found for
the effect of the carbon charge on **C-H coupling. 1965-11

Related to these “‘electronic” factors, some examples of stereo-
specific coupling are known. In 7 the geminal protons on phosphorus
are non-equivalent and exhibit slightly different couplings to phosphorus,
both of which are temperature and solvent dependent. (196%.5D A clearer
example is given by the recent work of Mikotajczyk 1969:52 on the two
isomers 8 and 9.

Isotope effects have also been investigated for the case of hydrogen-
deuterium substitution in (CgH;),PH, CgHzPH,,1%7.30 HPQOZ°,
HP(O)(OCHj;), and other examples. 196742 Lastly, temperature and

solvent effects have also been considered for a variety of cases, (19674310
47;1969,51 and 53)

(b) P-F couplings. P-F couplings vary from ca. 750 to 1500 Hz which is a
much smaller range than for P~-H couplings by nearly 1% (see Table X).
Relative signs have been established in P (1967,28,31,40,85and57) and
in PV compounds; (1967,57:1969,31) 3] are negative, the same as for P-F
coupling in phosphonitriles (see ref. 1967, 55 and 1969, 68). This has
been definitely confirmed by analysing the line-shape of the 1°F reson-
ance in solid BaFPQ,.(1969.6andD Tt was seen in Section III.A, that both
the Cowley-White and Jameson theoretical approaches properly account
for this observation.

Tri- and tetra- coordinated phosphorus compounds will first be
considered. On account of the extreme electronegativity of fluorine,
substituent changes in P™ compounds do not alter the phosphorus
hybridisation too markedly as far as inductive effects are concerned.
This is reflected in the rather small range of variation (509,), and in the
restricted influence on complexation, of the coupling constants; the
latter effect is seen in the case of (F,P),0-BH; [1328 Hz compared to
1354 Hz in the free ligand *968.39]. This also accounts for the good
correlation of the additivity of group contributions with J(P-F) in
compounds of the form XYPF. 196812 Simijlarly, the relation of J(P-F)

+ Such an argument may be used for elucidating the nature of the phosphorus
bonding in phosphirane HP(CH.), (J=155 Hz)./1#67-1® QOn the other hand, it
explains changes between P! compounds and their adducts, for instance PHj: ca.
180 Hz and PH;-BHyBr: 405 Hz.(1967- 41
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TABLE X

Some typical one-bond phosphorus-fluorine couplings

21

Compound Coupling References
pm
PF; 1400 to 1440 1967, 32 and 48
P.F, —1194, —1199 1967, 49; 1969, 31
P(PF;)s 1225 1968, 42
H,PPF, 1134 1968, 31
F.PCl 1380 to 1390 1967, 31
F.PBr 1388 1967, 50
F,PCHj; 1131 to 1157 1967, 37, 38 and 51;
1968, 42
F,PCCl, 1285 1967, 48
F.PCF, 1245 1967, 48
F.PCF=CF, -1202 1969, 54, 55
F.PCgHs 1110 to 1170 1967, 51 and 52
F.PCgF5 1222 1966, 19
F,POCH,4 1280 1963, 3
F.PN(CHs). 1190 to 1197 1965, 12; 1968, 43
F,PCN 1267 to 1273 1966, 28
F:PNCO 1361 1969, 56
F,PNCS 1336 1967, 53
F;POPF, 1354 to 1358 1966, 28, 1968, 34
*
F,POP(O)F, 1032-5 1969, 57 and 58
*
F.PSP(S)F, 1321-5 1969, 59
F,PSPF, —1306 1969, 31
F,P(NCH,)PF, —1261; 1264 1969, 31, 60 and 61
F.P(NC¢Hs)PF, ~1252 1969, 61
FPCl, 1320 1967, 50
FPBr, 1301 1967, 50
FP(CH,), 820 to 830 1967, 54; 1968, 12 and 42
FP(CF3), —~1013 1967, 48 and 55
FP(OC;H5s), 1225 1969, 61
FP[N(CHj;).]2 1023 to 1043 2
FP(NCS), 1252 1967, 53
PV
F3;PO 1055 to 1080 1966, 29; 1969, 62
F,P(O)H 1114 to 1122 1967, 33; 1968, 34
FoP(O)Br 1203 1967, 56
FoP(0)(t-C,Hy) 1169 1965, 8; 1966, 30
F,P(O)CF; 1215 1968, 44
F,P(O)CeH; 1105 1968, 45

* Quoted in 1968, 30.
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TABLE X (continued)

Compound Coupling References
PV
F2P(O)N(CFj3), 1065 1966, 31
F,P(O)OC,H; 1012 1967, 53
F.P*(O)OPF, 1412 1969, 58
FoP(O)OP(O)F, -~1062-9 1969, 62
FP(O)(OC3H ) —955 1967, 57
FP(O)H(OH) 1030 1968, 34
FP(O)Br, 1263 1967, 56
F3P(S) 1170 to 1184 1965, 13; 1966, 8
F,P(S)H 1153 1966, 32; 1967, 33
F,P(S)Cl 1220 1966, 8
F.P(SYOCH,; 1126 1968, 45
F,P(S)SCHj, 1207 1968, 45
F.P(S)N(CH3). 1079 to 1082 1966, 30; 1968, 46
F.P(S)OP(S)F; ~1168-2 1969, 17
FP(S)(CFjy)2 1174-6 1968, 47
FP(S)Cl, 1240 1967, 58
FP(S)[N(CHs),l2 1016 1968, 46
PY pentacoordinate
PF; 938® 1969, 63
PFH 944 to 980 1966, 24; 1967, 36
PF,(CFj) 802 (F,) 1968, 48
PF,(SCH3) 1032 1969, 62
PF,[N(CHs),] 836 1967, 59; 1969, 64
PF,Cl 1085 1968, 49
PF:H, 860 to 877 1966, 24; 1967, 36
PF;H(CH,) 795 (Fo); 965 (Fo) 1968, 38, 39
805 (F.); 968 (F,) 1968, 42
PF3(CF3). 968 (F.) 1968, 48
PF;CI[N(CF3).] 930 (Fa); 1030 (F,) 1966, 31
PF3(CHa)[N(CHa),] 804 (F.); 957 (Fe) 1965, 12
N(CHy)
/ AN
F3;P PF; 894 1969, 65
\N(CHa)/
PF,H(CHs5), 535 1968, 42
PF2(CHa)s 541 1967, 60
PF2(CeHs)s 659 to 664 1967, 61; 1968, 303
PF(CFj3); 881 1968, 48
PFo(OCgHs)s 721 1967, 61
PF2[N(CHs),]s 707 1967, 61
PF,Cl(CF3) 1085 1969, 66

b Previously reported as 1080 from oxidised PF5(POFj).
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TABLE X (continued)

Compound Coupling Reference

PY pentacoordinate
PFCI;(CF3) 1000 1967, 62

1,
A PF,: 879 to 898
2 ©‘| 1968, 50
CGHE,(Ir)P\N/P(F)CGHS P(F)CgH; 939 to 965
PF,(CeHs) = NCN 1132 to 1140 1967, 63
130N
PF¢® 706 1969, 67
PF,S%9(?) 718 (F,); 909 (F.) 1968, 46
PFsCF, 810 1969, 67
PF,H(CFy) 858 1969, 67
725 to 834 (F.) 1968, 41
PF(CFs), 884 1969, 67
O—C-CH,
1.‘41)\( o CH 714, 824 1966, 33
O=C-Cll,
E P coupling in Fy PX
1000+
100+
12001
1300+
1400+
15001
§ ITI\FT COE.FFICIENT‘G-I OF X ,

-0 0 +01 202 40,3 +04 +05

Fic. 2(a). P-F couplings as a function of the inductive effect of the X substi-
tuents for FoPX.
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to substituent constants is generally good (Figs. 2a and 2b); Walsh’s rule
was found to be generally applicable except for very bulky groups
such as CF;, CCl;1968:39 gpd CN. Another cause of discrepancy may
be the conjugation of substituents to phosphorus 19¢6-34) which may be
sufficient to stabilize conformers. In 10 two isomers were identified

A
EP coupling in FPXY

7
[

- 800
] (CH;’:

G
[NicHn,)

<
© CHy
>

%/ CeHs (SCyHs)
CH3(SCiHy) 64

~900¢+

-1000+ //C}}S[N(Cﬂa)zl e(CFg)z
s (CHa)CL
[veHy) © ¥ o (CeHs)Cl
-1100}
]
CH3{0Cz Hs)
-1200}
-1300}
14001
-1500}

SUM OF TAFT COEFFICIENTS o3 FOR X AND Y GROUPS
-0,2 01 0 +01 402 +03 +04 +05 +06 40,7 +08 +03 +10

F1c. 2(b). P-F couplings as a function of the X and Y substituents for FPXY
compounds.

which have different P-F couplings namely 1071 and 1011 Hz. 19%%.®
Related to this has been some solvent and variable temperature stu-
dies. (1968,51; 1969, 31)

When considering PY compounds, trends are not so clear as any
change is accompanied by a complete rehybridisation of phosphorus,
especially in phosphorylated series. Nevertheless, additivity rules are
approximately obeyed in compounds of type XYP(Z)F,1969.69 for
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which Fluck determined the following increments (1200 Hz being taken
as the reference value):

=0 0 -SR -70
=3 +110 -OR —-90
-Br +20 -NR; and -NCS —130
~C1 0 ~-NCO —140
-F —60 -NH, —160

Penta-coordinated fluorophosphoranes have been extensively con-
sidered by Schmutzler (1965, 12and19 3 discussed in detail in ref. 1966, 1,
p- 281 seq. The special interest was in the existence of two well-defined
tvpes of fluorine substituents, as well as for the hexa-coordinated (PV?)©
compounds. Fluorine exchange generally occurs by pseudorotationf but
steric hindrance, substituent conjugation and low temperatures may
stabilize fluorine atoms in their respective position. As a rule (see Section
IV.B.3), the fluorine atoms first occupy the two axial positions—which
may not be equivalent 1967-6% a5 in ¥, P(C4H;),SCHj in which the P-F
couplings are 694 and 823 Hz (19%9:82__then one or more of the three
[four for (PV1)®] equatorial positions are occupied.

As was discussed in the earlier review,(1966.1.0.2825e0) P_E_ honds are
larger than P-F(1965,15and16;1966,35;1969,70) and  having a lower s
character, have smaller coupling constants which become even smaller
when the electronegativity of the other substituents decreases. In addi-
tion to the data reported in 1966, 1, this point may be further illustrated
by considering the P-F,, coupling in F,PXYZ compounds (Fig. 3);
the only major exceptions to the relationship of these couplings with
substituent electronegativity arise from the presence of bulky substi-
tuents, such as OCgH; or, to a lesser extent, OCHj;, or CF;; the latter
groups may occupy axial positions (see later Section IV.B.3) as in
(P¥Y)° compounds, for instance in 11. 968,41

2. P-H and P-F couplings through carbon atoms

When discussed in the earlier review 1966.1.».266sea) p_C_H P-C-
C-H and higher couplings presented a number of interesting features in
relation to the nature of the bonds in the relevant molecules; some gross
trends were explained on the basis of hybridisation (and especially s
character) changes induced by substituents. Similar arguments were used
by Manatt and co-workers when considering newer data with signs of
couplings. (1966, 18; seeals01968,30) Jonoring the signs of couplings does not
present any understandable correlations; (1965,17:1966,36) 35 we shall see

+ Line width measurements at variable temperature™®%%:6% agree with the
mechanism proposed by Berry, (9601
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B E . coupling in F,PXYZ

-1100f (in Hz)

~-1000

-900

-800

700+

-500

SUM OF TAFT COEFFICIENTS o~p FOR X, Y AND Z

-500k N + ) +
0 05 10 1,5

Fic. 3. P-F couplings in FoPXYZ compounds as a function of the inductive effects
of the X, Y and Z groups.

later this point is now better appreciated. Another point which has in the
meantime been clarified is the strong stereospecific dependence of these
couplings. In all cases, where some conformational preference exists,
observed couplings reflect this aspect in addition to the dependence upon
bond nature [and possibly on the net charge on phosphorus (see 1969,
50)]. This makes the discussion of P-H couplings through carbon atoms
more interesting although naturally more difficult; the same applies to
P-F couplings in similar situations. The various aspects of relevant
couplings will each be considered in turn.

(a) P-C-H couplings. These couplings are known in a wide variety of
compounds and some typical data are given in Table XI. Their depen-
dence upon substituents has been discussed for various representative
acyclic compounds by Gallagher 1968:%8 but, as earlier pointed out, the
relevant hybridisation change cannot clearly be the only governing
criteria, (1965,19;1966,36)

This is especially true for trivalent compounds for which no clear
correlation pattern could be found. When the signs are considered (these
changes being more sensitive in P™ compounds as suggested in 1966, 1)
it is then possible to highlight the importance of geometrical factors as
will now be exemplified.
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TABLE XI

Some typical values of P-C-H couplings

27

Compound Coupling, Hz References
pma
P(CHa)s +2-7 1969, 2
P(C2H5)3 —0-5 @
P(CH,OH)3 66 1968, 52
P(CH,0)sP +93 1966, 37; 1969, 3
P(CH,0);CR 7-8 to 8-5 1966, 37; 1968, 53; 1969, 71
HP(CHs), +3-6 &
FP(CHy), 59 to 6-0 1967, 65 and 66
CIP(CHs), 8:3 to 87 2
CeHsP(CH;), +3-0; 2:7 to 36 1968, 7 and 54
CsFsP(CHs3), 5-4 1966, 19
(CH3),NP(CHs3), 5-5 to 5-7 1965, 18; 1966, 38; 1969, 72
CH;3SeP(CH3), +70 1969, 4
(CHy),PP(CHg), +69 &
(CH,):P(S)P(CH,)3 +41 *
(CF3),P-P(CHjg), 62 1968, 55
H.PCH; +4-1 it
FzPCHa 10-2 to 10-4 a
CLPCHj 175 to 17-7 1966, 36
(CF3)2PCH3 4'8 a
HH;S1)PCH; +3-7 1969, 73
(CsHs) PCH, 4-0 to 5-0 1967, 65; 1968, 7 and 54
ClgPCHzCH3 15‘0 8
P™)®
PO(CHy), —-14-6; 151 1966, 39; 1968, 54; 1969, 2
Pe(C2H5)4 —-12-6 1966, 22
HP®(CHy)s -157 1966, 22
HP®(C,Hs)s -12-7 1966, 22
(CH3):NP®(CHy)s 13-4 1965, 18
H,P®(CHj;). -17-0 1966, 22
[(CH3)2NP®(CHy). 13-5t0 13-8 1965, 18; 1967, 67
H;P®CH, —-17-6 1966, 22
(t-C4Hg);PPCH, 13 1967, 68
(CH30);P®CH, 17-2 1967, 69
[(CHg).N1:P®CH; 14-1 to 14-5 1965, 18; 1967, 67 and 70
PV tetracoordinate
OP(CHy)s —12.8 and —13-4 1967, 71
OP(CH,0);PO 7-8 1966, 37
OP(CH,0);CR 56 to 74 1966, 37; 1968, 53
OP(CH,)F, 19 to0 199 1969, 20 and 74
OP(CH,)Cl, 16-2 to 17 1969, 20 and 74
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TABLE XI (continued)

Compounds Coupling, Hz References
PV
OP(CH;3)}(OCHj;), 174 1969, 20
OP(CH;)(SCHy), 13-9 1969, 20
OP(CH)}(CsHs)H —-13-8 1969, 34
SP(CHs)s —13-0 &
SP{CHj;),H 14-4 1966, 40
SP(CHj):SeCHj —-127 1969, 4
SP(CH,0);CR 53to 73 1968, 53
SP(CH;)(t-C,Ho)H 13-4 1968, 2
SP(CH;)(+-C.H,)OH 12-3 1968, 2
SP(CH3)(OH)(OR) 15-8 to 160 1967, 72
PV pentacoordinate
(CH,);PF, 172 1967, 60
(CHg)sPCI[N(CH3).] 14-0 1968, 54
(CHj3);P=NSi-- 12-4 to 12-5 1967, 73
(CaHg)sP=NSi-+-+ 10-2 to 10-5 1967, 73
(CH,).,PF.H 18-3 1968, 42
CH;PF;H 17-6 to 18 1968, 38, 39 and 42
C.H.PF ;H 18-5 1968, 38 and 39

2 Quoted in reference 1968, 30.

(1) Signs have been determined for various P™ compounds. 2J(P-C-H)
are positive in all cases involving methyl groups such as in (CHj);P,
(CH,),PH, CH,PH,, (CH,),P-P(CHy),, etc.;(1966,13;1968,28,33 and57;
1969,2,4,34and78) thig {s also true for ethyl groups. The two methylene
protons of CoHPH(CgH;) or of CICHPH, are non-equivalent and both
have positive coupling constants, (1968,28and58;1969,3%) Tn hoth the cases
of CICH,PCNR,) and C;H;CH,PH(C;Hj;), the two non-equivalent
methylene protons have, besides one largely positive, one slightly
negative coupling; (1968,59:1969.3) hoth  couplings, however, remain
positive in P(CH,0);P. (1962:®

For (P™)® ions, the only determination, carried out on P(CH,),®,
gave a negative sign for the coupling 19%%°® in agreement with the
suggestions of Allen ez al.1968:69 L ikewise, all known signs in PV com-
pounds, either with phosphoryl [CHgP(O)H(C4zH;), etc.] or with thio-
phosphoryl groups [(CH,),P(S)SeCHg], are negative, (1968,33;1969, 4 and 34)

Thus, it clearly appears that sign reversal occurs in this coupling sys-
tem. As will be seen later, this is partly dependent upon molecular
geometry and upon nature of substituents, but the main factor is the
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hybridisation of the phosphorus. This is illustrated by the change of
sign observed in P(CHjg); when complexed with some Lewis acid, e.g.
AlEt,; the phosphorus hybridisation changes from nearly p; to sp; and
the 2J(P-C-H) coupling changes from positive to negative when the
AlEt; concentration is increased, (1966:¢1iseealso1968,53) Thig was taken
as an indication of the existence of two competing mechanisms involving
opposite signs, one at least being highly dependent upon the molecular
geometry. 196830 The absence of the reversal of sign from P-C-H to
the relevant P-C(CHj;) coupling (both being positive for P™ compounds)
and the rather general anomaly — |J(P-C-C-H)|> |J(P-C-H)|— point
to the same conclusion as discussed earlier (Section I1I.A.1), especially
for trivalent phosphorus. This, however, would be valid in addition for
other hybridisations as observed in such compounds as 12 in which
3J(P-C-CH,) is 13 Hz while in 13 the 2J(P-CH) coupling is zero. 967> 7%

Apart from this phenomenological description and that of Jameson,
we have seen that the theoretical approach of Cowley and White was
capable of reproducing this behaviour (Section I11.A.2). It would there-
fore be interesting to similarly investigate the geometrical dependence
which will now be considered.

(i) The stereospecificity of 2J(P-C-H) is clearly revealed by observa-
tions on various compounds having some degree of asymmetry such as
in CICH,PHj; and especially in CICH,P(CI)N(CHj;), in which hindered
rotation affords different P~C—H couplings at room temperature {4 19-4,
+7-6 and +26, —3 Hz respectively). 1958.58.59 Similarly, the P-C-H
couplings involving the axial and equatorial methyl groups 1-methyl in
phosphorinanes also differ; @967:7% the same is found in (P™V)®, e.g. 14
and 15, PV, e.g. 16 and 17968:6D and pentacoordinated compounds
(18 and 19)1969:79) in 20 the two P~C-H couplings have been reported
to be different. 967,79

All this data has prompted various authors to present a discussion of
P-C-H couplings as a function of the molecular geometry and more
especially of the dihedral angle H-C-P: or H-C-P=X. (1967,77:1968,30) A
more complete analysis has been presented by Albrand et al. (198,62
1969.76) (Fig. 4) to improve the Karplus-like description of 2J(P-C-H)
values for trivalent phosphorus. As is seen zero coupling is possible with a
dihedral angle of about 45°; the CH and CHj; resonances appear as
singlets in 2] (1966:42 apd 22 (1967,78;1969, 7D regpectively.t

The same stereospecificity is probably the origin of the marked

+ The extension of this curve for (P™V)® and PV compounds has not actually been

considered. It would be necessary to take into account such unusual couplings as
observed in 23 and 24.(1998. 63
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Fic. 4. Geometrical dependence of P-C-H couplings in derivatives of trivalent
phosphorus.

changes observed when the conformation of the PCH group is per-
turbed, for instance by increasing chain length. This effect is especially
sensitive in P™ compounds, for example in CHgP(CsH;),, 2J(P-CH) is
5:0 Hz while in CH;:CH,-P(CgH;), the same coupling is only 1-5
Hz; 196779 from Fig. 4 this would indicate the importance of a preferred
conformation (25 and 26). (In agreement with this, an increase is expected
for P-C-C-H couplings with increasing chain length; see below.)
Similar effects are found in penta-coordinated phosphorus compounds,
e.g. compare 27 and 28, while in the homolog acyclics the difference in
J value is by no means as great (29 and 30).

(b) P-C—C-H couplings. 'T'ypical values for this coupling are given in
Table XII and have been found to be positive, in all cases where sign
determination has been performed, in both P™ [e.g. -C,HoP(CgHj;), and
C,H;P(CgH;)H] and PV compounds [e.g. C.H;P(O)(OC,H;)C¢H; and
CICH,CH,P(S)Cl,]. 1968, 28 1969, 3, 3¢ ana 79)
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TABLE XII
Some typical values of 3/(P-C-CH)

Compound Coupling References
pi
P(C2H5)3 + 13'7 &
PGE-C3Hy), 11-5 1968, 7
P@E-C Hy)s 9-8 1969, 78
CeHs(Csz)z ca. 14 1968, 7
CgHsP(i-CsHr), 152 1968, 7
CsHsP(2-CyHo), +12-3 1969, 2
HoN-P(2-C Hy), 11-0 1968, 64
(CsHy5):PCoH5 165 1967, 79
(C6H5)2PC4H9-t 123 1967, 79
(HyN),PC, Hy-t 12-5 1968, 65
®)®
PO(CoHs), +18-1 1966, 22
HP®(C;Hs)s +20-0 1966, 22
HP®(-CsH); 18-0 1968, 7
CH3P®(¢+-C,Ho)s 15 1967, 68
HP®(CeH5)(CaHs)a 21-5 1968, 7
HP®(CoH,)(i-CsHy)g 206 1968, 7
P
P(OXC:Hs)s +18 a
CH30P(0)(z-C3Hy)q 157 1968, 65
CIP(O)(2-C4Ho), 162 1965, 8
F,P(O)C,H,-t 19-0 1965, 8; 1966, 30
Cl,P(O)C,4Ho- 250 1965, 8
P(S)(z-C4Hy)s 14 1967, 68
HP(S)(CH3)C,H,-t 185 1968, 2
P pentacoordinate
C.H:PF;H 26-4 1968, 39
t-C,H ,PCIINHS;:>++-) =N+ 204 1968, 65

& Quoted in reference 1966, 1.

Despite the smaller effects, compared with P-C-H couplings, stereo-
specificity of vicinal P-C-C-H couplings is well documented, in agree-
ment with earlier proposals of Benezra when studying phosphonates. (1966
43 Typical examples may be found in acyclic compounds with dis-
cernible rotamers as in i-CgH,P(C¢H;)N(CHj;), in which P-C-CH,
couplings are 17'9 and 13-4 Hz for the two non-equivalent methyls of the
isopropyl group 967-8% or in (i-C3H,),PCcH; where the corresponding
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couplings are 14-7 and 11-0 Hz. (198:68 ] jkewise, significant differences
have been observed in the isomers of t-C,HoP(O)F)N(CHj), [16-9 and
15-6 Hz]41%65:® or for the geminal methyl groups in (CgHj)oP(O)-
C(CH,),CH(CcH;)NHCH; [16 and 14 Hz],967:7® in (CH,)(CgH;)-
P(O)C(CH,;),CH(CHg)C(CHg)CgHy [19-5 and 17-0 Hz]1968:6 or in
CH;P(O)(C4H;5)C(CH;),1-CgH, [16 and 15 Hz). 1968.68) The effect in-
volving the methylene groups is much larger in (CgH;),P(S)CH-
(CO,H)CH,-C Hgy-£ [19-0 and 2-5 Hz]. 196649

Phosphorus ring systems also present the same stereospecificity and,
once more, facilitate the assignment of the relevant geometry. Such
examples were first described by Churi997:8D while studying epoxy-
alkylphosphonates (31 and 32) and by Cremer and Chorvat@9%67:82 jp
phosphetanes in which the non-equivalent 3J(P-C-CH) couplings
involving the methyl and methylene groups are shown in 33 and 34
respectively. This similar effect has been found in phosphonium ions
(e.g. 35), in the isomeric phosphorus(V) compounds (36 and 37) (1968.6D
and for the non-equivalent methyl groups in 38 1968.6 and in various
dimethyl bicyclo[2.2.1Theptyl phosphonates. 1969-89 These results per-
mitted Benezra to propose a Karplus-like dependence for the relevant
P-C-C-H couplings. Further data were obtained by Cox and Adelman
(1969,81) op various compounds of the form (CH30),P(O)CH,CH,X and
by Bothner-By and Cox #969:79 while analysing the rotamers in Cl,P(S)-
CH,CH,Cl during a detailed variable-temperature investigation. These
authors concluded in proposing the dihedral dependence of P-C-C-H
couplings shown in Fig. 5.

Such an angular dependence may be the origin of the trends observed
when systematically comparing homologous couplings in 7-alkyl groups;
when these are larger such conformations as shown in 39 are probably
stabilised, thus resulting in larger couplings following the upper curve.
This is found, for instance, in C,Hy(t-C,Hy)P(O)Cl in which the
3J(P-H) is 23 Hz for the ethyl group and 26 Hz for the ¢-butyl group ; 1966:
%) in agreement with this picture, the opposite change is expected (and
observed) for the relevant P-C-H couplings as discussed earlier.

This behaviour is not restricted to triply- or quadruply~ connected
compounds as is seen in the pentacoordinated compound (40) 1967-76) byt
experimental data on this latter type of compound are rather scarce.

(c) Higher PC----CH couplings. These are far less well documented but
in general appear to present similar features.969:82:83) The stereo-
specificity of *J(P-C-C-C-H) has been clearly indicated from the
observations of Churi967:8D on 41. Cremer and Chorvat have reported
other examples in the phosphetane derivatives;1967:82 this together
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Fic. 5. Geometrical dependence of P-C—C-H couplings [From Bothner-By and
COX. (1969, '79)]

with the rigid systems such as bicyclo[2.2.1]heptyl derivatives investi-
gated by Benezra, 1969:89 are characteristic W-type couplings. Use of
this stereospecificity has been made by Ross and Martz for the assign-
ment of the conformation of cholestanyl phosphonate and related

compounds, 969,89

(d) P-C-F couplings. Typical values for these couplings are shown in
Table XIIT; it will be noted that no value is less than 40 Hz. In all cases,
where the sign has been determined, the couplings were found to be
positive as, for example, in (CF;),PF of +89-6 and (CF;),PSCF; of
+83-8 Hz1967,40,55and57 hased upon the negative sign for the P-F
coupling which had been established earlier. Thus, in contrast to the cor-
responding P-C~H couplings, the P~C-F couplings undergo no reversal
in sign. As discussed in Section III.A, the observed sign of coupling
agrees with the theoretical conclusions of Cowley and White and of
Jameson.

Relatively few examples of the stereospecificity of P-C-F couplings
exist in the literature but the general features are similar to that found for
P-C-H couplings. It is observed for instance, that in the neat sample of
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TABLE XIII

Some typical values of P-C-F couplings

Compounds Coupling References

PIII
(CF3)sP 85-5 a
(CF3),PH 686 to 70-0 1969, 43
(CF3),PF +896 1967, 48 and 55
(CF;),PCl 85+1 2
(CF,);PBr 80-6 a
(CF3),PCN 732 a
(CF3)2PCH3 76'7 a
(CF;3),PN(CH3)2 856 a
(CF3),PN(CF3)s 149-4 1968, 68
(CF3),P+P(CH), 64+1 to 642 1967, 83; 1968, 55
(CF3),POC,H; 866 a
(CF3),PSCH; 77-8 a
(CF3),PSCFq +83-8 1967, 48
(CF3),P+-S - P(S)(CF3), 82-5 1969, 57
(CF3);PSeCF; 772 a
(CF35),P-P(CHg), 641 1967, 83
CF:PF, 87-2 1967, 48
CF3PCl, 799 a
CF3PBr, 696 a
CFsPI, 521 a
CF3;PH, 48-5 a
CF3P[N(CHa):]» 87-4 a
CF3P[N(CF3)a], 113-7 1968, 69
CEsP[P(CH,).)2 40-2 1967, 83
(CF3CF;CF,),PF 62-1 a
CF3CF,CF,PF, 90-5 a

PV
(CF3);PO 113-4 a
(CF3),P(O)CH, 99 1969, 84
(CF3)P(0O)OCHj; 120 1969, 84
CFP(O)F, 162 1968, 44
CFsP(0O)Cl, 151 1968, 70
(CF3):PS 108-7 a
(CF3)oP(S)F ' 1286 1968, 47
(CF3),P(S)Cl 123-1 1968, 47
(CF3)oP(S)Br 119-7 1968, 47
(CF3)P(S)I 1114 1968, 47
(CF35)P(S)N(CH,), 1029 1968, 47
(CF3),P(S)SH 110-0 1968, 47
(CF3),P(S)+-S+P(CFy), 1117 1969, 57

* Quoted in reference 1968, 30,
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TABLE XIII (continued)

Compounds Coupling References

PY pentacoordinate

(CFg)sPCLIN(CF3).] 187-3 1969, 85
(CF3).PCl; 193 (CF; axial) 1967, 62
(CF3CF,CF3).PF; 125 1969, 66
CF3PF,Cl, 165 1969, 66
CF3PFCl; 149 1967, 62
CF3PCl, 154 1967, 62
CF3CF,CF,PF, 124 1969, 66
CF;CF,CF,PF,Cl, 128 1969, 66
(PVI)G
(CF3),PF;H® 132 1968, 41
CF;PF,H® 156 1969, 67
CF3PF9 145 1969, 67
(CF3)PF9 145 1969, 67

CH,CICF,P(CI)N(CHj;), the geminal fluorine atoms of the CF; group
are non-equivalent and have different couplings, but of the same sign,
+93 and +53 Hz at room temperature; if the sample is, however, dis-
solved then both couplings merge and have a common value of ca. 70 Hz.
Similarly, if the neat sample is heated to +150° the couplings become
more similar (80 and 60 Hz); conversely these are more dissimilar at low
temperature (116 and 40 Hz at — 60°). The relation of these changes of
coupling constant values to molecular geometry thus seems well esta-
blished. 1968: 71 The same undoubtedly occurs in cyclic compounds, for
which one example is known (42) 92:? in which the two non-equivalent
fluorine atoms have couplings of 128 and 54 Hz.

These data are not sufficient to build up a complete curve relating
P-C—F couplings and dihedral angles but such arelation has been sketched
in Fig. 6 for P™ compounds by similarity with the corresponding be-
haviour of P-C-H couplings. For this system one may postulate that pre-
ferred conformations such as 43 may explain the reduction in the value of
the coupling constant generally observed between P-CF; to the analo-
gous P-CF,-R groups. Similar perturbations of conformational equili-
bria presumably result in the observed solvent dependence of P-C-F
couplings 969:43 which, in this case, involves hydrogen bonding with
the solvent.

Considering the influence of substituents on the observed couplings it
is found that for the best documented cases (Fig. 7) that increasing
electronegativity results in increased J values; some discrepancies occur



36 G. MAVEL

PmCE coupling in Hz

+100

+50

Dihedral angle

0 90° 180°

F1G. 6. Assumed geometrical dependence of P-C-F couplings in derivatives of
trivalent phosphorus.

PCF coupling in Hz

+120

+100¢

+80

Taft coefficient o of X

+60 + 1 1 L +
-0 0 +05

_—

F1G. 7. P-C-F couplings in (CF3),PX and (CF3):P(S)X compounds as a function of
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for P™ compounds when mesomeric effects are operative, e.g. for —OR
or —NR, groups.

The interpretation of observations on penta- or hexa- coordinated
compounds is not so clear as CF; groups may occupy axial positions,
even when competing with fluorine substituents as in (44). 198,41

(e) P-C-C-F couplings. These couplings have not been so extensively
studied as for the corresponding proton couplings. The sign of
8J(P-C-C-F) in C,FsPCl; and C,;F;PCl, has been established by
Manatt et al. 1967:49 and was found to be positive, i.e. the same as the
corresponding P-C—F coupling. Thus, there is no reversal of sign be-
tween 2J and 3J but, as previously noted, (19661, 2-286) [gno_range anoma-
lies are not so frequent, e.g. in most cases, but not all, 3J(P-C-C-F) <
2J(P-C-F).

3. Couplings through oxygen atoms

A large number of POCH couplingst have been reported and typical
examples are given in Table XIV. It is clearly seen that these couplings
are not too sensitive to the nature of substitution. Four bond couplings
are generally rather small (<1 Hz) and the sign of the coupling constant
affords the greatest interest. Exceptionally high values] have been found
in P(OC,H;)?, of ca. 2 Hz, 1969:80) ip 45 to 49 (1966,37.46) and a similar
value for the six bond coupling in 50. (199,343 Ng similar data are available
for the fluorine homologs and thus the following discussion is of neces-
sity restricted to POCH couplings.

(1) Relative signs have first been established in PV compounds. Using
triple resonance, McFarlane assigned a positive value to *J(P-O-CH) in
HP(O)(OCHy;), (+ 12-0) in contrast to P-H and 13C-H values. The same
sign was proposed by Miyazima et al. for 3J(P-O-CH) and *J(P-O-
C-CH) in ClL,P(O)OC,H;, 196788 in agreement with previous deter-
minations of relative signs by Duval and co-workers (1966, 47;1967,85) fo
the same couplings in:

OP(OCH.CHs;)s same sign (8-40; 0-84)

SP(OCH:CHj)s U, (9:85; 0-73)

P(OCH,CH,CHj)s PR (7-65; 0-80)
but P(OCH,CHy)s opposite sign  (|7-9]; [0-55().

1 P-O-H and P-C(OH) couplings have rarely been considered; one example of
the latter has been reported in (C.Hs0),P(O)CH(OH)CH.OC.Hs; of 10-0
[iz.(1969,82)

T Values of 14 to 15 Hz have been reported for P(OYOCH3CHj couplings ;1968 72

this, however, requires confirmation.
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TABLE XIV
Typical P~O-CH couplings

Compound Couplings References
PIII
(CH;0);P 10-8 to 118 1969, 86, 87
(C.Hs0)sP 7-3 to 8-0 1967, 86; 1969, 86
(R-CH;0):P (R>CHy) 61 to 7-5 &
(CsH;CH,0);P 79 1968, 73
(CH30),PC1 11 1965, 20
(CH;0),PCsH; 10-5 to 11-5 1969, 74, 87
(CaH50),PCeHs 83 1969, 34
CH30OP(CF3), 13-0 1969, 84
CH3;0P(CeHs), 137 1969, 87
O.___
.
CH;0P 13 2
\O |
P(OCH,)sCR 1-8 to 2:0 1966, 37, 48
/O
P\\O § 6-3 1966, 37
O
P)®
(CH;0),P® 112 1967, 69
(CH;0);P®CHs; 11-5 1967, 69
(C2Hs0)sP®C,H; 7-5 a
PV
(CH;0)PO 10-2 to 11-4 2, 1969, 87
(CH;0);PO 6-8 to 84 a
(CH;30),P(O)H 12 1969, 74
(CH;0);P(O)CH,; 11-0 2
(CH30).P(0)CeHs 11 1969, 87
CH3OP(O)H2 13 &
CHOP(OXCsH5)s 11-0 1969, 87
CH3;OP(O)(CFy), 111 1969, 84
OP(OCHg);CR 65 1966, 37, 48
/O
OP\\O 18-0 1966, 37
O
(CH30)sPS 13-4 1969, 87
(C2H50)sPS 10-2 *
(CH;0),P(S)Cl 110 2
(CH30),P(S)CH; 102 to 10-7 a

(CH;0),P(S)CeHs 13-8 1969, 87
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TABLE XIV (continued)

Compound Couplings References
CH,0P(S)(CsHb)2 13:5 to 14 1967, 87; 1969, 87
CH,OP(S)F; 141 1968, 45
CH,OP(S)(OCH,)CR, 13-8 1968, 74

o)
CHSOP(O)< ' 11-5 1967, 86
0
PV pentacoordinate
(CH;0)sP 12 a
(CH30):PF 15-2 1967, 61
N
[ /l\ ] 125 1967, 39
(lea
0 N
[ >P< ] POCH;: 14-5 1967, 163
0 | N
CH:O  (pp
O—1—
(CHLO)P ‘ 135 1965, 21
\
O_____.
\P/N\P/
7 | | ~ocrH, 165 1966, 49
N, N
/N
@ 135 1968, 75
P
7N\
CH,0 OCHs
P¥/me ‘
F CH;
LN
NV ‘\\ POCCH,:2 1966, 33
Pl © 'CH . »
/l\\ /// POCCH: <2
10 CHs

& Quoted in reference 1967,

297.
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A positive sign has also been found for P-O-CH involving a pentaco-
ordinated phosphorus (in phosphonitrilics). 1969:68® As no J(P-O-CH)
values are in the vicinity of zero it is unlikely that this coupling experi-
ences sign reversal; it may be taken as positive in all cases. As a conse-
quence, this is not so for J(P-O-C-CH), especially for the above men-
tioned phosphites.

Sign determinations have also been made on the stereospecific coup-
lings to be discussed in section (it) below. The O-methylene protons in
CeH;P(O)C,H5(OC,H;) are not equivalent but the two J(P-O-CH)
values are of the same sign. 99:3% Considering cyclic P™ compounds
the J(P-O-CH), J(P-O-C-CH,) and J(P-O-C-CH;) in the phos-
phorinanes (51), and J(P-O-CH,) and J(P-O-CHpy) in phospholanes
(52) are all of the same sign. 196989 This is also true for PV oxazaphos-
pholanes (53) in which the P-O-CH couplings are distinct and positive
(+11-15 and + 8-05). (1968,76)

(ii) The stereospecificity of P-O-CH couplings have been previously
mentioned while discussing sign determination. Various other examples
are known, for instance in acyclic compounds in which rotamers exist,
such as CgH;P(OC,Hj;), or C;H;P(0)CyHs(OC,Hj), 4989:3% thus sup-
porting the early suggestions of Verkade, (1964:5:1965,22 Bepezra (1966, 43
and Haake et al. 1968:77 The relevant conformations are, however, not
easily identified as the P-O-C bonds are rather flexible. 1969:89 For the
interpretation of the data it is perhaps better to consider the numerous
examples of dioxa- phospholanes (54) and phosphorinanes (55) which
have been investigated despite the possible controversy concerning the
conformation at the phosphorus atom in 55 (1966,50;1968,78,79;1969,90)
or in 54.(1968,77)

This topic has been discussed in detail by Gagnaire and co-workers
(1967,88;1968,80;1969,91) for P compounds; the stereo-specificity was
attributed to the influence of the phosphorus lone-pair.t This parallels
the explanation proposed to account for similar effects involving *N in
oximes, 1967:89 Additional data have been obtained in ethylene phos-
phites (1966,50,51;1968,77;1969, 921094 [yt for the purposes of discussion,
a clearer example have recently been investigated in great detail by
Kainosho and Nakamura, 196%:99 pnamely 56. Complete assignment,
based upon spin-decoupling gave the following values for the P-H
couplings:

P-H. A B C D E F G
J 44 1.7 96 38 17 25 9-3

1 The influence of the heteroatom lone-pairs on couplings through phosphorus,
as proposed by Kainosho et al.19%% 9% for explaining the H,--Hy long-range
couplings in the trioxaphosphabicyclo-octane (56), cannot be excluded.
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and, by estimating dihedral angles using Dreiding models, these authors
succeeded in establishing a Karplus-like curve for the angular dependence
of J(POCH) (Fig. 8).

In relation to the consideration of the stereospecificity of coupling in
PI compounds, an observation of Kainosho 1969:9% seems especially
important. Complexing the phosphorus atom by addition of a para-
magnetic ion removes any stereospecific phosphorus couplings. In the
phosphorinane 55a, 3J(POCH,)=2-2 and 3J(POCH3)=10-5 Hz but on

increasing the concentration of nickel acetylacetonate in solution first

J{POCH) in Hz

0 : .
0 90 180
Dihedral angle

Fic. 8. Geometrical dependence of P-O—~C-~H couplings in derivatives of trivalent
phosphorus [From Kainosho and Nakamura, (1969, 90

results in decoupling of P-H, then P-Hg. All these observations clearly
indicate that factors other than conventional “through-bond” mechanisms
are important when considering such couplings. 196999

Considering now PY compounds, various examples of stereospecific
coupling have been reported. Following a complete study of conforma-
tional equilibria in phosphoric acid esters Tsuboi and co-workers
(1967,90;1968,81;1969, 95,96 were able to assign changes of coupling in
dioxaphosphorinanes (57) as shown. Similar values were assigned
(19 to 26 and 2 to 6 Hz) in various substituted trioxaphosphorinanes
(58)(1967,91:1968,82;1969,92,97  'This also appears to be applicable to
more complicated systems such as cytidine phosphate (59) (196998 g3nd
other “biological” structures. (196996
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The same features exist at a reduced level for POCCH couplings in
phosphorinanes and these are about 2-6 Hz for an equatorial proton at C-5,
while it is less than 1 Hz for an axial proton. Similarly, coupling of phos-
phorus to an equatorial methyl at C-4 is 2 to 3 Hz while that to axial
methyl is less than 1 Hz; 968:89 gimilar trends have been found in the
corresponding phosphonates. 1969:52

When comparing such values with the relevant data on ethyl (or higher)
phosphates, it is clear that, in all acyclic compounds, the observed values
for J(POCCH) are averaged over a range of 4 or 5 Hz (going down to
negative values in P™ compounds) as rotation is completely free. This is
not necessarily so when comparing POCH couplings in phosphites and
phosphates of increasing chain length or, moreover, phosphites and phos-
phates with cage-like structures. 1966:37 In the case of P(OR); or OP(OR);
the coupling is ca. 11 Hz when R = CHj, 6 to 8 Hz for higher alkyl group but
in OP(OR); with R = CH,C(CHy); is 4-8 Hz. This strongly suggests that
for higher alkyl groups the methylene groups are in a gauche conforma-
tion (60). 1962:99 Such phenomena are certainly solvent and temperature
dependent. (1967: 4%

Lastly, the pentacoordinated phosphorus compounds, in which
Ramirez succeeded in observing isomers by freezing the pseudorotation
at —100°, will be considered. Once again, the same stereospecific trends
appear for the POCH; and POCH coupling in 61a and b; the POC 5, H
couplings are 2-0 and 3-5 Hz respectively while the PC g H couplings
are 17-0 and 6-0 Hz. The three methoxyl groups are also clearly identi-
fied and the couplings to phosphorus different, namely 10-8 Hz for the
apical and 12-2 and 12-9 Hz for the non-equivalent equatorial methoxyl
groups. The differences are greater in 62 in which the apical methoxyl
has a coupling of 10-6 Hz compared to 12-7 and 14-0 for the equatorial
methoxyl groups. (196884

4. Couplings through sulphur atoms

Coupling in P-SH groups has not yet been reported but may be present
in the low temperature spectrum of F,P(S)SH. (1969:99) The P-S-CH
couplings are better known (Table XV) but the range of information is
by no means as complete as for the oxygen homologs; no sign determina-
tions have been carried out,t but it is likely that all P-S—-CH couplings
have the same sign and probably the same as for P-O-CH (see 1966, 1,
p- 270). The stereospecificity of these couplings has only been recognised

1 The sign of P-S-CF in CF3;SP(CFj3); has been determined and found to be
positive.(1967:5%) Ag no further data on PSCF couplings are available this subject
will not be further discussed.
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TABLE XV

Some typical P-S-CH couplings

Compound Coupling References

PHI

(CH,S5)sP 9-8 1966, 1

RC(CH,S)sP 2-1 1968, 85; 1969, 71

CH,;SP(OCHS;)CI 19 1965, 20
®)°

CH;SP®(NH,)s 16-2 1968, 86
PV

(CH3S);PO 15-1 1966, 1

RC(CH,S);PO 11-0 1968, 85

CH;SP(O)YOCHy), 15 1966, 52

CH;SP(O)(INH,). 14-8 1968, 86

(CH;S);PS 17-5 1966, 1

RC(CH,S);PS 10-0 1968, 85

CH;SP(S)F, 20-3 1968, 45

CH;SP(S)(OCHs), 16 1965, 20
PY pentacoordinate

CH;SPF, 252 1969, 62

CH;3S(CeHj)P = NP(O)-

(CeHs)s 13-2 1967, 92
™~ /N\ ~
AN
N\P/N 180 1969, 100
/\
Ce¢H; SCH;

in the S-methylene group of CH;P(O)(OR)SCH,SR’ (1969:101 hyt it may
be suspected in other cases as discussed earlier for P-O-CH couplings
(Section 3.B.3(ii)). For instance this effect is seen when comparing free
rotating groups and those of cage compounds. 196885

Comparison of P-S-CH couplings (Hz) in freely rotating groups and in
related fixed conformations

(CH;S);P 9-8 (CH,3S);PO 15-1  (CH3S)sPS 17-5
CH,;C(CH,S):P 21 CH;C(CH,5);PO 11-0 CHC(CH:S):PS 100
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It should be noted that the range of P-S~CH couplings is much larger
than for P-O-CH or P-N-CH; likewise these are found to be more
sensitive to complex formation, e.g. the P-S-CH coupling in
CH,;SP(O)(OCHg), and the corresponding BF; adduct differ by 1 Hz
while the corresponding P-O-CH coupling only differs by 0-2 Hz.
(1969,102) This appears to arise from the decreased polarity in the
P-X-CH chain on going from X=0 to S (or Se) which facilitates the
coupling transmission;{ additionally this feature favours the transmis-
sion of long-range coupling effects such as found in 63. (:966.59

5. Couplings through nitrogen atoms

(1) Two-bond P-NH couplings have only been observed in a few PV
compounds, such as F,P(O)NH,, @967.99 (C,H,0),P(O)NHCHj,
(1969,20) (C.H;),P(O)NHC(CH,C¢H;) = C(CN)C¢Hj, 1968.88 FCIP(S)-
NHSi(CHg)s, 1969:69 and (P™V)® compounds, such as CgHzP®(NH,)-
[NCH3N(CHg)olp. 496799 No examples involving P™ have been re-
ported; the doublet nature of the NH resonance in CgH;P(NHC;H,-1),
has been proved to arise from coupling with the neighbouring CH group.
(1967.98) T onger-range couplings between phosphorus and NH groups
are not observed, as for instance might be possible in RP’P(O)C(O)NH---
compounds. (1968.29

(if) Three-bond PNCH couplings will now be considered and some
typical values are shown in Table XVI.T A distinctive feature of the
PNCH system (for which a positive sign is likely§) is the possibility of
d.—p. conjugation between phosphorus and nitrogen; this shortens the
P-N bond and facilitates the stabilisation of rotamers. These are readily
observed in P™' compounds when steric hindrance is present or at
sufficiently low temperatures. The interpretation of experimental data
may, however, be obscured by various factors: repulsion of phosphorus
and nitrogen lone-pairs seems a secondary factor in these P compounds,
(1969,105,100 Kyt the possible inversions at phosphorus and nitrogen
have to be discussed further. Inversion at the phosphorus atom requires a
much higher energy than that at nitrogen; moreover, when P-N con-
jugation occurs, the configuration about nitrogen which is normally
pyramidal becomes planar *969:108) thys facilitating the N-inversion.
Phosphorus, however, retains the pyramidal configuration as the d-

1 Similarly, much larger couplings through sulphur than through oxygen are
observed in 1,3-thioxanes.(1998: 87

T PNCF couplings are known in too few compounds to warrant discussion
here_(1966,31)

§ Such a sign was suggested by Manatt et al.96%-1® as for POCH coupling; this
has been established by Haigh19%%:6® in phosphonitrilics.
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TABLE XVI

Some typical values of P-N-CH couplings

Compound Coupling References
pu
[(CH3);N]sP 8-8 to 90 1965, 18; 1967, 65; 1969, 87
[(CH3).N(CH3)N]:P 4-5 1967, 94
[(C.H5)N1,P 83 1965, 18
[(CH,),N],PCl 12-3 1965, 18; 1967, 65
[(CH3)oN(CH3)N],PCI 7-3 1969, 103 and 104
[(C:H5) N].PCl 112 1965, 18
I(CH;),N],PCH; 87 1965, 18
[(CH;)oN]:PCsH; 9:5 1969, 87
(CHj3),NPCl, 129 t0 13-0 1965, 18; 1966, 34; 1967, 65
(CH3).N(CH3)NPCI, 72 1969, 103
(C2H;5):NPCl, 133 1965, 18
(CHy),NP(CHs), 9-8 1965, 18; 1969, 72
(CH;) NP(CeHs), 9-5 1969, 87
(CHg3)oNP(OC.Hs)a 9-4 1969, 20
(CH;):NP(CsFs)o 109 1966, 19
CH:N(PCly)» 3-0 1967, 96; 1968, 89
[(CH,):N1sPO 14 1964, 6
(PIV)@
[(CH3),N1:P®Cl 13-0 1967, 65
[(CH3):N1;P®CH; 10-0 to 10-1 1965, 18; 1967, 65
[{CH3):N];P®SCHj; 112 1969, 105
[(CH3)N]1,P®(CHs): 10-3 to 10-5 1965, 54; 1967, 65
(CH3):NP®(CHj;); 113 to 11-5 1965, 18; 1968, 54
[(C.H5):N1;P®Cl1 14 1968, 90
PV
[(CHjz),N]sPO 94 to 9-5 1965, 18, 23; 1967, 65; 1968,
91; 1969, 87
[(C2H5)oN]sPO 99 to 14 1965, 18; 1968, 90
[(CH3),N].P(O)C1 129 to 13-0 1965, 18,23, 1967, 65; 1968,
91
[(CoHg)NIP(O)C1 13-4 1965, 18
[(CH3):N].P(O)CecHs 9-8 to 9-9 1965, 23; 1969, 87
(CH,):NP(O)Cl, 15-8 to 159 1965, 18, 23; 1967, 65; 1968,
91
(CoH;)oNP(O)Cly 172 1965, 18
(CH3):NP(O)(CeHj)o 10-0 to 10-2 1965, 23; 1968, 91; 1969, 87
[(CH3)N}sPS 11-0 to 11-3 1965, 18, 23; 1967, 65; 1968,

91; 1969, 87, 105
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TABLE XVI (continued)

Compound Coupling References
PV
[(C:H5),N1sPS 11-4 1965, 18
[(CH3)N1.P(S)Cl 15-3 to 154 1965, 18, 23; 1967, 65; 1968,
91
[(CH3)2N1.P(S)CeHs 12-0 to 12-1 1968, 91; 1969, 87
[(C2H5),N1.P(S)Cl 14-8 1965, 18
(CH3)NP(S)Cl, 172 t0o 177 1965, 18,23; 1967, 65; 1968,
91
(CoH5),NP(S)Cl, 18-9 1965, 18
(CH;)NP(S)(CeHs), 14-3 to 146 1968, 91; 1969, 87
[(CH3),N]1:PSe 116 1969, 87
[(CH3)sN1.P(Se)CsH5 12-5 1969, 87
(CH3)2NP(Se)(CsHs), 15-0 1969, 87
PV pentacoordinate
[(CH3)oN1:PF; 10-6 1967, 61
(CHj),NPF, 21 1967, 59
(CH3)NPF,Cl, 13-2 1968, 43
[CH;NPF;), 14-5 1967, 59
CHN PCl;
20-0 1966, 53
Clp NCH;
|
NAAN
! ?

[(CHg)ZN]ZP\\T/P[N(CHB)Z]z 111 1969, 106

orbitals are involved when it participates in the P-N conjugation. An
extensive variable temperature PMR study by Imbery and Friebolin
(1968,92) confirmed these views. In compounds which are asymmetric at
the nitrogen but not at the phosphorus atom, e.g. (R'CH,)R2NPX,,
no non-equivalence of the methylene group was observed, even at the
lowest temperatures attained, on account of the rapid inversion at nitro-
gen. For the corresponding compounds (RICH,)RZNPXX?! (X #X1)
which are asymmetric at phosphorus, non-equivalence appears at some
temperature; thus inversion at phosphorus is clearly slower than that at
nitrogen. It is especially noticeable that this is accompanied by different
couplings of the methylene protons to the phosphorus, e.g. 13-8 and
4-8 Hz in CgH;CH,(CH)NPCI(CgHg). Similar conclusions hold for a
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compound symmetrically substituted at nitrogen but asymmetric at phos-
phorus, e.g. in (CHy),NPCI(C¢Hj;) in which the two 3J(PNCH) values
involving the methyl groups are 19-0 and 7-0 Hz, (196892 or even if the
phosphorus is symmetrically substituted but the temperature sufficiently
low as, for example in (CHj),NPCl, at —80°, the couplings are 19-3 and
6-6 Hz. 1967.80 Thig clearly rules out the anti-isomer as predominating
at these temperatures but favours the gauche isomer (64). Evidently, this
remains true for cases in which the substituents on nitrogen are different,
when lowering the temperature separates the conformers, e.g. in
CHj3(CgH)NPF,; in one conformer the methyl is coupled to phosphorus
by 4-2 Hz, while in the second conformer the coupling is 11-0 Hz. (1966.3%

Such observations are naturally simpler in cyclic compounds, such as
in ephedrine derivatives (65) when 3J(PNCH) are 2-3 and 1-0 Hz de-
pending upon the isomer. 1969:199 This effect is even more pronounced
in cyclic PV compounds *968:78) such as 66 in which the two 3J(PNCH)
values are clearly distinguished and have opposite signs (+11-5 and
—0-31 Hz).

Similar observations are possible with acyclic PV compounds if the
substituents of phosphorus are different and also rather bulky (and more
especially if chelation can occur to stabilise the conformers). (1969,110)
In (CH;),NP(O)F(C,Hg-t), the methyl groups are non-equivalent
with 3J(P~-N-CHjy) of 8-2 and 0-0 Hz. @965:3 The phosphorus inversion
remains the dominating phenomenon here, (969,111

Nevertheless, although the stereospecificity is well documented in
these PNCH systems, the underlying phenomena are probably more
complicated than previously discussed for PCH, PCCH and POCH
couplings, because of the role played by the m-electrons. (196829

(111) On account of the stabilisation of the P-N bonds by the hybridisa-
tion features discussed above, the changes in J values accompanying
modification of substituent groups, or changes in phosphorus coordina-
tion are rather regular; it is observed that, in a given series, the coupling
modulus (as well as proton chemical shift) increases for the sequence P,
PO, PS and P®. Anomalies are certainly linked to some perturbation of
the conjugation scheme. In this respect, multiple bonding is especially
important and enhances couplings as, for example, in (RO),P(O)N =
CHOR? (15 to 17-5 Hz)1965:5% or in (RO),P(S)N=CHNR?, (22 to 25
Hz). (1966, 43)

(iv) Longer-range couplings are known in non-conjugated systems
such as in (CH;);CNHPCI, (2:2 Hz)199:112 or in [(C,H;0),P(0)].-
CHN(CH,;), (1-5 Hz);1968:99 this is also true when other heteroatoms
are present, for instance (f~CHg),PNHX(CH;); (X=851, J=0-6;
X =Ge, J=0-3 Hz), 1968.69
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This long-range coupling becomes more predominant in compounds in
which multiple bonding is present, e.g. as in 67 1965:5 or in 68 and 69
(1968,88) and even more so when conjugation is present as in phosphoni-
trilics, where **N decoupling proves that PNPNCH coupling exists
(1965,29 or in 70, which when compared to 71 clearly shows the importance
of conjugation; 1967,97:1968,99 ooing further one has an example of five-
bond coupling 72. (1968,9%

6. Couplings through other nuclei

Besides couplings through metal atoms observed in such compounds
as 73 in which 3J(PSnCH;)=4-4 Hz, 1968:95 the most interesting data
come from the germyl and silyl homologs of the P™ compounds dis-
cussed earlier.

Relative signs have only been determined for P-Si—H coupling; this
was found to be positive in CH;PH(SiHj). 19%%:"® Tt is likely, contrary
to expectation for these two bond couplings, that all couplings are simi-
larly positive in derivatives of methylphosphines;(1967.98:1968,32,96;
1969,113) these couplings are shown in Table XVII.

TABLE XVII

Some examples of two-bond P-X-H ceuplings (Hz), X = C, Ge
and Si, in methy!l phosphine derivatives

P(CH>)s +2-8 P(GeHsj)s 152 to 159 P(SiH;);5 17-0
HP(CHs); +3-6 HP(GeHs)s 157 HP(SiHjy), 157
H.,PCH; +41 H,PGeH; 15-3 H.PSiH; 153

In addition to the identical signs it is also noticed that, in the carbon
derivatives, the P---H coupling increases with decreasing number of
methyl groups while for the germanium and silicon derivatives the
coupling basically decreases. This arises from the relative electronega-
tivity of Si and Ge (1-8) compared to that of C (2-5) and P and H (2-1);
replacing a methyl group by a proton decreases the s character of the
remaining methyl groups while replacing a SiHz; or GeHj; groups by a
proton increases the s character of the remaining groups. The same
general rules apply for mixed groups, for instance it is observed 1969.79
that H-Si-P coupling decreases in the series H;SiP(CH,)(SiH,);
H;3SiP(H)CHj,, H3SiP(CHg), with increasing s character.

The only recorded data for homologs of ethylphosphines1969:113) gre
shown in Table XVIII in which the data are compared to those of the
triethylphosphine.
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TABLE XVIII

Coupling constant data (Hz) for silicon derivatives of

triethylphosphines
2J(P-XH.,) 3J(P-X-XHy)
P(SiH,SiH3)3 17-5 ?
H,PSiH,SiH; 18-5 2-0
P(CH,CHy); —-0-5 +13-7

Lastly, comparison is possible between P[C(CHj)s]ls for which
3J(PCCH)=9-8, P[Si(CH,);]; with 3J(PSiCH)=4-5 and P[Ge(CHjy)ls
with 3J(PGeCH)=3-7 Hz, (1966,57;1967,29)

Having taken into account the change in electronegativity and size
of the central atoms, it appears that the couplings are intrinsically larger
for the carbon compounds. This helps clarify the anomalous behaviour
which existed for coupling to a-CH groups which was discussed earlier
(Section III.B.2.a).

7. Couplings through unsaturated systems

It has been realised for sometime that the presence of m-electrons in
hydrocarbon chains enhances all the J values and this is also true for
phosphorus compounds. In addition, the existence of isomers provides
data on geometrically well-defined conformations and finally the partici-
pation of phosphorus in conjugated systems will give some unusual be-
haviours.

(a) Vinylic systems will be considered first; the P-H couplings some-
what parallel those of the corresponding H-H couplings. The double
quantum analysis of Lancaster 1967: 59 has established that all the couplings

have the same sign; these couplings constant values are shown in Table
XIX. The data for 74 has been confirmed by Williamson et al. 196897

TABLE XIX

P-H couplings in vinyl phosphorus derivatives

cis trans gem
P(CH—CH,), +13+6 +30-2 +11-8
@
CoHy(CH,),P~-CH—CH, +25°3 +48°5 +24:0

(C2H0),P(0)CH=CH, (74) +25-1 +50'5 +11-8
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using double resonance; they have carried out a detailed analysis of
(CoH50),P(O)CX=CYZ, where X, Y, Z=H or Cl. The observed trends
aresimilar for all types of phosphorus hybridisation but once again it should
be noted that there is a big variation in changing from P™ to (P1V)®
and PV. It is also noticeable that in all cases the proton closer to phos-
phorus (i.e. gem) exhibits the smaller coupling and of the two B-protons
that closer to phosphorus (i.e. ¢is) again has the smaller value.

Geometrical factors are also important as shown by Benezra et al.
for the cis couplings in hindered compounds. (1966,43.58;1967,100) T'hey
proposed a Karplus-like behaviour for these couplings in compounds of
the type 75.

Considering now the corresponding methylated compounds it is found
that for phosphines and phosphonates the gem PC(CHj) couplings are of
similar importance to the corresponding gem P-C-H couplings (the
relative sign is not known) as in c¢is and trans positions replacing CH by
C.CH; gives a lower coupling (in modulus) with opposite sign as pre-
dicted by “Hund coupling’ 1967:10D Thys, in methylated vinyl phos-
phines, the gem, cis and trans J(P----CH;) values are respectively 12, 3 and
2-5 Hz while the corresponding values for J(P---*CH) in the parent vinyl
phosphines are 10, 12 and 30 Hz.

Similarly the variation in PV compounds with «- and 8- methyl sub-
stituents are shown in 76 and 77 (1966:59 and 78 to 80 (1963, 4;1966,60)

The behaviour for substitution in the a-position is clearly contrary to
predicted trends and supports the idea of two superimposed mechanisms
acting in different directions when the expected coupling should be
negative (gem) and in the same direction when expected to be positive.

Similar behaviour is found in the variously substituted vinylic systems.
In P™ fluorinated vinyl compounds, for which Cowley and Taylor have
obtained the relative signs, 1969:54:59 it jis found that sign reversal
may occur in gem couplings and that the trans couplings generally have
the lowest values (Table XX).

TABLE XX

P-F couplings in fluorovinyl phosphines

gem cis trans
ClL,PCF=CF, —17:2 +857 +73
F,PCF=CFy* +20-9 +69:6 +4-8
CIP(CF=CFy,), 0 70 ?
P(CF=CF,); 24 53 8

® Stereospecificity is also found in the *J(F-P~C-CF) values: 2-8 Hz for ¢is and
13-2 Hz fortrans. 29859
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In PV compounds results are only available for the gem positions
(1968,98) 3nd these values cover a wide range:

(CH;30).P(O)CF=CCICF; cis 2J(P-CF) 91-9
trans 2J(P-CF) 900
(CsH5)P(O)CF=CCICF; cis 2J(P-CF) 14-2

trans 2J(P-CF) 24-0
the same situation exists for the perfluoromethyl analogs: (967,102
103; 1968, 98)

(C:H;5),PC(CF3)=CHCF3; 3J(PCCFg) ca. OHz

*J(PCCCFyg) 53 Hz

(CeH3)oPC(CF3)=C(CF3)P(CsHs)s 3J(PCCFy) 313 Hz
(CH30):P(O)CF=CCICF; cis *J(PCCCFy) 32 Hz
trans *J(PCCCFy) 1-0 Hz
(CeH5)oP(O)CF=CCICF; cis *J(PCCCFy) 637 Hz
trans *J(PCCCF3) 5-5 Hz

and finally in phosphonium compounds:

®
(CeH5)sPCH=C(CF3), 4J(PCCCF3) 1-5 to 5 Hz

This variability may be related to the sensitivity of fluorine to “through-
space”’ coupling as mentioned in Section ITI.A.1.

Lastly, couplings have been reported for penta-coordinated phos-
phorus compounds having perfluorovinyl substituents 81; 2969, 114 jt wil]
be observed that the stereospecificity of the couplings is retained.

(b) Allenic systems have received considerable attention from Simon-
nin and co-workers who established the following relative signs (1966,61:
1967,104; 1968, 99; 1969, 115)

For allenic phosphines:

RR!PCH=C=CH, 2J(P-CH) +
or RR!PC(CHj3)—=C—=CH, 8J(P-C-CH;) +
YJP-CC-CH) =+

the last sign varies according to the nature of the substituents on phos-
phorus and their ability to conjugate.
In allenic phosphine oxides:

RRIP(O)CR?=C=CR}  2/(P-CH) +
3J(P-C-CH;)  +
R?and R® = Hor CH;  4J(PCCCH) -
5J(PCCCCHs) +

+ Apart from cumulenes, non-conjugated polyenes have received far less atten-
tion but seem to have somewhat similar behaviour as regards long-range coup-
]ing.(1965, 26)
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The change from P™ to PV has rather smaller effects when com-
pared to the effects of conjugation of phosphorus; this is especially
true with amino substituents with which p,~d, interaction is likely to
occur.

The consideration of allenic molecules and of the methylated homo-
logs show anomalies similar to those discussed in the proceeding para-
graph. Substituting a methyl for a proton it would be expected that
there would be a reduction in the modulus, and a change in sign, of the
relevant P----H coupling based on the simple “Hund coupling mechan-
ism” of the Fermi contact term.*%64:7 Actually, for the «-position to
phosphorus, P-C-H and P-C-CHj; couplings have the same sign and
comparable magnitude, for instance in:

CLPCH=C=CH, 2J(P-C-H) +95 Hz
CLPC(CH;3)=C=CH, 8J(P-C-CHs) +34 Hz
CLP(O)CH=C=CH,, 2J(P-C-H) +16-4 Hz

CL,P(O)C(CHz)=C=CH,, 8J(P-C-CHsy) +20-2 Hz

while, for the y-position, the expected changes are observed, for in-
stance in:

CLP(O)CH=C=CH; 4J(PCCCH) F18:2
CLLP(O)CH=C=C(CHs;). 5J(PCCCCHs;) +12.1

The possibility of a “through-space’” mechanism, which would be
especially sensitive for the a-position for blocked systems such as these,
cannot be ruled out.

(c) Acetylenic systems will be considered next for these may exist as a
tautomeric form of the allenic compounds; allenic-acetylenic isomerisa-
tion readily occurs in various compounds as has been discussed by
Russian authors (see ref. 1967, 21 for a brief review). On account of the
non-existence of substituents « to phosphorus, sign determinations are
not so easy and the only known result has been provided by Ionin et al.
(1967.10%) jn F,P(O)C=CCHj;, in which the P-F and P-H couplings were
of opposite sign, which means the latter is positive.

It should be pointed out that sign reversals are likely to occur when the
hybridisation of phosphorus, or the nature of the substituents, change in
systems such as: (1966.62)

(CeHy)sPC=CH J < 05 Hz (CeHs),P(C=C),H 1-45Hz
(CeHs),P(0)C=CH 9.7

(CeHs),PC=CCH, 17 (CeHs)sP(C=C),CH, 13
(CeHs):P(0)C=CCH,4 3-8 (CeHs)sP(C=C);CH; 0-7
(CeHs)oP(S)C=CCHj, 41

(C6H5)3P®CECCH3 4-6
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or, moreover when amino substituents are attached to the phosphorus
atom as in: (967,108

(CH;) . NP(C=CH), 1-2Hz (CH;) NP(O)(C=CH), 11-8
[(CH;).N],PC=CH 1:5 [(CH;)N],P(O)C=CH 11-3
[(CH;)oN],PC=CCH; . 3-0 [(CH3):N1.P(O)C=CCH; 42

In the latter cases it might be anticipated that rehybridisation of the
phosphorus occurs as there is possibility of conjugation between the
phosphorus and neighbouring triple bond as discussed earlier (Section
II1.B.3).

(d) Allylic systems afford some interest on account of the well defined
stereochemistry of the cisoid-transoid type.1987-107:108) Assuming a
negative sign for the phosphorus-methylene coupling, it is possible to
establish the following signs: (1967-101

—P(O)CH;CH,=CH,— P—H, +
P—H, -
—P(0)CH,C(CHs),—C(CHs),— P—(CHs)y -
P—(CH,), +

The regular behaviour previously sought for in vinylic and allenic
systems is observed; couplings are reduced in magnitude and change
sign in going from the proton to the methyl homolog. A similar compari-
son would be of interest in propargylic compounds but only the magnitude
of the couplings are known in these compounds. (1966, 6%

(e) Phospholenic compounds are interesting homologs of the preceed-
ing vinylic and allenic compounds, namely 2-phospholenes (82) and
3-phospholenes (83), and have received considerable attention.

(i) 2-Phospholenes have coupling constants rather similar to those
observed in vinyl compounds. For PV compounds typical data are shown
in 84 and 85.(1964,8;1966, 64, 65;1967,108;1968,10051969,20) For the case of
PII and (P™)® compounds some 2J(P-H) values are shown in 86 and
87 (1968, 100) and 88. (1967,108)

(it) 3-Phospholenes are far better known. Relative signs of coupling in
PV compounds agree with results on the parent allyl compounds; being
opposite in sign for 2J(PCH) and 3J(PCCH). 1967: 101 T'ypical values for
PV Compounds are ShOWn in 89; (1964, 8;1966,64t066;1967,108t0110; 1968, 61,
100and101;1969,20) couplings in related oxaphospholenes appear to be
rather similar. 1969118 The corresponding data for (P'V)* and P™
compounds are shown in 90 and 91.

There is an interesting example for comparison purposes in the pair of
conformers, described by Katz et al.,1966:67 for which the data are
shown in 92 and 93; the data for the corresponding phosphoryl com-
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pounds are given in parenthesis. These data clearly show the marked
stereospecificity, not only for the -protons but also for those in the
B-positions, and the influence of the phosphorus lone-pair.

For the a-protons an additional point is found when comparing the
P----CH; coupling in methyl phospholenes with the relevant P---H
coupling. For example, the data shown in 94 to 97 have been observed
and demonstrates this point for the a-couplings, while for the B-position
the PCCCH; couplings are between 1 and 2 Hz while the PCCH
couplings are in a similar range to that shown in 94 to 97.

Going one stage further phospholes present distinctive features on
account of the aromatic character;1967-78:1969,70 this property is
clearly reflected in the values of the coupling constants. The relevant
data for 1-methyl phospholes have been published 1969 7" and are shown
in 98; these are obviously contrary to the trends previously reported for
2-phospholenes in which |2J(P-CH)| < |[3J(PCCH)|. However, these are
in agreement with observations on 1l-phenyl-2,5-dimethylphosphole
(99) 196779 and on 1-phenyl-3,4-dimethylphosphole (100);*969.20) jp
the latter compound both couplings mentioned have been found to be
of the same sign.

The corresponding (P*V)® and PV compounds exhibit the same general
features and same representative data are shown in 101, 102 (1968, 10D 34
103. 969,20 In 103 the signs of coupling are now opposite and, on
account of the relative magnitude of both the couplings, it is likely that
the long-range coupling has undergone a reversal in sign.

Analogues to these five-membered rings the six-membered ring
compounds are also known. The family of phosphabenzenes are now well
known and some typical values of coupling constants are shown in 104 to
107 (1966,68;1967,111;1568,101) the data for a corresponding penta-
coordinated homolog is shown in 108.@968:794 The transmission of
coupling interactions appears to be particularly facile and long-range
values are especially high (unfortunately no sign determinations have
been reported). The former point is especially clarified when comparing
the conjugated species with the dihydrophosphazenes (109).967.112
The value of 2J(P-CH) is 13 Hz for R=C4H; and 8 Hz for R=C,H,
but no three-bond P-C—CH coupling is observed; the couplings in the
corresponding PV compound are shown in 110. The importance of
conjugation for the transmission of couplings is also apparent when
comparing the two values of 3J(PCCH) in 111, the larger value is that
involving the double bond, 36-5 as against 22 Hz, (1968,102

1 The conjugation in such compounds is confirmed by bond lengths determined
by X-ray structural analysis, 1969- 117
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(f) A number of interesting coupling constants are found when aro-
matic groups are attached to phosphorus atoms. In the case of unsubsti-
tuted rings double resonance and solvent effects have been used for
clarifying spectra and obtaining values of J(P-H,,,,,) when ortho and meta-
para patterns are complex; 1968: 109 these signals are more widely separated
when substituents on PV are more electronegative thus permitting sub-
spectral analysis. @967:11® From these and other investigations 966,21
1967,113, 114 values for the P-H,.4, couplings obtained are shown in
Table XXI. In all cases, except triphenylphosphine, free rotation of the

TABLE XXI

Same values of P-H (ortho) coupling constants

Compound Hz Compound Hz
H,PCgH; 6-0 OP(CgHs)s 11-8
P(CsHs)s 7-1 OP(CH;5);OCH, 120
CIP(CgHs) 7-8 OP(C¢H;),SCH; 12-7
HP(CeHs). 79 OP(CsH5)(OCHj3). 13-3
ClzPC6H5 85 to 87 OP(CsHs)CIz 170

aromatic ring occurs under normal conditions and this has been taken as
evidence for o coupling. 1966:69 Ip triphenylphosphine p,~p, bonding
seems predominant owing to steric hindrance and this makes the spec-
trum very complex as the signals from ortho, meta and para protons all
overlap.

The spectra are clearer in substituted compounds, especially in para-
and poly-substituted aromatic systems. In the former case sign deter~
mination is feasible and McFarlane has obtained the values for some typi-
cal compounds as shown in Table XXII; the data (without signs) for the
tris(4-fluorophenyl)phosphine oxide are also included.

Changes in values of coupling constants appear to be essentially
dependent upon changes in hybridisation of phosphorus, especially for
the capability of phosphorus to participate in p,—p, bonding and this
effect is lessened from P™I to (PIV)® or PV compounds as the hybridisa-
tion changes from p; to spg. Other factors, such as the nature of the
substituents on the ring, seem to be rather unimportant, for instance
PY compounds with tolyl, nitrophenyl or chlorophenyl groups give
essentially the same couplings as given above, (1966, 70;1967,116;1969, 119)

In the case of the tolyl derivatives it should be noted that coupling of
the phosphorus occurs only with the ortho-methyl group, for instance
in 0-CHgCgH,P(O)(OCHg), *J(P-0CHj)=1-7 Hz. (1966,70:1967,117) Ag
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TABLE XXII

Some values of P-H (ortho) and P-H (meta) in para-substituted
phenylphosphine compounds

Compound P-H (ortho) P-H (ineta) Reference
(p-CH3zOCsH,):P +6-5 +11 1969, 118
(p-CH3OCsHy):PS +12:5 +2-3 1969, 118
(p-CH3z0CsH,)sPPCH;,I® +12-7 +2:6 1969, 118
(p-FCgH,):P +6-7 +1-3 - 1969, 118
(p-FCeHy)sPS +12-4 +2:2 1969, 118
(p-FCeH,)sP®CH,, 1€ +1241 +2'5 1969, 118

1966, 70;
(p-FCgH,)sPO 12-4 32 1967, 115

noted in Section III.A, for the relevant CF; compounds, this may be
indicative of a “through-space” mechanism; a number of related obser-
vations on p-tolyl derivatives points to the same conclusion (196671
1067,117,118) gnd 7J(P-CH;) values of 2:3 and 3-0 Hz have been
observed in p-CH;C4H,CH,P(O)(OCH;), and p-CH;C;H,CH,P®-
(CsHs); respectively; likewise in p-tolyl phosphates a value for 7J(P-CH,)
of 0-6 Hz is observed in p-CHZzC;H,OP(O)(OCHj),. Overlap hyper-
conjugation has been invoked in this respect, which is another way of
depicting “through-space” contribution.

The case of higher conjugated systems is clearly different, for which a
m-electron explanation seems well-suited; the relevant couplings are
observed in similar ranges, for instance in 112 1966.72 apnd also retain the
stereospecificity as in 113, (1968,100

Fluoro- or perfluoro- aromatic compounds offer examples of coupling
constants with higher moduli but the signs of which are only known in
the para-fluorophenyl compounds; the results as obtained by McFar-
lane (1969:118) are shown below:

(p-FCeHy)sP SJ(P—F) = —4-5Hz
(p-FCgH,);PS 5J(P—F) = +2-4Hz
(p-FCeH)sPPCHS; 5J(P—F) = +1-3 Hz

Similarly, the ®J(P-F) values are also known in:

(p-FCeHy):P=0 1-5Hz (1967, 115)
(p-FCgH.,).PCl 5-2Hz (1969, 120)
p»-FC;H,PCl, 54 Hz (1969, 120)

On the basis of McFarlane’s results the sign of the phosphine oxide
would be positive while those of the chlorides would be negative. This
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change in the sign of coupling is especially noticeable—it would be
interesting to investigate the P-F couplings in relevant perfluoromethyl
derivatives but, as previously stated (Section III.A), no coupling is
observed between the phosphorus and meta- and para- CF; groups;
only the ortho compounds show this coupling as in (0-CF3CgH,),P
4J(P-CF;3)=55-0 Hz,1969:3 the marked positive temperature depen-
dence of this coupling supports the proposed ‘“‘through-space” mec-
hanism.

Regarding other fluorine positions on the phenyl ring it is observed
that ortho-fluorine atoms give the largest and most sensitive values;
some reported values 1966:19 are shown in Table XXIII. For the pur-
poses of comparison the data of Nichols 1969121 shown in Table XXIV
is of interest.

TABLE XXIII

Some typical values of ortho-fluorine coupling constants

Compound SJ(P-F), Hz Compound 8J(P-F), Hz
CoFsPF, 632 (CeF5):PN(CHj), 40-1
CsFsPCl, 436 (CeF5),PH 29
CsFsP(CHs3), 30-1 (CsF5)sP 12-38
C6F5PH2 3-9

® See footnote below.

TABLE XXIV
Comparison of P-F couplings in pentafluoreoaromatic phosphine
derivativest
Compound 3J(P-F,) 4J(P-F) 5J(P-F,)
(CeF5)sP 365 <0-1 <01
(C6F5)3PO 374 <10 <1-0
(C6F5)2PC6H5 380 <05 <0-5
(CGFs)gp(O)CeHs 6-5 36 2-3

Parent heteroaromatic structures have recently been described and
tvpical couplings in the pyridine series, as reported by Thomas et al.1969:
122,129 are shown in 114. Data for five-membered ring heterocyclics

+ The value for (CsFs)sP does not agree with the figure given above by Barlow
et al. in Table XXIII, but is supported by other measurements (39-4 Hz), (1966.78
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have also been reported by Thomas et al. and also by Jakobsen et al.1969:
1240126 3nd are shown in 115 to 122. For both 121 and 122 Jakobsen and
Nielson have established signs from the analysis of double-quanta
transitions and all couplings were found to be of the same sign.

Lastly, reference will be made to the investigation of Elguero and Wolf
(167,119 concerning phosphorus attached heteroaromatic systems by
the heteroatom, in which couplings such as P-Hj in pyrazoles (123) and
P-H; in indazoles (124) are found.

(g) Unsaturated systems when attached to phosphorus through an
heteroatom retain some of the previously described behaviours, for
instance stereospecificity of the coupling in O-vinyl derivatives} as
shown in Table XXV, (1967,120;1569,127)

TABLE XXV

Stereospecificity of P-H couplings in O-vinyl derivatives

Compound “gem’ 3J(P-H) cis *J(P-H)  trans *J(P-H)
(C2H;0),P(O)OCH=CH, 6-8 1-2 2:7
(CH30),P(O)OCH=CH, 6-8 41 2-8
(CH;30),P(0O)OCH=—CHCH,; 56 (7-0)2 7-0
(CH30),P(O)OC(CH;3)=CH, 0-0)2 0-2 03

2 Couplings involving CHj; group.

The long-range coupling of phosphorus to methyl substituents are
especially noticeable in these and similar compounds 967: 121, Chelation
of the P==0 group and of the vy-cis substituent has been invoked to
explain this fact which would imply some “through-bond” mechanism.
A further interesting point is the change of sign likely to occur for cis and
trans P-H couplings.

Observations on O-phenyl compounds have been mentioned pre-
viously (Section IIL.B.7(f)); in these compounds the phosphorus
coupling to the para protons is as great as that to the ortho protons 1966
781967, 117 which Jeads to similar conclusions regarding the geometry of
such derivatives and the coupling mechanism.

(b) The last unsaturated systems to be discussed, methylene phos-
phoranes, present some interesting features.] In these compounds the
coupling transmission is easier as seen in 125 for which the couplings

+ S-vinyl compounds are not well known but it appears that the general behaviour
differs from that of O-vinyl compounds, (1966, 74

1 One fluorine homolog [(CHg);NJsP—CF,;@94:9 has been identified as
[(CH),NJPF, by Ramirez et al. (19%6:76
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are as shown. The relative signs in 126 have also been determined
(see 1968, 105 to 107) and are opposite in sign for P-CH; and P-CH,.
The former coupling is probably negative as for other pentacoordinated
phosphorus compounds (see Section I11.B.2) while that of the P=CH,
group would be positive. Similarly the couplings in 127 have been in-
vestigated and the P=CH and P---CHO couplings have the same
sign, (1969, 20)

As is known, (1968:108) there is some evidence for the overlap of the
empty d orbital of phosphorus with the methylene p orbital; this stabi-
lizes the molecule as a partly ionic species. It would be worthwhile
investigating the magnitude and signs of couplings in various ylides
having a range of stabilisation.

Another typical aspect in this type of compound is the long-range
couplings which are readily observed; some typical examples are shown
in Table XXVI.

TABLE XXVI

Some examples of long-range couplings in ylides

Compound J, Hz Reference
(CeH;5)s P—=C(COR)CH,CO;R 3J(P-H), 28 1967, 122
(CeHs)3 P==C(CO;R)CHC(O) 8J(P-H), 15 to 17 1964, 10
{CeH;5)e P——CH-CH=C(CH3)COCH,; 35J(P-H), 5 1968, 109
{CeH)s P = C~—C(\O)
/O 3J(P-H), 0-8 1964, 10
CH,—C(0)
ngHs),’jP = C C = ()
® 5J(P-H), 1-0 1967, 102 and
| 1968, 110
CHs
{CeH;)sP==C=C(CFa)2 LJP-F), 35 1967, 102

8. Long-range couplings

Finally, some typical phosphorus-proton or fluorine couplings through
phosphorus or heteroatoms will be discussed.

(a) Some proton-phosphorus couplings of this type are given in
Table XXVII. The sign of coupling in the P-N-P-CH group as found in
(CH,),P(S)NP(S)(CeH;), is opposite to that of P-CH, 1968111 j e, i
probably positive.
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TABLE XXVII
P-H couplings through phosphorus or other heteroatoms

Compound J, Hz Reference

H,PPF, 2J(H-P-P) 17 1968, 31

H,PPH, 2J(H-P-P) 119 1968, 31
(CH;).P-P(CHs3), 3J(P-P-CHj;) +11-25 1967, 124
and 125

(CH,)P-P(CF3), 3J(P-P-CH3) 127 1968, 55
(CH3);sP=CH-P(CHs;), 4J(P-C-P-CHs) 070 1968, 107

H-P(0)-O-P(O)H 3J(P-O-PH) +1-5 1968, 37

0° 0°

[(CH3):N](C;H;5):C-P(OXOC,Hs). *J(CH3;N-C-P) 27 1969, 20

CH3SCH,-P®(CHs)s 4J(CH;SC-P) 1 1969, 128
®

(CH,);N-CH—P®(CHy); 4J(CH3;NC-P) 1 1969, 128
(CHg)oaN-CH,—P®(CHjy)s +J(CHsNC-P) 0 1969, 128

& The P—CH-P(CHj;), coupling is zero.

(b) Couplings involving fluorine have caused some interest. A series of
compounds have been investigated by Rudolph, Newmark et al.957- 4%
49;1968, 42,1969, 31,60and61) 3n( these are compared to data for other com-
pounds in Table XXVIII, in which is included the data on P-N=P
compounds reported by Fluck and Heckman. (1969:69 From a study of
Cl;P=NP(O)F, and Cl;P=NP(O)FCIl, Glemser et al.19%9:12% found
that the relative sign of 3J(P-F) was opposite to that of *J(P-F), i.e.
positive.

C. Phosphorus-phosphorus couplings
1. Direct 21P-31P couplings

The interest in considering such couplings in relation to the nature of
P-P bonds has been discussed by Cowley in an earlier review. (1955.26)
Since then a considerable amount of experimental data has been obtained
and sign determination on typical compounds has revealed another
interesting fact, namely that sign reversal occurs in this one-bond
coupling depending upon the hybridisation of phosphorus and possibly
upon the substituents. As mentioned earlier (Section III.A) this has
prompted some theoreticians to consider this problem in detail.

(a) Determination of 'P-*'P couplings. Symmetrical compounds, such
as (CHj;),PP(CHj;),, will be considered first. Harris has shown that



TABLE XXVIII
P-F couplings through phosphorus and other heteroatoms

F,P-PF,

P(PF3)s

F,P-S-PF,
F.P-(NCH,)PF,
F,P—(NCgH;s)PF,
CF3P[P(CHa)s)a
(CF5).PSP(S)(CFs).
SPCIFN=PF,

SP F 2N=P F3
SPCIFN=PCI(C¢H5s)-

2J(F-P), + 65
2J(F-P), 61!
3J(FP-8-P), +32!
3J(FP-N-P), +41, —52!
3J(FP-N-P), 40!
3J(FCP-P), 6-4f
+J(FCPSP), 0¢
3J(PN==PF), 58
SJ(FP-N=P), 27
SJ(FPN=P), 30"
3J(FPN=P), 13-78

F,P-PH,
F,P(0)OP(0)0O%®°
F,P(O)OP(O)F,
F,PSP(S)F,
F.P(S)-S-PF,
(CF3).P-P(CHa),
(CF3):P(S)SP(CFs),
SPCIFN=PF;
SPF,N=PF;
SPCIFN=PCI,(CsH5)

2(F-P), 82°

3 J(FP-O-P), —8®
3J(FP-O-P), —2:9°
3J(FP~S~P), 22:0%°
3 J(FP-S-P), 15-0%-
3 J(FCP-P), 7-8¢
+J(FCPSP), 5:0¢

3 J(PN=PF), 2-8®

3 J(PN=PF), 3"

3 J(FPN=P), 19-54

* 1968, 31. b 1968, 112.

° 1969, 62. 11969, 57.

11967, 40, 49; 1968, 42; 1969, 31, 60 and 61.

* 1969, 59.

£1967, 83. ¥ 1968, 55.

® 1969, 69.

(6961-5961) SANAOJWOD SNUOHJSOHA 40 SAIANLS YNN

19
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analysis of the relevant X,AA’Z -type spectra (where A and A’=3!P)
gives 1J(P-P), in most cases from the proton or fluorine spectra, e.g.
Harris and Finer have obtained 'J(P-P) of —179-7 for (CH,),PP(CHj),;
additionally 2J(P-CHg)= +2-9 and B3J(PPCH,)= +11.25;1967.124,
125;1968,57 the negative sign of this one-bond P-P coupling should
immediately be noticed. This has been recently confirmed by direct
tickling experiments 196930 and it would appear that all PP
coupling constants have the same sign, but positive values are found
when PV atoms are involved.

Data for unsymmetrical compounds are obtained by directly observing
the phosphorus AB spectra but the signs of coupling are obtained by
spin-tickling or by analysis of higher order spectra.

(b) Factors effecting 31P-3'P one-bond couplings. Typical data shown in
Table XXIX clearly shows the dependence of the sign of coupling on
the valency of phosphorus and the nature of substituents on phospho-
rus (see 1968, 57 and 113; 1969, 47). The importance of molecular
geometry has been considered in recent variable temperature investiga-
tions of Rudolph and Newmark ?96%:3) on F,PPF, (in parallel to
F,PSPF, and MeN(PF;), which will be discussed later). Despite the
proximity of phosphorus lone-pairs no significant change is observed
from —230-3 Hz at —101° to —228-6 Hz at — 1° for the pure compound
and —226-5 Hz at the same temperature for a 59, solution in CFCl,.

(c) Theoretical approach to > P-2'P one bond couplings. The previously
mentioned points are sufficiently intriguing to arouse the interest of
theoreticians. Harris and Finer (1968:11%) were the first to discuss this
matter and, from the available signs found in P,H,, P,Me,, Me,PP(S)Me,
(negative) and HP,03° (positive), rationalised the dependence of J
upon the substituent electronegativity on the assumption that the sign
was positive in P,F,.

To account for this behaviour these authors proposed an extension
of the theory, given by Pople and Santry, which predicted that the
coupling constant depends upon the energies of the s relative to those of
the p, d, etc. electrons of the coupled nuclei and additionally upon the
resonance integral between the outer-shell s electrons of the two atoms.
It was considered that the first factor remained fairly constant for the
P-P bonds and the observed variation was qualitatively explained by the
dependence of the second factor upon the electronegativity and the
bulkiness of the substituent.

As discussed earlier (IT1.A.2(a)), Cowley, White and Manatt (1967.28
had previously undertaken a quantitative determination of P-P coupling
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TABLE XXIX

One-bond phosphorus-phosphorus couplings®

PP compounds

H,PPH, ~108 1961, 2
H,PPF, 211 1968, 31
FoPPF, —227-4 1968, 31; 1969, 31
(CH3).PP(CHy3), —179-7 1967, 124 and 125
(CH3),PP(CF,), — 256, 252 1967, 40; 1968, 55
(CoH;)PP(CeHy1)2 282 1965, 11
(CeHs)2PP(CoHii)2 224 1965, 11
(C2H5).PP(CoH:)Li 396 1965, 27
C,HsP[P(C,H:)K]. 306 1965, 27
[CeHsPP(CeH)Lil2 216 1965, 27
P(PFy)s 323 1968, 42
[CH;P-C(CF3):12 55 1964, 11
(CHoP)3(CCFy)e 220 1964, 11
Pr—p*
v
& ?/s 157 1969, 130
\P
PHI-PY compounds
(CHy),PP(S)Y(CHa)z —220 1964, 12
(PV)®-PY compounds
(CH;):PPP(S)(S®)CsHss 118 1966, 77; 1967, 126
(C4Ho)sPOP(S)(S®)C1cHo 96 1966, 77; 1967, 126
PY-PY compounds
(CHy)P(S)P(S)(CH,), 187 1965, 28
(CoH5) P(S)P(S)(CeHyy)2 69 1965, 11 and 29
(CzH5)zP(O)P(0)(CzHs)z 583 1967, 127
(CoH5)P(O)P(S)N(C2Hs)2 590 1967, 127
HP(O)(09)POZe +465°5 1968, 113

2 Coupling in Hz for the starred atoms, sign given where directly established.

in the P, fragment on the basis of extended Hiickel and CNDO-SCF
molecular orbitals within the framework of the Pople-Santry approach.
These authors obtained — 12895 and — 30-54 respectively for the two
modes of calculation; figures which were approximately in agreement
with the data for P;Me, and P,H,. Cowley and White later proposed
(1969,36,37) a1 improvement by using semi-empirical LCAO-SCF but
including overlap integrals for the whole molecule again within the
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Pople-Santry formalism. In this manner the molecular geometry could
be taken into more detailed account and the following parameters were
obtained:

PH, gauche —53-50 P.F. gauche +219-75
trans +169-03 trans +707-36
cis —84-63 cis +21216

The predicted reversal of the sign for the different stereorelationships
of P,H, should be noted as should the positive sign obtained for the
coupling in P,F, as was previously assumed by Finer and Harris.

All this therefore appears gratifying—unfortunately heteronuclear
tickling experiments definitely established a negative sign for 'J(P-P)
in P,F,.1969:3D This therefore re-opens the question of a sound theo-
retical approach to such couplings and this problem remains exception-
ally attractive.

No application of the Jameson-Gutowsky approach (see I11.A.2(b))
to the study of P-P coupling has been considered to date.

2. Two-bond *1P-31P couplings

Such couplings have been reported occurring across both carbon- and
hetero- atoms; two-bond P-P-P couplings are also known as in P(PF,)s
[36 Hz] 1%¢8:42 and may also be present in 128 [75 Hz]. (1966.78

When considering symmetrical compounds these couplings are ob-
tained by analysis of the relevant X,AA’X, spectra as previously dis-
cussed for direct couplings (see I11.C.1(a)), e.g. in aminophosphines 1966
9 or in various metal complexes, (+968,57:1969, 131 Ty the latter case these
couplings were found to be especially useful in assigning the geometry
of the complex and in the discussion of the phosphorus-metal hybridisa-
tion ; (1969, 60,182%0134) thig aspect will not be further discussed here.

In asymmetrical compounds direct observation gives the modulus of
the coupling—sign determination being obtained from heteronuclear
tickling experiments or analysis of higher-order spectra. As no general
theory is applicable to the existing data each of the systems will be dis-
cussed separately.

(a) J(P—C-P) have only been reported in 129 with a value of 47 +7
Hz 1967129 byt as a related system, however, we may also quote
130 with a value of 37-2 Hz. (1967-128

(b) J(P-O-P) are much better known. The relative sign of the
coupling in the dianion 131 has been determined by McFarlane 196837
and found to be negative (— 10-7 Hz) but, as a number of values around
zero have been found, a reversal of sign cannot be dismissed. As no
further signs are known only the moduli of the couplings will be dis-
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cussed. Following the early study of the trianion 132@957:2 the tripoly-
phosphate 133 with 2J(POP) of 21-5 Hz95%:28) and the ATP homolog
(134), for which J(P,~O-P;)=20-6 and J(P,~O-P,)=21-3 (see 1967, 1,
pp- 12 to 13), have been studied. This small difference in the value of
2J(P-P) may arise from differences in the hybridisation of the phosphorus
atoms (two bearing one O® group and the third having two O® substi-
tuents). A similar situation arises in 135 for which 2J(P,~O-P;) [12-1 Hz]
is lower than 2J(P ,~O-P,) [14-5 Hz]. (1966.7®

Molecular conformation may additionally be of considerable impor-
tance and the effect of pH is another factor as is the nature of the counter-
ions as was found in an earlier study of tripolyphosphate. 1985,30> A
clear relationship of the mean 2J(POP) in ATP with pH has recently
been found (Fig. 9) and is similar to that observed in ADP. Other
examples have also been considered, the values of which are shown in

. S]
Table XXX. No coupling has been found in (CgH;);P-O-PCl;.(1969,135)

Coupling in Hz

23 4
E_OE coupling In ADP
214 3 g 2

‘9 _: §+§—§_§—§j W__{,_f_§._______

17—-{ § Average POP coupling in ATP

15—
o 1 2 3 4 5 & 7 8 9 10 11 pH

Fic. 9. pH Dependence of P-O-P couplings in ADP and ATP [From Ellenberger
et al.(1970:2)

The sensitivity of 2/(POP) to changes in the hybridisation and electro-
negativity has been demonstrated for ATP. This effect is also noticeable
when comparing ligands and related adducts, for example: 1968,39

F2(0O)P—O—P(O)F, 2J(POP) < 10 Hz
F2(0)P—O—P(O)F,,BF; 2J(POP) = 26-7 Hz

{(c) J(P-S-P)—although the number of known examples are fewer the
general magnitude of the modulus of coupling appears to be greater.
The sign of coupling (positive) is only known in F,PSPF,; this com-
pound exhibits an astonishing temperature behaviour as 2J(PSP) in-
creases from +274 at 39° to +392 at —120° (1969.31,136) This j5 3
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TABLE XXX
Additional examples of 2/(POP) couplings

J (Hz) Reference
HO(0)P-O-P(0)OH 17-7 1967, 29
H OH
H(O)P-O-P(O)H -10-7 1968, 37
0° 0°
F2(0)P~O-P(O)F, 4 1966, 28
0 1969, 62
<10 1969, 31
©0(0)P-0-P(O)F. 25 1968, 112
do
0 o}
\ o/
/ﬁ’_O ﬁ\ ca. 28 1967, 91
04 O
F,P-O-PF, 71 1969, 62

clear indication of a rotational equilibrium as sulphur affords a rather
loose link between the two phosphorus atoms with 3p,-3d; bonding and
additionally this conformational dependence may depend upon the over-
lap of phosphorus lone-pairs.

Other interesting examples are shown in 136. 1°69:189 The increase
of the mean value from P-O-P to P-S-P and P-Se-P coupling reflects
the decreased electronegativity of the bridging atom; this reduces the
polarity of the intervening bonds thus facilitating the ““coupling trans-
mission’’ (1966,1, p. 217

(d) J(P-N-P) couplings are known in many phosphonitrilic com-
pounds and the relative sign has been found to be positive. (1967571969, 68)
Some typical values are shown in Table XXXI.

The available data and sensitivity to molecular environment prompted
Finer and Harris to investigate these couplings further; (967,130;1968,57
they succeeded in accounting for the values, at least within a few percent,
in compounds of the general type 137 by the following relationship:

J = (Ag+Ag)(Ac+ Ap)
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TABLE XXXI
Some typical values of 2J(P-N-P)

Compound J,Hz Reference
N3P3CL(NHR)[N=P(CsH5)s} 28 1968, 114
N3P3Cls_n(NCH3)n 34 to 48 1965, 24
N;3Pz(OCH,CF3)(NHCgH;). 72 1966, 80

* NgPsF4(CeHs), cis 58 1968, 67
trans 65
CH;
¢
N7 N 27 1969, 106

(t-C4HoNH)P Cl,

with typical A contributions such as:

AF) = 7-0 AIN(CH,),] = 32
MOCH,) = 53 MSC,H;) = 0-3
XCl) = 36

P-N-P couplings are, however, also known in systems other than
phosphonitriles, for example:

CH;S(0)P—N—CH; 2J(PNP) = 31:5Hz (1966, 53)

CH;N—P(0)SCH;
P®(N=PCl,), 2J(PNP) = 299 Hz (1969, 137)
H[(CHg),N],P—N—P(S)(OCeHs):  2J(PNP) = 51 Hz (1969, 15)

and in the following series in which the electronegativity effects appear
to be especially pronounced: (1969,69,129)

SPCIFN = PCly(Ce¢Hs) 44 Hz SPCILN = PF; 75Hz

SPCIFN = PCI(C¢Hs), 12 Hz SPCIFN = PF; 105Hz
SPCl, = NPCIF, 60 Hz SPF,N = PF,; 137Hz
OPF;N = PCl; 70 Hz OPFCIN = PCl; 46'5Hz

The most extensively investigated case is that of F,P-N(CH,)-PF,
which, as for F,PSPF, (sece I11.B.4), has been studied over a range of
temperatures. In the latter compound the P(X)P coupling varied very
considerably while for the case of F,P-N(CH;)-PF, the coupling is
much more constant varying only from +432 to +442 Hz for tempera-
ture + 30 to —70°C. 1969:3D This was attributed to the rigidity of the
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2p.~3p, bonding which means there is restricted rotation around the
P-N bonds and hence the absence of rotamers. For the phenyl homo-
logue, F,P-N(CH;)-PF,, the value of 2J(PNP) is substantially lower,
371 Hz.96%:8D Tt is worth noting that the P-N-P couplings are positive
for this PPI-PTI gystem as is the case for the PV-PV system of phos-
phonitrilics.

3. Higher 3*P-31P couplings
These have only been observed for the P-O-C~P system in the fol-
lowing series of compounds: (19693 and 138

P(OCHy)sP —372; —38-1
SP(OCH_)sP +48-4
OP(OCH,);PO  +139-2
SP(OCH,);PO  +1513

The observed trend may be interpreted on the basis of changes of s
character but again sign reversal is present.

D. Carbon-phosphorus couplings

Such couplings may be determined from carbon-13 spectra using
heteronuclear “tickling’ (1967,66;1969,2,21and47) o hy complete analysis
of higher-order proton spectra.967:125 Carbon-13 satellites in phos-
phorus resonance are used if sensitivity is sufficiently good or after
signal enhancement, for instance using the nuclear Overhauser effect.
(1967,181) Of these methods “tickling” is the more useful as the relative
signs are also obtained.

1. Direct B3C-*'P couplings

The most significant results for 31P-*3C couplings are presented in
Table XXXII. It is evident that these couplings are very sensitive to:
(1) the hybridisation of phosphorus (P™, PIV® or PV), (ii) hybridisation
of carbon (the largest |J| being found in (C;H;0),(O)P-C=CHj; in
which 1J(*3C-?1P)=304 Hz), and (iii) the substituents attached to both
atoms.

In particular, it is to be noted that in the case of P™ compounds a
reversal of sign occurs for the direct coupling; a similar behaviour has
also been found for direct phosphorus-phosphorus coupling (see III.C.1).
Another feature which is also of significance is that, whenever it is
possible to compare the corresponding *C—°'P and *H-C-3P couplings,
there is a fairly good correlation and that there is correspondence of sign
reversal—from positive to negative for P-C when it is negative to
positive for P-CH;(1968,20:1969,4D this point is clearly indicated in
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TABLE XXXII

Direct phosphorus-carbon couplings in typical organo-phosphorus

compounds?®
Compound J(P-13C) Reference

Tricoordinated phosphorus

(CHs);P —13-5; — 140 1968, 3; 1969, 2

(CH,).PH 11-6 1968, 22

*

(CHz)oPCeH —~14 1967, 66

(CH;).PSeCHj ~25 1969, 4

CH3PH, 93 1968, 22

CH3PCl, 45 1968, 20

*
(CH3CHp)sP 0+4 1968, 3
*

(C3H,CH,):P —-109 1969, 21

(CeHs)sP 12-4 1969, 21

( l l P 14-2 1969, 124

CEA

*

P(CH,0);P —24 1969, 3
Phosphonium compounds

(CH3),P® +55-5; +565 1968, 3; 1969, 2

ES

(CHj3)sPH(CsH;) +56 1967, 66

(CH3CH,),P® +48-5 1968, 3

(CsH,CH,),P® +47-6 1969, 21

(CGH5)4P® 884 1969, 21
Tetracoordinated phosphorus

(CH,)sPS +56-1 1968, 3

(CHj)sPSe +48-5 1968, 3

(CH,).P(S)SeCHj +50 1969, 4

CH3P(0)Cl, 104 1968, 20

CH3P(O)F, 147 1968, 20

CH;P(S)Cl, 81 1968, 20

*
CHzC=CP(O)(OC:Hj). 304 1968, 20
*
CH,C(O)CH,P(O)(OCzHs). 127 1968, 20

2 Coupling in Hz. Where there is possible ambiguity the carbon or phosphorus nucleus
involved in the coupling is indicated by an asterisk.
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Fig. 10. This feature undoubtedly reflects that there are similar factors
effecting these couplings. Another observation which warrants mention
is that geminal HPH couplings which have recently been investigated
also demonstrate the same sign reversal, without any clear correlation
with the H-P-H bond angle, but are very dependent upon the hybridisa-
tion of the phosphorus, (1969: 41

+150 J(p=C)

+100-‘

+50¢

—J(pCH)

~50

F1c. 10. Correlation of P-C and P-C—H couplings in typical derivatives of P
POV and PV derivatives.

If the general trend in all these couplings may be qualitatively ex-
plained on the basis of the Walsh rule (i.e., the s character of the phos-
phorus atom being concentrated in bonds with the most electropositive
substituents) the explanation of the reversal of sign is more complex. As
proposed by Finer and Harris, 998:119 for the 3'P-?1P direct couplings
(see II1.C.1(c)), the reversal may be reconciliated with the Pople-
Santry theory, the dominating term in the coupling depending on the s
level energies (approximately constant) and on the resonance integral
between these s electrons which in turn depends upon the molecular
hybridisation and geometry. Weigert and Roberts recently proposed 969-
2D 3 similar explanation by noting that a negative one-bond coupling may
occur when the energy difference between the valence s and p electrons
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become large, this being especially important for p® hybridised while
PIV® and PV are more nearly sp°.

The most systematic approaches are these presented by Cowley and
White and by Jameson (see above II11.A.2). It was seen that predictions
presented by the former authors (Table VIII) are in approximate
agreement with observed values but far more data are required to estab-
lish the validity of the correlation. On the other hand, the Jameson model
only qualitatively accounts for the observed trends.

2. Two-bond and higher 3C-*1P couplings

Two-bond P-C couplings have been reported through both carbon
and heteroatoms and in one case a P-P-C coupling has been identified.
The relevant values are shown in Table XXXIII. Wherever comparisons
are possible it is seen that reversal of sign again occurs; all couplings
involving P™V® and PV are negative, as expected, while the P™ com-
pounds without exception involve positive couplings either through
carbon and phosphorus or through heteroatoms.

No theoretical approach has been proposed to explain these couplings.
It is, however, interesting to note that the same conclusions do not apply
to higher couplings, at least for the only well established series:

P(OCHzéHS)B +49 (1968, 3 and 22)
OP(OCH,CHy)s  +68 (1968, 3)
SP(OCHgéHg)a +6-4 (1968, 3)

No clear relation between the related P----C and P----H couplings (the
signs of which have been estimated to be negative—see I11.B.3(a)) in
these compounds:

2J(P—O0—C) 3J(POCH) 8J(POCC) J(POCCH)

P(OCH,CHj);  +11:3 +79 +49 -0-55
OP(OCH,CH3); -58 +8:4 +6-8 +0-8,
SP(OCH.CHs)s —-52 +9:85 +64 +07;

Other higher couplings, but of unknown signs, have been observed by
Weigert and Roberts, 1969:21 e.g
3J(PCCC) in P(C.Hy)s 12-5 Hz *J(PCCCC) inP(C¢Hs)s OHz
P®(C4H9)4 154 Hz Pe(C6H5)4 29 Hz
P(CeHs)s 67 Hz
PO(Ce¢Hs)y 12-8 Hz

E. Phosphorus coupling to other nuclei

Coupling of phosphorus to other nuclei have been reported in a variety
of molecules but these examples have usually remained as curiosities
rather than of practical use.
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TABLE XXXIII

Two-bond phosphorus-carbon couplings in typical organo-phosphorus

compounds®
Compound 2J(31p-13C) Reference
Coupling through carbon
*
(CH3CH,),sP +14-1 1968, 3
*
(C;H;CH,CH,);P +11-7 1969, 21
#
(CH,)3CP(CeHyp), +18 1969, 2
P(CeHs;)s 19-6 1969, 21
*
(CHsCH,),P® —4-3 1968, 3
*
(C;H;CH,CH,),P® —43 1969, 21
(CeHs;),P® 10-9 1969, 21
*
CH3C=CP(O)(OC;Hj;). 54 1968, 20
Coupling through phosphorus
* *
(CHa)oP-P(CHjg)2 +7 1968, 57
(estimated)
Coupling through heteroatoms
Oxygen
(CH;0);P +10 1968, 3 and 22
* .
(CH,;CH,0);P +11-3 1968, 3 and 22
E3
P(CH,0);P <10 1969, 3
(CH;30);P0 —5-8 1968, 3
(CH;0),P(O)H —-60 1967, 132; 1968, 3
*
(CH3CH,0):PO —~5-8 1968, 3
(CH;0)sPS —-56 1968, 3
*
(CH3;CH,0)s:PS —-52 1968, 3
Sulphur
(CH3S);PS <10 1969, 20
Selenium
E3
CH;SeP(CHs). +19-5 1969, 4
*
CH;SeP(S)(CHy), -5 1969, 4
Nitrogen
[(CH;) NP 17 1969, 20
[(CH3).N1,PO <10 1969, 20
[(CH5):N1sPS <10 1969, 20
[(CHz)4N]P <10 1969, 20
Other atoms
(CHs)3S5iP(CeHs)2 ~13 1969, 2
(CH3)sSnP(CsHs)s +75 1969, 2

® Coupling in Hz. Where there is possible ambiguity the carbon or phosphorus nucleus
involved in the coupling is indicated by an asterisk,
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(a) With N-14. A value of 60 Hz has been reported for 2J(**N-51P) in
F,PCNS 1967:53) and the value of 1J(**N-?'P) in (EtO),P(O)NHEt has
been reported to be “‘great” from a consideration of 1*N spectra but no
further details are available.

(b) With O-17. Some typical values have been obtained by Christ and
Dieh] 1963: 1 but the data cannot be interpreted too deeply as the various
oxygen sites were not always distinguished in this study. Some values
are shown below:

H,PO, 115 Hz P(OCHy)s 154 Hz
H.PO, 106 Hz P(OCH,CHy); 150 Hz

90 H oPCl 203 1
OP(OCH3)3{ 165 Ha ’ ’

In P-O-C and P-O-H groups the values of the P-O couplings appear
in the ranges 150 to 160 and 100 to 120 Hz respectively. For phosphoryl
compounds the value is more variable from 90 to 200 Hz. Clearly more
data are required for a deeper understanding of the underlying effects.

(c) With Si-29. Data have been obtained for (C;H;),PSi(CHy), [21-5
Hz] 1969:% and for P(SiHg); [212 Hz?]. (1968,98)

d) With Cl-35. The coupling has been estimated by Winter 1959:1
piing y

from relaxation studies in PCl; and in agreement with the recent estima-

tion of Strange. (969,139

(¢) With Se-77. Reported in (CH,),PSeCHg [ 205 Hz] and (CHa),P(S)-
SeCHjg [— 341 Hz}. #9699

(f) With Br-79 and Br-81. Couplings have been obtained for PBrg by
analysis of relaxation mechanisms at variable temperature 1968:11%) and
were 350 and 380 Hz for Br-79 and Br-81 respectively. These results do
not agree with an earlier estimate by Winter 1959: 1 of 690 Hz.

(g) With Sn-119. Dreskamp et al. 1992 have found a value of 598 + 4
Hz for *J(P-Sn) in (CgH;),PSn(CHj;); using the INDOR method. The
P-Sn couplings have also been observed in the P-O-Sn system (1969, 140)
such as:

(CH;),P(0YOSn(CHs)s 102 Hz
CHsP(O)[OSn(CHyg)s]2 83 and 110 Hz

~OP(0)(CsH;)[0Sn(CsHo)s}}, 144 and 172 Hz



74 G. MAVEL

For both of the last two compounds two different couplings were clearly
identified corresponding to interaction between different sites in the first
and to slow exchange of POSn bonds in the second as depicted by 138.

(h) With other metallic and non-metallic atoms. Coupling of phosphorus to
metal atoms has been observed in complexes, e.g. P-%3Cu, P-%5Cu,
P-183W and P-199Hg, (1965,81;1967,79;1968,116) jj gther systems to be dis-

cussed later (see IV.E.3), and boron and aluminium in appropriate ad-
ducts (1966, 81; 1967, 23, 32, 133 and 134; 1968, 34; 1969, 26 and 141)

F. Couplings through phosphorus

The influence of a phosphorus atom on coupling constants is often
apparent when the phosphorus atom is situated between the two coupling
nuclei. Some typical cases where the effect is found will be discussed
here.

1. Proton-proton coupling through phosphorus

(a) The case of HPH couplings has been recently well documented by
Manatt et al.9%4D This coupling has been mentioned earlier
(IT1.A.2(b)) and especially for its sensitivity to the hybridisation of the
phosphorus atom; the couplings being anomalously negative for P™ and
positive for PIY® and PV compounds.

(b) Three bond HPCH t couplings do not appear to undergo change of
sign and have been found to be positive, as expected, in all the cases
in which sign determination has been made (1968.28:1969,39_ Fortunately,
however, the values for tri- and tetra- coordinated phosphorus are dif-
ferent and have the following values: +6-5 to 8 Hz for PI, +5-5 Hz for
PIV® and +3 to 3-5 Hz for PV, (1966.14;1967, 135; 1968, 28 and 35; 1969, 34 and 73)
This behaviour} is contrary to the hybridisation changes predicted for
the P-H and P-C bonds and cannot fit into the Jameson formalism (see
ITII.A.2(b)). Additionally, some stereospecificity is observed in these
couplings—the methylene protons of HP(CH,CH;)CzH; are not
equivalent and are coupled differently to the P-H proton [+ 6-56 and
+7-10 Hz]. (198:2® T jkewise, it is possible to identify the conformation
in cyclic compounds, e.g. in 139 the value of 3J(HPCH) is 12 Hz for the
cis proton but 2-5 Hz for the trans. 1999:142 In a few instances couplings
in pentacoordinated compounds have been reported, e.g. in CH,PF;H
[1-2 Hz] and (CH;),PF H [2-7 Hz]. 1968.42

(c) Four bond couplings have only been reported for */J(HCPCH) in

+ Some HPSiH couplings have similarly been described. (*969- 7

I The same as for the relevant CPCH couplings, for which the value is +4'8 Hz
in P(CHj); and +2-4 Hz in P®(CHj),. 19%9:2
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P(CH,); [+0-15 Hz] and in P®(CHj), [+0-3 Hz]?%%2 and for
#J(HCPSiH) in CH3P(SiH;), and CH;PHSiH; [0-4 and 0-3 Hz respec-
tively]; (1969:7® as for the case of HCPH couplings the signs and magni-
tude were not as expected. In both cases “through-space” mechanism
cannot be excluded which would involve some contribution from the
lone-pair on P™,

A longer-range coupling has been detected in 140, between the ringed

hydrogen atoms, and the stereospecificity used to assign the conforma-
tion. (1968,117)

2. Proton~fluorine coupling through phosphorus

(a) Two-bond HPF couplings. These were first recognised in simple
tri-and tetra-coordinated compounds—HPF, +41-7 Hz, HP(O)F,
116 Hz and HP(S)F, 98-9 Hz. (1966,32:1967,312nd33;1968,118) The signs
are not known in the latter two compounds but, for HPF,, the sign is
coherent with that (negative) of the relevant PF coupling. Numerous
data are available for penta-coordinated compounds; two examples in
simple compounds are:

HPF,  (ca. —20°C)  90,92Hz 1996241967, 36
H,PF;  (ca. 0°C) 80 Hz

In both cases it is not possible to distinguish between axial and equatorial
fluorine atoms; this is only possible in those cases in which the phos-
phorus has heavier substituent groups (1968,38.89and42) 44 for .

HPF;(CHs) J(H—F,y) = 117 Hz
JH—Fy,) = 299 Hz

When three substituents, are present then the two fluorine atoms, are both
axial as in HPF,(CH,), with J(H-F,,)=98-4 Hz. (196842 Degpite the
greater polarity of the P-F,, bonds it clearly appears that H-F, couplings
are of greater magnitude than those of the H-F,,. This may arise from
the fact of the closer proximity of the atoms in the H-F,, case; this
has been interpreted fairly well on the basis of the Jameson-Gutowsky
formalism (III.A.2(b)) by estimating the relevant exchange integral.

Lastly, for PVI© compounds it has been observed 1968: 41 that the HPF
couplings for the two non-equivalent equatorial positions were quite
distinct as shown in 141. The trans H-F coupling in [PF;H]® is in fact a
function of the H-P-F angle. (1969, 143 ’

(b) The best documented three-bond coupling is that involving the

FP-CH group.t Some typical values taken from the literature (1966,36;
1967, 60and 110; 1968, 38, 39 and 425 1969, 20, 62and78) e shown below:

4+ HP-CF coupling has only been reported for HP(CF3)z and was 9-9 Hz, (1969, ¢3)
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(CH,),PF 185 Hz CH,PF, 7.2 Hz (average)
CH.PF, 20-0 Hz CH.PF,H F.. 126, F., 42 Hz
CH,P(O)F, 60 to 62 Hz CHyPF5(OCeHs)s Fox 120 Hz
- o
\

. o’ 13 Hz (CH,),PF,H F,. 121 Hz
A /™y
7 \P/S 12 Hz (CH,),PF, F,. 129, F.,3-3 Hz
B / \F (CH;),PF, F.x 12-0 Hz

A number of interacting factors precludes any generalisations to be
made but it should be noted that the clear distinction of the proton
couplings to axial and equatorial fluorine atoms in pentavalent compounds
is again obtained. The same order is found as for 2J(H-P-F) namely
[J(H-F,5)| > |2J(H-F,)|-

Some unusual three-bond couplings have been found in the following
compounds: F,PNHCH; [10-2 Hz], 4988119 FCIP(S)NHSi(CH,), [2
Hz] 1969-89 and in F,P(S)SH [1-2 Hz]. (1969.99

(c) The majority of interesting four-bond couplings are *J(H-F) found
in FP_N_CH groups (1965, 8;1966,30; 1967, 59; 1968, 43and 46; 1969,31, 56,61 and

103} for example:

(CH,);NPF, 36 Hz (CH3):NP(O)F; 82 or 0-0} Hz
(CHg);NP(CF=CF5); 0.6 Hz (CH3),NP(S)F, 21 Hz
CH,N(PFy), 1-5 Hz [(CHg):NI.P(S)F 1-7 Hz
(CH:);N(CH,)NPF, 31 Hz (CHq);NPF, 21 Hz
CH;O(CH3)NPF, 3-6 Hz (CH,);NPF,Cl, 27 Hz

The *J(H-F) values are usually lower when atoms other than nitrogen
separate the two nuclei (1965, 8; 1966, 30; 1968, 45; 1969, 62and 84) as for example

m:

CHP(O)XCF3): 078 Hz (CHj3);CP(O)F, ca.1 Hz
CH;0P(S)F, 0-7Hz CH,;SP(S)F, 1-3Hz
CH,SP(CeHz)F; 2-0 Hz CH,3SPF, (—100°C) F.x3-0Hz

Examples of longer-range H-F coupling have been found as follows:

J(H-F) in (CH);NP(CFy), [0-5 to 0-7 Hz], 095 470455 in (CH,),
NP(CF==CF,), [0-6 Hz] and in [(CH;),N],PCF=CF, [0-8 Hz], (1969,55
in CH;OP(CFj), [0-46 Hz] and CH3OP(O)(CF;), [0-37 Hz] (1969, 89 and
in (CH30),P(O)CF=CCICF; [0-45 Hz in cis and 0-40 in frans isomer].

(1968,98)

®J(H-F) in (CH;)oNP(CyF), and [(CHy);N],PCoF [0-7 Hz], 1985, 19

+ Depends upon isomer.
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3. Fluorine-fluorine coupling through phosphorus

(2) The only observed two-bond couplings are found in penta-or hexa-
coordinated fluorophosphoranes. The axial and equatorial positions,
which differ appreciably when exchange is slowed down, are readily

identified. For instance the following values have been obtained at low
temperature : (1968, 31a1d82; 1968, 38,39 and 42; 1969, 62and 114)

F;PH(CHj;) 19 to 20 Hz F3;P(CHs3), 26-2 Hz
F:P(CF=CF;); 52Hz F3P(CcH5)SCeH; 60-0 Hz
FsPCI[N(CF3).] 95 Hz

The same appears to be true for PVI® hexa-coordinated compounds such
as PF;S° for which 2J(F,,—F,,) is 48 Hz 196849 and in (CF;),PF;H®
in which all the fluorine atoms are equatorial but can be differentiated
as shown in 142 196841 and finally 143. (1966,33)

In some instances the axial positions are not equivalent and it is pos-
sible to distinguish three different sites at —100° in CH3SPF, in which
the couplings are 2J(F,,~F.,)=19, 2J(F,;-F.,) =104 and 2J(F, -F. )=
91 Hz, or two different sites at —80° as in CH3SPF,(C¢H;), in which
2J(Fox—Fay) =28 Hz, (1969,19

(b) Higher F-F couplings through phosphorus have only been found
in the following cases.

(i) Three-bond coupling. In P,F, the fluorine atoms are not equivalent
and it is found that the FPPF and FPPF’ couplings have opposite signs.
(1969,381) Other three-bond couplings for which the sign is known are in
the compounds: FP(CF;), [—3-5 Hz], 19675 F,P(O)CF; [11 Hz],
(1968, 48 FPCl,(CF;) [8-4 Hz] 196762 and F,PCF=CF,. 196755

(ii) Four-bond coupling. The values have been compared (1966:3D
in the following series of compounds: F,P(O)N(CFy), [8-6 Hz], F,CI,PN-
(CF;), [14-1 Hz] and F3CIPN(CF;), [10-8 Hz]—this last value is an
average of the axial and equatorial couplings and suggests that the value
of J(F-F,,) is longer than J(F-F.,), as was previously observed for
couplings involving protons (IIL.F.2(a)). The sign of *J(F-F) in the
P™ compound, (CF3),PSCF; has also been established [+1-1 Hz].

(1967, 55)

In fluorovinyl compounds a similar stereospecificity is observed for
F-F coupling as for P-F coupling (II1.B.7(a)) and in F,PCF=CF, the
cis and trans *J(F-F) are 2-8 and 13-2 Hz respectively. (1969:5% Finally
other example of four-bond couplings are found in F,P(O)OP(O)F, and
F,P(S)OP(S)F, [2-4 and 3-7 Hz respectively] 19¢9:52 and in F,P(O)N =
SP‘2 [4.5 HZ]. (1967, 136)

(iii) Five-bond couplings have only been reported in CF;P[N(CF3),),
and (CF3);PN(CFj3), [5-5 and 4-7 Hz respectively]. (1968, 69
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IV. APPLICATIONS OF NMR
IN PHOSPHORUS CHEMISTRY

A. Applications to structural problems

NMR is so widely used for structural assignments that it would be
inappropriate to give a general review of these applications and the dis-
cussion will be confined to considering some aspects associated with
cyclic compounds which are by far the most interesting. Apart from the
cases of rings composed entirely of phosphorus atoms and organo-
metallic structures such as 144 1967.78 the following systems will be con-
sidered.

1. Carbon-phosphorus heterocyclics

These have recently been reviewed, including NMR data, up to 1967
by Berlin and Hellwege (196% 149 and some new examples, not included
in the above review, are:

Phosphabenzene P™ (145) and PV (146) derivatives, (1968,75and101;
1969,145) or the higher homologs such as 147968120 which may be
compared with the non-conjugated counterparts such as 148 and 149.
(1968, 75 and 102)

Phosphazolidines (150) have been investigated by Issleib and co-
workers. (1967,137)

Phosphetanes have previously been discussed with respect to the stereo-
specific coupling found in these compounds (III.B.2). (1967,82:1968, 67,121
and 122)

Bicyclic compounds, such as 151, have recently been synthetised.
(1969, 1486)

2. Heterocyclics containing phosphorus atom in ring

This type of compound (152 to 155) containing one P™I, or tetra- and
penta-coordinated PV atom have been described. (1967, 188 and 139; 1968, 123;
1969,116) Heterocycles with two P-heteroatom bonds in the ring have been
more commonly reported. In addition to the numerous PV oxyphos-
phoranes and homologs, synthetised by Ramirez and co-workers
(see 1968, 124 for areview of these compounds) and by others, (1967,121,140
and141;1969,147) parent tri-, tetra- and penta- coordinated phosphorus
heterocyclics with various structures (156 to 162) are known. (1965:32
1966, 83; 1967, 142and 143; 1968, 76, 125 and 126; 1969, 65,109and148) A somewhat re-

lated compound 163 has also been described. (1969, 149

3. Phosphonitrilics

The greatest attention has been devoted to these conjugated systems
(certainly as far as the pentamers). The understanding of the nature of
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the bonding and the molecular geometry is a very challenging problem
as it presents an atypical case of aromaticity; w-character of phosphorus
has been considered in relation to chain mobility, (19589 to electron with-
drawal by substituents?¢8:227 and to chain planarity and lastly to
substituent electronegativity. (1966, ¢9

Numerous data have been reported by Shaw and co-workers, (196524
and 33; 1966, 64 t0 88; 1968, 91, 128and 129, 1969,150) by Moeller and co-workers

(1966, 89;1967, 144 and 145; 1968, 50,130t0133) and numerous other workers.
(1965, 34 and 35; 1966, 6, 49, 80, 90 to 97; 1967, 130, 146 to 148; 1968, 114, 184 and 135; 1969,

151 t0153)
In all these cases the identification of the isomers could be readily esta-
blished by using:
i) 31P chemical shifts, e.g. in N3P;FsX it is possible to distinguish PF,
and PFX groups:
PF, 70-9 PF, 712 PF, 708
PFIN(CHgy);] 63-0 PFCl 320 PFBr 20-5

It was also possible to distinguish between the c¢is and trans isomers, e.g.

in NgP3F,(CeHs),:

cis 3ip —384 1o 493
PFCGHS{ trans - 383 51°5
PF { cis ~12:4 652 10 69-3
2 trans —~10-8 67-7
i1} Coupling constants as in:
Cl N(CHas)s
/ /
P 3J(P—H) > 163 P 3J(P—H) < 139
\
N(CHs); N(CHas)2
CeHs F
A 7 :
P YJP—F) cis 965 P JP—F) cs 898
AN trans 939 AN trans 879
F F

It should also be remembered, as discussed earlier (II1.C.2(d)), that the
P-N-P two bond couplings are also sensitive to nature of substituents.

Finally, it should be noted that various parent structures such as 164
and 165 have been reported. (1966, 98, 1967,149and 150; 1968, 136and 137)

B. Applications to stereochemaical problems
The importance of NMR in stercochemical studies of phosphorus
compounds is now firmly established; this aspect was discussed at length

1 For instance see ref. 1958, 1; 1960, 2; 1962, 3.
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for organic phosphorus compounds in a review by Gallagher and Jenkins;
(1968.138) this is also true for the elucidation of various biological mecha-
nisms such as pseudorotation in the hydrolysis of phosphate esters.
(1968,139 QOnce again, the topic is far too extensive to be considered in
great detail—only typical examples will be presented neglecting studies of

optically active compounds such as menthyl phosphinates, e.g. 1967151
1968,140;1969,154)

1. Stereochemistry of saturated aliphatic compounds

NMR is an especially sensitive tool for detecting non-equivalence
and for studying the underlying phenomena (steric hindrance, solvent
effects, etc.) and a number of examples were cited in the previous section.
Thus, it was noted from work of Rudolph and Newmark 1969:3D that
conformational equilibrium exists in F,PSPF, (in which sulphur acts as a
rather loose link) but not in F,PPF, or F,P(NCHZ)PF, (see Sections
HI.C.1.(b), II1.C.2(c) and III.C.2(e)). Similarly, Lambert et al. have
investigated rotational isomerism in diphosphines and obtain the rele-
vant activation parameters, (1966,99;1968,141)

Mono-phosphorus compounds will now be considered and discussed
in order of the bridging atom (non-equivalent group are underlined).

(a) Carbon. Steric hindrance effects the protons as in CICH,PH,, 1968.5®
and CICH,PCl [N(CHg),]. 4°68:5% This feature is more pronounced in

compounds as 166, 1969:15% This effect is also found in PIV® and PV
deriVatiVeS. (1968, 68; 1969, 156t0158)

(b) Oxygen. Non-equivalence from steric factors exists in various P™!
and PV compounds such as CsH;P(OCH,CHs;),, CsH;P(OCH,CHy)-
(CH,CHyg). 1969:39 The effect has been investigated as a function of
temperature and solvent in 167.(1969:1%9) The effect can also arise from

blocking by complexing in adducts; 1969 169 gther examples are to be
found (1965, 35and 36;1967,152; 1968, 25, 142and 143; 1969, 101,161 and 162)

(c) Sulphur. The only detailed study, as a function of temperature and
solvent, has been carried out on CHzP(O)(OR)SCH,R’, (1969101

(d) Nitrogen. As discussed earlier (II1.B.5(b)) the phosphorus-nitrogen
bond is very sensitive to d,~p, conjugation and this factor dominates the
effects of inversion at nitrogen (always rapid) and at phosphorus (gener-
ally too slow). Trivalent phosphorus is very favourable for obtaining iso-
mers at some accessible temperature such as in RNHP(CFy),, (1968140
RIR?PCHCgH;), CH3(R)PR2R*(1968:92 apd other compounds. (958
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1967,80;1968,146) With PV compounds, in which conjugation with nitro-
gen is balanced by the formation of a P==X bond, it appears that steric
effects are predominant and initiate conformational stability which may
arise from asymmetry of phosphorus 969111 as observed in CgH;P(X)-
(NHPrY), [X=S or Se] and (C¢Hj),P(S)NHPr!; the non-equivalence of
the methyl groups of these compounds has been investigated at various
temperatures in different solvents. 1968:14% Internal hydrogen bonding
may also add a stabilising effect when appropriate groups are present as in
PriNHP(O)(OR)(OAr), in which H—O chelation occurring in the
NHP(O) group is likely to occur, (1969, 110

2. Stereochemistry of unsaturated aliphatic compounds

Stereochemical problems in these compounds are not specific to
phosphorus compounds; the only additional feature is the existence of
phosphorus couplings, the stereospecificity of which has been previously
mentioned (IT1.B.7). It should be noted that phosphorus-bearing groups,
and most especially phosphoryl groups, present on vinylic bonds create
very important neighbouring effects on account of the magnetic aniso-
tropy. These effects have recently been calculated, using the method of
ApSimon, by Timofeeva et al.*9%%:18% for the f-proton or methyl in
168 and 169.

Likewise, a systematic use of such anisotropy effects has been used to
establish the conformation of small rings from the proton shielding
in the corresponding allenic phosphine oxides, (1967, 153t0156; 1968, 46;1969,
164t0166) for example in 170.

3. Stereochemistry of acyclic penta-coordinated compounds

This question has been previously discussed in some detail (see ref.
1966, 1, p. 281) and is especially well-documented for fluorophos-
phoranes which have been extensively investigated by Schmutzler ef al.
(1965,12) (see I11.B.1). Actually, in many cases, the first problem to over-
come is the observation of distinct isomers as fluorine exchange occurs
rapidly when bulky substituents are absent.

The nature of this exchange is now better understood following the
extensive variable temperature investigations of both proton and fluorine
resonances. 1967: 157 For PF; it was concluded, from line width analysis,
that intermolecular exchange occurred in solution; 1969167 for intra-
molecular exchange pseudorotation has been invoked 967-158 and the
behaviour found to agree with the model of Berry.96% D It may be
added that this pseudorotation has been systematically analysed, from a
topological point of view, in trigonal bipyramids, 1968,147;1969,168) -

A last point is that the systematic assignment of fluorine atoms to the
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axial positions may not always be true despite the theoretical predictions
of the extended Hiickel calculation. ¢1986:190> Tt has recently been con-
cluded, from study of microwave spectra, that the molecular symmetry of
CF,PF, was C,,; this being only compatible with the presence of an axial
CF, group. (1968, 149

4. Stereochemistry of one-ring compounds

This topic has been reviewed, for the period up to 1967, in some detail
by Berlin and Hellwege. (196%:14% Various interesting examples will be
considered later but many aspects have been discussed in Section III to-
gether with stereochemical aspects of spin-spin couplings. Additional
instances will now be considered.

(a) Three membered rings have recently been described by Gold-
white et al. 1999, 169 and in these, 171 to 174, the isomers are distinguish-
able on account of the slow inversion at phosphorus.

(b) Four membered rings have been investigated by Cremer et al.,
(1968,121;1969,170) ¢ o 175 and 176; both inversion at phosphorus and ¢is-
trans equilibrium have been characterised for various substituents.

(c) Five membered rings with incorporated heteroatoms are generally
much better known.t With a P™ atom these compounds show a slow
inversion at phosphorus as evidenced by the non-equivalence of methyl
groups in 177 1988.51 and the non-equivalence of protons in 178, 2968.77
These and other data 1966.50 guggests that the different positions arise
from a planar ring in which the lone-pair on phosphorus is ¢is to two
substituents and trans to the other two. In fact a more detailed discussion
by Cox et al. using the parent ethylene, propylene and butylene phos-
phites 196999 proves that the NMR data are only consistent with a twist-
envelope conformation 179, as proposed earlier by Haake et al. 198,77
According to this work, the twist angle would be ca. 30° for the ethylene
phosphite (from vicinal H-H couplings); in the isobutylene homologue
this angle would be somewhat larger.

Other substituted phosphites have been considered (1967, 11551969, 85) 39
well as other heterocycles, for instance the oxaza analogues. (1969171
Some PV homologues have been investigated (196714051969, 171) a5 wyel] a9
the corresponding penta-coordinated compounds, e.g. 180 and 181,
(1967,140and 16051968, 76and123) 5 which the stereoisomerism may be
washed out by pseudorotation.

(d) Six membered ring compounds-—only dioxaphosphorinanes] have
been investigated but present sym-an?i isomerism with PMI(2966,46;

+ The compound (PCF3)s has been described in which scrambling occurs at
high temperature by torsional vibration. 1967, 159
1 The chair conformation has been definitely established by X-ray study.(169,172)
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1967,161and 162; 1968, 78and 79; 1969, 92and 172) or PV (1966, 465 1967, 90; 1968, 79, 83,
149and 150; 1969, 92,95, 97,173t0177)

In all these compounds the dihedral dependence of both POCH and
POCCH couplings are clearly seen; this is of some importance in applica-
tions, especially for biological compounds 99999 _—the only difficulty
arises on account of the number of superimposed stereochemical factors
as observed in the low temperature data of 182a and b. 196917 Thig
means that the ring conformation is the major but not the only important
factor.

5. Stereochemistry of spiro-compounds

(a) Spirophosphorus compounds, in which the phosphorus is attached
to carbon atoms only, have been investigated by Hellwinkel (16%:3 and
the relevant stereochemistry was later discussed by the same author.
(1966, 25a0a101) The ynderlying pseudorotation mechanism has been in-
vestigated by a variable-temperature study, a trigonal bipyramidal con-
formation being stable, (1968, 151

(b) A large number of heteroatomic spirophosphoranes have been
described and reviewed by Ramirez. (1967.163; 1968,152and153)  Various
other systems 183 to 185 have been reported by Burgada ez al. ; (196739, 164
and 165; 1968, 154;1969,109and 178) in 185 When R _ H a PVHPIII tautomerism
exists involving structure 186. Many of these compounds exhibit a
double diastereomerism (cis-trans and quadrent isomerism) which is
detectable from the proton resonance of the R group; in this respect
groups with R=H and CH(OH)R?! appear to very sensitive to molecular
environment. Lastly, structural rearrangements have been elucidated for
various H-spirophosphoranes 183, R =H. (1969, 179

6. Stereochemistry of other cyclic compounds

Various polycyclic or juxtacyclic compounds have been considered
(1966, 102; 1967, 166, 1968,117; 1969, 90and 146) and 187 may be considered as a
typical example in which the *J(POCCH) and 5J(HPOCCH) values were
used to assign the configuration shown. Some attention has been given
to this aspect in steroid derivatives (1965,38;1966,103and104;1967,100,167
and168) and the stereospecificity of long-range P-C-C-CH couplings
have been used, in addition to Zircher rules, for conformational assign-
ment of 188 in which *J(P-H) was 0-8 Hz. 195989

C. Applications to intermolecular studies

1. Solvent and temperature effects have been especially studied in
simple compounds—white phosphorus, 1969180 PH_ (1967,4% PF_
(968,51 phosphorus acid, phosphines, phosphonium compounds etc. (1965
89:1967,169;1968,155;1969,53) Phosphorus chemical shifts or line-widths,
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proton or fluorine chemical shifts or coupling constants were in turn
used for the measurements.

2. Hydrogen bonding has been considered in hydrofluoric or hydro-
chloric acid solutions of phosphates and other esters, (1967, 170;1968,156;
1969, 181t0183) T g5 acidic media, such as alcohols, water and chloroform,
have been used by Li et al. (1967,171;1968,157and 158) Comparison between
the infrared and phosphorus resonance shifts have been found to be fruit-
ful for understanding the interaction in the case of hydrogen phosphon-
ates. 1967172 Thermodynamical parameters of the interaction were
obtained using a variable temperature investigation. (1969189 To quote
more ‘‘chemical” interactions, S-diketone-neutral ester systems have
been considered, 1999:10%) 35 were mixtures of amines and acidic phos-
phates and pyrophosphates by Russian authors, :969,18%

3. Adduct formation results in well-defined species. Generally speak-
ing, phosphorus compounds act as Lewis bases [exceptions being penta-
valent phosphorus halides as reviewed by Webster (1966:108)]; for other
examples in which the relevant Lewis acids are metalloid derivatives
see references 1966, 107 and 1969, 186. Adducts involving boron
have recently been reviewed elsewhere (1969:94and102) and are by far
the most numerous and use has been made of phosphorus, boron,
proton and fluorine resonances, in some cases at varying temperature.
(1965, 40; 1966, 20,36,81,108t0110; 1967, 32,41,133,134,173 and 174; 1968, 79, 158 to 160;
1969, 42,72,86,102,113,141,18760196) A5 previously mentioned (IIL.E), the
most striking feature is the appearance in P™! ligands of boron-phos-
phorus coupling through the dative bond [ca. 30 Hz in PH;+-BHj; to ca.
100 Hz in (CH3O)3P-BH;]. Simultaneously, phosphorus is coupled to
some protons or fluorine atoms through the P—~B bond as in (CHj),-
P.BH; in which 2J(P-BH) is 26-8 Hz or in (CH;);P-BF; in which
2J(P-BF) is 229 Hz. Additionally for both P and PV derivatives, the
specific chemical shifts and coupling constants of the ligand are modified.
Boron resonances shift about 10 ppm upfield for BF; and about 40 ppm
for BHg, irrespective of the ligand and do not appear to be too sensitive
to the “bond strength’; fluorine shifts give a better estimate of this, thus
it is about 20 ppm upfield for the BF; complex which is far less than found
in amine and ester complexes. For the phosphorus ligand nearly all shifts
appear downfield on complex formation, in agreement with a o-bonded
type of adduct.} For protons the deshielding effect is nearly the same for
all types of ligands (0-2 to 0-4 ppm), suggesting that this arises from the

+ Assuming that no structural changes occur within the molecule. Halogen
exchange is detected in some cases; 1968, 45:1869,28and102) imjlarly the influence of
adduct formation on the thiono-thiolo isomerisation of thio- and seleno-phosphates
has been noted. (1959, 189
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magnetic anisotropy of the boron ligand. Another interesting feature of
the changes induced by adduct formation is afforded by the various phos-
phorus couplings. As noted earlier (III.B.1), phosphorus-fluorine coupl-
ings are rather insensitive on account of the high polarity of the bond
while phosphorus-proton couplings are extremely sensitive. For example,
P-H coupling is about 320 Hz in PH,®(BHj;), compared to about 140
Hz in the free ligand. As a rule the change is in the direction expected for
an increase of the substituent electronegativity.

In molecules which can act as polydentates, one point of interest is the
relative basic strength of the different basic sites. For [(CH;),N];P and
other amino-phosphines, it was concluded that complexing to phosphorus
was the major mechanism ; (1969,72and192) jp [(CHg),N];PO there is com-
petition between the phosphoryl group and nitrogen atoms for complex
formation (1969, 94,102and188) jp ggreement with previous hydrogen bond-
ing studies (see 1966, 1, p. 295).

Adducts involving aluminium, gallium or indium derivatives as Lewis
acids have also been described. (1965, 41;1966,111;1967, 175 and 176; 1968, 161 and
162;1960,28,187t019% Here again, in P™ ligands, phosphorus-aluminium
coupling is found or phosphorus-proton coupling through aluminium
or gallium. The formation of complexes actually affords a means of
detecting changes, and especially in the signs, of coupling constants.
This was used by Pidcock et al. to obtain evidence for reversal of sign in
P--~H couplings in aluminium complexes of P(CHj); by varying the
concentration (adduct exchange is sufficiently fast at room temperature
to give an average spectrum); no similar variation appears for the P----H
coupling of P(OCHj)s. 19%6:4D This observation supported the early
assumption that the P-C-H couplings depended upon two competing
terms of opposite signs (see I1L.B.1).

Some attention has been given to the ligand exchange mechanism
(1969, 198) and similarly bond-exchange has been detected in interhalogen
mixtures, e.g. in AlFg~POCI; from 27Al resonance 1969:28) or in BF;—
POF,(CHjg) from both fluorine and phosphorus resonances. (1969,102

In a few cases adducts other than these obtained with boron, alumi-

nium gallium and indium have been described. (1962, 4;1966,112;1968, 163
and 164; 1969, 200)

D. Applications to reaction studies

Brief consideration will be given to NMR investigation of intermedi-
ates, products and kinetics of reactions, Alkylation, arylation, metalation,
reaction with -organometallics, thermolysis and thermal rearrange-
ments, isomerisation and many other reactions such as the Wittig,
Michaelis and Arbuzov reactions, which are typical of organophosphorus
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chemistry, have been considered. (1963,5;1965,42t045; 1966, 60, 62,71, 109,113 to
187;1967,121,1389,141,177t0185; 1968, 126, 145, 165; 1969, 116, 146, 201 and 202) NMR

has also been used for polymerisation studies and polymer characterisa-
tion' (1965, 42, 46,and 47; 1966, 138; 1967, 186 to 188; 1968, 166; 1969, 203) this haS been
b

systematically exploited by South African authors(1968,167;1969,203and
209 for investigating mixed polymers in various systems such as methyl
polyphosphate + methyl orthosilicate, arsenite or phosphite. It now
appears that NMR data for inorganic systems is in general rather sparse.
(1967, 129, 189and 190)

Typical examples of such researches on reaction studies are:

(i)Valence rearrangements of phosphorus: P™«PV interconversion as
in the “phenylphosphinidene” ?9¢%:4® and in spirophosphoranes
(1967,165) or PIVO . PV interconversions as in RgPX, compounds
(1967,191;1968,168) t5 which may also be added metathetical reactions.
(1966,139)

(it) pH Dependence of molecular species as observed at pH values
above 2:0 with methyl and dimethyl phosphates; 1969209 the former
exhibits abrupt changes in proton chemical shifts and coupling con-
stants when going through the upper pK (6-4) and the second which has
only one low pK (1-3) presents a pH-independent spectrum in the range
investigated.

(iii) Reactions and rearrangements of methylene phosphorane com-
pounds in which an acid-catalysed exchange has been detected (1968, 169t
17D which creates an anomalous temperature-dependence of the P=CH
coupling, first attributed to hindered rotation. (1966, 140; 1967, 192 T'he rele-
vant stereochemistry has been further investigated by Snyder et al.
(1969, 206 and 207)

(iv) Ligand exchange, a field pioneered by Van Wazer et al., has re-
ceived some attention, 1965,49and50;1967,193;1969, 140) for instance in ad-
ducts with fast interconverting ligands as in 189. 1966.38 Most examples,
however, deal with halogen exchange either through an intramolecular
process (if any) in PF1967,194;1968,172) or intermolecularly in adducts
(1868, 45and 173; 1969, 28and102) for which the lifetime may be calculated.

Regarding lifetime studies, the interest in exchange observations can-
not be over estimated. Thus, Grim and McFarlane could not observe
phosphorus chemical shifts or coupling constants in mixtures of HBr +
(CeH;)sP, or (Ce¢Hj),PH or CgH;PH,, which gave an upper limit for
the phosphonium ion lifetime of 3-1072 sec. In contrast to this H-P-CH
couplings are sometimes observed, depending upon the experimental
conditions, for mixtures of HBr with CH;P(CHj), or (CH;),PCeHs; as
these couplings were ca. 6 Hz the observation of these couplings implies a
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lifetime greater than 0-2 sec. and absence a lifetime lower than this value.
1968,D Studies on the protonation of phosphines have recently been
extended by Olah and co-workers to similar systems. (1969:12

E. Miscellaneous applications

Various fields in which NMR appears to be of considerable value will
briefly be considered.

1. Relaxation studies have been rather scarce despite the early in-
vestigations of Winter 1959:1) on 31P relaxation in PCl; and PBr,,.

Variable temperature measurement of T in PCl;, POCI; and POF,
(including use of fluorine resonance in the latter compound) (968,174 4
of Ty and T, (in the rotating frame) for PBr, (1968119 3nd PCl, (1969,139)
permitted a better understanding of relaxation mechanisms and a separa-
tion of contributions from scalar, spin-rotational and direct dipolar inter-
actions (7, depends only on the first term). From these, it may be con-
cluded that the major mechanism (for diamagnetic liquids) arises from
the spin-rotation interaction, especially at high temperature; at lower
temperatures scalar interactions become of some importance. Similar
studies have been performed on liquid and solid P,O,. 1968,175; 1969, 208)
Conversely, phosphorus relaxation rates have been used as a probe for
following solvent effects on tributyl phosphate and complex formation
with uranyl nitrate (1968109, andalsosee1968,176and1969,209 and also for
investigating ligand exchange in metal complexes, 1968:177 ferroelectric
changes in KH,PO,] 9%8:17® and electronic structures of phosphides.
(1969,211and 212)

As a related topic, attempts to improve the signal to noise ratio in %P
spectra using dynamic polarisation will be briefly described (for a review
of the Overhauser effect see'98% 213). This was first used in high fields,
using some radical probe such as tri-z-butylphenoxy, and the enhance-
ment was found to be positive for P™ compounds but not so for PV
homologues. (1966,141;1967,198;1968,130) (bservations at low fields are
more numerous but the results more complex (1968: 8; 1969, 214and 215) heing
positive for phosphites and triphenyl phosphine but negative for diphenyl
phosphine (all having trivalent phosphorus) and being negative for phos-
phates and thiophosphates but positive for dimethyl phosphonate, thio-
phosphoryl chloride and phenyl thiophosphoryl dichloride (all with

1 Further analysis of T for phosphorus (and fluorine) in POF; gives an estimate
of para- and dia-magnetic terms in the relevant chemical shifts, thus permitting
an appreciation of the absolute 3P chemical shift %99 ® as discussed earlier (IT.A.1).

1 Proton or deuteron relaxation is also useful in this respect as shown for
NH,PO,H, 1967, 185a0d196) an{ for the determination of rotational barriers in solid
phosph()nium halides' (1967,197;1968, 179and 180; 1969, 210)
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pentavalent phosphorus). It is suspected that, in addition to direct
coupling by s electrons, there exists some indirect mechanism. When con-
sidering phosphonitrilics 1969:216) 3 gpecificity of the radical probe has
been found, bis-diphenylene phenyl allyl being especially satisfactory and
DPPH being the least effective of the species investigated. The en-
hancement attained appeared to be directly dependent upon the ring
delocalisation.

2. Investigations on solid samples have been reported for a rather
large variety of compounds generally using phosphorus resonance but in
some cases proton, fluorine, boron and even ?*Na resonances 1969,21M
and relaxation time measurements have been used. Phosphides, and
especially simple or mixed paramagnetic phosphides, have often been
Considered, (1961,3;1966,142 to 145; 1967, 199t0205; 1968, 181 to 185; 1969, 212, 218and
219 sometimes using the resonance of the metal atom (Y, La, Mn, Al,
etc.). Phosphates also present a large number of interesting cases—
mineral and meteoritic, paramagnetic and paraelectric, ferroelectric and
antiferroelectric phosphates have been studied, special attention being
paid to the phase changes. (1966, 14651967, 188, 195, 206 t0 211; 1968, 178, 186 10 191;

1969, 27,61,220022%) Data are available for various other solids or glasses.
(1966, 147and 148; 1967, 212; 1969, 22510 227)

To cite the most interesting general features:

(1) Fine structure determination, pioneered by Andrew, has been
extended to polycrystalhne samples. (1966:149:1967, 208 This has been
found to be especially valuable when investigating solid-state adducts
such as PCl;-TiCly, which is formulated PCIPTiCI. (1966,150;1967,213
0218;1968,192) Similarly, double regonance has been performed on solid
samples of CaHPO, #968:199 and of NH,PO,H,. 1969228

(ii) Line shape analysis has been possible in some cases, thus affording
chemical shift anisotropy for phosphates 1969.5a0d221) and for BaFPO,.
(1869,6and™ Jp the latter case the absolute sign of the P—F coupling could
be unambiguously assigned on these grounds.

(iii) Variable temperature measurements were very useful for following
phase transitions and molecular rearrangements as in hydroxyapatite
(1969, 229 35 well as the identification of various hydroxyl and water species
in solid phosphates, (969,226

3. Metal complexes

The importance of metal complexes of organo-phosphorus in homo-
geneous catalysis, or therole played by NMR in the structural assignment,
needs no stressing. In ref. 1966, 1, a formulae index was presented for all
these species studied using resonance other than that of phosphorus
and more recently the ®'P resonances of these complexes has been fully
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discussed in an earlier review in this series by Nixon and Pidcock. 1969229
To keep abreast with this rapidly growing field of interest a summary is
given in Table XXXIV according to the central atom and the reson-
ance investigated and only a few outstanding points will be discussed.

(i) Phosphorus-phosphorus couplings—When more than one phos-
phorus ligand is present these couplings greatly assist in the stereo-
chemical assignment, for instance being —40-5 and 4162 Hz
respectively in cis- and trans- (CO),Mo{P(OMe)g},. 1969182 These
important variations may be considered in terms of changes in the
s-character, (1969, 139

(i1)Ligand-exchange mechanisms are clarified using variable-tempera-
ture studies(1967,34:1968,235and243) oy relaxation rate measurements
(1968, 17D and have been considered in relation to ion-pairing mechanisms.
(1865,541056) Gtereochemical conversions 969,279 have also been dis-
cussed in relation to intramolecular 1967:262 and o—r rearrangements.
(1969, 309)

(iii) Chemical exchange spin decoupling in metal complexes, which
removes couplings of phosphorus (i.e. to neighbouring protons) owing to
its preferential relaxation by unpaired electrons, (1965,68and64;1968,217;
1969,237 has been investigated using temperature and solvent depen-
dence by Franke] 1969,237,2382and310) 3p( the relevant theory established
by Fackler and co-workers 1969290 ysing the density-matrix technique
of Kaplan and Alexander. It is especially noteworthy that this effect
(which only exists in P™ compounds) is selective 19699 a3 non-
equivalent couplings are not removed simultaneously, as previously dis-
cussed see I11.B.3(b); thus, for H, and Hy in 190 which have different
coupling constants to phosphorus (2-2 and 10-5 Hz) are decoupled at
different concentrations of added nickel acetylacetonate.

4. Biological problems

A detailed discussion of this topic is once again beyond the scope of
this review. The field is particularly broad and includes the investigation
of biological structures and configurations using various resonances,
generally proton and phosphorus, but also !N 1966:198) of the reac-
tivities through complexing [especially by metal cations which may be
used as resonance probes, such as *3Ca 1969:311 byt also using other ions
such as 3°Cl] or the interaction with other substrates [e.g. procaine-
thiamine pyrophosphate interactions 19693127, To briefly mention the
relevant references according to the phosphorus compounds data may be
listed for:

(1) AMP ADP and ATP (1965,72t074;1966,196t0198; 1967, 263 and 264; 1968,
5 .
270and 271;1969,311,313and 314)



TABLE XXXIV

NMR studies of metal complexes of phosphorus compounds®

Metal
atom Proton resonance Fluorine resonance Phosphorus resonance Other resonance
Ag 1966, 41; 1967, 102; 1968, 1966, 41 1966, 110; 1967, 217 and 218
162, 194 and 195
Al 1969, 199, 230 to 232 1967, 23; 1969, 199 and 230 27TA1-1967, 23
As 1968, 196
Au 1966, 151; 1967, 219; 1969,
233
Ca 1965, 30
Cd 1966, 171 1966, 171; 1967, 221
Co 1965, 51 to 57; 1966, 152 to 1965, 57 and 58; 1967, 225; 1965, 53; 1967, 217 and 218; 59C0—1969, 246
157; 1967, 27, 220 to 224, 1968, 57 and 206; 1969, 1968, 203; 1969, 237 and
1968, 197 to 205; 1969, 235, 240, 241, 244 and 245 238
14, 78, 132, 234 to 243
Cr 1966, 72 and 158; 1967, 79, 1969, 60 and 133 1967, 79, 227 and 228; 1968,

226 and 227; 1968, 202,
207 to 209; 1969, 14, 78,
247 and 248

207, 210 and 211; 1969,
60, 249 to 251

2 This index follows in a more condensed form the Formulae Index V of ref. 1966, 1.
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1967, 229; 1968, 43 and 194;
1969, 252 and 253

1968, 43

1965, 31; 1966, 110; 1967,
217 and 218

Fe 1962, 5; 1965, 59; 1966, 158 1968, 98; 1969, 133, 134, 1967, 227; 1968, 203 and
to 161; 1967, 227; 1968, 240, 241, 254 and 258 216; 1969, 237
53, 98, 201 to 204, 209,
212 to 215; 1969, 78, 237,
239 to 241, 254 to 260
Hg 1968, 202 1966, 110; 1967, 221
Ir 1965, 52, 59 to 64; 1966, 162 1969, 167 1969, 263
to 164; 1967, 230 and 231;
1968, 217 to 224; 1969,
14, 236, 261 to 268
Li 1965, 30
Mg 1965, 30
Mn 1962, 5; 1965, 65; 1966, 1969, 240 and 241 1969, 237 11B—1966, 1672
165 and 166; 1967, 232; 55Mn—1969, 27
1968, 201, 212, 225 to 228;
1969, 14, 78, 237, 240,
241, 269 to 271
Mo 1965, 51; 1966, 72 and 158; 1964, 13; 1966, 168; 1967, 1967, 79, 227, 228 and 235;

1967, 79, 226, 227, 233 to
235; 1968, 202, 207 to
209, 212, 229 to 232;
1969, 78, 104, 131, 239,
247, 273 to 275

235; 1968, 119; 1969, 60,
131, 133, 134 and 276

1968, 119, 207, 210, 211,
230; 1969, 60, 249 to 251
and 276

(6961-5961) SANNOAWOD SNYOHJISOHd 0 SIIANLS NN

16



TABLE XXXIV (continued)

Metal
atom Proton resonance Fluorine resonance Phosphorus resonance Other resonance
Ni 1965, 54 to 56 and 66; 1966, 1966, 168 and 174 and 175; 1965, 66 and 67; 1966, 110,
152 and 169 to 173; 1967, 1967, 48 and 235; 1968, 169, 171, 176 to 178;
211, 220, 221, 224, 235 to 234; 1969, 133, 283 and 1967, 48, 174, 217, 218,
242; 1968, 53, 199, 204, 284 235, 236, 240, 243 to 245;
205 and 233; 1969, 34, 78, 1968, 211, 234 and 235;
141, 153, 159, 234, 277 to 1969, 282 to 286
282
Os 1965, 59; 1968, 217 and 236; 1969, 263
1969, 195, 263, 287 to 289
Pb 1966, 171 1966, 171
Pd 1965, 68; 1966, 179; 1967, 1967, 247 and 248; 1968, 1968, 244; 1969, 291
246; 1968, 237 to 243; 245 and 246
1969, 155, 233, 280, 290
to 293 »
Pt 1965, 59, 68 and 69; 1966, 1965, 69; 1966, 181, 183 and 1966, 185; 1967, 228, 253 195P+—1968, 251
179 to 182; 1967, 220, 184; 1967, 247 and 248; and 255; 1968, 145, 247, and 257
249 to 254; 1968, 218, 1968, 219, 246, 253 and 249 and 256; 1969, 263
219, 247 to 254; 1969, 26, 255; 1969, 121, 298 and
233, 236, 263, 277, 280, 299
290, 292, 294 to 297
Re 1965, 63 and 64; 1966, 186; 1969, 263

1968, 217; 1969, 263, 289
and 300

e
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Rh

1965, 52, 63, 64 and 70;
1966, 155, 163, 182, 187
to 191; 1967, 254, 256
to 259; 1968, 224, 258 to
262; 1969, 263, 301 to 305

1967, 248; 1968, 263; 1969,
121

1966, 192; 1969, 263 103Rh high-resolu-

tion resonance

1969, 306

Ru 1965, 59 and 64; 1966, 193; 1969, 307 1969, 263
1967, 260; 1968, 217, 236,
259, 264 and 265; 1969,
263 and 307

Sb 1968, 196

Sn 1967, 211; 1969, 53

Ti 1966, 194

U 1965, 71; 1969, 74 1967, 261 1968, 109 (relaxation)

A\ 1968, 212

w 1962, 5; 1966, 72, 158 and 1968, 268; 1969, 60 and 133 1966, 195; 1967, 79, 227 and
160; 1967, 79, 226 and 228; 1968, 207, 210, 211,
227; 1968, 207 to 209, 230 and 269; 1969, 60, 71,
212, 230, 231, 266 and 138, 249 to 251 and 308
267; 1969, 14, 71, 78 and
247

Zn 1968, 269

1967, 221

(6961-5961) SANNOIWOD SNYOHASOHd 40 SAIANLS VAN
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(ii) Nucleotide and nucleoside phosphates, (1965, 75and 76; 1966, 199; 1967, 265
02675 1968, 172, 272 102763 1969, 96, 98,815 %0318) for which an extensive survey

has been recently presented by Hollis and co-workers. (1969319
(iii) PhOSPhOlipidS (1966, 200and 201; 1967, 268 and 269; 1968, 277 to 279)

(IV) Phosphoproteins. (1966, 202; 1969, 320 and 321)

(v) Phosphorylated steroids and hormones, (1965, 88; 1966, 103 and 104; 1967,
167,168an4370) guoars and carbohydrates (1968 203; 1967, 271 and 272; 1968, 2803
1969,320and321) a0 enzymes, (1967, 267 1968, 281)

(vi) Others include radioprotectors,196%:204) thiamine phosphate,
(1986, 205; 1967, 273; 1969, 312) vitamin B6 1967:279 etc.—see also 1967, 275.

(vii) Lastly, phosphorus pesticides have received considerable atten-
tion (1961, 4;1968,282and 283) 35d monographs have been recently published
on these, one using 100 MHz spectra; (1968,284and285;1969,322) gee g]gg
review on the NMR of pesticides in Volume 4 of this series, 19711

5. Miscellanous applications

Finally, the following miscellaneous applications will be briefly men-
tioned:

(i) Analytical USCS.(1967’ 189; 1968, 286 and 287)

(ii) Extraction studies (1969, 74,323and324) o) transition metal ions and in
relation to flotation reagents. 1969:325) [t appears that the interest in such
investigations has now decreased (see ref. 1966, 1, pp. 295-296), in clear
contrast with all of the other fields reviewed herein.



V. FORMULA INDICES

The following indices list by formulae all available investigations on
inorganic and organic phosphorus compoundst (except biological and
metal complexes) with the corresponding references. Observed reson-
ances are given with the relevant chemical shifts for phosphorus and
fluorine; most of the published chemical shifts for other nuclei (except
proton) are in the text of the review. Phosphorus chemical shifts are
referred to 85% H;PO, and for fluorine to CCL;F ;] all are positive with
increasing frequencies (i.e. for decreasing fields) according to the rules
detailed in the General Foreword. When more than one nucleus of a given
species exists in the reported molecule, chemical shifts are reported when
available from left to right; when more than one nucleus exists on a
phenyl ring these are reported in the sequence ortho, meta and para.

+ No distinction has been made between deuterated compounds and the cor-
responding hydrogenated homologues.

T 3P Chemical shifts referred to P,O¢ have been corrected by +112'5 ppm;
19F chemical shifts referred to CF;CO.H, CF;C¢H; or F; have been corrected by
—799, —63-8 and 427 ppm respectively.
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FORMULAE INDEX I
NMR DATA ON INORGANIC COMPOUNDS®

Formula Compound Resonance Reference
PAICIg PCI2AICID P (+86'5) 1967, 276
PALH,0, Aly(PO.H,) H 1968, 162
PBBrH; PH;-BH,Br H 1967, 41
PBGeHg  GeH;<PH,-BH; H 1968, 158

(and deuterated derivative)

PBH,;Si SiH;-PHz+-BH; H 1967, 173; 1968, 158
PBHloSiz Sisz 'PHZ 'BH3 H 1969, 113
PBO, BPO, 1B 1961, 3
PB,HgNa H,P(BHj);Na 1B H 1969, 194
PB,F;Hy PF,H-:-B,Hjg 1B, H, P {ca. 118), 1969, 141
F(—121-7)
PB,F:Hy B,H;-PF; 1B 1966, 109
PBaFO; BaFPO; EFP 1969, 7
PBrFH,;NS FBrP(S)NH, H,F(-26) 1969, 325
PBrCl,0 OPCl,Br P (—29-6) 1966, 9
PBrF, PF,Br P (+218), F (—40-1)1967, 50; 1968, 19
PBrF, O OPF,Br P(—28), F(—32-5) 1967, 56; 1968, 19
PBrF.S SPF.Br P(286), F(—2-3) 1966, 8; 1968, 19
PBrF, PF,Br P(—726)F —(9-6) 1968, 49
PBr,CIO OPBr,Cl P (-648) 1966, 9
PBr,F PBr,F P (225), F (—70-4) 1967, 50; 1968, 19
PBr,FO OPBr,F P (—48-3), F (16-1) 1967, 56;° 1968, 19
PBr,FS SPBr,F P (—17-2), F (31-3) 1967, 58; 1968, 19
PBr,Fs PBr,F; I (ca. +55) 1965, 77
PBr; PBrs P (relaxation; 227 to 19539, 1; 1965, 1 and
229) 2;1967,277;1968,
19 and 115
PBr;O OPBr; P (—102, —-103-4) 1965, 1; 1966, 9 and
206; 1967, 277;
1968, 19
PBrsS SPBr, P (—111-8, —112) 1965, 1 and 4; 1967,
277; 1968, 19
PCaHO, CaHPO, P (solid) 1968, 193
PCIF, PF.Cl P (176), F (—38:6) 1966, 105; 1968, 19
PCIF;0 OPF,Cl P (—14-8), 1966, 278; 1967, 14;
F (—48-1) 1968, 19

& Formulae have symbols arranged alphabetically except for phosphorus which is always
placed first.
b Misprint in ®'P chemical shift originally quoted.

97
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Formula Compound Resonance Reference

PCIF,S SPF,Cl P (50-0), F (—15-9) 1966, 8; 1968, 19

PCIF;NO;S F;P=NSO,Cl F (—846) 1969, 326

PCIF, PF,.Cl1 F (—24-3) 1968, 49

PCL,F PFCl, P (224), 1967, 50; 1968, 19
F(—559 —-57-8)

PCI;FO OPFCl, P (0:0), F(—9-5) 1966, 9; 1967, 14;

1968, 19
PCL.FS SPFCI, P (43:0), F (15-6) 1967, 58; 1968, 19

PCLF,NO,S CIF,P=NSO.Cl
PCl,F3 PCl,F;

PCi; PCl,

PCI;FNO,;S CL,P=NSO.F

PCi;0 OPCl4

PCl;:S SPCl;

PCl; PCl;

PCl;0, PCI§CI0¢
PClg PCI§

PCl;,Sb PCI®SbCIg
PCsH, CsPH,

PFH.O, FP(O)H(OH)
PFH,0; FP(O)(OH),
PFHN,0,S (NH,);PO,SF
PFO; PO,F2©
PE.HO OPF.H, OPF,D
PF,HO, F,P(O)OH
PF,HS SPF,H, SPF,D
PEF.HS, F.P(S)SH
PF,HNO  F,P(O)NH,
PF,H,NS F,P(S)NH,
PF,H,NOS NH,POSF,
PF,I PF.1

PF:IS SPF,I

F (—50-4)

P (-27-8),
F (ca. 32)

P (relaxation, 219 to
220)

F (59-6)
170, P (relaxation;
2:2 to 3-0)

P (28-8, 30-8)

P (—80, —80-9)
P (87-1)

P (—295)

P (87:9)

H, P

H, P (2-74),

F (—643)
P(—8), F(=77)
P (43-9)

P (0-75)
H,P(-1),

F (- 619, —664)

H, P (—20-1),

F (—856, —87-5)

H, F (—46-1)
H, F (—15)
H,P(-12, —6),
F (—73-5)
H, P (66-2),
F (—42-7)
P (47:1)
P (242:2), F (—48)
P (-7,
F(-11-2)

1969, 326
1965, 77; 1968, 288

1959, 1; 1965, 1 and
2; 1967, 235 and
277; 1968, 19, 42
and 174

1967, 279

1963, 1; 1965, 1 and
4; 1966, 9; 1967,
277; 1968, 19, 136
and 174

1965, 1; 1966, 111;
1967, 277;1968,19

1968, 124 and 288

1967, 276

1968, 288

1967, 276

1969, 327

1968, 34

1967, 14

1967, 280

1966, 79

1967, 33; 1968, 34

1967, 14, 281 and 282

1966, 32; 1967, 33

1969, 99

1967, 93, 282; 1969,
129

1969, 328

1967, 280
1966, 59
1968, 45
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Formula Compound Resonance Reference
PF; PF, P [97, 105(?)], 1965, 1 and 2; 1966,
F(—337, —37-6) 28; 1967, 28, 48,
51 and 235; 1968,
19, 42 and 51
PF;H, PF;H; H, P (¢ca. —39), 1966, 24; 1967, 157
F (-50)
PF;H,, PF;D, H, P (-241), 1967, 36
F (—52-5)
PF;0 OPF; P (relaxation; —92-3, 1966, 9 and 29; 1967,
—94-3) 14;
F (relaxation; —35-5) 1968, 19 and 174;
1969, 63
PF;0,5 F,P(O)OSO.F F (46-1; —81-7) 1966, 29
PF;0,S;  FP(O)OSO,F), F 471, —72:3) 1966, 29
PF30,0,S; OP(OSO;F); P (165), F (50-1) 1966, 29, 1967, 283
PF;S SPF, P (32:4), F (—51-3) 1965, 13; 1966, 8;
1968, 19
PF.H PF.H, PF,D H, P (—50, —53-6) 1966, 24; 1967, 36;
F[—49-6, —52, 1968, 42
7-5(M]
PFNOS  F,P(O)N=SF, F (—-69-9, 57-1) 1967, 136
PF,NO,S F;P=NSO,F F(—86-7, —60-9) 1969, 328
PF; PF, P2 (—80-3), 1966, 207; 1968, 42;
F (-714) 1969, 63 and 167
PF:HK PF,HOK® H,F 1969, 143
PF;S PF;S%° F(-220, —71-0) 1968, 46
PFq PF9 P(—145), F 1966, 207; 1968, 288
PGeH; GeHj;, PHy; GeDs, PH; H, P 1967, 284; 1968, 32
GeHs;, PD, and 158
PGeH, (GeH;).PH H 1968, 32
PGe:;H, (GeHy)sP H, P (—332-5) 1965, 120; 1967, 98;
1968, 32
PHO; HPO3°, DPO2° P(+71, +69) 1967, 42
PH_ PH? H 1966, 11
PH;K PHK H, P (—255-3) 1965, 10; 1966, 12;
1969, 203
PH,Li PH,Li 1969, 327
PH,Na PHyNa H 1967, 46; 1969, 327
PH.O0, PH,0% H 1968, 162; 1969, 41
PH,O; PH,O% H,P 1966, 131
PH.Rb PH,Rb 1969, 203
PH; PH, H, P (—240, —241) 1965, 1 and. 2; 1966,

11 and 13; 1967,
28, 43 and 47;
1968, 96 and 158;
1969, 41

# Incorrectly reported as 8P — 35 from observations on oxidized PFs (see 1969, 63).



100

FORMULAE INDEX I

Formula Compound Resonance Reference
PH;0. PH,;0, 170, H, P (10-5) 1963, 1; 1967, 45, 47
and 189
PH,0; PH;0;3 170, H, P (3-5) 1963, 1; 1966, 208;
1967, 45, 47 and
189; 1968, 155
PH;0, H;PO, 170, P (0) 1963, 1; 1965, 1
H;PO, (117%) P(-17) 1966, 117
PH, PHY HP 1966, 22; 1967, 28;
1969, 41
PH,Si SiH;PH, H 1968, 158; 1969, 113
PH;N;O  OP(NH); H 1968, 86
PHSig Si,HsPH,, (SiH;),PH H 1969, 113
PH,IN, IP(NHy), P (31-6) 1969, 137
PHNzO.S (NH,).PHO,S P (34) 1967, 35
PH,Sis (SiH;):P P (—-378) 1968, 96
PH,5Sis (SizHg)sP H 1969, 113
PI; Pl, P (178) 1965, 1 and 2; 1967,
190
PO, PO3® P (6-0) 1965, 78
Pq P, P 1967, 28
P.CIF,;NS FzP=NP(S)FCl P (-390, 44-3) 1969, 69 and 325
F (—4-8)
P,CIH; N, [P(NH.):]®N,CI® P (15:6) 1967, 285; 1969, 137
P,CLF:NS F;P=NP(S)Cl; P (—40-8, 29-7), 1969, 69
F(~-37)
P,CI:F,NO ClI,P=NP(O)F, P (6-5, —2-5), 1969, 129
F (-70-3)
P,CI;F,NS F.CIP=NP(S)Cl, P (—16-7,29-4), 1969, 69
F (33-5)
P.CI,FNO Cl,P=NP(O)FCl P (39, —14-5), 1969, 129
F (-30-2)
P.CIsNO  ClP=NP(O)CI, P(-01, —142) 1967, 286; 1969, 129
P.F;H, H,PPF, H, P (2937, 1968, 31
—137-6),
F(-912)
P.F, K05 Ky(Pa05F,) P (-17-8), 1968, 112
F (—-72-6)
P.F, P,F, P (226), 1966, 28 and 209;
F (~115-2, 1967, 49; 1968,
—117-5) 113; 1969, 31
P,F,O O(PF5)2 P (111), F (39-9) 1966, 28; 1968, 34,
1969, 31
P2F4082 P2520F4 P, F (—-402) 1969, 62
P,F,0O, F,P(O)OPF, P(-9-8, —149-7), 1969, 57 to 58

F (—80, —38-3)
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Formula Compound Resonance Reference
P,F,04 O[P(O)F;l2 P (—393), F (—80) 1967, 287; 1969, 62
P.F.S S(PFy). F (—-65) 1969, 31 and 136
PyF,S, FoP(S)SPF, P (—40-7, 75-5), 1969, 57 and 59
F (13-7, 60-5)
P,F;NS F:P=NP(S)F, F (—85-2, —38:0) 1969, 325 and 328
PyGesHiy  [(GeHj)oPlaGeHy H, P (—36-4,42:0), 1967, 98; 1969, 69
F (-5-5, 41-5)
P,HO; HP,03° H,P 1967, 28; 1968, 113
P.HO; HP,02® P 1967, 129
P,H;Na,0O; P,O,H;Nay P(-79) 1969, 321
P.H,O; - H,P,02° H,P 1966, 131; 1968, 37
P;H,04 H.P,09 P 1967, 129
P,H;04 H;P,06¢ p 1967, 129
P.H, P.H, H,P 1967, 28; 1968, 113
P,H,O5 O[P(OH).]. H,P 1966, 208; 1967, 189
P.H,O¢ H,P,0¢ p 1967, 129
P.l, Pol, P 1967, 190
P;K.O, K,P;0, P 1969, 5
P.N.Og [NP(0)02°], P (3-3) 1965, 78
P2N&4O7 N2.4P207 P 1969, 5
Py7n; Zn;P, p 1969, 329
PsBrClI;:N; P3NBrCls PA77; —7-8) 1966, 94
P3BrFsN3  P3N3FsBr F(—-20; -71) 1969, 151 and 152
P3Br,CI,N; P:N;3Br.Cl, P (16-1; —87; 1966, 94
—38:6)
P3Br;CI;N,y PsN3BrsCls P (14-0; —100; 1966, 94
—39-8)
P3Br,CIyNg P3NyBr,Cl, P (13-9; —121; 1966, 94
—41-3)
P3Br;CIN; P3N;BrsCl P (—14-0; —42-5) 1966, 94
PsBrsN; P:N;Brg P(—-454) 1966, 93
P;CIFsN;  P3N3F;Cl F(-32; -71) 1969, 151 and 152
P;ClL.F N3 PsN3;CLF, P 1966, 79; 1967, 130
P;CILLHN; P3NClL(NH,), P (18;9) 1967, 145 and 147;
1968, 114
P;CI;FN; P3N;CIF P (14-4; 23); F 1966, 49; 1967, 130
PsClIsH,N, PsNCls(NHSy) P (20-4; 19-0) 1967, 145
P5ClgN3g P3N;Clg P (19) 1966, 6 and 49; 1967,
147; 1968, 136 and
144; 1969, 216
P3FO7 P307F4e P (—‘5, —16'8; 1966, 79
~20-4)
PoFgN; P3N;Fs P (139); F(—-7-3) 1968, 130
PsH 0Ny P3Na(NHj)s P (18-8) 1968, 114
P50, P;039 P(—-6-8; —22-4) 1965, 30
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Formula Compound Resonance

Reference

P, P, P (—450; —462)
P.AIC1, N, CI(Cl,P=N),PCI®,AICI® P
P,BCL,N; CI(Cl,P=N);PCI®,BCI® B;P

P4BI‘F7N4 P4N4F7BI' F ( - 306)

P4C1F7N4 P4N4F7Cl F ( - 389)

P,ClgN, P;N;Cl;(IN==PCly) P (20-5; —-2:2;
-33)

(PNCly), P

1965, 1; 1968, 96
1968, 166
1968, 166
1969, 151
1969, 151
1967, 145

1969, 216
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NMR DATA ON ORGANIC COMPOUNDS®

Formula Compound Resonance Reference
PCBr;NS, SPBr,(NCS) P (—62-8) 1965, 4
PCCLF;0 CF3;P(O)Cli, F (-77-5) 1968, 70
PCCLF; CF;3PF,Cl, P (—-22'7); F(—77-0; —0-5) 1969, 66
PCCI,NOS OPCI,(NCS) P (-21) 1965, 4
PCCL:F, CCI;PF, F (—88); P (130-9) 1967, 48 and 51
PCCLF, CF3PCLF F (—79-8; 126-1) 1967, 62
PCCl;0; CCl;P0O2%® P @81) 1967, 7
PCCLF; CF,PCl, F (- 81) 1967, 62
PCCsFq CF3PF;,Cs F(-71-3; —-75'5) 1968, 48
PCF.N F.PCN P (140-8); F (—91-6) 1966, 28
PCF,NO F,PNCO F (—39-2) 1969, 56
PCF,NOS OPF(NCS) P (—36-4); F (—71-6) 1967, 53 and 287
PCF:NO, OPF(NCO) P (-29-5; —30); F (~72) 1967, 287 and 288
PCF,NS F.P(NCS) P (132); F (—54-2) 1967, 53; 1968, 289
PCF.NS, SPF(NCS) P (—286); F (—366) 1967, 53 and 289
PCF; CF3PF, P (153:3); F (—87-7; —104+1) 1967, 48 and 51
PCF;O CF3;P(O)F, F (-739; —80-7) 1968, 44
PCHCI,0,4 CHCI,PO2® P (8-2) 1967, 7
PCH,CIF, CH,CIPF, H; P (201); F (—99) 1966, 36; 1967, 51
PCH,CIF,0 CH.CIP(O)F, H; P (12) 1966, 36; 1967, 14
PCH,CIF,S CH.CIP(S)F, H 1966, 36
PCH,CIF, CH,CIPF, H 1966, 36

& Formulae have symbols arranged alphabetically except for phosphorus which is always placed first followed immediately by carbon

and hydrogen.
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Formula Compound Resonance Reference
PCH,CIO; CH,CIPO%® P (11-3) 1967, 7
PCH,CL,FO CH,CIP(O)FC1 P (32:0); F (—63) 1967, 14
PCH,Cl3 CH,CIPCI, H 1966, 36
PCH.Cl,0 CH.CIP(O)Cl, H 1966, 36
PCH,Cl;:S CH,CIP(S)Cl, H 1966, 36
PCH,F; CF;PH, H; P; F 1967, 40 and 83
PCH;CIF CH,PFCI P (240) 1968, 12
PCH;CIFO, CH,;OP(O)FCl P (—-54); F (-50) 1967, 14
PCH,Cl, CH,PCl, 13C; H; P (192) 1966, 36; 1968, 20, 42 and 290
PCH,Cl,O CHP(O)Cl, BC;H; P 1966, 36; 1967, 186; 1969, 74
CH,0PCl, H; P (180:8) 1966, 36; 1967, 236
PCH;Cl,0, CH;0P(0)Cl, 1BC; P 1968, 3
PCH;CLS CH;P(S)Cl, 13C; H; P (794) 1966, 36 and 114; 1968, 20
PCH;F, CH;PF, H; P (244-2, 245, 250-7); 1966, 36 and 210; 1967, 38,
F (—92:7, —929, —98-87) 51, 235 and 290; 1968, 42
: and 81
PCHF,0O CHP(O)F, 13C; H; P (268, 27-4); F (—59-5) 1965, 12; 1966, 36; 1967, 14,
1968, 20; 1969, 24
CHF,P(O)H, H; F 1967, 103
PCH,F,0S CH3OP(S)F, H; F (—48:0) 1968, 45
PCH;F,S CH3P(S)F, H 1966, 36
PCH;3F.S, CH;SP(S)F, H; F (—-267) 1968, 45
PCH;F, CH,PF, H; P (—299); F (—456) 1966, 36; 1968, 42
PCH;F,S CH,SPF, H; P (—34); 1968, 291; 1969, 62
F (—14-1, —19-8, —66-1)
PCH,F; CH;PF® P (—126-4); F (—45-8, —57-6) 1965, 12
PCH;Na,0, CH;0PO;Na, H 1967, 90
PCH;04 CH,PO32® P (20'1) 1967, 7
PCH,0, CH,OHPO2® P (15-5) 1967, 7
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PCH,CI
PCH,CIO;
PCH,FN
PCH,FO,
PCH,F;

PCH5

PCH;0,
PCH;0;

PCH;0,
PCHs
PCH¢NO.S

PCHgNO;
PCHeNzNa()sS
PCH;N,08
PCH,Si
PCHgB,(Br;
PCHgBloBl‘z

PCH,IN,S
PCH,Si,
PCHB, ;Br
PCH,,B,
PC_HuBm
PCH,.B,

PC,BrFgS
PCzBszSs

CH,CIPH,
CH,CIPO,H,
CH,NHPF
CH,P(O)(OH)F
CH,PF,H (?)
CH.PF,H (?)
CH,PH,

CH,PO,H,
CH,PO,H,
CH;0PO,H,
CH,OHPO,H,
CH,PH?
CH,SP(0)(OH)NH,

NH,CH,P(0)(OH)0®
(NH,);CCH,;5POzNa
CH,SP(O)(NHy),
CH,P(SiHg)H
B10H7Br3CHP
BloHsBrchP

CHSS%(NHz);:,Ie
CH,P(SiHy),
BlngBl‘CHP
BoH,,CHP®
B:oH:oCHP (isom.)
B.H,;,CHPH

(CF3)2P(S)Br
BrP(S)(NCS),

H
H; P (18-5)
H;

P (140:5); F (—70-6)

P (322); F (—63)
H; F (—1758, —94-3)

H; P (~77); F(—-151, —96-5)

1B3C; H; P

;P (23'5)

~

IDTTT DEZTTTT

&

1966, 211; 1968, 58

1965, 79; 1966, 212

1968, 119

1967, 14

1967, 157; 1968, 38

1968, 42

1966, 4 and 13; 1967, 11;
1968, 22 and 33; 1969, 41
and 330

1966, 211; 1968, 72

1966, 36

1966, 213

1965, 79; 1966, 212; 1967, 291

1966, 22

1968, 86

1966, 214
1968, 292
1968, 86
1969, 73
1969, 25
1969, 25

1968, 86
1969, 73
1969, 25
1969, 25
1967, 292; 1969, 25
1969, 25

1968, 47
1965, 4
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Formula Compound Resonance Reference

PC,CIFg (CF3)PCl F (—61-4) 1962, 6; 1963, 6 and 7; 1968,
293
PC,CIFsS (CF3)P(S)C1 F (—70-5) 1968, 47
PC,CIN,OS, CIP(O)Y(NCS), P (—41-5) 1965, 4
PC,CIFN (CF3),NPF;Cl F (—553; —5°5) 1966, 31
PC,CLF; CF,=CFPCl, F (—82-5, —103-6, —186'4) 1969, 54 and 55
PC,ClLF5 C.F5PCl, P; F 1967, 40
PC,Cl,FgN (CF53)NPF.Cl, F (—529, 64-0) 1966, 31
PC,ClyFg (CFy).PCl; F (~79-8) 1967, 62
PC.CLF; CF,CICFCIPCl, F (—60-3, —130:8) 1969, 55
PC,CsFio (CF3),PF,Cs F (-719, —78:5) 1968, 48
PC,FN,08S, FP(O)(NCS), P (—477); F (—55) 1967, 287
PC.FN,S, FP(NCS), P (126:5); F (—80-3) 1967, 53; 1968, 289
PC,FN,S; FP(S)(NCS), P (12:2); F (—274) 1967, 53 and 289
PC.F5 CF,=CFPF, F (=799, —112-0, —199-1, 1969, 54 and 55
—103-6)
PC,Fs0, CF,;C(O)OPF, F (=765, —49'9) 1969, 56
PC,FqIS IP(SYCF3)2 F (-701) 1968, 47
PC,F; (CFy),PF P; F (—66-5, —219) 1967, 40, 48 and 55
CF,—=CFPF, F (—~647, —794, —177-8, 1969, 114
—54-9)

PC,F,;S (CF3).P(S)F F (—-72:3, —94'5) 1968, 47
PCFsNO (CF3),NP(O)F, F (—54-8, —70-5) 1966, 31
PC,HCI;F; CF,;CICFHPCl, H; F (—592, —196-2) 1969, 55
PC.HF¢ (CF3),PH H; F; P (49-8) 1967, 40; 1969, 43
PC.HF¢S, (CF3).P(S)SH H; F (-71-0) 1968, 47 and 294
PC,HF, (CF5).PF;H® H; F (—-727, —94-3, —58-5) 1968, 41
PC,H,CLF; CHF,CHFPCI, 1966, 26
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PC.H,F;NS
PC,H,NO;
PC.H.O5
PC.H,CIF;
PC.H;CL,F,
PCH,F,0,
PC.HsF,
PC,H.CIO,
PC.H,Cl,

PC,H.Cl;0

PC,H.Cl;0,
PC.H,Cl;S

PC,H,FO,
PC.H,F;

P2C2H5
P,C.H;CIFO,
PC.H;CL,0

PC,H;CI,0S
PC,H;Cl,0.
PC H;ClL,S
PC,HF,
PC;H;F,0
PC,H;F.0,

(CF3)oP(S)NH,
N=CCH.PO3®
eOZC . CHzPO%e
CHCIFCF.PH,
CHF:CH:PCl,
CH,C(O)OPF,
CHF.CH:PF;
(CH0).PCl
CH,CICH,PCl,
CH;CHCIPCl,
CH,CICH,P(0)Cl,
CH,CHCIP(O)Cl,
(CH:CI),P(0)Ci
CH,CICH0PCI,
CH;CICH,0P(0)Cl;
Cl,P(S)CH,CH,Cl
Cl,P(S)CHCICHj,
(CH,O);PF
CHF,CHFPH,
CH,FCF.PH,
(CHz),PH
C.H;0P(O)FCI
C.H:P(O)Cl,,
C.H;0PCl,

C.HsOP(S)Cl,
C.H;OP(0)Cl,
CoHsP(S)Cl,
C,H;PF,
C.HP(O)F,
C,HsOP(O)F,

F (—735)
P (13-1)

P (13:3)

H; F; P (—-140-3)

F

F (—54-4)

F

H; P (167)

H; P (185-0)

H; P (1616)

H; P (42:9)

H; P (455)

H; P (—493)

H; P (179-0)

H; P (59

H; P (78-8)

H; P (86-9)

H; F (—41-3)

H; F (—~128-2, —195-6)
H; F (—2287, —963)
P (—341)

F (—47); P (~52)

P (53-0)

H; P (178)

H

18C; H; P

P (95-4)

F (—106-5); P (234, 245)
P (29-2)
H; F (—856); P (—209)

1968, 47

1967, 7

1967, 7

1966, 215

1965, 80

1969, 56

1965, 80

1966, 50; 1968, 77; 1969, 45

1969, 331

1969, 331

1966, 220; 1969, 331

1969, 331

1969, 332

1969, 331

1969, 331

1969, 79 and 331

1969, 331

1963, 3; 1966, 50

1966, 86

1966, 86

1969, 169

1967, 14

1966, 111

1966, 216; 1967, 84 and 236;
1968, 25

1966, 216; 1967, 84; 1968, 25

1966, 216; 1967, 84; 1968, 3

1966, 114

1967, 38, 51 and 290; 1968, 12

1967, 14

1967, 14 and 282
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Formula Compound Resonance Reference
PC,H:F,S C.H;SPF, F (—-13-4, —-21-4, —70-5); 1968, 291; 1969, 62
P (—34)
PC2H5N3204 C2H50P03Na2 H 1967, 90
PC,H;0, HO,C.CH,PH, H; P (—142:6) 1967, 135
PC,H;0;4 C,H;POZ® P (241) 1967, 7
PC,HBrO3 (CH30):P(0)Br H 1969, 95
PC,HgBrS (CH3);P(S)Br H 1966, 36
PC,H:Cl (CH,) PCl H; P (96-5) 1966, 36; 1968, 42 and 290
PC,HzCIFN (CH,),NPFCI (?) H; F (-70-1) 1969, 55
PC,H4ClO (CH3),P(O)Cl H 1966, 36
PC,HgClO, (CH;0),PCl H; P (169) 1965, 20; 1968, 211
CH.Cl{CH;O)P(O)H H 1966, 124 ,
CH3(CH;O)P(0)CI H; P 1967, 186
PC,H:ClO,S (CH;0).P(3)C1 H 1966, 36; 1969, 95
(CH30)(CH3S)P(O)Cl H; P (37-1) 1965, 20
PC,HClO; (CH;0).P(0)Cl H; P (8) 1967, 69; 1969, 95
PC,H:CIS (CHj;).P(S)CI H 1966, 36
PC HCL,F,N (CH,) NPF,Cl, H; F (54-3) 1968, 43
PC,HsCIL,N (CH;),NPCl, H 1965, 18; 1966, 36
PC.HCLLNO (CH3),NP(O)Cl, H; P (16) 1962, 7; 1965, 18 and 23;
1966, 36; 1968, 91 and 136
CH;,0(CH3)NPCI, H 1969, 103
PCH¢ClNS (CH3).NP(S)Cl, H 1965, 18 and 23; 1968, 91
PC.HF (CHy),PF H; F (—195-5); P (185, 187) 1967, 54; 1968, 12, 42 and 290
PC,HsFO (CH,).P(O)F H; F (—68'5); P (66'7) 1966, 36; 1967, 14
PC,HgFO, CH3(CH3;0)P(O)F F (—63-4; 2:2) 1967, 13 and 14; 1968, 295
PC,HgFO,S (CH;0).P(S)F H 1966, 36
PC,H¢FO, (CH30);P(O)F F (—87; 26) 1967, 13 and 14; 1968, 295
C.H;OP(O)(OH)F F(—84); P (—11) 1967, 14
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PC,HGFS
PC,HgF,N
PC,HF.NO

PC,HgF.NS
PC.HcF3

PC,HF;N,0.5
PC.HeF3S
PC.H¢F.N
PC,HF;0
PC,HGF5S
PCzHBNaOSS
PC.HO.
PC.H,

PC,H-F,
PC,H.F3;N
PCH.FsN
PC,H;O
PC.H-0.5

PC,H-O;

PC.H;0,

PC.H-S

(CHg) P(S)F
(CHj).NPF,
(CH3):NP(O)F,
CH3;0O(CH,;)NPF,
(CHg)NP(S)F,
(CH;) PFs
C.H:PF;H
F3P(NCH3)2S02
CH 3 (CH3S)PF;
(CHj).NPF,
(CHj)2,OPF;
(CH;).SPFs
(CHsO)zPOSNa
(CH,);,P(0)O°
(CH;).PH

C.H:PH,
(CH,)PHF,
CH,(CH,NH)PF,
(CH,),NHPF;
(CH,)POH
CH,4(CH;0)P(O)H
(CH,0),P(S)H
CH,(CH,0)P(S)OH
(CH;0).P(O)H
(CH30),P(0)D

(CH,OH),P(O)OH
(CH;0),P(O)OH
(CHg)oP(S)H

H

H; F (—65-3); P (143)
H; F(-82)

H

H; F (—52); P (75'7)
H; F (—26, —864); P (8-0)
H; F(—178-8, —105-2)
H; F (-77-8); P (—768)
F (=752, 1-2); P (2:0)
H; F(-69); P

H

H

H

P (37'5)

1BC; H; P

P (—128)

H; F (—266); P (—317)
F (—50, —75)

F (—70-8)

H

P (32)

P (749)

H

13C; 170; H; P (9°5, 11-2)

H; P (48:7)
H; P
P (5)

1966, 36

1966, 30 and 36
1966, 36; 1967, 54

1969, 103
1966, 30; 1968, 46

1966, 36; 1967, 54; 1968, 42
1968, 38 and 39
1968, 125; 1969, 65

1969, 62

1966, 217; 1967, 59; 1969, 64
1966, 139

1966, 139

1969, 325

1967, 9

1965, 3; 1966, 13; 1967, 11;

1968, 22 and 33; 1969, 330
1966, 4

1968, 42

1967, 64

1966, 217

1967, 19; 1968, 65

1967, 172

1966, 218

1967, 72

1963, 1; 1964, 14; 1965, 81;
1966, 36; 1967, 42, 44, 198,
277 and 293; 1968, 3; 1969,

74
1965, 79; 1967, 291
1966, 138
1966, 40
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Formula Compound Resonance Reference
PC,H.S; (CH3),PSH H 1967, 19
PC,H, (CH,),PHY H 1966, 22; 1969, 41
PC,Hg¢B:Fg (CF3).PBsH; 11B; F (—499); P (—251) 1968, 23
PC;H;Ga (CH3),PGaH H 1966, 125
PC,HgNO; CH;CH(NH,)POzH, P (17-6) 1968, 296
PC.HgNS (CH3),PSNH, H 1968, 281
PC.H3N;NaO;S (CH;NH)(NH2)CH,SPO3Na H 1968, 292
PC,H,Si (CH,),PSiH; H 1969, 73
PC,H,,CIN, (CH3),P(INH,),Cl H; P 423) 1967, 65
PC,H,,B:F; CHy(CF3)PBsH; (isom.) 11B; H; F (—59-7); P (—33-5) 1968, 23
PC2H14B4F2N (CHg)zNPF2B4H8 11B; H; F (_72) 1969, 141
PC.H,,B;s (CH3).PBsH; 11B; H; P (—85) 1968, 23
PC,H,,B, ByH,,CHPCHj; (isom.) 1B8; H; P 1969, 25
PC;3BrFgO (CF3);CBrOPF, F (=778, -459) 1967, 294
PC3C12F7 C3F7PC12 H; F, P 1967, 40
PC;Cl,Fy C3F,PF.Cl, F(—82-3; —124-0, —1224,40-2);

P (—143) 1969, 66
PC;CIF,O CF,=CCICF.P(O)Cl, F (—693, -72-1, —104-7) 1967, 295
PC3CsFyz (CF3)sPF3Cs F (—-689, —63-3) 1968, 48
PC3F,0q CF;CF,C(O)OPF, F (—83-8, —1221, —49-7) 1969, 56
PC;F,IO (CFy).CIOPF, F (—745, —46'9) 1967, 294
PC;F,S (CF3).P(5CFy) F;P 1967, 55
PC;F,Se (CF3).P(SeCF3) F 1968, 293
PCsFy, Cs;F,PF, F (—80-2, —123:0, —114-0, 1969, 66

—56:7)
PC3N308; OP(NCS); P (—61) 1967, 277
PC3N;50;3 P(NCO); P (97-0) 1967, 277
PC,N;055 SP(NCO); P (12:4) 1967, 277
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PC3N3O4
PC;3N;38;
PC3N;S,
PC;HFO
PC;H;BCl.FsN
PC;H;Cl.
PCaHgCIzO

PCaHngO

PC;H;Fs
PC3;HF¢O

PC3;HgFsO,
PC3H3N2
PC3H,Cl304
PCH,F50
PC;H,F¢N
PC3H;5Cl20q
PC;H;Cl,S
PC3HF0
PC3H503

PC3;Hs0,4

PC@HBBI';;

PC3H6BI'30
PC;HClI;NO

OP(NCO)s
P(NCS)s

SP(NCS)s
(CF,),CHOPF,
(CF4):PN(CH,)BCl,
CH,==C=CHPCl,
CH,=C—=CHP(0)Cl,

CH,=C==CHP(O)F;
CH,C=CP(O)F,
CH3sP(CFg)s
CH;P(O)(CF3)2
CH,OP(CF5),
CH;OP(O)(CFs),
CH,P(CN),
CL,P(0)CH,C(0)Cl
CF3P(OCH,)CHF,
(CF3),PNHCH,
Cl,PCH,CO,CH,
CH,—CHCH,P(S)Cl,
CH,=CHCH,OPF,
CH,=CHCH,PO2®
CH(CH,0),PO
L

CH(CH;0);P(0)0
L

CH3C(O)CH,POZ2°
CH;CHBrCH,PBr,
CH;CH(PBr,)CH,Br
(CH3Br);PO
OC(NCHjy)sPCls

H; F (-75'5, —50-5); P
1B; H; P (50-5)

—707 or —66+4)

A

s

—669); P (—5-8)
—72:4)

—662); P (94-8)
~73:3); P (2'5)
4)

|ty g v rg
OO,_\,.\,_\A N
-

TIEESIESESE DT

1967, 277
1967, 277

1967, 277

1967, 294

1968, 24
1968, 99; 1969, 115
1966, 127; 1967, 104 and 296;
1969, 115
1966, 127; 1967, 296
1967, 105 -

1969, 84

1969, 84

1969, 84

1969, 84

1966, 4

1966, 219 and 220
1965, 11

1968, 144

1968, 297

1966, 114

1963, 3

1967, 7

1966, 221

1966, 221

1967, 7
1966, 222
1966, 222
1967, 7
1965, 6
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Formula Compound Resonance Reference
PC;H:Cl;0 (CH.CPO H; P (39-3) 1968, 298; 1969, 333
PC;HgF,NS CF3P(S)(F)N(CHg)s F (-723, —76:8) 1968, 47
PC;HgN H,PCH,CH,CN P (—135) 1966, 4
PC;H, CH,=CH-CH,PH, H 1969, 169

(CH,).PCH; : H; P (—251) 1969, 169
CH,CH(CH,)PH H 1969, 169
PC;H,CIFO 1-C;H-P(O)CIF F (~53); P (49'5) 1967, 14
PC;H,CIFOS CH(CICH,CH,S)P(O)F F (—43); P (63) 1967, 14
PC,;H,Cl, i-C;H,PCl, P (—198-6) 1968, 6
PC;H,CL,0 C;H,OPCl, H; P (179-5) 1967, 236
i-C3H,0OPCly H 1969, 94
CH(CH,C1),PO H; P 41-6) 1967, 297; 1968, 299; 1969,
334
PC;H,Cl1,0, (CH;0)(CH.C1),PO H; P (40-9) 1968, 300; 1969, 332
i-C;H,OP(O)Cl, H 1969, 74
PC,;H,CL,S CsH,P(S)Cl, P (90-1) 1966, 114
1-C;H-P(S)Cl, P (107-0) 1966, 114
PC;H,CI;NO, (CHs)zl%CHOP(O)Clz%l H 1966, 223
PC;H-F.0 C3H,OPF, F (-50); P (111-5) 1963, 3; 1967, 235; 1969, 381
1-CsH,P(O)F, F (—79); P (29-5) 1967, 14
PC;H-1,0O CH;3(CH,I),PO H 1967, 297; 1968, 60
PC;H,0, H,P(CHz),COH P (—-136'9) 1967, 135
PC3;H-,O; CH,OP(OCHo), H; P (131-6) 1966, 50 and 224; 1968, 77 and
301
CH,;P(O)YOCH,), P (53) 1967, 69
PC3;HCIFNO CH,CIP(O)[N(CHy),]F H; P 1967, 77
PC;HCIFNS CH,CIP(S)[N(CH,),1F H; P 1967, 77
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PC;HCIOS
PC;HClO,
PC;HClO;
PC;H,CIS
PC;HCLLN
PC;HCI,NO
PC;HCI,NS
PC3HF
PC;HFO
PC;HFOS

PC;HFO,

PC:HF;S8
PC;HNO,
PC;HNO,S
PC;H,

PCgHgAlBl‘g
PC;H AICI;
PC;HCIN
PC3;H,CINO
PC;H,CI,N,
PC3;HFN
PC;HFNO

PC3HF.
PC;HF3N,

CH,P(S)(OC;H;)Cl
CH,P(0)(OC,H,)Cl
CH,CIP(O)(OCHy),
CH,P(SC.H,)Cl
CH,CIP[N(CHy),]C1
CH,CIP(O)[N(CHs)5]Cl
CH,CIP(S)[N(CHa),]Cl
CHy(C,H,)PF
CH,(C,H,0)PF
CoHs(CH3S)P(O)F
CH4(C,HLS)P(O)F
C,H5(CH,0)P(O)F
CH4(C,H;O0)P(O)F
CH,(C,H;8)PF,
O(CH,);NCH,PO,H,
H,NCH,CHOHCH,SPO2®
(CHa)sP

CHy(C,H;)PH
(CHs)sP,AlBrs
(CHs),P,AICI,
CH,P[N(CHS,),]Cl
CH,P(O)[N(CHs),]Cl
C1.PN(CH4)N(CHy),
CHP[N(CHp),]F
CH3P(O)[N(CHjg).]F

(CH3)sPF,
F:PN(CH3)N(CHy),

H

H

P (28)

P (151)

H; P (123-0)

H(T)P}

H{P}

P (182)

F (—101); P (218)

F (=57); P (67)

F (—45); P (61-5)

F (—74); P (32:9)

F (—-63)

F (-727,1-2); P (1-0)
P (5-9)

H

13C; H; P (—62 to —66)

P (-77)
27A1; P
27A1; P

H; P (150-2)
H

H
H; F (-117); P (170)
F (—-60); P (384)

H; F(—48); P(—158)
H

1967, 72

1969, 74

1967, 69

1969, 335

1965, 12; 1968, 59; 1969, 107

1967, 77

1967, 77

19638, 12

1968, 12

1967, 13 and 14; 1968, 295

1967, 14

1967, 13 and 14; 1968, 295

1967, 13 and 14; 1968, 295

1969, 62 .

1967, 291

1966, 204

1965, 1, 2 and 3; 1966, 13, 36
and 41; 1967, 244; 1968, 3,
7, 17, 22, 42, 54, 211, 290,
302 and 303; 1969, 2

1965, 3

1967, 23

1967, 23

1965, 12; 1966, 36

1965, 82

1969, 103

1965, 12; 1966, 36

1965, 12; 1966, 36; 1967, 13
and 14; 1968, 295

1967, 60; 1968, 356

1969, 103
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Formula Compound Resonance Reference
PC;HF.O CH3(C;H;O)PF,H P (—20'5) 1967, 38
PC;HF 05 (CH30)3PF, H; F (—-72-8) 1967, 61
PC;HF,S (CH,),PF,(SCHy) F (0-2) 1969, 62
PCH F;Si0, (CH;)3SiOP(O)F, H; F (—82-8); P (-287) 1967, 282
PCsHF3N CH;[(CH3).N1PF; H; F (—68-5, —27'5); 1965, 12; 1968, 304
P (—37'5)
PC;H,O (CH,)sPO H; P (48:3) 1965, 78 and 83; 1967, 175
PC3H,0, CH3(C.H;O)P(O)H H; P (326) 1967, 172; 1968, 72; 1969, 162
(CHy)2(CH3;0)PO H 1968, 65
CH3(CH;0).P H 1968, 290
PC3H(0,S CH3(C;HsO)P(S)OH H 1967, 72
PC;H,0.S, (CH;0),(CH;S)PS H; P (99:6) 1965, 20; 1966, 218
PC;H,03 (CH30):P 13C; H; 170, P (140) 1963, 1; 1965, 7, 21 and 84;
1966, 36, 141, 169, 206, 224
and 225; 1967, 198, 218,
277,293, 298 and 299; 1968,
3, 22 and 211; 1969, 336
CH;(CH30),PO 13C; H; P (3% 1966, 126, 133 and 226; 1967,
19, 120, 186 and 300; 1968,
3
PC3H0;35 (CH30)PS H; P (73-4) 1966, 36, 133, 206 and 208;
1967, 277
(CH30).(CH3S)PO BC; H; P 1966, 133 and 226; 1968, 3
PC;H038e (CH;Se)(CH;30).PO H 1966, 226
PC;H,0, (CH;30);PO 13C; H; '"0; P (2-4) 1963, 1; 1965, 21, 84 and 85;

1966, 36, 133 and 226; 1967,
69, 86, 198 and 277; 1968,
3 and 73; 1969, 86, 127 and
336

14}
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PC3 [’Ig()s

PC:HyS
PC;HoSSe
PC3H,S;
PC3HQSC
PC;Hio
PCngoBf
PC;H,F,NOSi
PC3H,,NO,

PC3H10N03
PC;H,;CIN
PC;H 11 FsN

PC3;H;1N,055
PCaHquS
PC;H;;Si1
PC3H15B2BC
PC3H17B2B8
PC;N;
PC;3N;08S;
PC3N303
PCgNaSa
PC;N;S,

PC4ASF12
PC,CIF,
PC,F,l
PC,F,

CH,CHOHCH,0PO,H,
CH,CH(OPOZH,)CH,0H
(CH,)sPS
(CH.),P(S)SeCH,
(CH3S)sP

(CH,)sPSe

(CHa,);PH®

(CH);PHBr
F.P(O)NHSi(CHy)s
CH4(CH40)P(O)NHCH,
(CH4);NCH,PO;H,
(CHa);NCH,PO,H,
(CHL,);PNH,-Cl
CH,3PF5,(CHj).NH,

(CH;50).P(O)C(NHy),SH
(CH40);P®H, HSO$
(CH,;);SiPH,
(CH,)sPBeB.He (P)
(CHj)sBeB,Hs

P(CN)3

OP(NCS),

P(NCO);

P(NCS);

SP(NCS);

(CF3):PAs(CFg);
(CFy).PI
(CFz :CF) 2PF3

P (4-04)

P (5-05)

BC, H; P

H{C; P; Se}

P (124-5)

13C; H{C; P; Se}
H

H; P (~29)

H; F (=697); P (—3)

H

P (96)

H; P (8:8)

H; P (49-6)

H; F (=574, —468);
P (—124-9)

H

P (26)

H; P (~239:0)

llB

11B

P (—135-7)

P (97:0)

P (67-0)

P (85-2)

P (—9-5)

F (—449;—-42)

F (-81-9; —103-9; —190-0)

F
F (—668; —83-0; —1807;
—41-3; —768)

1966, 227

1966, 227
1966, 36; 1968, 3
1969, 4

1966, 208
1968, 3; 1969, 4
1966, 22

1968, 7

1969, 129

1966, 124

1967, 301
1966, 212; 1967, 291
1967, 65; 1968, 54
1966, 228

1967, 302

1969, 50

1967, 29

1966, 45

1966, 45

1966, 4; 1969, 8

1965, 50

1965, 4

1965, 50

1965, 4 and 50; 1967, 289

1968, 55
1969, 55
1962, 2
1969, 55, 114
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Formula Compound Resonance Reference
PC,F O, C3F,C(O)OPF, F (—814; —1272; —-119-7; 1969, 56
—49-7)
PC.F,N (CF3)2PN(CF3)2 F (—55-8; —~51-7) 1968, 69
PC,F;,CI,N (CF3),NP(CF3),Cl, F (—482; =777) 1969, 85
PC,H;Cl,0 CH,=CHC=CP(0)Cl, H 1965, 86
PCHFO4 CHF(CFy);POsH, F 1962, 2
PC,H,CIF, CF,=CCICF,PHCHj; H; F (ca. —80; —91-6) 1967, 295
PCH;CIFO FIT(O)CHQCH:CCICIIHZ H 1967, 110
PC.H;CIFS FP(S)CH,C(C)=—=CHCH, H 1967, 110
l
PC.H;ClO, CIIF(O)OCH(:CHz)CH:(fH H; P @154 1966, 229
PC.H:Cl, Cl,PC(CH3)=C=—=CH, H 1968, 99
PC,H;CL,O ClL,P(O)CH=CHCH=CH, H 1965, 86
Cl,P(O)C(CH3)=C=CH, H 1969, 115
Cl,P(0)C=CC,H; H 1965, 86
CIP(O)CH,CH=C(CDHCH. H 1967, 110
|
PCHsAsF, (CF3):PAs(CHa)s H; P (10-2); F (—429) 1968, 55
(CH3).PAs(CF3)s H; P (—440); F (—43-8) 1968, 55
PC,HBF:O (CHg)oBOP(CF5) 11B; H; P (31-2); F (—67) 1969, 27
PC,HgBrO Brﬁ’(O)CHZCH:CH(‘:Hz H 1964, 8
PC,HCIO CIPL(O)CHQCH:CHJCHz H 1967, 109
PC,HClO; H 1967, 110

ClPl(O)OC(CH3):CHJCH2

911
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PC,HgCl3;N,O58

PC,HeCl;0,

PC,H,FO
PCH(F.N

PC,HeFeN
PC,HsF¢NS
PC4H7BI’2C1204

PC,H:CIF;
PC,H,;CIF,N
PC,H.Cl,

PCH,CLF;N
PC,H.Cl,0,
PC,H,Cl,04
PC,H-Cl,0,
PCH.Cl3F.N
PC,H;F;N

PCH;F¢N,
PC,H-0,

PCH-03S
PC,H-0,

ClzP@ll\I C(O)N (CH3)C@(N—9_?02)N CH,, CI°

Cl,P(O)CH(CH;)CH,C(O)Cl
CI,P(0)CH,CH(CH,)C(O)Cl
FP(O)(CH;CH),
CF,=CFPF[N(CHj,),]

(CF3).PNCH,H;
(CF3),P(S)N(CHa)2
(CH;0):P(0O)OCHBrCB:Cl,

(CHjy)PCF,CHFCCl
CHF,CF,PCI[IN(CHj3)2]
ClzPCH :C(CH3)2
Cl,PCH,C(CH;)=CH;
CHCL,CF,PFIN(CHy),)
CL,P(O)CH=CHOC.Hs
Cl1,P(O)(CH,),COOCHj;3
(CH;30),P(OYOCH=CCl,
CHCI,CF.PCI[N(CHj3)]
CHF,CF,PF[N(CHjs),]

(CH,)sNNHP(CF5),
P(OCH,);CH
P(CH;0);CH
CH,OPOCH(CH,);0

SP(CH,0):CH
OP(CH,0);CH
OP(OCH,)sCH

H; P (44-5)

H

H

H

H; F (-90-1; —113-0;
—~190-0; —126-3)

H (T)

F (—68-3)

; P(—268); F
; F (-1

34.9; —121-6)

-

; F (~1156; ~135-4)

; F (—1126)
i F (—1347; —1261;
~136-5)

; F (~635)

DIOLIL CDIZSETIIETEIT o

anfargas

1969, 380

1966, 219
1966, 219
1967, 110, 303
1969, 55

1968, 144

1968, 47

1968, 284, 285; 1969,
322

1966, 215

1968, 71

1966, 94

1966, 94

1968, 71

1969, 288

1967, 313

1968, 284

1968, 71; 1969, 107

1968, 284

1968, 145

1966, 37

1966, 37; 1968, 53
1966, 121; 1969, 90

1968, 53
1966, 37; 1968, 53
1966, 37
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Formula Compound Resonance Reference
(CH,0),POC(O)CH; H 1966, 50
PCH,CIO, CIFI’O(CHZ)QCH(CH;;)? H (T) 1966, 46; 1969, 92
CIP[OCH(CHy)]. H 1966, 50
PCHgCLLN C,HgNPCl, H; P (164-5) 1966, 230
PC HgCly CL,PCH,CCI(CHj3), H 1966, 60
CLPC(CH.CI)C(CHjs). H 1966, 60
PC.HCl;0, (CH;30).P(O)CH(OH)CCly H 1968, 283, 284, 285;
1969, 322
PC.HCl; (CH,C1)4PCI H; P 447 1969, 63
PC,HsF.N C,HgNPF, H; P (146-2); F (—67-9) 1966, 230
PC,HgF;NS CHgNP(S)F, P (65-0); F (—484) 1966, 30
PC.HgNaO;S (I)(CHZ)ZCH(CHs)OI"(S)ONa (sterois.) H; P (112:9; 120) 1969, 177
PCH, HPCH,CHC,Hj; (isom.) H; P (-271, —788) 1969, 169
L |
PC,HoCl, i-C,HPCl, H 1967, 393
t-C,HoPCl, P (197-5) 1968, 28
PC,H,yClO t-C,HoP(O)Cl, H; P (65-6) 1965, 8; 1966, 36
C4H,OPCl, P (180-0) 1967, 236
CoHsP(O)(CH,CI), H; P (457) 1968, 299; 1969, 334
PC.H,CI;0O, C.H;OP(O)(CH,Cl), H; P (39:7) 1968, 300; 1969, 332
PC,H,Cl1,04 HP(O)OCHCH,Cl), P (8-8) 1967, 277
PC,H,CL,S C.HgP(S)Cl, P (90-6) 1966, 114
i-C,HP(S)Cl, P (89-0) 1966, 114
PC,H,CIzN 5-C HoN=PCl; P (-387) 1966, 288
PCH\F,O t-C4H P(O)F, H; P (31-3); F (- 81-6) 1965, 8; 1966, 36

C.H.,P(O)F,
C4HQOPF2

P (29-3)
F (—50-8)

1967, 14
1969, 61

811
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PCHF;sN

PCH,Li;0,
PC4H90

PC4H902

PC4H902
PC,H04

PC,H0,

PCH 05

PC4H10Ba112
PC4H10BI‘03
PC4H10BI‘2N
PC4H10C]N2
PC,H,ClO,

CHF,CH,PF[N(CH,):]
FsP(CHg)NH(CH,CH=CHy,)
£-C4HoOP(O)(OLi),
(CHg);PC(O)CH;
HP(CH,CH_),0
H,PCH(C,Hs)COOH
H,P(CH,);COOH
(CHj3).P(O)C(O)CH;
(CH2),P(O)OH
CH;P(O)(OCH,),
(CH,),P(O)CH,COOH
CH3OPOCH2CH(CH3)? (isom.)
L

(CH30).P(O)CH=CH,
HP{(O)O(CHz)zCH(CHa)JO

(CH0),PH

(CH0).P(0)OC,Hs
(CH;0),P(O)OCH=CH,
CH301T(O)OCH20H(CH3)OI

(CH;30).P(O)OCH,C(O)H

CH;CH(OH)CH,OP(0)(0®)(OCHg)Bag

(CH30);P(0O)(CHz)2Br
BI‘QPN(CzHE,)z
CIP[N(CH3)CH,],
(C2H;0).PCl

(C2H5)(CHs0)P(O)CI

F (-110-2; —119-5)

P (—-364); F (—75; —48)
H

H; P (-22-2)
H; P (-79)
P (—120-8)

P (-138:0)
H

30
H{P}, P (53)
H

H; P (139; 142)

H
H

H; P (—26)
P (17)
H

H; P (16)

H;P(1-2)
H

H; P (28-3)
H

H; P (167-3)
H; P (165)

P (45)

1965, 80

1967, 64

1965, 88

1967, 346; 1968, 307
1969, 44

1967, 135

1967, 135

1968, 307

1968, 22
1964, 14; 1967, 69
1965, 87
1966, 46; 1969, 94

1969, 82
1969, 52

1967, 39; 1968, 154
304; 1969, 45

1967, 69

1967, 120; 1969, 127

1969, 94

b}

1969, 337

1965, 88

1969, 145

1965, 18

1966, 224; 1967, 305

1965, 20; 1966, 216;
1967, 198; 1968, 25

1966, 111
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Formula

Compound Resonance Reference
PC,H,,ClO,S (C.H;0)(C,H;S)P(0)Cl H; P (34-1) 1965, 20
(CoH;0).P(S)CH H 1966, 216; 1967, 84;
PC,H,,CIO A
ablyo 3 (C.H;0).P(0)CI 13C;H; P@ 1966, 216; 1967, 69,
84, 198; 1968, 3, 25;
1969, 74
(CH;0).P(O)CH,CH,Cl H; P (28'5) 1969, 81
PC,H;,ClO38 (CH;0),P(0)SCH,CH,Cl H 1966, 74
PC,H;(Cl,N CLPN(C,Hy), H 1965, 18
CLLPNHC(CHS,), :
PC.H,(CI,NO CLP(O)N(C, ), ﬁ iggg’ ;(1)2
PC,H,,CL,NS CLP(S)N(C,Hs)s H 1965, 30
PC.H;oFO (C3H;),P(O)F P (71-8); F (—83-6) 1967, 13, 14; 1968, 295
PCLFO CHPF(OC,H,) P (214); F (—101) 1968, 12
sH10FO, CoH5(CzH;0)P(O)F P (33-1); F (—685) 1967, 13, 14; 1968, 295
CH,PF(Oi-CsHy) H; P (27°5); F (—584) 1967, 13, 14; 1969, 74
CH,PF(OCsHy) P (26:0); F (—63) 1967, 14
pC (CoH;0).PF F (—60-4) 1969, 61
C4H10FOZS (C2H;0)(C,HS)P(O)F P (26-6) 1967, 14
g(;gmi%s] (C2H;50),P(O)F P (~9-2); F (—823) 1967, 13, 14; 1968, 295
+HioFy (C3H;),NPF, H; P (147;144); F (—64-8) 1966, 230; 1967, 48,235
PC,H,;,F,NO (C2H5):NP(O)F, P (-36) 1967, 13
PC,H,F,NS (CoH;)oNP(S)F, H; P (71:3); F (—489) 1966, 30
PCHFN (C;H;),NPF, F (—68) 1966, 217
PC,H;K0,S, (C;H,0)5PS,K H 1969, 325
PC,H;(KOsS (C;H,0);POSK H 1969, 325
PC,H,oLi (CHa)o(LiCH,)P—CH, H 1968, 106, 107
PC,H;(NO, (CH,0),PN(CH,), P (140) 1968, 301; 1969, 45

0Z1
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PC,H,0NO;

PC4H10N30282
PC,H;, '

PC,H,,ClL08i
PCH;,FsN
PC.H;:N:0;
PC4H1102
PC.H;;,0.8

PC,H;10:8,
PC.H.10,

PC,H,;,058
PCH,,0,
PCH;:S

PC,H,.

CHZOPO(CH,),NCH
L

HIT [O(CHz)z(I)] [O(CHz)leTH]

(C2H;0),PS:Na
CH3(C3;H,)PH
(C.Hs),PH
(CH3)2PC2H5
(CHg)sP:CHz

(CH,)3SiCHLP(0O)Cl,

PF, 'NH(Csz)z

HP[O(CHz):NH]
[

(CH,),P(0)OC.Hs
(C.H;);POH
(C2H50),P(S)H
CH,(C;H,0)POSH
(C2H;s0),PS.H
(C:H;0),P(O)H

t-C4H,POH,
(CH;0).P(0)SC.H;5
(C2H;0),P(0)SH
C.H,OPOSH,
(CoH;0),POH
(CoHs)P(S)H
(CH,);PCH,SCH,
P(CH3)P

H
H; P (—36'4)

H

P (—84)
P (—57)
P (—48)
H (T)

H

F (—80:5; —68)
P (—54)

H; P (50-3)

H

P (68-4)

H

H
1BCs H; P (7-5)

1909, 171
1968, 304; 1969, 45

1969, 325

1965, 3

1965, 3

1965, 3

1967, 306; 1968, 105,
107, 305

1966, 231

1966, 217

1969, 45

1966, 232; 1968, 65

1968, 65

1966, 218; 1968, 25

1967, 72

1967, 84

1965, 81; 1966, 126;
1967, 42, 198, 277,
254, 293; 1968, 3, 25,
165, 306

1965, 8

1966, 133

1967, 307

1966, 117

1969, 321

1966, 40

1969, 128

1966, 22
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Formula Compound Resonance Reference

PC.H,,BF.0, (CH;0),P®BF? H; P (1-9) 1969, 86

PC,H,,Br (CHjy),PBr P (25-2) 1966, 5

PC,H,,Cl (CHs),PCI H; P (249 1966, 39; 1968, 54, 107

PC,H,,CIN, [(CH3):N1,PCl H; P (158-7) 1965, 12, 18; 1966, 36;
1967, 80

PC.H,,CIN,O [(CH,)N1,P(O)Cl H; P (30) 1965, 18, 23; 1966, 36;
1968, 91, 136

PC,H,;CIN,O, CIP[N(CH3)OCHzsl, H 1969, 103

PC,H,,CIN,S [(CH;3)N]P(S)C1 H 1965, 18, 23; 1966, 36;
1968, 91

PC.H,,Cls03SSb (CH3S)(CH;0);P, SbClg H; P (53-2) 1969, 87

PC.H,.ClgO3Sb CH3(CH30)sP, SbCl, H; P (56) 1967, 69

PC,H,2Clg04Sb (CH;0),P, SbCl, H; P (51-5) 1967, 69, 308

PC,H,,FN, [(CH),N].PF H; P (150-8); F (—99-6) 1965, 12; 1966, 36

PC,H,;FN.,O [(CH,)N].P(O)F H; P (23-9); F (—83:6) 1966, 36; 1967, 14, 309

PCH,,FN.O, FP[N(CH;3)OCHj;]» H 1969, 103

PC,H,,FN,S FP(S)[N(CHas)s)2 H; F(-62:3) 1968, 46

PC.H,,FN,0,S, FP[(NCHsy);50;], H; P (-850); F (—88-5) 1968, 125; 1969, 65

PC.H,,FsN, FsP[N(CHg):lo H; F (-553; —74:0) 1966, 217

PCsH;,I (CHs) PI 13C; P (25-3) 1967, 244; 1968, 3;
1969, 2

PC,H,,N (CH3)NP(CHj;), H; P (39) 1965, 14; 1966, 38;
1968, 290; 1969, 72

PC,H,,NO, CH(CHZ;O)P(O)N(CHa). H 1966, 124

PC.H,;,NO; i-CsH,CH(NH2)PO;H,, P (16-4) 1968, 296

PC,H,,NS (CH;) NP(S)(CHjy), 1966, 36

PC.H,,N;O (CH;):NP(NCH;),CO H; P (93-6) 1968, 126

PCH 3N, (CHy)sCP(NH,), H 1968, 65

PC.H;:N,0O [(CH3) N1,P(O)H H; P (20'5) 1966, 82; 1967, 172

144}

II XHANI AV INWI0od



PC,H,CIN,
PC,H,N;O

PCsF15N,
PC;H¢CIF,
PC;H(CIF,O4

PC;HsClL,05
PC;H(Cl;0,
PCs;H,
PC:H,Cl0

PC:H,CL:S
PC:H;F,0,

PCsHF¢O,
PCsHsBl’O

PC;HCIO

PC;H;ClIO,

PC;H,ClOg
PC;:H;FO

(CH3),P[N(CH,):]NH,Cl
[(CH3)NIP(O)NH;

[(CF35)2N].PCF;
CF,==CCICF,PH(C,Hs)
CF,=CCICF,P(O)OCHy),
CF,CCl=CFP(0)(OCHs,),

CH3SCH=CHCCI=CHP(0O)Cl,
CH3OCH=CHCCI=CHP(O)CIl,
CH,P(CH=CH),
(CHj3),C=C=CHP(0)Cl,

CH,;=CHC(CH_3)=CHP(O)Cl,
CH,;CH-=CHCH=CHP(O)Cl,
CH,=CHC(CH3)=CHP(S)Cl,
F 4ITOC(CH3)CHC(CH3)?

(CH3),POCH(CF3),
BrP(O)CH=C(CHj3)(CH,),
L |

CIIEO)CH:C(CHs)(C]:Hz)z

CIII’(O)OC(CHs):C(CHs)ClIHz

CHgll)(O)OC(CHS) =C(CI) C'Hz

(CH;0).P(O)OCH(COCHC(O)H
F ll’(O)CH2CHCH=ClIHCH3

H; P (54-0)
H

F (—586; —51-5)
H; F (-80:0; —894)

H; F (-74-8; —77-0; —108-0)
H; F (cis —62:0; —98-2
trans —64-0; —106-8)

AT & O O NI SETE TIET

»

>

-

-

P (-86)

F (—-53-9; —73-8)

P (62:0)

P (-29)

1967, 65
1965, 23; 1968, 91

1968, 69
1967, 295
1967, 295

1968, 98
1965, 25

1965, 25

1967, 78

1966, 127; 1967, 104;

1969, 135

1965, 86; 1967, 310
1965, 86

1965, 86

1966, 33

1968, 302
1964, 8

1964, 8
1967, 311
1967, 312

1969, 337
1967, 110
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Formula

Compound Resonance Reference
PCsHFO FIE(O)CHZCH:C(CHa)([JHz H 1967, 110, 303
PCsHFS FI”(S)CH2CH:C(CH3)(!3H2 H 1967, 110
PC:H, CH;P(CH=CHy), H; P (-41-8) 1967, 78; 1968, 100;
1969, 77
PCs;HgBr, CHP(CHCHBr), H; P (~41'5) 1967, 78; 1969, 77
PCsH,CIN,;0S CH3N[C(O)NCH;],P(0)Cl1 P (36) 1966, 233
PC;H,ClO,S Cl.P(O)(CH;):COSC,H; H 1967, 313
PCsH,Cl, CHP®CI{CH=CH,),CI® H; P (112) 1968, 100
PC;H,Cl,03 Cl,P(O)}(CH,),COOC.H; H 1967, 313
CIP(O)(OCHy),C(CH3)CH,Cl H 1968, 149
PCsH,Cl;N30, CH,N[C(O)NCH,),P®Cl,, CI® P (50) 1966, 233
PCsHgN,03S (CH20),P(S)OCC;H;NQ P (154-3) 1969, 177
PC;H,O CH,P(O)(CH=CHy), H 1968, 100
CHalr(O)(CH2)2CH:C,1H H 1968, 100
PC:H,0S; (CH;3S),P(0O)SCH,C=CH H; P (62-5) 1967, 21
OP(SCH,)sCCH; H 1968, 231
PC;H O, CH;;OP(O)Y(CH=CH,), H 1964, 8, 15; 1966, 133;
1967, 109
((EH2)2C(CH3):CH1702H H 1964, 8
(CH;0),P(0)C=CCH, H 1966, 63
(CH30).P(O)CH,C=CH H 1966, 63
(CH;0),P(O)CH=C=CH, H 1967, 296
H 1967, 311

CHzOP(0)OC(CH,)CH,
L

$21
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PCyl1,0,

PC;H,058

PC:H,O,

PC:H,S
PCsHoS;
PCsH,S,

PC5H10Ba1/204
PCsHmBrOZS
PC5H10BI’O4‘
PC5H10C102
PCsH,,ClO,S

PC5H10CIO3

PC;H;0,ClO;5S

PCsH;0ClO,
PCsH,,CI;N0
PC5H1001303
PCsH;0FO,
PCsH,F,N

POCH ), CCLL,
P(CH20);C(CHg)
(CH;0):P(O)SCH,C=CH
SP(CH,0);CCH,4
SP(OCH,);CCH;
OP(OCH_.);CCH;
OP(CH;0);CCHj,
CH;0P(0)O(CCHy),0
L |

(CHjg)P(S)C=CCH,;
P(SCH,);CCHj;
SP(SCH.);CCHj
(CH;38).P(S)SCH,C==CH

CH;OP(O)(OBa,, ) OCH(CH3)COCH;

(CH3)2C(CH20)2P(O)BI’
(CH;0).P(O)OC(CH,Br)=—CH,
(CH30).P(O)OC(CHy)=CHBr
(CH;).C(CH;0),PCl1
CH,(CH3;CHO),PCl1
(CH3)2C(CH;0),P(S)Cl

(CHg)2C(CH20)2P(0)Cl

(C2H50),P(0)CH,CH—CHCI
(CH;30)4P(0)SC(CH,)=CHCI
(CH,0).P(0)SC(CH,Cl)=CH,
CI(CH;0)P(O)(CH,),COOCH,
CClP(O)[N(CH,3)CHS],
CCl3P(0)(OC Hs),
(CHg)2C(CH20),PF
CsH1oNPF,

H
H; P (27-6)

; P (11°5)

-

2]
~~
el
g}
S

; P (146°5)

-

H; P (132:9)

H; P (140'5); F (—66+4)

1966, 37; 1968, 85, 209
1968, 53

1967, 21

1968, 53

1968, 85

1966, 37

1968, 53

1967, 86; 1968, 73, 85

1965, 89

1968, 85

1968, 85

1967, 21

1967, 181

1969, 95

1969, 127

1969, 127

1968, 80

1969, 88

1967, 91; 1968, 74;
1969, 95

1967, 91; 1968, 74;
1969, 95

1967, 108

1966, 74

1966, 74

1967, 313

1967, 314

1966, 234

1968, 80

1966,230; 1967, 48
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Formula Compound Reference
PCsH,o(NO3 (CH;0),P(O)(CH,);CN 1969, 81
PCsH;,N3zOy CH;N[C(O)NCH;],P(O)OH 1966, 233
PC:;H,, CsH,,PH 1969, 142
PCsH;,CI1,0 t-CsH,,P(O)Cl, 1966, 231
PCsH;,Cl1,0, i~C3H,OP(O)(CHCl), 1969, 332
PC:H;,F,0 CsH,;,0PF, 1969, 61
PCsH1:NNaO, (C.H;0),P(O)N®CHO, Na® H 1966, 235
PCs;H;;0 (CH3),P(O)C(CHz)=CH, H 1966, 119
PCsH;,0, CH3(CHzO)P(O)CH,CH=—CH, P 1967, 21

CH3;OPOCH,C(CHj3).0 H 1969, 93
L1
CsH,;,PO,H H 1969, 142
PC;H,,0,8 (CH,;),C(CH,0),P(S)YH H 1967, 91
PCsH;,0.5; (CH;),C(CH,0),P(S)SH H 1967, 91
PCsH;,04 CH;OPO(CHz);,CH(CH3)O H, {P}; P (301-4; 292-8) 1964, 14; 1969, 176
[ | (stereois.)
CH,;OP(OCH,),CHCHj; H 1966, 46
(CH;),C(CH0),P(O)H H 1967, 91
(CH;30),P(O)CH,CH=CH, H; P (27-5) 1967, 21, 108
CH3(CHO)P(O)OCH,CH=CH, H 1967, 21
CH;OP[OCH(CHy)]; H; P (meso: 135; 150; dl: 140) 1969, 94
PC:;H,,05S CH30F(S)O(CH2)2(CH3)C,) H; P 1969, 176
PC:;H,,0, CH,30P(0O)(OCH,),CHCHj; H 1966, 46
C.H;O(H)P(O)CH,COOCH; H 1968, 297
(CH,;),C(CH,0).POH H 1969, 95
(CH;30),P(O)OCH=—=CHCHg; H 1969, 127
(CH30),P(O)OC(CH3)=CH, H 1969, 127
CH,;0P(0O)[OCH(CH,)]4 H; P (meso: 15; 17; dl: 141) 1969, 94



PC:H1,05

PC5H12Bay,O5
PCsleBa%Oz

PC5H12BI’S
PC;H,,CIN O

PCsH,,ClO;
PCH,.ClO;8

PCsH;,CIS
PC5H12C12N
PCsH;.CI;NO
PCsH,;,FN,O3S
PCsH,FO

PCsH 1, FOS

PC;H,,FO,

PCsH,.FS
PCsH,;,10;
PCsH..Li
PCsH;2NO,
PC5H12N03

(CH50),P(O)CH,COOCHj,
(CH50)3sP(OCH),

CH,CH(OH)CH,0P(O)(0®)(OC:Hjs), Bad
CH;CH(OH)CH,OP(0)(0®)(O(CH_,),OH),

Baf
CH;(:-C,Ho)P(S)Br
CHZCIII’(O)N(CHs)(CHz);)II\ICHs

(C2H;0).P(0)CH,CI

(CH50),P(0)SCH(CH,)CH,Cl
(CH;0),P(0)SCH,CH(Cl)CH,
CH,P (SC4H,)Cl
CH,CIPCI[N(C,Hs)]
CH,CIP(O)CI[N(CzHs)s]
FP[(NCHj3)2S02][(NCHs),CO]
CH3(C Ho)P(O)F
CHa(i-CsH,O)PF
CoH(i-CsH,S)P(O)F
C,H5(C3H,S)P(O)F
i-CoHA(C.H;sS)P(O)F
t-C,HoP(O)F(OCHo,)
C,Hs(CsH,0)P(O)F
CoH,(i-CsH,0)P(O)F
CH4(C,H,S)PF
CH:IP(OYOCHs),
(CoHe)o(LiCH,)P=CH,
(CH,):NP(OCH:).CH,
(CH20)21[[NHCH2CH(CH3)CI)]H

O(CH,).NCH,PO,H,

H {P}

H; P (—44-2)
H

H

H; P (103-1)
H

H; P (21)

H

H

P (153)

H

H (P}

H: P (—67); F (—102-8)
P (652); F (~75)

P (216); F (~103)

P (65-3); F (—49-5)

P (67-4); F (~54)

P (740)

H; P (36-6); F (—820)
F (—68-6)

P (322); F (—66-4)

P (214); F (—151)

H

H

P (143-4)

H; P (-39-5)

P (87)

1966, 236
1969, 337
1965, 88
1965, 88

1968, 2
1967, 314

1966, 234; 1967, 69;
1968, 56

1966, 74

1966, 74

1969, 335

1968, 59

1967, 77

1968, 125; 1969, 65

1967, 14

1968, 12

1967, 13, 14; 1968, 295

1967, 14

1967, 14

1965, 8; 1966, 36

1967, 13

1967, 13, 14; 1968, 295

1968, 12

1968, 56

1968, 106

1968, 301

1967, 164; 1969, 45

1967, 301
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Formula Compound Resonance Reference
PC;H,.NO; (CH,0),PO(CH,),NHCH, P (135) 1967, 165
(CH,0),P[N(CH;)(CH.),O1H H; P (—44) 1967, 165
L
PC:;H2NO;S, (CH;0).P(S)SCH,C(O)NHCHj,4 H 1968, 283 to 285
PCsH2NO, (C2H50),P(O)NHCHO H 1966, 235
(CH30),P(O)C(O)NHC,H;5 H 1967, 26
PC;H o NO,S (CH;0),P(O)SCH;C(O)NHCH; H 1968, 285
PC:H,.N;0 (CH,).NP(NCH;),CO H; P (93-6) 1969, 109
PC;H,,0 (CHj3)sPPC(O)CHp H 1968, 307
PCsH;s CHP(CoHs), P(-34) 1965, 3
CH,P(C,Ho)H P (—86) 1965, 3
(CHa3)o(C.Hs)P=CH, H(T) 1968, 105 to 107, 305
PCsH,5ClILI (CH3)2(CoH5)P=CH,;, LiCl H 1968, 106, 107
PCsH;3CIN 1-C3;H,PCI[N(CHy),] H 1969, 107
t-C,HyNHP(CH;)Cl H 1969, 112°
PC:;H,;CINO -C3H,P(O)[N(CH3),]C1 H{P}, (T) 1967, 77
PCsH,CINS 1-C3H,P(S)[N(CH,),]Cl H{P} 1967, 77
PC;H,;FN CHGP[N(C.Hj5),]F P (165); F (—101 or —112) 1967, 37; 1968, 12
PCsH,3FNO CH,P(O)[N(C.H;)1F P (37-2); F (-55) 1967, 13, 14; 1968, 295
i-C3;HLP(O)[N(CHj3),1F H{P} 1967, 77
PC:H,5F0 CH,P(0i-C,Ho)HF, P (—22-5) 1967, 38
PC;H,3FsN (CoH;g)aN(CH3)PF; F (~72; —39) 1967, 64
-C,H NH(CH,3)PF; F (—-75; —42; —-30) 1967, 64
CH NH(CHg)PF, F (—73; —42; -30) 1967, 64
PCs;H;3N,0 CH;OP[N(CH;)CH,]. P (123-2) 1966, 224; 1968, 153
PC:H,;308 (CH,;).P(0)SC3H- P (52:7) 1967, 9
CHa.(2-C4Hg)P(S)OH H 1968, 2
PCsH;30, (C.H;5),P(O)OCH,3 H 1968, 65
CH3P(0)(0s-C Hg)H P 1969, 162

8¢1
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PC;H,50:5
PCsH1503

PCsH15058
PCsH150,
PCsH,5S
PCsH;55,
PC5H14Br
PCsH,,C!
PCsH,,ClsOSb
PCsH, IS
PCsH, Li;NO,
PC;H4NO;,
PCsH;4NO;3

PC5H14N3

PC:H;;CIN
PC5H15FN2
PC:H,;sFoNO
PC;H;;IN
PC5H15N2
PC5H15028H
PC;H,;5N,S1
PC;H,,CIN;

PCsBrst
PCyClFs

PC¢Fy
PCF,O
PC¢Fo

CH,P(S)(OC,H,)OH
(CH;0)(¢:-C,H,0)P(O)H
(C.H;0).PCHj
(CaH0)2,P(0)SCH,
(CH50)2:P(0)(CHg),OCHs,
CH;(t-C,Hg)P(S)H
CH,(:-C, Ho)P(S)SH
(CH3)s(CH;)PBr
(CH,)s(C2Hs)PCl

(CH;3)2(CH30)(C,H;0)P, SbClg

(CH,)sPOCH,SCH,I®
CO(CHCH),NPO,Li,
(C:H5),NCH,POH;
(C2H5)e:NCH,POsH,
§-C4HoCH(NH,)PO3H,
CH,NHP[N(CH,)CH,]; -

(CHy)sPN(CHy),, €1
CH,P®(N(CHy)g)F
[(CH,)oNI,P(OCH,)Fa
(CHy)oNPO(CH,),, 10
[(CH.);N]:PCH,
(CH3)2P(O)OSH(CH3)3
(CH3)sPNSI(CH )2 N3
(CH.)P[N(CHa);]aNH,Cl

C6F5PBr 2
CeFsPCl,

CeFsPF;
CeFsP(O)F,
(CF,=CF);P

P (166)
H; P (6-1)
P (181)
H

H
P (71-4); F (—82:3)
F (—555)

H

H

P{H}

H

H; P (53-0)

P (113-5)

P (—137); F (—130; —160;
—145)

F (—140:1; —163-5; —148-8)

F (—1287; —157-6; —140-2)

F (—82:6; —106:3; —1759)

1967, 72

1967, 293

1968, 72

1966, 133

1969, 81
1968, 2

1968, 2
1966, 5; 1968, 6
1968, 107 '
1967, 308

1969, 128

1969, 338

1967, 301

1967, 291, 301, 315

1968, 296
1967, 305

1968, 54
1965, 12
1967, 61
1965, 18

1965, 18; 1968, 290

1969, 140
1967, 316
1967, 65

1966, 7
1969, 17

1966, 19
1969, 17
1969, 55
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Formula

Compound Resonance Reference
PCsFy, (CsF7)2PF; F (—80-7; —122-6; —122-8; 1969, 66
—~51-0)
PCgF15N; [(CF3):N]sP F (—496) 1968, 69
PC:H,Cl;0S CeCI;H,OP(S)Cl, H 1967, 116
PCeHFs CeFsPH, H; P (—1831); F (-130-1; 1966, 7, 19; 1967, 11
—163-0; —155-1)
PCH,F;0, CeF:PO.H, H 1966, 237
PC¢H,BrCl,0, OCH,OPBrCl, P (—758) 1966, 238
L ]
PCH,BrO, OC¢H,OPBr P (195-6) 1966, 238; 1967, 277
L
PCH,BrO,S OCeH,OP(S)Br P (551) 1966, 238; 1967, 277
L
PCH,BrO; OCeH,OP(0)Br P (3:6) 1966, 238; 1967, 277
I
CeH,BrPO2© P (8-8) 1967, 7
PC¢H, Br,CIO, OC¢H,OPBrCl P (—131) 1966, 238; 1969, 45
L
PC6H4B1‘3 C6H4BI'PBI'2 P (147) 1968, 100
PCH,Br;0, OCgH,0PBr; P (—189-0) 1966, 238; 1969, 45
L |
PCH,CIF, CeH,CIPF, P (196-8) 1967, 51, 52, 290
PCH,CIO, OC.H,0PCl P (173) 1967, 235, 277, 290;
| 1969, 45
PCH,CIO,S OCeH,OP(S)Cl P (76°5) 1966, 238; 1967, 277
L
PCH,ClO; OCsH,0P(0)Cl P (18:0) 1966, 238; 1967, 277
L |
PC.H,CIO; CeH,CIPOZ® P (99) 1967, 7

0¢t1
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PC:H,ClO;S

PC:H,CLF

PC-H,CL,FO
PC:H,CLFS
PCcH.Cly

PCsH,Cl;0,

PCH.Cl3S
PCgH,FO.

PC6H4F3
PCeH,F5
PCcH,LIO;
PCeHsBr 2
PCH:CIF
PCsH;CIFO
PCH;CIFOS
PC¢H;sClo

PCsH:Cl,O

PCsHsCL0,
PCeH;ClL:S

PC:H;Cl,

(CH;0).P(0)SCH,C(CHS,)Cl
(CH30).P(0)SC(CHj3)2CH,Cl
p-FCsH,PCl,

m-FCgH,PCly

m~ and p'FCGH4P(O)C]2
m- and P-FC6H4P(S)C12
m- and p-CICeH,PCl
0-C1C6H4PCIZ
OCsH,OPCl,

$-CICH,P(S)Cl,
OCeH,OPF
L

FC,H,PF,
FCeH.PF,
IC¢H,PO2Z®
CsHspBrz
CeHsPCIF
CHP(O)CIF
CoH;SP(O)CIF
CsH;sPCl,

CsH:P(O)Cl,

Ce¢H;OP(O)Cl;
CeHsP(S)Cle

CsHsPCl,

H
H
H; P (159); F (—106-3)

P (152); F (—~120-3)
F

F

P (158-4)
P (151:9)
P (—26)

P (71-4)
P (123-1)

F

F

P (10-1)

P (151-8)

F(-74)

P; F

H; P (848); F (—2-2)
13C; H; P (166 or 161)

18C; H; P (34)

P (1'5)
13C; P (74+6)

P (—39:3)

1966, 74

1966, 74

1967, 17; 1968, 14;
1969, 18, 120

1969, 19, 120

1967, 17; 1969, 18, 19

1967, 17; 1969, 18, 19

1967, 114

1967, 114

1965, 45; 1966, 238,
239

1966, 114

1967, 235

1968, 14

1968, 14

1967, 7

1968, 100

1967, 37

1968, 45

1968, 308

1965, 7; 1966, 21, 240;
1967, 198, 235, 277;
1968, 103; 1969, 50,
120

1965, 7; 1966, 240;
1967, 186, 198, 277;
1968, 45, 103

1965, 45; 1966, 239

1965, 7; 1966, 111, 114,
240; 1967, 256

1968, 168, 288
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Formula Compound Resonance Reference
PCeH;CL,0, CsHsPeCl, CIO% P (103-0) 1967, 276
PCeH;ClsSb CsHsP2Cl, ShCI@ P (102+9) 1967, 276
PCeH,F, CeH;sPF, P (205-208); F (—92-97) 1967, 51, 52, 235, 290
PC¢HF,0 CeHsP(O)F, P (11-4); F (—653) 1965, 12; 1967, 14;
1968, 45
CeH;OPF, F (~44-5) 1963, 3
PCeH;F,08S CeHsSP(O)F, H; P (119); F (—49-2) 1968, 308
PCeH,F20, CsH;OP(O)F, P (-271) 1967, 14
PCeH,F.S CsH,5SPF, P (—383); F (—139; —16:9; 1968, 291; 1969, 62 2
—65-0 =
PC¢H;F;5 CeHPF¢ P (—136?0) 1963, 12 2
PC¢Hs05 CeHsPO20 P (10-9) 1967, 7 £
PCe¢HeCl:NO;S CsH:;SO,NHP(0)Cl, P 1967, 286 =
PCeHgF m- and p-FCeH,PH, F 1967, 17; 1968, 14; =
1969, 18, 87 g
PCsH FsN (CF,=CF),PN(CH,), H; F (—89-0; —110-0; 1969, 55 S
~179-3 =
PCcHeNO; p-NH,CsH,PO2® P (11-8) ) 1967, 7; 1969, 119
PCeH, CeH:PH, H; P (—119 or —124) 1966, 4, 18, 21; 1967,
11, 30; 1969, 41
PCeH,Cl,0,8 CeHsP®HCI,, HS09 P (41) 1969, 50
PCH,FoN,S CeHs(NH).P(S)F, P (65-3); F (~543) 1967, 317
PC¢H,08S, CsHsP(O)(SH), P (40-2) 1967, 277
PCgH, O, CeHsPO.H, H 1966, 18
PCeH,02S CsH5sP(S)(OH), P (14-6) 1967, 277
PCeH-0; CsH5sP(O)(OH), H; P 1965, 79; 1967, 186
PCeH,S; CeH:P(S)(SH), P (60-2) 1967, 277
PCgH,FS, CH(CH:S)P(S)F H 1966, 36



PCeHF305
PCeH N
PCHNO
PCeH,

PC¢HBCI,FN
PCGH,N,
PCH,N, O,
PCHoN,S

PCsH,0,5
PCcH 04

PCe¢H,0,S

PCeH,0,

PCH,S
PCsHmBrO
PCGHI()BI‘O;;
PCGHloBra
PCeH,,CIN,O3

(CH;0),P(O)OCH(COCF;)C(O)H
(CHs)zNP(CECH)z
(CH3):NP(O)(C=CH),
P(CH=CH,);

(CF3)sPN(t-C.Hg)BCl,
HP[(CH,),CNl;
(CH;0);P(0)OCH[C(O)NH],CO
CeHsP(S)(NHy),

CszP(O)(H)—[I 5 ]‘

(CH30).P(0)C=CCH==CH,
P(OCH)3(CHz),

CeH,PO3®

(CH,0),POC,H;

(CHSO)2P(O)4‘[I ]l
S

OP(OCH)5(CHo)s

(CHsO)zP(O)‘[‘ o ]‘

BrP(O)[CH;C(CHa)l,
(C:H;50),P(0)C=CBr
CgH;oBrPBr; (isom.)
CIP(O)[N(CHg):NHCO].
L

H; P (-32) 1969, 337

H 1967, 106

H 1967, 106

H; P (—20-7) 1966, 241; 1967, 99;
1969, 172

1B H; P 1968, 24

P (—75) 1966, 4

H; P (1-3) 1966, 242

H 1967, 318

H 1969, 74

H 1965, 86

H; P (137) 1966, 37; 1967, 218

P (17:6) 1967, 7

P (135) 1969, 109

H 1966, 130; 1969, 123

H 1966, 37

H 1969, 123

H 1965, 89

H 1964, 16

H 1967, 319

P (185; 202) 1966, 222

H 1961, 32
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Formula Compound Resonance Reference
PCsH,;,CIO ClT’(O)CH:C(CHg)CH(CHE)(Ile H 1964, 8, 16; 1969, 339
PCsH,,ClO, C1|P(O)OC(CH3):CH('3(CH3)2 H 1967, 311
PCeH,,ClO; (C:H50),P(O)C=CCl H 1965, 90

CIP(O)[OC(CH3)—=CH,]- H 1968, 297

PCgH, ,Cl3 CsH1,CIPCl; (isom.) P (187; 199) 1966, 222

PCeH14Cl305 (CHj3).C(CH:0).P(O)CClI; H 1967, 91; 1968, 74

PCgH,Cl305 (CH;0);P(O)CH(CCI3)OC(O)CH; H; P14 1967, 3
(CH,0),PCH(OH)CCl; H; P (-18) 1968, 154

PCcH;FO FP(O)[CH,C(CHa)l, H 1967, 110

PCeH ;o FsN (CFg).PNH-t-C,H, H(T) 1968, 144

PCsH;,NaO, NaOP(O)[CH,C(CHj3)]2 H 1966, 66

PCgH;; (CH;).PC=CH H 1966, 243; 1967, 20
CH;JTCHZCH:C(CH;;)(J?HZ H 1968, 100
C.H;P(CH=CHy), P (—20-8) 1969, 77

PCsH;;CIN; CsHsP(NH);Cl H; P (294 1967, 65

PCsH1:1ClS CgH4,P(S)Cl, P (101-8) 1966, 114

PCgH;;FNO; CH.FP(O)(OH)O®PCzH;NH® H; F 1967, 320

PCeH,;;N20;558 OCHCH(CH)OP(S)0°, C;H;N9 H; P (160) 1969, 177
]

PCe¢H 1,0 (C2Hj;)oP(O)C=CH H 1967, 20
CH;P[(CH));].CO H 1967, 75
CH3P(O)CH,CH=C(CH;3)CH, H 1968, 100

l l
H 1968, 100

CHaP[(O)(CHz)zc(CHa) —_—C‘:H

+el
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PCeH,1, 0,

PCeH;; 04

PC¢H,,0,

PCgH;:06
PC6H12BTO5
PCeH,,C!1
PCeH,;,CIN,O,
PCeH,;,CIO,
PCeH,;,ClO;

CHaOII’(O) CH,C(CH3)=CHCH,
|

C.H;0OP(O)(CH,CH,)

HOI))(O)CH2CH(CH3)C(CH3)ZCIIH

HOP(O)[CH,C(CHa)],

CHgoPéO)(CHz)zC(CHs)z(lZH

CZHSOP(O)(CHZ)BCH:(lZH

I

(CH2)4CH:CI|)03H2
L

P(OCH;3)sCC,oHs

(C;H;0),P(0)C=CH

CH,OP(0)O[C(CH,)],CH,
|

CoH,;POZ®
HP(0)OCHCH,CH(OH)CH;CH(O)CH,
I | N

(CH;0),P(O)OCH(COCH;)C(O)H
(CH;30),PCBr(CH;)COCHg
(CH3):P®(CH,CH),, CI°®
[INCH(CH,)].P(O)O(CH,)-Cl
[(CH,;),COL,PCI
(CzH50),P(0)CCI=CH,
(C2H50),P(O)CH=CHCI
CH;P(O)(OCH;)CH,CHCIC(O)CH,

H

H; P (68)
H

H

H

P (69)

H; P (12:3)

P (92)
H; P (-10)
H

o

jaclie-]

T
~

1964, 8, 15; 1968, 100

1964, 8, 15; 1966, 133,
241; 1969, 146
1964, 8, 16

1964, 16; 1966, 66;
1969, 339
1968, 100

1969, 146
1966, 241

1967, 218; 1968, 209
1967, 21, 319
1967, 311

1967, 7
1966, 102; 1968, 117

1969, 337

1968, 309

1968, 61

1966, 220

1966, 51

1966, 244; 1968, 25, 97
1966, 244; 1968, 25, 97
1967, 312
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Formula Compound Resonance Reference
PC¢H2ClOg CHQ[POCH2C(CH3)(CH2CI)CH2(I) H 1968, 85
PC¢H,,Cl10;5S (CH;30).P(0)SCH,;CHCICH=CH, H 1966, 74

(CH30).P(O)SCH(CH,Cl)CH=CH, H 1966, 74
PC¢H,2Cl1503 P(OCHCH,CIl); P (128:7) 1967, 277
PC¢H;.Cl505S SP(OCH,CH,CD); P (53:0) 1967, 277
PC¢H;2Cl50, OP(OCH,CH,Cl)3 P (2:0) 1967, 277
PCe¢H;.FO, CH,=CH(;-C,H,O)P(O)F P (15'5); F (—70) 1967, 14
PCsH,,F3N, CF,=CFP[N(CH,;).]. H;F(—89-4; —107-8; —181:3) 1969, 55
PCeH,NO,S CH;P(O)Y(OC,H;5)(SCH,CH.CN) H 1969, 74
PC¢H,1.NO; (CoH50),P(O)CH.CN H 1965, 90
C.HsOP(O)YH)YOC(CHj;)(CN) P (39 1967, 293
(CH;0),PN(CH,CH,),O P (140) 1969, 340
PCeH; N3O (CH;0);PO(CH,)sC(NO,)s H{P} 1964, 14
PC¢H,;C1,0, CHaOP(OYCH,Cl), H; P (37'8) 1968, 300; 1969, 332
PC¢H,3C120; (C2H;0),P(O)CH,CH,Cl H 1966, 244
PCeH,3FN CHPF(NCsH ) P (165); F (—115) 1968, 12
PCsH,;F;NS CeH11(NH),P(S)F, P (65-3); F (—54-3) 1966, 30
PC¢H,3FsN F3P(CH3)[N(CHo)s] F (-69; —47) 1967, 64
PCgH; 35N, [(CH;) N],PC=CH H 1967, 106
PCeH;:N,O [(CH;):N].P(O)C=CH H 1967, 106
PCeH,3N,0, HPL[OCH(CHs)CHzll\IH]Z H 1967, 165
PCsH,3N,0, [O(CH.),NCH,],PO.H P (26-8) 1967, 291
PCH ;3,0 CH5P[(CHy),].CH(OH) H 1967, 75
CH3C(O)P(CoHs), H 1969, 341
PCeH;30, C.Hs;(CH,=CH)P(O)OC,Hs. H 1966, 120
H; P (137; 150) 1969, 94

CHaOII’OCH(CHa)C(CHS)Z([)

9¢1
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PCeH 1505

PCgH 5055

PCeH;30,

CH;OP(OCH,),C(CHj),

CH;OP[OCH(CH,)].CH,
CH3P(O)Y(OCH,)C(CHg),
(CszO)gP(O) CH :CHz
CszoiOCH(CHs)(CHz)z(l)

1-CsH,OPOCH,CH(CH3)O
L

(CH50).P(0)SCH,C(CH,)CH,
CH5O0P(S)(OCH;),C(CHa),
C2H50I|’(S)OCH(CH3)(CH2)2(|)

(CH30,P(0)CHC(CHy),0
L |

(CH30),P(0)C(CH:),C(O)H
CH;0P(0)(OCH2)2C(CHs)2

CH,OP(O)[OCH(CH,)],CH,
(CH30),P(0)C,He(OH)
(C.H;0).P(OYOCH=CH,
CH;3(CH;0)P(O)OCH(CH3)COCH;,
(C.H50),P(O)C(O)CH,
(CH;30).P(0)(CH,).COCHj,
C.HsOP(O)(H)CH,COOC,H;
(C3H50),P(0)CH,C(O)H
(C:H0).P(O)CHCH,0O

(CH;30).P(O)CH=CHOC,H;

H; P (122-7)

H
H
H
H(T)

H; P (139; 142)
H

H; P (63)

H(T)

H

o
o~}
T
(=)
&

; P (343)

T T T T
o

1966, 46; 1967, 88;
1968, 78, 80

1966, 46; 1969, 88

1967, 91; 1968, 74

1967, 99; 1968, 25, 97

1969, 92

1969, 94

1966, 74
1967, 91; 1968, 74
1969, 92

1966, 245; 1967, 81

1966, 245; 1967, 81

1966, 46; 1967, 91;
1968, 74

1966, 46

1967, 100

1967, 120

1967, 181

1967, 166; 1969, 82

1967, 311; 1969, 81

1968, 297

1968, 297

1969, 82

1969, 82

1969, 342
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Formula Compound Resonance Reference

PCesH,50, i—C3H7OI|’(O)OCHch(CH3)(I) H; P (14) 1969, 94

PCeH;505 (C.H;0).P(O)CH,COOH H 1965, 87
(CH;30):P(O)(CH.),COOCHj, H; P (326) 1966, 220; 1967, 313;

1969, 81 -

(CH30).P(O)YOCH(CH3)C(O)CH, P (-0-3) 1967, 86; 1968, 73
(CH;0),P(OYOC(CH3)=C(OH)CHj, P (-25) 1968, 73

PCzH; ;04 1-glucose phosphate P(-24 1969, 321

PC¢H,4Ba; O¢ CH;CH(OH)CH,OP(O)(O®)[O(CH,);OCH;],Ba§ H 1965, 88

PC¢H, BrS C.Hs;P(SC.Hy)Br P (163) 1969, 335

PC¢H,,CIS C.HzP(SC,H,)ClI P (163) 1969, 335

PCe¢H;,ClsN,0,  [(CHg) N®CHO],PCI, 2CI1® H 1966, 223

PCsH,,FO (1-CsH7).P(O)F P (78-2); F (—102) 1967, 14

PC¢H, ,FOS CsH7(C:H;S)P(O)F P (65-5); F (—51) 1967, 14
s=C H(CH:S)P(OYF P (71-0) 1967, 14 v

PC¢H,,FO, C;sH4(C:H,0)P(O)F P (30); F (—654) 1967, 13, 14
C3H.(i-CsH,0)P(O)F P (26); F (—65'4) 1967, 14; 1968, 295
i-C3H(i-C3H,O)P(O)F P (31:7); F (~75) 1967, 14
CH5(C.H,O)P(O)F P (32-3) 1967, 14
C.H;(-C,H,0)P(O)F P (32:4); F (-72) 1967, 14
(C3H-,0).PF F (—-60:3) 1969, 61

PC¢H,,FO3 (1-CsH-0).P(O)F H{P, F}; P (—45); 1967, 13, 14, 51, 185;

1968, 295; 1969, 74

(CsH;0).P(O)F P (—8'5); F (—86) 1967, 14

PCeH,,F,NS (CsHp)NP(S)F, H; P (70-0); F (—489) 1966, 30

PC¢H, . F.N F.PN(C3H7), F (—67-5) 1966, 217

PCe¢H,,LiO; CH;CH(OH)CH,OP(O)(0O®)(0:-C;H,)Li® H 1965, 88

PCeH, . NO (CoH;5) NC(O)YCH PH, P (—1502) 1967, 135

PCeH,;.NO, CsH;(NCH.PO.H, P (9-2) 1967, 301

8¢1
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PCsH4NO;
PC6H14NO4

PCeH;4N;
PCeH;s5

PCsH 1 5A1Br3
PCsH;:AICI,
PCeH;5CILi
PCeH;5Cl,
PCsH,;FNO

PCeH;5FoNg
PCeH,15F;N

PCGH 1 5N20
PCeH15N20;

(CH,);NP[OCH(CH,)]; (isom.)
(CHg).NP(O)[OCH(CHas)2](?)
(CHZO)zFI’(H)OCHzC(CHa)leTH

(C2H50),P(0)CH,C(O)NH,
(C2H50),P(0)CH(OH)CH,NH,
(CH;0)3P(0)C(O)NHi-CoH;
[(CH3).N]:PN(CHz).

P(C:Hs)s

CHS(C2H5)2P:CH2
(C2H5)3PA1B1‘3

(CaHz)sPAICL,
CH;;(CZH5)2P:CH2, LiCl
(CoH:)sPCly
t-C,HoP(O)F[IN(CHy).] (isom.)

CHF,CH,P[N(CHa),]2
F3P(CoH)[N(CeHs)e]
FoP(CH,)NHi-CsH,,
C.HsP(O)[N(CH;)CH,]s
HIE[OCHZCH(CHg)lTIH]z

C,H;OP(O)[N(CH;)CHals
HP(OCH,CH.NCHjy),
L ]

CHsNH(CHz)ZOPN(CH3)CH20H2?
l

HI[[OCH(CHg)CHzll\IH]z

P (144-4; 147-8; 140-0)
P (14-8)
P (37—41)

H
H
H
H
13C. H; P (—20; —19)

H

2TAL; P

27AL, P

H

H; P

H; P (42-5; 29-6);
F(—884; —-77-8)

(=35'5); F (—74; —45)
(—73; 42; 30)

; P (~56)

I mTmseHE

H; P (—63)
H; P (137-2)

P (—54-6)

1967, 321; 1968, 304
1969, 343
1969, 45, 178

1967, 22

1969, 82

1967, 26; 1968, 29

1967, 305

1965, 3, 39; 1967, 20,
244; 1968, 3, 7, 17,
302, 303

1968, 106, 107

1967, 23

1967, 23

1968, 106, 107

1969, 344

1965, 8; 1968, 80

1965, 80
1967, 64
1967, 64
1967, 314
1967, 164

1967, 314
1968, 304

1968, 304

1969, 45

SANNOdINOD DINVOHO NO VIVA ¥INN

6¢1



Formula Compound Resonance Reference
PCgH,;sO (C3H;):PO H 1965, 83; 1967, 20
(C2Hj5)2P(O)OC,H5 H 1966, 120; 1968, 65
(:-C3H7):POH H 1968, 65
PCsH;50.S; CoH;SP(S)(OC,Hs)2 H; P (94-1) 1965, 20; 1966, 218
CH,;P(O)(OCH;)SCH,S:i-C3Hy H 1969, 101
PCeH 1503 P(OCyHs)s 13C; 1705 H; (137—-139) 1963, 1; 1964, 9; 1966,
47, 141, 216, 225;
1967, 34, 85, 198,
277, 293; 1968, 3,
22, 25, 303, 306;
1969, 50, 336
C.H;P(O)(OC,Hs), H; P (32-8) 1966, 51, 105, 133
HP(0)(0i-C3Hy), P 3) 1967, 277, 293; 1969,
101, 162
HP(0O)(OC;H)(0z-C,Hy) P (1-4) 1967, 293
PCeH;50;55 SP(OC.Hs)s 13C; H; P (68) 1966, 47, 133, 216;
1967, 84, 85, 198,
277, 293; 1968, 3, 25
C,H;SP(0O)(OC,H5)s H 1966, 52, 133; 1967,
307
HSP(0)(0:-C3H), H 1967, 307
PCsH 5055, (CH30).P(0)SC,H,SC;H; H 1968, 284, 285; 1969,
322
PCgH,;50;Se (C;H;0)5PSe H; P (7241) 1967, 84, 293; 1968, 25
PCsH ;50,4 (C;H50)3PO 13C; 170, H; P (—1-5) 1963, 1; 1966, 47, 133,

138, 216; 1967, 69,
84, 85, 198, 277, 293;
1968, 3, 25, 306;
1969, 74, 86, 336

0¥l
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PCoHie
PCeHlsAS
PCsH;6B1,
PCsHleBl'
PCsH,Cl
PCsH;6ClgO2Sb
PC¢H;6l
PCGHleN
PCsH;cNO
PCeH,cNO,
PC¢H;6NO;

PCeH,16NO,
PCgH,cNS
PCeH16N3
PCgH,;¢N0

PCsH;6Sb
PCgH,-CIN
PCgH,;CIN;O
PC¢H,7IN;
PCeH7NO;
PC¢H;»N:O;
PCeH,7N,05

PC6H17N4 .
PC5H1707S
PCgH;4AIBrsNSi

(CzH;s0).P(O)CH(OH)CHj,
HP(C,H,)9
(CHs)sP:CHAS(CHs)g
B11H11PC6H5

HP(C,H;)3Br
(CHg)sP(C2H5)2Cl
(CHa)o(CoH;0)5P®, ShCIP
(CHg)oP(CoHs),1
(CoH;5);PN(CHo)2

(C2Hs) P(O)N(CHy),
(C2H50)oPN(CHs)
(C2H;50),P(O)NHC,Hs
CH;(:~-C3H,0)P(O)O(CH,).NH,
CH;(:-C3H,O)P(O)NH(CH,),OH
(C2Hs0),P(O)NH(CH.),OH
(CoHs)oP(S)N(CHjg),
(CH3):NP[N(CH;3)CH,],
[(CH;),N].P(O)N(CHoy),
(CH3).NP(O)[N(CH35)CH:],
(CH3):NP(NC,H;),CO
(CHa)gP:CHSb(CHs)z
(CH3)sPPCH,N(CHy),, CI®
[(CH3)3N],P(O)NH(CH,).Cl
CH3(CHNH)P®[N(CH;)CH,),, 1©
CoHsOP[N(CHjy)al2
[(CH3)e:NCH,];POH
CoH;[(CH,) N]P(O)(CH,).NH,
C.H;O[(CH;),NJP(O)NH(CH,),OH
(CH3), NNHP[N(CH;)CH.].
(C.H;0):P®H, HSOY
(CHs)gSIN(AlBrs)P(CHa)s

H; P (331)
H; P (32:8)

1969, 82
1966, 22
1968, 287
1967, 292
1968, 7
1968, 287
1967, 308
1967, 169
1967, 277
1967, 277
1964, 9
1968, 25; 1969, 110
1967, 185
1967, 276
1967, 185
1967, 277
1966, 224; 1968, 303
1966, 246
1967, 314; 1968, 153
1968, 126
1968, 107
1969, 128
1966, 246
1967, 305
1964, 9
1967, 291
1967, 185
1967, 185
1967, 305
1969, 50
1967, 176
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Formula Compound Resonance Reference
PCeH;sAICIgNSI  (CH3);3SiN(AICI)YP(CH)s H 1967, 176
PCeH1sAIINSI  (CH;)sSiN(AILYP(CH,)s H 1967, 176
PCeH,5AIO (CHj3);POAI(CHy) H 1965, 83
PCeH,sBFsN, [(CH3)sNCH,],BH,, PFq H 1969, 26
PC¢H;¢BroN3 [(CH3).N]sP®Br, Br® H 1965, 91; 1967, 67
PCeH;sBr3InSi (CH3)3SiN(InBrs)P(CHj)g H 1967, 176
PCeH;4CIN, (CH,)P[N(CH3)]CI1 H; P (68-4) 1967, 67
PCeH;5CIN, [(CH3)2.N(CH;3)N].PCl H 1969, 103
PC:H,ClN3 [(CH,),N1,P®Cl, CI® H; P (50-53) 1967, 67; 1969, 59, 345
PCsH,Cl;GaNSi (CHj3)3SiN(GaCls)P(CHs)s H 1967, 176
PCeH 3CIInNSi  (CH,)3SiN(InCl)P(CHyg)s H 1967, 176
PCeH sFN, FP[N(CHg)N(CHsy).]. H 1969, 103
PCeH,6F2N; F,P[N(CHg).ls H; P (—-655); F (—54) 1966, 76; 1967, 61;
1968, 124

PCsH,5Ga Ga(CH3)sP(CHaz)s H (D) 1969, 198

PCeH;5GeN (CH;)3GeN=P(CHjy); H 1967, 73

PCsH,3IN, (CHy) PP[N(CHj;),].19 H 1965, 18

PCgH;gNSi (CHj3)3SiN=P(CHgy)s H 1967, 73, 176, 322

PCgH;gNSn (CHj3)3SnN=P(CHj); H 1967, 73

PC¢H; N3 P[N(CHj5)z] H; P (121-5 —~123-0) 1964, 9; 1965, 12, 18,
84; 1966, 18, 36, 206;
1967, 277, 299; 1968,
153, 310; 1969, 72

PCsH, N0 OP[N(CHy).]s 1N; H; P (23) 1964, 2; 1965, 18, 23,
78, 84; 1966, 206;
1967, 198, 277, 1968,
91, 153, 287, 310

PCeH15N;3S SP{N(CHj3)z]s H; P 1965, 18, 23; 1966, 36;

1967, 277; 1968, 91;
1969, 105

44!
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PC¢H,,CIN;O

PCeH, 51
PCsH,CIN,

PC-H,ClO;
PC;H.ClO,
PC,H,Cl305

PC;H:F,N,
PC;HeClO,

PC.H:Cl,
PC;H,CLS

PC/H-F,

PC;HCl.04
PCHoF;3N
PCHN;O,

PC,H,O
PC,H0,

PC7HQS
PC;H;,Cl503
PC-H;(NO;

[(CH;);N],PO, HCl
HP[Si(CHg)g]a
[(CH,).N]PNH, Cl

CIPOC,H,C(0)O
L]

CIP(0)OCeH,C(0)O
L

C1,P(0)OCeH, — m-C(0)Cl
CL,P(O)OCsH, —p-C(O)Cl
CeHsPF,==NCN
CIPOCH3(CH,)O
L

$-CH,CgH,PCl,
CoHsCH,P(S)Cl,
$-CHyCsH.P(S)Cl,
CH,CoH,PF,
CeHsCH,PF,
Cl,P(O)CH=C=C(CH;)COOC,Hs;
FP(CeH,)NHCH,
(CH3)sNPO(C:H,N)O

L

CH,4(CeHs)P(O)H
(CHCH,):P(O)OCH,C=CH
CHa(CsHs)PO,H
CH,O(CHs)P(O)H
$-CH,CeH,PO,H,
CHP(S)(C=CCHy),
CsH;CH(NH.)PO;H,

H
H; P (~237-4)
H; P (39-0)

P (151-2)
P (-9-5)

P (2:6)
P (1-4)
P (153); F (—66°5)
P (177)

H
P (85-0)

P(75-3)

P (205-3); F (~94)
P (223-8); F (~99-5)
H

F (=75; —43)

P (148)

; P (25:2)

anfvgergesfiesgarfusfier

1969, 181
1967, 29
1967, 65

1965, 45
1965, 45

1966, 239
1966, 239
1967, 63
1969, 45

1968, 15
1966, 114
1966, 114
1967, 52, 290
1967, 52, 290
1968, 311
1967, 64
1969, 45

1968, 33; 1969, 34
1969, 190

1966, 36; 1968, 33, 56
1967, 113, 172
1968, 15

1965, 89

1968, 287

1968, 142
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Formula Compound Resonance Reference
PC;H,,NO;s CH;3;0P(0)(O®)CH(COOCH;)N®(CHj;); H; P 1969, 346
PC-H,,F¢0. (C.H;5),POCH(CF3). H; P (68-8) 1968, 302
PC;H,,N,;0+ (CH;0).P(0O)OC(C(O)NH),COCH; H; P(-12) 1966, 242

|
PC-H,,05 HIi(O)OCH(CH:CHz)C(CHs)C(O)CHi(l) H; P (14-0) 1968, 312
PC.H;,Cl0O; (C2H0).P(O)C=CCH_,Cl H; P (~98) 1967, 21
PC7H,2ClOs (CH;0),P(0)OC(CH3)[C(O)CH;]C(0)C1 P(-32) 1968, 313
PC-H,.Cl;05 (CH;0).P(0)OC(CCI3)[C(O)CH;3]CH; H 1965, 35
PC/H2NO; (C.H;0),P(O)CH=CHCN H 1967, 99
PC.H;; (C2H;):PC=CCH,; H 1966, 243, 247
(CoH;),PCH=C=—CH, H 1967, 104; 1968, 99;
1969, 115
CH3P[CH,C(CH))l2 H 1968, 100
PC;H3Br03 (C,Hs0).P(O)CH,CPBr—=CHBr H; P (20) 1967, 101, 108, 323,
324
(CH;0).P(O)CBrCHBr(CH,); H 1966, 43
L
PCH;5Cly CH3P®(CH(CH,;)CH),Cl,C1® H 1968, 61
PC;H,50 (C.H5),P(O)C=CCHj H 1966, 243, 247
(CoH5):P(O)CH=C=CH, H 1967, 104, 296; 1969,
115
CH;P(O)[CH,C(CHj3)]5 H 1968, 100
CHJI’(O)CHZ[CH(CHB)]z(IEH H 1968, 100
PC.H;50, H 1964, 8, 16

CHaoll’(O)CH:C(CHg)CH(CHs)(I?Hz

1
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PC,;H;303

PC;H;30,

PC;H;305

PC;H1305
PC/H30¢

PC7H14BI'02

CI—I;,OFliO)CHgC(CHa):C(CHS)(IIHg

CszOIL(O)CHZCH:C(CHa)CIIHz

CH;OP(0)[CH,C(CH,)l,
(C;H50),PCH=C=CH,
(CsH50),P(0)C=CCHj,

(CH50);P(O)CsH;
(C2H50),P(O)CH=C=CH,

(CH30).P(O)CH=C(CH,)CH=CH,
(C:H50),P(O)CH,C=CH
(C;H;0).P(O)CH,CH=CH,
CHgOII)(O)OC(CHa)CH(I?(CHg)z

CH;3P(O)[OC(CH;3)=CH,],
P(OCH,),CC;H,

CH3;OP[OC(CHy),]2
(C;H;0),P(O)OCHC==CH
CH30P(0)[OC(CHy):];
CH,3P(O)(CH,COOCH;3;),
CH,=CHCH(OH)C(CH;3)POzH,
CH;(CH;0).P[OC(CHs))a
(CH20),POCH(CH3)COOC.Hj5
(CH;0).P(OYOC(CH3)=CHCOOCH;

(C;H;50),P(O)CH,CH=CHBr
(C:H50),P(O)CH=CHCH,Br

; P (—458)

T W

18C; H; P (—92)

H
H; P (11-1)

H; P (24)
P17

1964, 16
1964, 15

1966, 66

1968, 99; 1969, 115

1966, 63; 1967, 21;
1968, 20

1967, 100

1967, 21, 296, 324;
1969, 115

1967, 310

1967, 21, 324

1967, 108

1967, 311

1968, 297

1967, 218; 1968, 209

1969, 94

1967, 21

1967, 21

1969, 94

1968, 297

1968, 312

1968, 301

1969, 109

1961, 4; 1967, 325;
1968, 284, 285; 1969,
322

1967, 108, 326

1967, 326

SANNOdIOD DINVOIO NO VIVA dNN

S¥1



Formula Compound Resonance Reference

(C.H0),P(O)CHCBr=—=CH, H; P (22) 1967, 101, 108, 323, 324
PC,H,,Brs CH3(CH,),CH(PBr,)CHBr P (191) 1966, 222

CH;(CH,),CHBrCH,PBr, P (178) 1966, 222
PC,H,;,CIN,Og [INCH(CH,)].P(O)OCH(CH,)CH,Cl H 1966, 220
PC.H,.Cl10 C H P(CH)CH,COCHj; H 1968, 297
PC-H,,ClO, t-C,HyCH(CH,0),PCl H 1968, 78

C. H,OP(CH[OC(CH3)=—CH;] H 1968, 297
PC.H,,ClO, ?CH2C(CH3)[CH(CHs)(OCHs)]CHZOj)Cl H; P (140-8) 1967, 161, 162

(C:H;0),P(O)CH,CH=CHC(I H; P (24'5) 1967, 323, 326

(C2.H:0);P(O)CH=CHCH,C1 P (174 1967, 326

(C.H;0):P(O)CH,C(C)=CH,, H; P (22+6) 1967, 323
PC,H,,ClO3S (CH;0),P(0)SCH,CHCIC(CH;3)=CH, H 1966, 74

(CH;0):P(O)SCH(CH,Cl)C(CHj3)=CH, H 1966, 74
PC,H,,ClO, C.H;OP(O)(CI)(CH,),COOC.H5; H 1967, 313
PC.H,,Clg CH;3(CH,),CH(PCl,)CH,Cl P (189) 1966, 222

CH;3(CH3),CHCICH,PCl, P (191) 1966, 222
PC,H,,NO C.H;OP(CH=C=CH,)[N(CHs),] H 1968, 99; 1969, 115
PC.H,;,NO; (CH;0).P(O)OC(CH3)CHC(O)NHCH; H 1968, 284
PC.H,;,N303 OP(NHCOOC, H35)[N(CHy)sl2 H 1965, 42
PC.H,,03 (CH30)sP(0)C(CH5)=CHCHj, H 1966, 43
PC,H;sFsN F;P(CH3)NHCeH, P(—364); F(—73; —43; 1967, 64

—-32)

PC.H;5N, [(CHy):N],PC=CCHj, H 1967, 106

[(CH;3);N];,PCH=C—=CH, H 1967, 104; 1968, 99;

1969, 115
PC-H;sN,O [(CH)sN1,P(O)C=CCH, H 1967, 106
H

[(CH3)2N1.P(O)CH=C==CH,

1967, 104, 296; 1969,
115

91
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PC;H 5N,

PC;H,;0S8
PC,H;50,

PC7H,504

PC,H;50;8
PC7H1507

[(CH3).N],PN(CH3)N
l l

(CHs)P(S)CH,COCH;
C4HoP(O)O(CH,)s
L

C,HsP(O)(OC,Hs)CH,CH=CH,
(CzH5);P(O)CH,COCH,
(CsHs),PCH,COOCH,
i-C3H7OI|’OCHZC(CH3)2O
|
t-C,H,POCH,CH(CH,)O
. ]
CsH-P(O)O(CH,).0
L

CH;OP[OC(CHs)z]z
(CH50),P(0)C(C,Hs)CHCH,

C;H;OP(O)[OC(CHj3)J(CH=CH,)H

(CH30),P(0)CH,CH=C(CHa,),
CHSOPOCHZCH(t-CJ-Ig)(l) (isom.)
[

(CoH0),P(O)CH—=CHCHj,

(C.H;0).P(OYCH,CH=CH,,
(C:H;0),POC(CHz)=CH,
P(CH,0);CC,H,
t-C.H,OPO(CH.);0O
L

(CoH50),P(O)SCH,CH=—=CH,
(C:H;0),P(O)CH,COCH;

mmTm o mEm o m
=

H; P (134; 142)
H

H; P (2-5)

H

H; P (—81-0)
H

H
18C; H; P (19)

1967, 119

1968, 297
1964, 14

1966, 120
1968, 297
1968, 297
1969, 93

1969, 93
1964, 14

1966, 51
1967, 100 .
1967, 293
1967, 327
1969, 94

1967, 21; 1968, 314;
1969, 163

1967, 21

1968, 297

1969, 71

1969, 93

1967, 307
1966, 234; 1967, 22,
278; 1968, 20
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Formula Compound Reference
C.H;OP(0O)(OCH3),C(CHj3), H 1967, 91; 1969, 86
(CHs0),P(O)C(O)C.Hs H 1967, 166
(CH50),P(O)CH,CH(CH3)COCH, H 1967, 311
(C.H;0).PCH,COOCH; H 1968, 297
C,Hs(C.H;0)P(OYCH,COOCH; H 1968, 297
CHaoll’(O)OCHzCH(t-CJIQ)(I) H; 1969, 94
(CeH;0).P(O)CH,CHCH,0O H 1969, 249

L]
t-C H,OP(O)YO(CH,):0 H 1969, 93
L
PC.H,504S (CH;0).P(S)CH,COOCH; H 1968, 213
PC,H,;50;5 (CH;0)sP[OC(CHy)]. (stereois.) H; P (—49; —55) 1965, 21, 45; 1966, 225,
239, 248; 1967, 86,
160; 1968, 73, 301;
1969, 147
(C:H;0),P(O)CH,COOCH; H 1968, 297
(C,Hz0),P(O)CH(OH)CH,OCHj3 H 1969, 82
(C:H;0),P(O)CH,CH(OH)CH,OH H 1969, 82
PC,;H,¢ClO; (C,H;0),P(O)CH,Cl H 1966, 36
PC,H,,ClO;S (CH;0).P(O)SCH(CH,C)C;H, H 1966, 74
(CH30),P(0)SCH,CHCIC;H, H 1966, 74
PC.H,cFO, CH;P(O)(F)[OCH(CH,)t-C,Ho] H 1969, 74, 160
PC:H,cNO, (CH;3)2NP(OCH,).C(CHa)2 H 1968, 80
PC,H,;sNO,S (CH,) NP(SY(OCH,).C(CHp). H 1968, 74
PC;H;cNO, (CH;0),P(O)CH,CH,CONH, H 1966, 249
(C3H;0).P(O)YC(O)NHCH; H 1967, 26
(CH;0):P(O)C(O)YNHC,H, H 1967, 26
(C.H;0),P(O)CH,CH(OH)CH,NH, H 1969, 82

14!
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PC-/H,6N;NaQ3S NaPO;SCH C(NH)NHCgH;;

PCH¢N;0
PC7H17
PC/H;;N:O
PC7H17N202

PC,H,;N;0,.5
PC;H;;0,

PC;H;,0:5;s

PC7H170s5

PC7H170,

PC7H18
PC-H;Cl0,5b
PC7H13C1604Sb
PC7H,sF2N3
PC-H,;sl
PC.H,sNO;
PC7H13N202
PC.H;gN;O

PC7H19GC
PC,H, 651
PC7ngsn

(CH,)eNP(NC;Hs5),CO
(Csz):sP:CHz
CoHP(O)Y(INCHy)o(CHo)s
[(CHg) . N1,PCH,COOCH;
[(CH)sN1,P(O)CH—=CHOCH,
(CoH50):P(S)NCHN(CHs).
(CoH5)oP(0)0i-CsH,
(-CsH7),P(O)OCH
(-C3;H,0),PCH,4
(C:H:0)P(S)SCH,SC,H;

(C2Hs0)P(0:-CsHy)
(CH;0),P(O)CHCH(CH3)C:H;
(CH50).P(O)C5H,
CH;3P(O)(OCgH;5)(OH)
(CH;30),P(0)C(C.H;):OH
(C.H;0),P(O)CH,CH(OH)CH,
CH:P®(CoHs)s
CH30(C3H;)2(C:Hs0)P®, SbCI9
CH;OP®(OC.Hs5)s, SbCI9
[(CHj):N]sP=CF;
(CH,)(C2Hs)sPI
(C:H;50),P(O)NH:-C;H-
1-C3HA(CHs0)P(O)N(CHj),
[(CHa),N1,P(O)NCH,CHCH,
L

(CH3)2NP(O)[N(CHjy)]2(CHo)s
(CH3)sP=—CHGe(CHz)s
(CH3)3P =CH Sn(CH3)3

; P (81)

o]
~~
|
w
N
'

(30)

>
i

DO NEEYDOTDYIDTYRY ROTEITEED T
&

1968, 292
1969, 109
1968, 105, 107, 305
1967, 314
1968, 297
1969, 342
1966, 56
1968, 65
1968, 65
1969, 192
1968, 284, 285; 1969,
322
1967, 293
1967, 310
1967, 21
1969, 74
1967, 100
1967, 22
1967, 7
1967, 308
1967, 69
1964, 9
1967, 169, 244
1969, 110
1965, 92
1966, 246

1967, 314
1968, 107
1967, 328; 1968, 107
1968, 107
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Formula Compound Resonance Reference
PC,HjzAl (CH3)sPOCH,AI®(CHj)s H 1968, 105, 107
PC,H3,ClGe (CH,)sPCH,Ge(CH,)5Cl H 1968, 107
PCrHgoClSi (CH,)sPCH,Si(CHyg)sCl H 1968, 107
PC;H,oIN, CH4(CeHs)PO[N(CHs)slo, 19 H; P (594 1969, 87
PC7H20N30, [(CH3).N1,P(O)NH(CH,),OCH, H 1966, 246
PC.H,,CIN, CHP®[N(CH,),]s, C1© H; P (54-4) 1967, 67
PC.H2,ClgN;0Sb CHZOP®[N(CH).]s, SbCIS H; P (380) 1969, 87
PC;Hz:CleN3SSb  CHZSPO[N(CHj),ls, ShCIS H; P (66'7) 1969, 87
PC;H,,ClgN;3SbSe CHSeP®[N(CHj),]s, SCIS H; P (63-5) 1969, 87
PC/H,;INg CH3P®[N(CHa),]5, 19 H 1965, 18, 91
PCH3;INGS CH,3SPP[N(CHsg)s]s, I H 1969, 105, 347
PCgFsN, CeFsP(CN), P (-121-3) 1968, 9
PCgF5sN;0; CeFsP(NCO), P (70-5) 1968, 9
PCsFsN:S, CeFsP(NCS), P (62:2) 1968, 9
PC;:FsN;Ss CeFsP(S)(NCS), P (6-8) 1968, 9
PCH.FN, FCH,P(CN), F 1968, 14
PCH,F, FCeH,P(CF3), F 1968, 14
PCH;CINO,S (C2H50)2P(O)hLTS(O)CH2CH=CCI(|‘:H2 H 1965, 93
PCgHCl (CHy).P®[CH(CH;)CH,);, C1© H 1968, 61
PCoHeCIF:N CoF:P[N(CH,).]Cl H; F(—129-0; —162-5; 1966, 19

~151-0)
PCgHgFs CsF:sP(CH,), H;P(—~478); F(-133; 1966, 10, 19; 1967, 11;
—164; —154) 1969, 17
PCHF;0 CeF:sP(0)(CHy), P (297) 1967, 11
PCyHFN (CF3).PNHC:H; H(T) 1968, 144
PC:H,Cl,0; (CH;0),P(0)CeClL,OH H; P(—27) 1968, 315

0s1
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PC;H,0.S,

PCzH-,05
PCgHBBI’03
PCgH,CIO
PCgHClO;
PCgHgCl15055

PCyHgNO;
PCgH,q
PCyHyCINOsS

PCsHCl,0O
PCgH,Ci;NO.S
PCsHF¢O5
PCgHgLi,
PCsH,N,0,
PCsH0,5,

PCsH(O4

PCsH,0,

2
C6H5CH:CHPO%6
CHBr:C(C6H5)P03H2
CeHs(CH,=CH)P(O)C1
CHC1—=C(CeHz)PO,H,
(CH40)5P(S)OCeH,Cl,

(CH:0),PN(CH=CH),
CeHsP(CHo),
(CH;0).P(S)OCsH;CI(NOy)

CeHsP(O)(CH,CD),

CeH,Cl,OP(S)(OCH,)NHCH,

(CH30):P(0)OC(CH3)[C(O)CF5].

CsHsP(CH,Li),

(CH;0):P(0)C¢Hj3, 2,4-(NO3);

CHaoP(S)SC(S)CSC(CHg)C(CH3)CJO
|

CeHzOP(OCHy),

CH,=C(C¢H5)PO,H,
CH(C¢Hs)=CHPOsH,
CH,CH,CHPO,H,
L1
CoHsPO(OCH,),
CeH:C(0)OP(OCHS,),
C,H,OP(0)OC:H,.O
L

H

P (10-4)
H; P (11-5)
H

P (12:3)
H

P (124)

H; P (—234)
H

H; P (—33-9)
H

H; P (~32)

P (—21)

H
H

H; P (128)
H; P (14-4)
P (47)

P (8-5)

P (11-1)

H

P (10:0)

1966, 130

1967, 7

1966, 241

1966, 250

1966, 241

1968, 284, 285; 1969,
322

1969, 109

1969, 169

1968, 284, 285; 1969,
322

1968, 299; 1969, 334

1967, 116

1968, 313

1967, 329

1969, 119

1969, 148

1966, 50; 1968, 77, 301;
1969, 50

1966, 241

1966, 241

1966, 241

1969, 343
1966, 77
1966, 238
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Formula Compound Resonance Reference
PCyHgS, CH;PSCgH3(CH3)S H 1967, 330
PCgHgSoSe CHsfl’(Se)SCGHg(CHs)Fr H 1967, 330
PCgH,yS; CH3P(S)SCgH3(CH3)S H 1967, 330
L
PC8H1001F4 (Csz)gPC:CCl(CFg)g H 1967, 331
L |
PCsH,,CIOS CHsP(SC:H,OCH;)Cl P (150) 1969, 335
PCgH,(CIS CsHsP(5C,H;)Cl P (139) 1969, 335 '
PCgH,,CIsN,0S  CgH,Cl;OP(S)(NHCHj3), H 1967, 116
PC:H, F m- and p-FCsH,P(CHj), F 1967, 17; 1969, 18, 19
PCsH, FO m- and p-FCgHP(O)CHy)s F 1967, 359; 1969, 18, 19
C.Hs(CcH5)P(O)F P (53-4); F (—80) 1967, 14
PC:H,,FOS; C:H;0(CcH;S)P(S) H; P (—891); F (—287) 1968, 308
PCgH,(FO, CaH50(CgHs)P(O)F P (14:9); F (—654) 1967, 13, 14; 1968, 295
m- and p-FCsH,P(OCHj3), F 1968, 14
PC3H;oFO; m- and p-FCsH,P(O)(OCHs), H; F 1967, 115; 1969, 18,
19
PCgH;oFS CeHsPE(SC,Hy) P (196) 1968, 12
PCgH,oF3S FsP(SC,H;5)CesHs H; P (—18-3); 1968, 277, 316; 1969,
F (—=14; -21; —-71) 62
PCsH,oF5 (C2Hs):PC=CF(CFy), H 1967, 231
L |
PCgH, o Li CH3(CeH;5)PCH,Li P (—22:6) 1966, 132; 1967, 329
PCgH,;,NO H,PCH,C(O)NHCgHs P (—144-5) 1967, 135
PCgH;,NO, P (150) 1969, 45

(CH3);NPOCgH.O
l

(4!
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PC:H;;NO;

PCgH,(NO;
PCgH,,NO;S

PCgH;,CIN

PC;H,,CINO
PCgH,,CL:N,
PCgH;,CIsNO3S

PCzH,,FN
PCsH,; FNO
PCnglFNSZ
PCsH,;,F:0
PCgH,,FsN

PCgH ., Fe
PC:H,,0
PCyH,;; 08

HIE(OCBH‘;l‘\IH)(OCHzCHZ?)

HP[(OCGH4O)(OCH2CH21J\IH)

(CH30):P(O)CsH4NO,
CH,;0O(CH;8)P(0)OCHNO,
(CH;0).P(S)OCH4NO,

(CH3)2PCGH5

C.H;(CeH;)PH
CH;3(CeHs)CHPH,
CeHsPCI[N(CHj),]

CeHzP(O)CI[N(CHs)z]

CeHsN:P[N(CH3)2]C12

(CoH0)P(SYOCCICH(CCDN
l J

CeHsPFIN(CHs),)
CeHP(O)F[N(CHa).]
CeHsSP(S)F[IN(CHs),]
F2P(CH3)3(OCsHs)
FaP(CeH5)[IN(CH3)2]

FsP(CHS)(NHCeHgCHQ)
(C2H5)2PC(CF3):CH(CF3)
(CH3)oP(0)Colls
CaHsO0(CeH5)P(S)H

H; P (—377)
P (-35)

H
H; P (25-2)
H

15C; H; P (—46)

H
H(T)
H; P (141)

H
H; P (—18:6)
H

H; P (159-8); I (—128-5)
H

H; P (94-0); F (—~40-3)

P (—11-7); F (—42)

H; P (—53); F (—401;
—68-1)

F (—-75; —42; —-30)

H; F (—57; —61-8)

H

P (65-3)

1967, 165
1969, 45

1969, 119

1965, 20

1968, 284, 285; 1969,
322

1965, 3; 1966, 41, 132;
1967, 66, 329; 1968,
6, 7, 33, 54, 303;
1969, 50

1968, 28; 1969, 34

1969, 51

1965, 12; 1966, 36;
1967, 80; 1968, 80,
92

1966, 36; 1967, 80

1969, 348

1968, 284

1965, 12; 1966, 36
1966, 36

1968, 308

1969, 62

1965, 12; 1966, 36;

1967, 50, 64

1967, 64

1967, 103

1967, 19
1966, 40; 1969, 162
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Formula Compound Resonance Reference

PCH,;0, CH;3(CH;0)P(O)CH; H 1966, 133
C;H;OP(O)H(CgH5) H 1969, 74, 162
(CH;0),PC¢H; H; P (15-8) 1969, 74, 162

PCgH;,0,8 CH,0(CeHsSCH)P(O)H H 1966, 124
(CH;30)sP(S5)CeH; H; P (9:0) 1966, 36; 1967, 113;

1969, 87

PCgH;,0:8¢e CeH:P(Se)(OCH). H; P (98) 1967, 113; 1969, 87
CsH:P(O)(OCH;)(SeCHy) H; P (38-7) 1967, 113

PCgH,,0; CsHsP(O)(OCHg), H; P (19-3) 1966, 36, 133; 1967,

. 113

PCsH,,03S CeHsSP(O)(OCHS3), H 1967, 87

PCH,,0, CsHsOP(O)YOCHS,), 13C 1965, 7; 1966, 240
(CH;30),P(0)CsH,OH H 1968, 317

PCyH;,05 (CH;0),P(O)OC¢H,OH P (—-41) 1968, 318

PCH,;,0,5 (CH0),P®(OC¢H)H, HSOY P (16) 1969, 50

PCgH;, S CsHsP(S)(CHg), H 1967, 19

PCgH;,Ss CcHsP(S)Y(SCHy). H; P (83-5) 1967, 113

PCgH,,Br (CH3).P®(CsH5)H, Br® IBC; H{P, C}; P (—2'1) 1967, 66; 1968, 3, 7, 33

PCsH; N (CH3)oNP(C=CCH3;), H 1967, 106

PCgH, . NO (CH3)oNP(O)(C==CCHsy), H 1967, 106

PCH,3,NO, (CH;0),PN(CH,), P (138) 1969, 109

PCgH;.NO; (i-C;H,)CHC(CN)P(O)Y(OC,H;3)OH H 1968, 319
(CH;0),P(O)C;HNH, H 1968, 317

PCBH12N04 p-CH30C8H4CH(NH2)PO3H2 H; P (13'3) 1968, 142, 296

PCgH,;2NoNaO3;S NaPO;SCH.C(NH)(NHCH,CHs) H 1968, 292

PCH,;CIN CosHs(CH;).PNH,, Cl H; P (42-8) 1967, 332; 1968, 54

PCgH13N:0, (CH;3NH),P(O)OCcHs H 1968, 284

PCgH;3N,O3 HP(O)[OC(CH3);CN], P (-01) 1967, 293

ST
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PCngast
PCgH;50,

PCgH,30.5

PC8H1304S
PCgH,505

PC:H;3065
PCsH,,ClO;

PC:H,,CL:05
PCgH,,0;4

PCsH,5Cl,05
PC8H15N282
PC3H1503

PCsH, 50,

PCgH;505

CeH:P(S)Y(NHCHo),,
CH2:CHCH20I|’(O)CH2CHC(CH3)C|H2

(CzH50)2P£| j‘

S
(CHa3)(CsH;)PPH, HSOP
(CH30);P(0)OCH(CH=—CH,)C(CHs,)
(OH)C(O)CHs
CH30II’(O)OCH(CH:CHz)C(CHs)[C(O)CHs](l)

(isom.)
(CH{0)5(CsHy)POH, HSOF
[(CH,),CHCH,0],P(0)Cl
(C3H50),P(O)CH(CCI3;)OCOCH;
i-CsHoOP(O)OCH(=CH,)CH=CH

L |

(C3H;0),P(O)CH(CHCI,)OC(O)CH;
CHP(S)(S®)NHCH,CH,NH®
(CoHs0)P(0)C=CC;H;
(CH50):P(O)CeH,
(CsH50),P(0)CH=CHCH,
(C3H0),P(O)CH,C=CCHj,
C3H;C(O)P(O)(OC:Hs)s
(CsH50),P(0)C=CCH(OH)CH,
C,H,P(O)(COCH,)CH,COOC,Hs
[(CH5;).CO],POC(0O)CH;
(CH;50),P(0)C(CH5)CHC(O)OCoH;

e

H

H; P (—1)
H; P (0-5)

P (14-7; 15-7)

H; P (—35)
H

P (134-3)
H

1967, 318
1964, 15

1969, 74

1969, 50
1968, 312

1968, 312

1969, 50
1967, 21
1966, 213
1966, 234
1966, 229

1967, 3
1967, 126

1965, 90; 1967, 21
1966, 43; 1967, 100

1967, 21

1967, 100, 324
1967, 166
1967, 166
1968, 297
1968, 304
1967, 325
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Formula Compound Resonance Reference
CH;O0OP(0O)OCH(C,H;s)C(CHg)(COCH3)O P (13-9; 15-2) 1968, 312
L |
(stereois.)

CoHsP(O)(CH;COOCHj3), ‘H 1968, 297

(CH:0),P(O)CH=CHCOOCH, H:P 1969, 349
PCgH,;;0:58 CH;OP(S)(CH;COOCHj;), H 1968, 297
PCgH, ;0 CoH;OP(O)(CH;,COOCH,), H 1968, 297

(CH30),P(O)OC(CH3)(COCHzy), H; P(-30) 1968, 313
PCsH,50, (CH30).P(O)CH(COOCH;,)CH,COOCHj3 H 1965, 94

(CH;0),P(0)OC(OCHs)CHCOOCH,; H; P (-606) 1965, 95
PCsH,:0¢ (CH;30),P(O)OC(CH3)(COOCHS,), H; P (4-6) 1967, 4
PCgH,sBrO; (C:H;0),P(O)CH,C(CH3)=—CHBr H; P (229) 1967, 108, 326

(C.H50),P(0O)CH=C(CH3)CH,Br P(16-5) 1967, 326

(C2:H;0),P(O)CH,CBr=—CHCHj, H; P (23) 1967, 73, 101, 108
PCgH,;4BrO, (C2Hs0),P(O)CBr=CHOC,H; H 1969, 127
PC3H,¢Br,Cl (CH3),Pe[CH(CH;3)CHBr],, C1® H 1968, 61
PCsH,sCl CIP[C(CH>),]).CHCH; H(T) 1969, 350
PC3H;;CIN,O, [NCH(CH3)]oP(O)OCH(CH;3)(CH_),Cl H 1966, 220

[NC(CHj3)2]2P(O)O(CHg),C1 H 1966, 220
PCgH,cCIN, CeHNHPN(CH)o(NH,)Cl H; P (287) 1969, 348
PCgH,6Cl10; (C2H:0).P(O)CH,CH=C(CI)CH,3 H; P (25) 1967, 101, 108, 323
PC;H,(ClO; (C.H;0),P(O)CH(CH,CI)OC(O)CHg H; P75 1967, 3
PCgH,Clg CH;(CH,);CH(PCl,)CH,Cl P (185) 1966, 222

CH3(CH,)s CHCICH,PCl, P (191) 1966, 222
PCgH;sNO, [(C2H5)2N]PLO)OC(CH3)CH?H2 H 1967, 311
PC.H, (NO,S H 1965, 93

(C.H0) 2P(O)NS(O)CH2CH:CH(|3H2
I

9s1

II XHANI ZVIONI0d



PCgH,5NOg
PCgH,sNO,
PC8H16N05
PCgH;,FsN
PCgH,-NO;
PCgH;N;

PCsH,;N,O
PCsH1N,

PCgH,-,0
PCgH,-0;

PCgH 70,8,
PCgH,,05

PCyH,;;,035

PCgH70,

[(CH,);CHCH,0],P(O)NH,
(C2H0),POC(CH3),CN
(C2H50)5P(0)OC(CH,),CN
[(CH3):N](CH:0),P[OC(CHj3)],
(CH;0),P(0)OC(CH,)=CHC(O)N(CH,),

FsP(CoHg)NHC6H
C,H;OP(O)(OPYCH(COOCH)N®(CHs,);
[(CH3)2N]2PC(CH3) =C=CH,
[(CH3)oN]oP(O)C(CHy) =C==CHj,
(CHj3)oNPNCHC(CH3)N

l

(CH3);NPNC(CH3)CHCHN
L]

CH;P[(CH,):).C(C.H5)OH
CH,P[(CHS),]:C(CH,CH,OH)OH
CeHH;1(CoH;0)P(O)H
t-C4H;OPOCH,C(CH,),0
L]

(CzHj5),P(O)CH=CHOC,H;
(CszS)zP(O) CH:CHOC2H5
(C2H50)3P(O)CH==C(CHj),
(C:H;0).P(O)CH=CHC,H;
CH;0P(OCHS,).CH-C,H,
CH,P(0)(OCH,),CHz-C, H,
P(OCHy);CCsH,y
(CZHSO)ZP(O)C(SCZHS):CH2
(C3:Hs0).P(O)SCH,CH=CHCH,
(CszO)ZP(O)CH :CH802H5
CH;O0P(S)(OCH_2),CHz-C,H,
(CH30).P(0)CH,C(O)C(CHs)s

H

P (136-4)
P (~63)
P (—261)
H

F(~71; —47; -34)

e
o]
~~
e

(40-3)

(92-8)

CTIEmEEenmonns T9I% & TooH

1966, 213

1967, 293

1967, 293

1968, 301

1968, 283 to 285; 1969,

322

1967, 64

1969, 346

1968, 99
1967, 104; 1969, 115
1967, 119

1967, 119

1967, 75
1967, 75
1967, 172
1969, 93

1969, 342

1969, 342

1967, 327

1968, 314; 1969, 163
1968, 78; 1969, 172
1969, 173

1969, 71

1967, 332

1967, 307

1967, 332

1969, 173

1966, 119

SANNO4dIWOD DINVOHO NO VIVU INN
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Formula Compound Resonance Reference

PCyH,,0, (CH;30),P(0O)OC(C,Ho)=CH, H 1966, 119
(C2H0):P(0)(CH;).COCH; H; P (30:8) 1966, 249; 1967, 278
1-C3;H,OP(O)(OCH,)2C(CHy), H 1967, 91
CHSOII’OCH2CH(CH3)(OCHS)CHZ(I) H; P (137:9) 1967, 161
CH31|3(O)OCHgCH(CHg)(OCHg)C(CHg)CHz? H; P (297) 1967, 161
(CH;0),P(O)C(0)-C3H, H 1967, 166
(C:H50),P(O)CH=CHOC;H; H; P (219 1967, 278; 1969, 127
(C,H;0):,P(O)CH,COC,Hj H; P (20-1) 1967, 278
(CH30),P(0)C(CH3);CH;COCH3 H 1967, 311
HP(OCH,);[OC(CHj3)zla P (—304) 1968, 274; 1969, 179
CH,;OP(O)(OCH,),CH#-C,H, H 1969, 173
C.H;OP(O)[OC(CHs)s]2 H 1969, 86

PCgH,,0,S, (C.H;50),P(S)SCH(CH;3)OCOCH; H 1967, 333

PC:H,,05 (C.H;0).P(O)CH,COOC,H; H; P (19) 1967, 22

PCgHis (C.H5)sP®CH=CH, H 1967, 99

PC3H,Cl (¢-C4H,) PCl P (144) 1968, 6

PCgH,CIO (¢-C, Hg),P(0)C1 H 1965, 8

PC:H,ClO; CH,CI(CH;0)P(O)C(CH3)(OC,Hs), H 1966, 124

PCgH,;4CsO (C4H;),POCs P (91-7) 1968, 320

PCgH, ,FO [(CH3):CHCH,],P(O)F P (71:3); F (—75'4) 1967, 13, 14; 1968, 295

PCsH,FO, (C,H 0),PF F (—60) 1969, 61

PCgH,3sFO3 (-CHy0),P(O)F P (-9); F (—86) 1967, 14

PCgH,3IN, [(CH3)2N1,P(CH3)CCH,4I® H 1967, 106

PCsH;3KO (C4Hy),POK P (94-2) 1968, 320

PCgHgNO, (CH;3)sNP[OC(CHs).]l2 H 1966, 51

PCgH;3NO,S (CHy):C(CH,0).P(S)NHi-C;H,, H 1967, 91

PCsH1sNO; (CH3);C(CH20).P(O)NHC;H, H 1967, 91; 1969, 97

8S1
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PCBH13N04

PCgH;sN3

PCSHl 3N30

PC¢H1sNsS
PCgH;sORb
PCgH,o

PCgH, sBrNO,
PCgH,,CIN
PCH,oN,0S
PCgH15sN:0,

PCH;,0
PC:H 50,5,

1~C4Ho(CH;O)P(O)C(O)N(CHy)g
HPL[OC(CHa)z]z(OCI—IzCHleIH)

(CH3)eNP(O)OC(CHy)s
(C2H50):P(0)N=C(CH,)C,H;
(C2H;0),PONC(CH;)CH;y
(C.H:0),P(O)NCH(O:7-C3H-)
(i-C3H-0),P(O)YC(O)YNHCH,
(C2H5O)2P(O)N:C(CH3)OC2H5
(C.H50),PON=C(CH,3)OC,H;
C.HgNP[N(CH3)CH,].

P[N(CH,)CH,],CCHs,

OPIN(CH,)CH,1;CCH,

C.HNP(O)[N(CH,)CH:),

SP[N(CH3)CH,1;,CCHj,

(C.H,),PORDb

(C.Ho),PH

(i-CoHy).PH

(t-C,Hy),PH

C8H17PH2

(C,H;);P=CHCH;

(-C3H,0),P(O)NHCH,CH,Br

1-C, H(CHPNH:-C,H,

[(CH)N1.P(O)CH=CHSC,Hj;

HII’[OCHz(J(CHS)NH]z
L

(C4Ho)oP(O)H
CHZP(O)(OCH3)SCH,SCsH;y,
CH,P(OYOC;H)SCH,Si-CsHy
CHP(O)(0i-C3H7)SCH,Si-C3Hy

(23-1)

R
f\ﬁf\r\e
N
=) 00 O
W O N0
® L5,

v\/ N

|

!

H(T)
H
H
H
P (—58)
H
H
H
H

1967, 26
1968, 304

1969, 343

1969, 351
1966, 55
1967, 34
1969, 351
1969, 351
1966, 224; 1968, 153,
303, 310
1967, 334
1967, 334
1968, 153, 310
1967, 334
1968, 320
1965, 3
1965, 3
1968, 6
1966, 4
1968, 105, 107, 305
1969, 352
1969, 112
1969, 342
1968, 304

1968, 65
1969, 101
1969, 101
1969, 101

SANNOAINO0D DINVOHO NO V.LVA HNAN
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Formula Compound Resonance Reference
PC;H,;0,S; (C3H0)P(S)C(CH,),SC,H;5 H 1968, 284, 285; 1969,
322

PCgH,303 (C,H,0).P(OYH 170; P (69) 1963, 1; 1967, 277
(s-CH,0),P(O)H P (5-5) 1967, 277
(C:Hs0),POC(CH3)3 P (134-0) 1967, 293

PCeH 05 CoH5O0P(0:-C3Ho)o P (137-3) 1967, 293

PCgH,,0;5S (C;H:0):P(0)St-C4Hy H 1966, 52
(C.H;0).P(S)0:-C;Hy P (59-0) 1967, 293

PCgH 0,5, (C:Hs0)2P(0)S(CH)SCoH; H 1968, 282, 284

PCH,; 0, (CH30):P(0O)(CH;),OC,H, H 1966, 251; 1967, 293
(C4H0),POH 13C 1968, 22

PCgH, 05 (C.H;0).P(O)CH(OH)CH,0OC,Hj; H 1969, 82
(C3H;0)2P(O)CH,CH(OH)CH,OCHj; H 1969, 82

PCH,S (i-C.Hg)P(S)H P (13-4) 1966, 40

PCgH;gSe (-C4Hy)oP(Se)H P (-5-3) 1966, 23

PCsHyp PO(CHsp), H; P (40'5) 1966, 22; 1967, 7

PCgH,BF,0O, (C,H;0),P®BF® H; P (—24) 1969, 86

PCgHyoBr (C,H;),PBr 13C; P (40-2) 1968, 3, 6

PCsH,,CIN, [(CeH5)N].PCl H 1965, 18

PCgH,,CIN,O [(CzH;)N1,P(O)C1 H 1965, 18

PCgH4CIN,S [(CeH;5)aN1P(S)Cl H 1965, 18

PCgH3;ClgO2Sb  (CoHg)2(CoHs0).POSbCIS H 1967, 308

PC:H,,ClsO:Sb  CoH;(C.H;0);P®SbCI§ H; P 4) 1967, 308

PCgH30Cls045b  (C.H;0),P®SbCI§ H 1967, 308

PCzH,0FNg F3P[N(CoHg)sl F (—60-8; —69) 1966, 217

PCgHyol (C.Hj).PI H; P (40-1) 1965, 39; 1967, 169,

244
PCgHyoN (-C,Hg)PNH, H 1968, 64
PCzH;:NO CHP(Oi-C3H)[N(CoHs5),] H; P (—92-5) 1969, 192

091
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PCaHzoNOz
PCsH.0NO5

PCyH3,NO,S
PCgH,NO,

PCgH,(N-O

PCgHyoN:OS
PC¢H.; BN,
PCgH.,BN;O
PC¢H,;BN;S
PCgH,; CINO;
PCgH,; 0551
PCgHa, 5i
PCgH2,AIO0
PCgH,,CISi

PCsH,:N;0
PC3H22N3O 2
PCgH24B2Ng
}'UgﬂeClF4
PCgH,CL.O5

PCsHgF1205

(t-CHo0)[(C.Hs)N]P(O)H
(CH30).P(O)CH(i-CsH)N(CHj),
(CH;0)P(O)(O®)CH(:-CsH,)N®(CHg)s
(CH;0),P(0)C(C2Hs):N(CHa),
(CoH50)2P(O)NH:-C H,
OGIT(S)O(CHz)zCH(CHs)(I), N®(CHs),

(i-CsH,0).P(O)O(CHy),
(i-CsH,0),P(O)NH(CH,),OH
[(CH3)oN]2P(O)NCH,C(CHs)s
[(CHg):N])(C,HsO)PN(CH3)CN(CHp),
[(CH;):N]oP(O)CH=CHN(CHa).
[(CH;3)oNJ(C2H;0)P(S)N(CH3)CN(CHa),
CH;C[CH,(CH3)N]:PBH;
CH:C{CH2(CH3)(BH3)NJ[CH3(CH5)N],PO
CH;C[CH(CH;)(BHs)N][CHy(CH5)N]-PS
(C.H;50),P(O)CH(G-C3H,)NH;Cl
(CzH50)[(C2H,)sSi0)P(O)H
(CHs)ssiCH:P(CHa)zcsz
(CH3)sPOAI(C,H:)s
(CHy)x(C2H3)PCH,S8i(CHg)s, CI®
(CHg)3sP®CH(CHj,)Si(CHyg)g, CI®
[(CHg):NJoP(O)NH¢-C,H,
[(CH3)2N].P(O)NHCH(CH3)CH,OCHj3
BH,P[N(CH3)CH.]o[N(BHz)CH,]CCH;

CF,CCl=CF,PHCcH;
(CH40)POCeCLO -
L |

(CH3)sP[OC(CF3)2]2

P (6°5)
H

H
P (50)
H

H; P (112-8)

H; P (—10-8)
H; P (8-2)
H

H; P (128-8)
H

P (71-3)

T T

lae!
~~
[\S]
—
<@
~—~

asfusfarhanfarfargurger

H; F (-80'8;
-~794; —-90-6)
H; P (—462)

H; P (3:2); F (9-3)

1967, 172
1965, 36
1965, 36
1969, 340
1969, 110
1969, 176

1967, 185
1967, 185
1966, 246
1968, 321
1969, 342
1968, 321
1967, 334
1967, 334
1967, 334
1968, 296
1967, 34
1968, 105, 107, 322
1965, 83

1968, 322
1968, 107, 322
1968, 91

1966, 246
1967, 334

1967, 295
1968, 315

1968, 302

SANNOJINOD DINVOYO NO VIVI YN

191



Formula Compound Resonance Reference
PCHF1,0, (CH;)2[(CF3),CHOJPOC(CF3),CH H(T); P (-23-7); 1968, 302
F
PCyHF,,05 (CH30);P[OC(CF3)2la P (—~50-1) 1966, 225; 1967, 335;
1968, 124, 310

PC,H,0; CH2:C—CHP(O)(OCH2C_CH)2 H 1967, 104; 1969, 115
PC,H,0, CeH;C(O)OP(OCH,), H 1966, 50
PCoH,S (CH;C=C)4PS H 1965, 96
PCyH,,ClO, C.H:P(CH,COOCHS,;)Cl H 1968, 297

CIPOC¢H(:.-CsH,)O P (175) 1969, 45

L |
PC.H,,ClO.S ClI[(S)OCH(CﬁHE,)(CHz)ZO| H 1969, 95
PCgH, ClO; ClIi(O)OCH(CaHs)(CHz)ZO H 1969, 95
|
PCoH,,CIuNO,S CgHCIL,OP(S)Y(OCHg)NHC,H; H 1967, 116
PC.H, KO, ?(CH2)2CH(CGH5)OI|>(O)09, K® H 1969, 95
PCoH;;Ba,,Cl0; CH;CHOHCH,OP(0)(0®)(0OC¢H-Cl), Baf H 1965, 88
PCgH,;Ba;,NO; CH;CHOHCHOP(O)(O°)(OCsHNO,), Ba% H 1965, 88
PCyH,,Cl,HgO; (CH30),P(O)CCl,HgCeHs H 1966, 252
PC,H,,0 CgH:;PO(CHy)s H; P (110:2) 1967, 138
PCngléS CeHsP(S)O(CH,); H; P (102:4) 1967, 138
(I
CsHsSPO(CH,), H; P (79-0) 1967, 138
||

PCyH,,0, H; P (58+4) 1967, 138

CeH5P(0)O(CH,)s
I

291
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PCoH;10.5,

PCyH1,05

PCoH1,0,4

PCngzBaVzOS
PCngzBl‘Og

PCH;2BrO;
PCyH;,ClHgO4
PCoH;.ClO,S
PCQH12C12N03
PCQH12F02
PCyH1N

PCoH;,NO;

PCyH;2NO3

CH301|’(S)SC(S)CSC(CHg)C(Csz)(llO

CHaCH:C(CGHs)PO;;Hz (trans, Cis)
CsH4(CH,),CHPO,H,
I

CsHsllﬁ(O)OCH(CHa)CHZ(I)

CsH;OPO(CH,)s0
L |

CsH;OP(O)(OCH,),CH,
HCOCH P(O)(OCHy),
CH;CHOHCH,OP(0)(0®)(OCgHy), Ba®
BrC6H4CH2P(O)(OCH3)2
BrCH,CsH,P(O)(OCHs),
BrCH,CeH.OP(O)(OCH,),
(CH30),P(0)CHCIHgCsHs
(CH50),P(S)SCH,SCH,Cl
CH,0(C,HsNH)P(0)OCoH;Cly
CeH;5(:-C3H,O)P(O)F
CsH:P(CH,) . NHCH,

I

CeH:P(O)OCH,CH,NCH;
R
(CH3)sNPOCH3(CH)O
L ]

HIl’(O CsH.0)[OCH(CHy) CHleIH]

Hll’(OCGH4O)[OCH2CH21TICH3]

OCH,;0PO(CH,),NHCHj
L

H

H; P (14-8; 8-9)
H; P (11-0)

P (10:4; 11-0)

an

onileoBavflasfasgerasfarfargacfos
2
L

H; P (357)
P (150)

P (—35)

P (—99-5)

P (130)

1969, 148

1966, 241
1966, 241

1969, 343
1969, 93

1968, 83; 1969, 93
1968, 317

1965, 88

1967, 117

1966, 253

1966, 253

1966, 252

1968, 284, 285
1969, 110
1967, 13; 1968, 295
1967, 137

1969, 171
1969, 45
1969, 45, 178
1969, 45

1969, 45

SANNOdWOD JINVHYO NO VIVJ INN
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Formula ' Compound Resonance Reference
PCoH,,NO; C6H50P(O)OCH2CH21TICH3 H; P (15-5) 1968, 76
N
PCoH;2:NO, CH3(C.H;0)P(O)CgH,NO; H 1969, 119
PCgH,5N; P(CH,CH.CN); P (-23) 1966, 4; 1967, 244
PCoH,,NgO4 (EH—CH(NHZ)CNC(O)ITICHOCH(CH201|302H)(|1H(OH)CH(I) H 1969, 98
PCsHy4 CH3Ce¢H,P(CHs), H 1968, 15
PC,H,:F FCsHP®(CHj3), F 1965, 5
PCyH,3FI FCgH, P®(CH;)s1® F 1968, 13; 1969, 18,
19
PCyH,3N,S (CHg)oNPSCcH;NCHg H 1968, 304
L
PCH,30, CgH;5(-CoH,O)P(O)H H 1969, 162
PCoH 50, (CH30),P(O)CcH,CH, H 1966, 70, 253; 1967,
117; 1968, 317
PCyH,50, (CH30),P(0)OCcH,CH; H 1967, 117; 1968, 317
. (CH;0),P(O)CcH,CH,OH H 1966, 253
PCH,3505 (CH30),P(0)OC¢H,OCH; P (=37 1966, 242; 1968, 301,
318
(CH30);POCcH O H 1968, 124
L]
PCoH 13504 CHaOII’(O)OC(CHS)(COCHa)C(OCHs):?COOH (isom.) H; P (304; 29-8) 1969, 353
PCyH,,Br (CH3)sP9C¢H;, Bre P (23:3) 1968, 6
PC.H,,Clg0,S8b (CH30)(CeHs)PPSCHj, SbCI9 H; P (83-9) 1969, 87
PCoH,,Clg0:SbSe (CHZ0)o(CeHs)PPSeCHs;, ShCIS H; P (846) 1969, 87

PCyH4Clg03Sb  (CH30)3(CHg)P®SbCIS H; P (351) 1969, 87

91
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PC9H14NO4

PCoH. . NO;
PC9H14N303

PCoH;s

PC9H15N20
PC.H,sN,05S
PCyH,;N,0,

PCoH;505

PCoH,50;55
PCH,50,

PCQHJ_sOsS
PCoH,506
PC,ngsBrO4

PCoH,6CIN
PC.H;sNO;,
PCoH,;Cl3NO,
PC9H17N2038

?CH(CBHs)CH(CHz)ZOII’Oze, NHY

(C-H;50),P(0)CsH.N
(CH30),CoH:CH(NH,)PO,H,

ax s e

([:H —=CH(NHy) CNC(O)N(“THOCH(CHZ,OH) CH(OH)CHOPO;H,
| H

?H:i}ﬂNHQCNC«DN?HOCHKHQOR%HQCH«HﬂCHOH
| H

P(CHch:CH2)3

P[CH(CH3):]s
CH,[(CH3),NJP(O)NHC4H;
NH,NHSO.CcH,CH,P(O)(OCHjg),
(CHSO)ZP(O)O(llC(O)N(CHg)C(OCHg)N|C(OCH3)
(CH3O)2II’(O)OC[C(OCH3)N]2(IZOCH3

CH,=CHCH,P(O)(OCHCH=CH,),,
(C.H;0),P(0)C=CC(CH3)=CH,
CH;COCH,P(S)[OC(CH3)=—CH,].,
(CH30)2P(O)(IJ(OH)CH((’?HZ)CH:CH(,?HClIHz

CH;COCH,P(S)(CH,COOCHS,),

P(CH,COOCHj3;),

(CHSO)ZP(O)C(OH)CH((EHBr)(CHZ)ZCHCHz
L]

CsH;PO(NH3)[N(CH;)N(CHjg),], C1°
(CZHSO)ZP(O) C(CN) :C(CH3)2
(CH;0),P(O)CH(OCONHCOCI3)CH,OCHj
[(CH3),CO],P(S)0°, C;HN$

P (—343)
H; P (171)
H

H
H; P (—1-3)

H; P (—~22)

H
H; P (—92)
H

H{P}

T T

H; P (39:9)
H

H
P (144-3)

1967, 90

1969, 119
1968, 142

1969, 119

1969, 119
1967, 244
1969, 354
1965, 82
1966, 71
1966, 242

1966, 242

1966, 254
1967, 21
1968, 297
1969, 80

1968, 297
1968, 297
1969, 80

1967, 94
1968, 323
1969, 82
1969, 177
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Formula Compound Resonance Reference
PCyH,,0 CGHHI[i(—(IJHz)s H; P (123-1) 1967, 138
PCyH; 70, CeH1:P(O)O(CHo,)3 H; P (71-1) 1967, 138

|
PC H;,0;3 P(OCHg)3;C(CH),CH; H 1966, 48
CHy=—C=CHP(O)0:-C3Hr)s H 1967, 104; 1969, 115
C:H,C=CP(O)(OC,;H5;), H 1967, 21
CH,=CHC(CH;3)=CHP(0O)(OC;H5). H 1969, 163
PC.H,,05S SP(CH,0);C(CH,),CH; H 1968, 53
PCyH;-,0, (CH;0),P(O)CHC(CH_)sO H 1967, 81
L 1
OP(OCH,);C(CH,),CH; H 1966, 48
OP(CH,0)3:C(CH,),CH,4 H 1968, 53
i-CsH,OP(O)Y(CH,CHOCHS,), H 1966, 254
|
CH;0P(O)[OCH,CH(CH,).]. H 1966, 213
(CH;0);P(0)C(CH.);CHO H 1967, 81
(C;H50),P(0)C(O)C H, H 1967, 166
(CH;0)P(0)C(0)CeH,4 H 1967, 166
(C.H50).P(0O)OC(CH,).C=CH H; P (-73) 1967, 21
(CH;30),P(0)C(OH)CH(CH_.)(CHz):CHCH, H 1969, 80
I
(C;H50),P(O)C(CH5)CHCOCH; H 1969, 355
PCyH;,0¢ (CH30)3I|JOC(:CH2)C(CH3)(COCH3)(J) P (-514) 1968, 313; 1969, 353
PCyH,,S; P(SCHg)3;CCsH;y; H; P (32-8) 1969, 71
PCyHg CH3P[C(CH3)2].CCH;5 H(D) 1968, 121
PCyH,3BrO3 (C;H50),P(O)CHCBr=C(CH3;). H; P (24-2) 1967, 323

991
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PCH,sCIN;O,
PCoH,sCI;N,0O
PCoH,3LiO5
PC.H,;sNO,

PCgH,sNO,S

PCeH,;5NO;
PC9H18N303

PCoH; F,O
PCgH,,N,O
PCoH,oN,

PCyH,,0

PCoH, 40,
PCnggozs
PC9H190283
PCyH,40;

PC.H,,0,55

[NC(CH,),]sP(O)OCH(CHZ)CH,Cl
ClsP(NC,H,),CO
CH,CHOHCH,OP(0)(0)®(0CgH,,), Li®
(CaHs)NP(O)O[C(CH3)].CH,
L |

(C2H50)2P(0)1TIS(O)CH(CH3)CH=CH(IIH2

(C2H50)2P(O)1|\IS(O)CH2CH:CHICHCH3

(C2H50)2P(O)1TIS(O)CHZCH:C(CHS)(IZHZ

(CH;0),P(0)C[N(CH;]2C,Hs
(CH,CHCH:N),P(O)NHCOOC,H;
[

(C4He)-P(O)CHF,
[(CH;):N1,P(O)CH—=C=C(CHs,),
[(CHB)N]2P1TICHC(CH3)C(CH3)1|\I

CH,5P(0)[C(CH;),],CHCHj,
(CsH7):POC(CH3)—=CH,
C.H;P(CH,CH,),CH,CH,OH
CHo(C;H;O)PCH,COCH,
CsH,oP(0)OC,H,
CHy(CH;0)P(S)CH,COCH;
C4H9(C2H5O)P(S)OC(CHg):CHz
(C2H58)2P(O)(CH2):C(O)SC.H;
C4HoP(O)(OCHL,)>C(CHy),
(C,H50),POC(CH3);CH=CH,
(C.H50),P(O)CH=CH;i-C;H,
(CzH50),P(0)SCH,=CHC(CHjy),
(CszO)zP(O)SC(CH;;)QCH:CHZ

-

o=

1966, 220
1965, 6
1965, 88
1967, 311

1963, 93
1965, 93
1965, 93

1968, 324
1965, 42

1965, 97
1969, 115
1967, 119

1967, 82
1968, 297
1969, 356
1968, 297
1969, 142
1968, 297
1968, 297
1967, 313
1967, 91
1967, 293
1968, 314
1966, 52
1966, 52
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Formula

(CH30),P(O)C(O)N(i-CsHo),
(C2H50).P(O)C(O)N(CoHs)o

1967, 26; 1968, 29
1967, 26

Compound Resonance Reference
PCH,; 4055 (CeH:0),P(O)SCsH, H 1966, 52
(C3Hs0),P(O)CH,CH=CHSC,H; H; P (24-7) 1967, 108
(-CsH-0),P(O)SCH,CH=CH, H 1967, 307
PCgH; 40, t-C HyOP(O)(OCH_2)>,C(CHs), H 1967, 91
C2H5OP£CH2[CH(CH3)(OCH3)]C(CHg)CHz(I) H; P (138-7) 1967, 161, 162
(C2H50).P(O)C(0)t-CyH, H 1967, 166
(CH50).P(O)CH=C(CH3)OC,H; H; P (21-6) 1967, 278
(C2H0),P(O)CH,CH=CHOC,H; H; P Q27 1967, 108, 278
PCoH;40s5 (C5H50),P(O)(CH,),COOC,H; H 1966, 249; 1967, 313
(C:H50),P(O)CH,COCH,0C,H; H; P (19) 1967, 22, 278
PC H,,0¢ (CaH:0),P(O)CH(OC,H)CH,COOH H 1966, 249
PCyH,,BF,0, (C.H;0).PP(OCH,);C(CHa),, BF? H; P (—43) 1969, 86
PCyH,,NO, (CoH5)oP(O)CH,C(O)CH,N(CHy)a H 1968, 325
PC,H,,NO,S (CH;)2NP(S)(OCH,)C(CHs), H 1967, 91
PCoH,NO;3 t-C,HoNHP(O)(OCH,).C(CHy), H 1967, 91; 1968, 74
HI!’[OC(CHs)z}QOCH(CHg)CHZITIH H; P (-495) 1967, 164
(CeH50),P(O)CH=C(CH;3)N(CH3). H; P (26-6) 1967, 278, 324
(CH;0):P(O)C(C.H;5);N(CHjy), H; P (50) 1968, 324
(CH:0),P=NC(OCH;):-C;H, P (138) 1969, 357
(C2H5)oNP(O)OCH,).C(CHy), H 1969, 97
PC,Hy,NO, (CH;0).P(O)NCH(0:-C,Hy) H 1966, 55
(C4H,0),P(O)NHCHO H 1966, 235
(C.H50),P(O)(CH;).,CONHC,H; H 1966, 249
(CoH50),P(O)CH,C(O)CHN(CHs). H; P (19-7) 1967, 22
H
H
H

(i-C5H70)2P(O)C(O)N(CHas).

1967, 26

891
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PCoH20NOs
PCoHz

PC9H21012
PCyH, FN
PCyH, FsN

PCoH; N0,
PCH,, O
PCgH,; 0,
PCoH, 0,8,
PCgH,; 05

PC.H,, 058

PCQHzloase
PC9H2104

PCoH2,05

PCgHmS
PC9H22
PC9H22B1‘
PC;H,,NO

(4-CsH,0),P(O)C(O)NHC,H;
CoHsOP(OF)C(CH3)(COOCH)N®(CH,)s
(CsHq)sP

(-CsHq)sP

(CsHq)sPCl,
CHPF[N(C,Hy)3]
FsP(CHR)[N(C,Hog)s]

[(CHj3). N1, POCH(CH3)COOC,H;
(-CsH):PO
(#-C3H7)oP(0)0i-C5H,
CH3;P(O)Y(OCH)SCH,S5:-CsH
CHsP(O)(0t-CyHo),

(@-CsH,0)sP

(CaH50),POCH,C(CHjg)s
CH;0P(0:-C Hg)s

(-C3H,0)PS

(CeHs0),P(0)SCsHay

(i-C3H70)PSe

(CsH,0):PO

(-C3H,0);PO

(CH;50);P[OC(CH3);),
(C:Hs0),P(O)YCH,CH(OH)CH,OC,H;
(#-C3Hq)sPS '
i‘C3H7P@(C2H5)3

HP®(i-C3H7)3Bre

[(CoH5)sN]oP==CF,
(C2H50)[(CHy)2N]PN(C;Hs)CN(CHjs)

H

q

P (—33)
H; P (19-4)

P (67:9)

H{P}

P (—3 to —6)
P(~48-9)

H

P (74 0)
P (42'8)
H; P (39:6)
P (—580)
H; P (128-1)

1967, 26

1969, 346

1965, 3

1965, 3; 1967, 244,
277; 1968, 6, 7;
1969, 354

1969, 282

1967, 204; 1968, 12

1967, 64

1969, 109
1967, 277
1968, 65
1969, 101
1967, 336
1967, 277, 293; 1969,
50
1967, 277
1967, 277
1967, 277
1967, 307
1967, 277
1967, 85
1967, 277, 293
1968, 318
1969, 82
1967, 277
1967, 7
1968, 7
1964, 9
1968, 321
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Formula Compound Resonance Reference
PCoH,,NOS (C:H50)[(CH3)NJP(S)N(C-H;5)CN(CHj), H; P (69-4) 1968, 321
PC,H,,NO, (t-CsH;, O)[(CoH5):N]P(O)H P (6-4) 1967, 172
PCoH,,NO, CH;OP(0)(0O®)CH(:-C3H5), C;H,NHS H 1965, 36

(CHy0),P(O)NHCH, H 1966, 55, 235
PCoH22N-O, C,HyOP(O)N(i-C;H7)[N(CHs).] H 1965, 92
PCyH,,N;0 [(CH;3)oN].P=NC(OCH;)C;H, P (100) 1969, 357
PCgH,,CIN;O [(CH3):N],P(O)NHCH(CH,)CH.C1 H 1966, 246

[(CH3)2N]-P(O)NHCH,CH(CHj,)Cl H 1966, 246
PCyH,;CINO; (C;H50).P(O)CH (s-CéHg)I?THa(ell P (21-3) 1968, 296
PCoH,,N2 CHLPIN(C.Hjs)qle H; P (—145-5) 1969, 192
PCoH3N,Si CHN(CH_),;N(CH3)P[N(CH,),NSi(CHs)s] H 1967, 305

L]
PCH ;081 (CH3);55i0(CH,),.P(CH3), H; P (-536) 1968, 326
PCyH330, CH,P(Os-C Hy)y(stereois.) H; P (185-4; 182-8; 1969, 162
179-6)

PCgH 230551 C3H,O[(C.H;)3Si01P(O)H H 1967, 34
PCyH,;0-S HP®(OC;H-i), HSO¥ P (16) 1969, 50
PCyHAIO (C;H5);POAI(CHg); H 1965, 83
PCoH,,GeN (CH;)3GeN=P(CHs5)s H 1967, 73
PCoH,,NO;3Sn (C3H;)3sSnN(CH3)P(O)(OCHs), H 1967, 299
PCoH,,NSi (CH;)sSiN=P(C;H5)s H 1967, 73, 322
PCoHNSn (CH3)sSnN=P(C,Hs)3 H 1967, 73
PCoH,, N0 [(CH3)o:NCH,];PO H; P (48-5) 1967, 291
PCoH,:N3zO, [(CH3)2N].P(O)NHC(CH;);CH;OCHj; H 1966, 246
PCgH,,AINSI [(CH,)sSi][(CH3)sAlIN=P(CHj), H 1967, 322
PCyoH,;GaNSi [(CH3)3Si][(CH3)3Ga]N=P(CHjg)s H 1967, 322
PC.H,,Ges P[Ge(CHas)sls H; P (—228) 1966, 57; 1967, 337;

1969, 14

0L1
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PC9H27IHN Sl
PCyHo7Ne
PCyH,+Sis
PC9H27 Sl'l3

PC;oH-Cl,S
PCyoH,
PCyoH;,ClO;

P(:1():[-11(]]?5

PCioH1n
PCoHy;S
PC,oHioFs N,

PCH;.NO

PC1oH15N305S,

PC10H12N304S

PC,oH;3CINO

PC,H,5CINO,S

PC1oH15Nz07
PC;oH;50

PCIOHISOZ

[(CHg)gSl][(CH3)3ID]N=P(CH3)3
P[N(CH3)N(CHo)]s
P[Si(CH3)s]s

P[Sn(CHzs)sls

B-CoH-P(S)Cl,

CeH:P(CH:=CH),

(CHSO)zP(O)('JCICGH4C(O)O
L1

CeFsP(CoHo)z

CgH;P(CH,CH),
CeHsP(0)(CH,CH),
CsH;C=CP(S)(CHz3),
CoFsP[N(CHa)el,

CeH:P(0)(CH=CH,)N(CH,),
(CH;0)5P(S)SCH,NC(0)CoH,N=N
L ]

(CH;0),P(0)SCH,NC(O)CeH N=N
L |

CeHs(CH,CICH,)P(O)N(CHy),
CeHCl;0P(S)(OCH)NH-CH,
(C2H50):P(0)CsH3(NO3),
(CHs)zP(O)C(CeHs):CHz
CsHsPOCH,C(CHjg),O
L

CeHsOPOCH2C(CH3)2(I)
L

H; P (-234)
F (—132:3;

—164-3; —154-9)

3 F (—140-2;

ar e Banfiasfias far Je N el s evlanfanfasi

—-164-1; —157-1)

1967, 322
1967, 94

1967, 29; 1968, 327
1967, 237; 1969, 14

1966, 114
1968, 101
1967, 338

1966, 19; 1967, 11

1968, 101
1968, 101
1965, 89
1966, 19

1966, 250
1968, 284, 285

1968, 285

1966, 250
1967, 116
1969, 119
1966, 119
1969, 93

1969, 93
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Formula Compound Resonance Reference
PC,0H;1:03 CsHsP(O)[OCH(CHS3)l. P (84-71) 1969, 243
PC10H,50, (CH350):P(O)CHC(O)CeHs5 H 1967, 121

(CH;0),P(O)O(CH,)CCgHs H 1967, 121
C6H501|3(O)O(CH2)2CH(CH3)? H; P (-15) 1968, 83, 150; 1969,
175
(CHBO)ZP(O)CHCH(CGHS)(I) H 1967, 81
.
PC,oHi, CeHs(CH;).PPCH=CH, H 1967, 99
PC,H..Cl t-C,H4(CsH;5)PCl P (69:6) 1968, 6
PC;0H,,CIO t~C,Ho(CcH;)P(O)CL H 1965, 8
PC,oH,,ClO4 chlorofenchene phosphonic acid H 1967, 339
PC,oH,,CIS, CsHsP(S)(SC,H)C1 P (88-2) - 1967, 126
PC;,H.,ClLNO,S CH0G-C:H,NH)P(S)OCsH;Cl,, H 1968, 284, 285; 1969,
110, 322
PC, H.,CIoNO; CH30E-C;H,NH)P(O)OCsH;Cl, H 1969, 110
PC;,H;,FO, CeHs(C . H,;O)P(O)F P (157); F (—68) 1967, 14
PC,H,,FO; FCsH,P(O)(OCHs), F 1967,17;1969, 18, 19
PC1oH14F1oN30y (C,HN)[CH,N(CHy)].P[OC(CFy)]. P (-31) 1968, 310
PC,oH; N CeH;sP(CH,). NHCHCH, H 1967, 137
|
PC,,H,4,NO;3 HIT(OCHz)z[OCH(C6H5)CH21TIH] P (—40) 1969, 45, 178
HI,’(OC6H4?)[OCHZC(CH;;)ZII\IH] P (-37) 1969, 45, 178
OCgH,OPO(CH,):NHC.H; P (131 1969, 45, 178
L
P (—100) 1969, 45, 178

HI{(OCGH4(|))(OCH2CH211VC2H5)

Ll
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PC;oH;14NO5
PC,oH1,NO5S
PC,0H,4NOg

PC{ H;:.NOS
PCyoHis

PCH;5CIN
PC,oH;:CLN,
PC;oH15CIsN2Oyg
PC,oH,;;FN
PC,oH;sFNS;

PC10H15F3N

PC10H15F606

PC10H15N20
PCy0H150

H]i—’[OCGHS(CHs)(I)]OCH(CHs)CHzli\TH

CH;(i-C3H,0)P(O)YOCHNO,
(C:H;50),P(0O)CgH,-0-NO,
(C.H;0)(CoH;5S)P(O)YOCsH,NO,
(C.H;50).P(S)OC:H.NO,

(CoH:0),POCH,NO,
(CH;0),P(O)C(O)NHSO,CH,CH,
CeHsP(CoHs)s

CeHs(t-C,Ho)PH

CsHsPCIIN(C2Hs)o)

CeH;PCIINH(2-C,Ho)]

[(C2H5)2N]C12P:NC6H5
(C.H0).P(O)YCH(OCONHCOCI;)CH,(OCONHCOCI,)
CeHsPF[N(C2Hs),]

CeHsSP(S)FN(C2Hs).]
CeHsPF5[N(CaHs),]

CeHsPF;(NH~-C,Hy)

(CHaO)sP]’OC(CF 3)2C(CH3)(COCH3)?

CeHsP(O)[N(CH3)CHol,
CeHsP(0)(CoHy)o
CeHsP(O)(CoHo)H

H; P (-376)

H
P (10-5)
H; P (24-0)

H
H
H
H;P(—16, ~17-8)

P (~57)
H; P (140-4)
H

H; P (~21-6)
H

H; P (156+0);
F (—125-7)

H; P (94-0);
F (—347)

H; P (—525); F
(—43:5; —66-5)

P (~52:5); F
(~73; ~53;
—41)

H; P (~52+6)

H
P (42-4)
H

1969, 178

1969, 160

1969, 119

1965, 20

1968, 284, 285; 1969,
270

1968, 285; 1969, 270

1968, 328; 1969, 79

1965, 3, 11; 1966,
206; 1968, 7, 302,
303

1968, 6

1965, 12; 1968, 92

1967, 80

1965, 98; 1969, 348

1969, 82

1965, 12

1968, 308
1965, 12; 1967, 64

1967, 64

1966, 248

1966, 225; 1967, 314
1966, 206
1968, 35
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174!

Formula Compound Resonance Reference
PC;H;508. C:Hs(C.H:0)P(S)SCsH; H 1968, 283, 284
PC,H;50, CeHsP(OC,Hy), 18C; H 1965, 7; 1966, 240;

1968, 25; 1969, 34
CH3P(OYOCH;)CH,CHs H 1968, 304; 1969, 74
C.HsP(O)(OCH;5)CeHs H 1969, 34
PC10H1503 CeH5P(O)(OCzH5)2 ISC; H 1965, 7; 1966, 240;
1968, 347; 1969, 34
(CH;0),P(O)CHCsH,CH; H 1967, 117
(CH;0),P(0)CsH3(CHy), H 1968, 317 -
PCyH15055, (CH;0).P(S)YOC¢H3(CH;3)SCH, H 1968, 284, 285; 1969,
322 2
PC,0H;50, (CH;0).P(O)CHCsH,OCH; H 1967, 117 =
PC,H;505 (C:H;0),P(0)OC;H,OH H 1966, 42 Z
(CH30),P(O)CgH3(OCHs), H 1968, 317 )
PC;oH;1507 (CHSO)BP(O)CIZC(O)OC(CHS)(COCHa)(I?OCHg (stereois.) H; P (65-8) 1969, 353 g
>
PC,oH;sS CeHsP(S)(CoHi)e P (52) 1966, 206 =
PC,oH;155; CsH;P(SC.Hs), H 1966, 18
PC,oH;6Br (CHg)oP®(C,H;)CsH;, Br® P (28-4) 1968, 6
HP®(C,H,),CeHs, Bre H; P (18:3) 1968, 7
PC,H16FN, CeHFP[N(CHj),]s ® F 1968, 14
PC;oH16NO;3 CsHsP(0)(0®)[O(CH,))NH(CHs)] H; P (-51) 1969, 343
PC,cH;,CIN (CH3):P®(CsH;)N(CHy),, CI® H 1968, 54
PCyoH17FN, CeHsPOF[N(CHa),]2 H; P (56-0); 1965, 12; 1966, 36
F (-867)
PC;oH17N, CeHsP(NHC Hs), H 1967, 95
CeHP[N(CH3).]. H 1966, 36; 1967, 80
PC,H1;N;0 CsHsP(O)[N(CHs):]. H 1965, 23; 1968, 91



PC1oH17N202
PC,oH7N30.S
PC1oH17N2Os
PC1oH,17N204
PC1oH;7NS

PC10H17N288
PCyoH;70s

PC;H;:Cl0;
PC,oH5Cl505
PCyoH; el
PCyoH;sNO;
PCIOHIQ

PClongBrNO;g
PC,0H;,CING;
PC,oH;,CINO;
PC,oH;4CIN;
PCy0H;5C1205
PC10H19C13NO7

PC;oH1pN20;
PC10H19N2SZ

PC;0H;50
P(:101—]:1903

CeHzOP(O)[N(CHas)zl2
CH3[(CH3)2N]P(H) :N802C6H4CH3
C,H,OP[OC(CHy):CN];
CoHsOP(O)[OC(CH3),CN],
CeHsP(S)[N(CHa)e]2

CeHsP(S)Y(NHC,Hz)s,

C6H5P(Se)(NchH5)2

CeHsP(Se)[N(CHa)zl2

(CH30):P(O)C(COOH)=C(OCH;)C(CH3)C(CHj)-
—(COCH;)OH

(C5H;0),P(0)CoH,Cl

(C3H-0);P(O)CH(CCl3)OC(0O)CH;

CH3P®(CH20HZCH2)3IG

(CH0).P(O)C(CN)=CH-:-C;H,

(C,Hg),PC=CH

(S"C4Hg)2PCECH

C5H1oNP(O)(OCHz)ZC(CHa)CHZBr

CsH, ;NP(O)(OCH,),C(CH3)CH,CI

(CH30),P(0)OC(CH3)=—=CCIC(O)N(CzHs)q

CeHsPO[N(CHj),]oNH,, CIO

(C3H,0),P(O)CH(CHCI;)OC(O)CH;

(C.H50).P(OYCH(OCONHCOCI;)CH,0CHj

(C.H50).P(O)CH,CH(OCONHCOCI;)CH,OCH,

H?OCH«H%XHHCOOCH@THh

CeH:P(S)(S9)N(CHa)z, (CHa)oNH,
(C.Ha),P(0)C=CH
(CaH,0),P(0)CsH,
HP(O)[OC(CH3),CH=CH,],
(CH50),P(0)C=CCH,

)

H; P(—-14)

o
e
| o
—-_
oF
N’

(41-0)
(13-8)

arjerfurgusfiargcgarges
la~Rav}

P (92-8)
13C, H
H

P(-32)
H

1968, 91

1969, 15

1967, 293

1967, 293

1965, 23; 1966, 36;
1968, 91

1967, 95, 318

1967, 95

1969, 87

1969, 353
1966, 256

1967, 3

1967, 244

1968, 323
1966, 247; 1967, 20
1968, 21

1968, 149

1968, 149

1968, 285

1967, 65

1967, 3

1969, 82

1969, 82

1969, 45

1967, 126

1967, 20; 1968, 21
1966, 256

1967, 293

1967, 21
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Formula Compound Resonance Reference
PC;oH;,0; CHP[(CH3)2].C(CH,COOC,H;)OH H 1967, 75
C,H,;OP[OC(CH;)—=CH,], H 1968, 297
PC10H;50, (CH;50),P(O)C(O)CsH, H 1967, 166
CH;P(CH,COOC Hpg), H 1968, 297
C.H,P(CH;COOCH,), H 1968, 297
(C.Hs0).P(O)C(CH3)CHC(O)YCH; H 1969, 355
PCioH150s (CH3),C=C(COOC,H;s)CH,P(O)(OC,H;)OH H 1967, 327
PC1oH106 (CH30)31[30CH(CH:CHZ)C(CH3)(‘) H; P (50-9) 1968, 312
PC10H1606S, (CH30).P(S)SCH(COOC,;H;5)CH,COOC:H; H 1968, 284, 285; 1969,
322
PC;,H1,0+S (CH30).P(0)SCH(COOC,H;)(CH,CO,C.Hs)H H 1968, 285; 1969, 322
PC1oH3oCINOy [NC(CHa3)2]oP(O)OCH(CH;)(CH,)Cl H 1966, 220
PC1oH,CINy CsHsNHPN(C H)o(NH,)Cl H; P (260) 1969, 348
PC,0H3,ClO5 (C3H,0),P(O)CH(CH,C)OC(O)CHj, H; P (17-8) 1967, 3
PC1oH LI035 (CHj3),C(OH)CH,0PO3(CeH,,)PLi® H 1965, 99
(CH;),C(OPO;CgH;1)°CH,0OH, Li® H 1965, 99
PC;oH;,NO, (C2H5)2NP(O)OC(CH3)CH(‘3(CH3)2 H 1967, 311
1
PC1oHzoNO,S (C2H5O)2P(O)NS(O)CH2C(CH3):C(CHs)(]sz H 1965, 93
PC10H0NO;g (CH50),P(O)C=CN(C,Hs), H 1965, 100
(CH;0),P(0)CIN(CH3);1CsH, o H; P (48) 1968, 324; 1969, 340
CsH 1 oNP(OYOCH,).C(CHj;), H 1968, 149
PCoH3oNOg (C;H;0).P(O)CH(OCCCH;)CH.NH(OCH,) H 1969, 82
PC,0H,, CINO, [CH3(CHCHCHO][(C2H;),N1P(O)YOC(CH3)=CH, H 1967, 340
PC,H,,CL,O CeH1-P(O)YCH,yCl)y H; P (454 1968, 299; 1969, 334
PCi0H2,0. (C2H;5),P(O)C(CH;3).CH,COCH; H 1967, 341
PC,H,,05 (CoH5).P(O)C(CH3),CH,COOCH; H 1967, 341

9Lt
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PC;0H31055

PC10H2104

PCyoH2:05

PC1oH2106

PC10H21S
PCi1oH2BF,04
PCmszBr
PC;0H2NO,

PC10H22N05
PC10H22N3
PC10H23

(CoH;0).P(0YC(CH3)==CHCHj,
(C:H50).P(O)CH,CH=C(CH;3)SC;H;
(C2H50).P(O)CH,C(SC,H;)=—=CHCHj
(C;H50).P(O)CH,C(CH;3)=CHSC,H;
(i-C3sH,0).P(0)SCH,CH—CHCHj,
(C2Hs)2C(CH50)5P(0)0~i-CgHy
(C:H;0),P(O)CH,C(OC:H)—=CHCH;
(C:H;0)2P(O)CH=C(OC.H;)C;Hs
(C;Hs0),P(O)CH,CH=C(CH;)OC,H;
(C3H;50),P(O)CH,C(CH,;)=CHOC,H;{
(C{H0).P(O)CH,COOH
(CoH:0)sP[OC(CHy)]e

(CH3O)2P(O)(l:(OH)CHzc(CHs)zoc(:(CHs)z

(CH30)3P[’OCH(C2H5)C(CHS)(COCHg)?

(CHaO)serC(CHs)(COCHs)C(CHs)z(l)

(CH30)3PO(|J(CH3)OC(CH3)2(|2(CH3)O

(C.Hy)P(S)YCH=—CH,,
(C:H:0),PP[OC(CHag).]s, BFY
(CHas)sPP[C(CH3)]:CHCH, Br®
(CH50):P(O)CH:C(O)N(C.Hs),
(-C3H,0),P(O)C(O)NH--C;H,
(CsH,0).P(O)C(O)NH-:-C;H~
(C2H;0).P(O)CS(COOCH)N®(CHj;);
PIN(CH3)CH,]5CCsH,

CioHz1PH;

CoHP(Cato)g

H

H; P (259)
H; P (24-2)
H; P (24-8)
H

H

H; P (25:9)
H; P (217)
H; P (27-7)
H; P (247)
H

P (—513)
H

P (—51-3)
H

H

P (44)

H

H

H

H

H

H; P (17)
H

H; P (—139)
H

1968, 314
1967, 21, 108
1967, 108
1967, 108
1967, 307
1967, 91
1967, 278, 326
1967, 278
1967, 278
1967, 108
1965, 87
1966, 225
1966, 43

1968, 312
1969, 147

1969, 147

1966, 44
1969, 86
1967, 82
1965, 100
1967, 26
1968, 29
1969, 346
1969, 71
1966, 14
1967, 20
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Formula Compound Resonance Reference
PC,0H;3BrNO, (C2H50).P(O)CH(COCH)N®(CHy);s, Br® H 1969, 346
PC,HzINO, (C H;0),P(O)CHC(O)CH,N®(CHg)s, I® H; P (17-9) 1967, 22
PC,oH2:INOs (C2H50).P(O)CH(COOCH)N®(CH,)g, I® H; P (10) 1969, 346
PC,oHz:0 C,HP(O)(CyHp)2 H 1967, 20
PC,oH250,S, CHP(OYOC:H,,)SCH.S(E-CsHy) H 1969, 101

CH3P(0)(0-1-C3H)SCHL5CHyy H 1969, 101
PC,oH230;3 HP(G)YOC:H11), P (6-1) 1967, 277
HP(O)OCH(CH)(CsH)]. P (3-5) 1967, 277
HP(O)[OCH(CyHs)z]2 P (57) 1967, 277
HP(O)[OCH(CH;)(i-C3H)]2 P (4-8) 1967, 277
HP(O)[OC(CHe)y(CoHs)]2 P (-3-5) 1967, 293; 1969, 340
C,H;OP[OCH(CH3)(C2Hp)12 P (1384 1967, 293
C.H;OP(0O-t-C,Hg), P (131-1) 1967, 293
PC,0H 25055 C.H;OP(S)(O-1-C,Hyg), P (50-2) 1967, 293
PC10H2303SC CszOP(Se)(O-t-C4H9)2 P (45‘2) 1967, 293
PC,oH2:0,4 (C2H;50).P(0)(CH,),0C,H, H 1966, 251; 1969, 82
(-C3H,0).P(0)0-t-C,Hy H 1966, 257
C.H;OP(0)(O-1-C,Hg)q P (—10) 1967, 293
PCloH24Br CH3P®(i-C3H7)3,Br9 P (45‘5) 1966, 5; 1968, 6
PC1oH2.Clg028b  (CoHp)o(CoHs0)((-C H,O)POSHCIY H 1967, 308
PC,oHz4l CHP®(G-CHy)s, 1€ P (44-2) 1967, 244
PCioHzuN (CeHj5)oP(CH,)N(C,Hs)a P (—204) 1965, 101
PC,0H24NO; (CH;0),P(O)CH@G-CsH)NHC,H, H 1965, 36
CH;OP(O)YO®)CH(-CsH)N®H(CH;)C,Hy H 1965, 36
C.HsOC@E-CsHy)NPIN(CHj3)s)2 H; P (971) 1968, 321
(C3H;50),P(O)N(E-CH,)CsHy H 1968, 29
PCyoH,:N;08 C.H;OC(G-CsHy)NP(S)[IN(CHs3):]2 P (70) 1968, 321
PCyoH,5CINO [(CH3)eN].P(O)NHC(CH;),CH,Cl H 1966, 246
[(CH;3):N1,P(O)NHCH.C(CH3):Cl H 1966, 246

8L1
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PC,HgsN,
PC;oHosNL0,
PCi0HasNO,
PC,oH3505Si1
Pclonssi
PC1oH56Nz0
PC10H27G€Si
PC10H27SiSn
PC1oHz75i,
PC1oH278n,
PC;oH25CIN,Si,
PC1oHagNs
PC1oH29N,Siy

PC;;H;(CINO,
PC;;H;oN
PC;:H;0NS,
PC,;H,:Fe0;
PC,,H,;NO,
PCy;H,2NOg
PC,;H;2NO,S,

PC111-113

PCyHy5Br,

PC;.H;;5C0,

[(C2Hs):NCH,],PH
[(C2Hs)sNCH,],PO,H
[(CH3)oN]2P(O)NH(CH_),N(CHy)4
(CaH50),POSI(CoHs)g
(C2Hs)sP—=CHSi(CHs);s
(CH3)eNP(O)(NH-C,Hy)g
(CHy)oP==C[Si(CH,)5][Ge(CHs)s]
(CH3)sP=C[Si(CHj)5][Sn(CHj)s]
(CH3)sP=C[Si(CHa)s].
(CHs)sP==C[Sn(CHj)s)e

t-CHP(CHINHSi(CHg)s I =NSi(CHjy)s]

[(CHz),N]sP[N(CH;)CHo],
1-C4HgP[NHSi(CHas)sls

CsH,CIC(=NO3)P(O)}(OC,Hs;).
CH4(CeH;s)NP(C=CH),
CoHP(S)(S9)N®C,H;
CoHs(CsHs)POCH(CF3),
B-C10H7CH(NH,)PO3H,
CeH;CHC(CN)P(O)(OC,H;)OH
(CH50)2P(S)SCHN[C(0)]CoH,

C6H51[’CH2CH:C(CH3)C[IH2

ceHST’CHZCHzc(CHs):(l:H

CGH5T@(Br)CH2CHC(CH3)CHZ,Bre
I

C6H51|)®(CI)CH2CHC(CH3)('JHZ, Ci®

"

o~~~

@

<

. e

L2
O
p—a

(122:0)

anfiao iy Qechsclosfuranharfanfergon

T
AN
[s=IN|
&
AR
w\/
o
p—

aviiyaafarfasfian

H
H; P (89)

H; P (99)

1966, 4
1967, 291
1966, 246
1967, 34
1968, 105, 107
1968, 91

1967, 316
1967, 176
1967, 316
1968, 107
1968, 65
1966, 224
1968, 65

1968, 142

1967, 106
1966, 77; 1967, 126
1968, 302

1968, 142

1968, 142

1968, 319

1968, 284, 285; 1969,

322

1967, 108; 1968, 100

1968, 160
1967, 108; 1968, 100

1967, 108; 1968, 100
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Formula Compound Resonance Reference
PC;1H;50 CGHsllJ(O)CHZC(CHs):CH(IJHz H 1967, 101, 108 ; 1968,
100
C6H51|)(O)CH2CH:CH(11HCH3 H 1968, 100
CGHsl‘)(O)CHZ,CHzCH:(‘:CHg H 1968, 100
CGH51|°(O)CH2CH2C(CH3)=(|3H H 1968, 100
CeHsP(CH;CH,),CO H 1969, 76
PC;,H;306 (CH;30):,P(O)OCH(COCzH;;)CHO H; P (-26) 1969, 337
PC;;Hy3S C6H51|)(S)(CH2)2C(CH3):CIJH H; P (64-4) 1969, 20
PC,;H,,ClO; C6H5CH2I|’(O)O(CHz)ZCH(CHZCI)C') H 1966, 121
PC:H,,CIsN,O  CL;PN(C,Hg)C(O)NCgH; H 1965, 6
|
PC;,H N (CH;),NP(CsH;)C=CCHj; H 1967, 80, 106
(CH,).NP(C¢H;)CH=C=CH, H 1968, 99; 1969, 115
PC;;H,,NO CeH;P(O)(CH=—CH,;)NHCH,CH=CH, H 1966, 250
(CH;);NP(O)(CsHs)CH=C=CH, H 1969, 115
PC,;H;5Cl;0,Ss (C;H;0).P(S)SCHSCsH;Cl, H 1968, 285
PC,1H;5CIsNO,S CgHyCl;OP(S)(OCH3)NH-£-C,Hyg H 1967, 116
PC;;H,:F;N F3P(CeH5)N(CoHs)z F (=72, —47) 1967, 64
PC;1H;5N:0; CH3OI|’O(CH2)2N(CH3)C(O)1TIC6H5 H 1969, 171
PC,;H;50, CeHsP(OCH,)2C(CHy)2 H 1968, 80
PC;:1H;50; CeH;OP(OCH,)2C(CHs3)o H; P (115) 1967, 88; 1968, 80,

301

081
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PC11H15O4

PC.1H,505

PCnHlGCngOa
PC,,H,6,CIO
PC,1H,6ClO02S;

PC,H,;sCILNO;
PC;1H16N

PC,:1H:6NO,
PC;,H16NOs
PC1,H16NOs

PCyHi7FsN
PC;1H;17N20

CeHsP(O)(OCH,).C(CHa),
CeHsOP(0)(OCH,)2C(CHa)2

(CoH:0),P(O)C(O)CeHs
CeH;OP(O)[OCH(CH3)].CH,
CsHsoli(O)OC(CHs)z(CHz)z?

(CH:BO)ZP(O)(|:HC(CH3)(C6H5)(I)

(CH;50) 3IIJOC(C6H5) :CH(I')

(CH;0),PCH(OH)CsH;
(CH30),P(O)CcH,CH,COOCH,;
(C2H50).P(O)CHCIHgCgHj5
HP(O)(C,H,)CH,CsH,Cl
(CoH50)P(S)SCH,SCeH ,Cl

CH,0(t-C.HoNH)P(O)OCgH,Cly
CeHP(CHL);NHCHC H;
L

CeHP(CH,):NHC(CHs),
L |
(CHs)zNPOCGHs(i'CaH"/)O‘
L

Hfl’[OCsHs(CHa)'O] [OCHzc(CHs)ZITTH]

(CoH50).P(O)CH,C¢H NO,
FsP(CH3CeH,)N(CoHs),
CeHsP(O)[N(CHs)]2(CHy)s
(CHS)le])OCH(CH3)CH21|\TC6H5 (stereois.)

m

P (-2)
H; P (-139)
H; P (-159)

H; P (—454)

H; P (—18)

asJ s e vfanfanges

P (148)
P (—377)

H
F
H
P (121; 132)

1968, 74

1967, 91, 1968, 74,

83, 150
1967, 338
1968, 83
1969, 175

1967, 81
19653, 21
1968, 154
1966, 253

1966, 252
1968, 35

1968, 284, 285; 1969,

322
1969, 110
1967, 137
1967, 137
1969, 45

1969, 45, 178

1965, 102; 1967, 116

1967, 64
1967, 314
1969, 109
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Formula Compound Resonance Reference
PCi1H17N; (CH3),NPNCHCgH, N H 1967, 119
\ S )
PC,;H,,0 C,Hy(CsHsCH,)P(OYH H 1968, 35
CH3(CsH5)P(0):-C,Ho H 1969, 154
PC,;H,,04 (CoH;0),P(OYCeH,CH, H 1968, 317
PC11H17O4 (CszO)gP(O)CHOHCsHE, H 1966, 42
(CHs0),P(O)CcH,OCH; H 1968, 317
PC,1H,5ClO, (CH:0):P(0)C,HCl H 1966, 256
PCi1H;3CILNO;  (C:H;0),P(O)CH(NH;CHCH,Cl H 1968, 142
PC,;H,;sNO; t-CyHoCeH,CH(NH,)PO;H,, H 1968, 142
PC,;H,;NO, CsHsOP(O)[N(CH3) ] [OCH(CH3)CH,OH] H; P (27:3) 1969, 343
PC;:H;5N;0 CeHsP(O)N(Z-CsH)[N(CHjg).] H 1965, 92
PC,1H;,CINO, (CaHs0),P(O)YCH(NH:CCgHj H; P (17-5) 1968, 142, 296
PC,,;H;(NO, CeH;P(O)(O®)H, CsH; (NHP H 1966, 18
PC;1H,,N,055 (C2H50),P(O)CH,CgH,SO,NHNH, H 1966, 71
PC,,H,40; (C2H;0);P(0)C-H, H 1966, 256
PC;;H,50,8, (CH;30):P(S)SCH(COOCH)(CHC(0)COOC,Hy) H 1968, 283
PCy1H 504 (C2H50),P(0)OC(COCH)(COOCHS), H; P(-2) 1967, 4
PC,,H,,5Si CH3(CsHs)P(S)CH,Si(CHas); H; P (36°6) 1966, 132
PC;131H3,ClgN,0Sb CeHs(CH30)PO[N(CHo3)s]5, SHCIS H; P (57'5) 1969, 87
PC11H30ClsN.SSb CeHs(CHS)PP[N(CHj),l2, SHCI H; P (74-0) 1969, 87
PCS%IéIZOClsNz CeHs(CH;Se)PO[N(CHj)s]s, SCIS H; P (639) 1969, 87
e
PC;1HyIN, CH3(CeHs)PO(NHC,Hs),, I® H 1967, 95
PC,;H,(NS, CeHs(CH3S)PSO, (CHg) N® H 1967, 113
PC:Hy6N30,S [(CH3),N1:P(H)=NSO;CcH,CHj; H; P (21:5) 1969, 15
PC,,H,,0; (CH;0),P(O)C¢H CH; H 1966, 256
(CH;0).P(0)C=CC:H;; H 1967, 21
CH3P(O)(OH)O-bornyl H 1967, 168

¢81
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PC1:H2,055
PC11H2104

PCy3H21 06

PC;1Hz,07

PC11H22N
PC]_lezNOS
PC,;HoNOg
PCangNS
PC11H22N303

PC11H2204
PC11H22O5

PC;;Hz50
PC1 1H2303

PC131H 250,

(CH;0),P(0)S(2-norbornyl)
(C2H50),P(O)CHC(CH)sO
I

(C.H;0).P(0)C(CH;)sCHO
(C2H50).P(O)CcHsOCH,
i-C,H,0P(O)[OCH,CH(CH,):].
(C2H50).P(OYC(O)CeHiy
(C2H50),P(0)C=CCH,0--C,H,
(CoH50),P(0)C(CH;)=CHC(0)i-C5H,
(CHa0):31')0(C4H6)C(CH3)(COCH3)JO

(C3H:0),P(0)OC(OCH)CHCOOC,Hy
(C3H:0);P(0)OC(OCH)C(CHZ)COOCH,
(C:H50):P(O)CH(COOC,Hs)s
(CH0)sP[OC(CHS)C(O)CHs), (stereois.)

(CoH5),PC(NCeH11)H
(C2H5)oP(O)YCH;C(O)CHL(C,H0)
(C3H0);P(0)CH,CH(OCOCH ) CH,NHCOCH,
(C2H5)P(S)YCHN(CHCH=CHs;),
(CH;CHCH,N),P(O)NHCOOC,H;

l

(C2H50)2P(0)OCeH,CHs
(CHaO)zP(O)Ct(OH)CHzC(CHa)zO?(CHS)z

(C,Hg),PCH,COCHj;
(C,H50)aP(0)CeH10CH,
(C4.H30),PCH,COCHj;
(C4HQO) 2POC(CH3) :CH2
(C:H,0),P(0)OC(CHg)==CH,

oo R

(51-4)

aegureriesferfiengeriiito i gasfanfan

1966, 52

. 1966, 245; 1967, 81

1966, 245; 1967, 81
1966, 256

1966, 213

1967, 166

1967, 21

1969, 355

1966, 248

1965, 95
1965, 95
1965, 95
1966, 258

1968, 329
1968, 325
1969, 82
1966, 40
1965, 42

1967, 121
1969, 80

1968, 297
1966, 256
1968, 297
1968, 297
1968, 297

SANNOdINOD DINVIOYO NO VIVA AN
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Formula

Compound Resonance Reference
PC,1H23054 (¢-CsH,0);P[OC(CHa3)]2 P (—532) 1965, 21
(C2H50):P(O)CH(OC,H;)CH,COC,H; H 1966, 249
(C2H50),P(0)CH—C(OC,H;)CH,OC,Hs H; P (25) 1967, 278
(C2H;0),P(0O)CH,C(O)CH,0t-C,Hy H; P (187) 1967, 22
PCy, H.4NO, (-C4Hg),P(O)C(O)N(CHj), H 1967, 26
(C5Hg)sP(O)CH,C(O)CHN(C.Hs). H 1968, 325
PC,;H24NO; (C,H;),C(CH,0),P(O)NH¢-C,H, H 1967, 91
(C2H50),P(0)CH=CHCH,N(C.Hs) P (19-9) 1967, 108
PC,;H,4NO, (C2H50),P(0)CH,C(O)CH,N(C,H,)e H; P (17-8) 1967, 22
(CH30),P(0)C(O)N(-C4Hy), H 1967, 26
(CH30),P(0)C(O)N(s-C4Hyg)a H 1967, 26
(C5H0),P(O)C(O)N(E-C5Hy), H 1967, 26; 1968, 29
(i-C3H,0),P(0)YC(O)N(CoHs) H 1967, 26
(s-C¢H,0).P(O)C(O)N(CHs) H 1967, 26
(#-C.H,0),P(O)C(O)NHCH; H 1967, 26
PC, Ho5GeS, (C2Hs);GeSCSP(C,Hs), H 1967, 342
PC11Hp5N04 (CoH;0).P(0O)YCH=C[N(CH;),]CH-N(CHj3)2 H; P (247) 1967, 278
PC,1H350; CH3P(0)(0:i-CsHyy)s H; P 1968, 109, 156
PC;3Hp5058 (#-CsH,0),P(0)SCsH; 4 H 1967, 307
PC H;6NO; (C2H;50),P(O)C[N(CH3)oJ(CoHs)2 H; P (32+5) 1968, 324; 1969, 340
PCiH,,CINSI  (8-C4H,),P(Cl)=NSi(CHj)s H 1968, 64
PC,,H.,0Si (C4Hg),POSI(CH,), P (116-0) 1967, 343
PC,;, Hy7NLO [(CH,4).N],P(O)NHCH(CH3)CH,N(CH,), H 1966, 246
PC HogGeN (t-C4Hg),PNHGe(CH,)s H 1968, 64
PC,;HgNSi (t-C.H,)o.PNHSI(CHz)s H 1968, 64
PC;;H33N,Siy (CHj),P[NSi(CH,);IN[Si(CH3)s]2 H 1968, 65
PC.,BrF, (CsF5)PBr P (13:0) 1966, 7

81
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PC,,ClIFy,

PCyoF110
PC;HFy,
PC,.HF,,O
PC12H5BI‘F5
PC,;H;CIF;
PCioHgFs
Pcleschz

PC,.HsCIF,0
PC,,H¢ClO,

PC,.HgF,

PC,,Ho,08;

PC,.HoS;

PC,.HoS,
PC,2H,0Br3

(C6Fs)2PCl

(CeFs)2P(O)F

(CeHs).PH

(CeF5)oP(O)H
CsHs(Cer)PBr
CsHs(CeF5)PCl
CeH4(CoFo)PH
(CsH,-p-F)oPCl
(C5H4-m-F)2PCI
(CsHF).P(O)C1
(OCgH,0).PCl
I

(CeHF)o.PH

-

(ISIP;<|S1 P

3

(I S IBPS; (i S ISPS

(C6H5)2P®Br2, Br®

P (12-37); 1966, 7, 19; 1969, 17
F (—129;-160;
—148)

F (—131'5; 1969, 17
—158-2; —141-5)

H; P (—143); 1966, 7, 19; 1967, 11
F (—130-0;
—161-8; —151-9)

H 1966, 26

H; P (39-3) 1966, 7

H; P (57-1) 1966, 7

H; P (—922) 1966, 7; 1967, 11

H; P (79); F 1969, 19, 120

P (747); F 1969, 18, 120

F 1969, 18, 19

P(-97) 1966, 238

F 1969, 18, 19

H 1969, 123

H 1969, 124 to 126

H 1969, 124, 126

P (55-6) 1968, 8

SANNOdIWO0D JINVDUO NO VIVA ¥IAN
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Formula Compound Resonance Reference

PC15H;oCl (CeHs),PCl 1. H; P (81-5) 1965, 7; 1966, 141,
240; 1967, 198,

277; 1968, 103;

981

1969, 50, 120

PC;.H,0,CIO (CeHs5)P(0)C1 P (42-7) 1967, 277
PC;2H,,ClO; (CeH50)PCI P (159) 1965, 45
PCy.H;0ClO; (CsH0).P(0)Cl P(-62) . 1965, 45

CeHs(CICsH;OH)PO,H H 1965, 79
PC,.H;,0CIS (CeH5)2P(S)Cl P (79:5) 1966, 111; 1967, 277
PC,2H10Cls (CeHs5)PCl; P (73) 1968, 168, 288
PC;2H;10Cl50, (CeHs).P®Cl,, C102 P (93-2) 1967, 276
PC;2H;0ClsSb (CeHs)2P®Cl,, SbCIZ P (93-2) 1967, 276
PC;2H10Cs (CeH5),PCs P (0-0) 1965, 103
PC12H;0CsO (CeH;)2POCs P (84-0) 1968, 320
PC;.H,,FO (CsHs)P(O)F P (40:5); F (1) 1967, 14, 103, 331
PC,H1FO3 (CcHs0),P(O)F P (—20-3); F (—82)1967, 14
PCH;:oFS (CeH5)P(S)F P (102-0) 1968, 8
PC,.H,FS; (CcHsS)P(S)F P (112); F (—264) 1968, 308
PC,2H,0F5 (CeH;)-PF; F 1967, 331
PCyoH;oF3sS CeH5(CeHsS)PF3 H; P (-236); 1968, 316; 1969, 62

F (—136;
—71-3)

PCyH; 0 FulN (CeH;5)NPF, F (-59-8) 1968, 268
PCy;H: oK (CeHs5)PK P (—12-4) 1965, 103
PC,,H;1,KO (CeH5) . POK P (86-8) 1968, 320
PCyH;0Li (CeHs) PLi P (—23:0) 1965, 103
PC,2H;0LiO (CsHs) POLi P (88-9) 1968, 320
PcleloNa (CsHs)zPNa P (—'24"4’) 1965, 103
PC,H;oNaO (Ce¢H5),PONa P (90-5) 1968, 320
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PCleloNaSZ
PC;:H,,0Rb
PC12H1002
PC12H10Rb
PC12H11

PCi2H;3 N0,

PCioH,1,0

PC,.H,,08
PC;oH1;0,

PCi,H1; 05

PC12H1104
PC,,H,,8

PCyoH1:i S
PCleuSe

PC,.H,,ClO,S

PC,5H,.CIN
PC;H:sNS
PCI2H13

PCy;H15NO;
PC12H13N2

PC;2H;3NeO

PC;.H,306S

CeHsP®(S9),, Na®
(CeHs):PORb
(CeHg):POF
(C6Hs)2PRb
(CeHs).PH

HP(OCH(NH),
L
(CeHs),P(O)H

(CeHz).P(S)OH
(CeH5)oPO-H

CoHs(CeH, OH)POH
(CeH;0),POH
(CeH50),POH
(Cell5).P(S)H
(CeHs).PS;H
(CeH5)oP(Se)H
(CeHs),P®(H)CL, HSOP
(CeH)PE(NH,)CI, CI°
(CeH3)2P(S)NH,
CeHsP[C(CH4)=CH],
CeHsP[CH :C(CH:;)] 2

CeHsll)CHzc(CN )C(NHz)(?Hz)z

[(CHa)zN]2P(O)1TC(NH2)(C6H5)N
SR

(CeH5)P®(OH)., HSOY

P (62:0)

P (88-4)

P (19'5)

P (-78)
H; P(—41)

H; P (~47-5)

H; P (259)
P (183)
P (76-0)
H; P (255)

H

P (0-0)

P (~11:5)
P (19-6)
P (56'5)
P (5-8)

P (46)

P (51)

P (54)

H

H; P (—25)
H

H
H

P (53-0)

1968, 8
1968, 320
1967, 9
1965, 103

1965, 3, 103; 1966,
204; 1967, 11, 30;

1968, 36
1967, 165

1967, 42; 1968, 35

1968, 36

1967, 277

1965, 79; 1967, 9,
277

1965, 79

1967, 277

1967, 188

1966, 40

1967, 277

1966, 23

1969, 50

1965, 34

1967, 344; 1968, 8

1967, 70

1969, 20, 358

1968, 142

1969, 76

1968, 285

1968, 8
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Formula Compound Resonance Reference
PC,.H;38 CeHsP(S)[C(CH;)==CH], H; P (457) 1968, 101; 1969, 20,
) 358
PC,;,H,CIN; (CeHs)P®(NH,),, CI® H; P (32) 1967, 65
PC;.H;,Cl0; CsHs(lZHCH:=C(CH3)OI}’(O)O(CH2)2C1 H 1966, 220
PC,.H,,Cl;0, (C2H50),P(0)OC(CeH3CL)CHCL H 1968, 284
PC,,H,,NO CeH:sP(CH.): NHCH(C H;0) H 1967, 137
PC,,H,NO,S (CH;50):P(S)NC(0)CsH,C(O) H 1966, 56
L1
PCyoH;s CeH;P[CH,C(CHby)]2 H; P (—34-5) 1967, 291; 1969, 76,
358
CHglr(CHz)gC(CGHQ:CH(}JHz H 1967, 75
PC,oH;5F120- (C2Hs)sP[OC(CF3)zle P (117 1968, 302
(C2Hs)s[(CFp):CHOJPOC(CF;),CHCH,; (stereios.) P (—157); 1968, 302
| F (~79; —-74-6;
: —75:9)
PC,.H; 571205 (C.H50)3P[OC(CF3)z)2 P (—53-2); 1966, 225; 1967, 335;
F (—70-8) 1968, 303; 1969, 20
PC1.H;50,5 CgHsP(S)(CH,COCHs:), H 1968, 297
PC1oH,505 (C.H50),P(0)C=CCsH; H; P (-9 1967, 21
PC,2H;50,4 CsHsP(CH,COOCH,), H 1968, 297
PC,H,505 (C;H;0),P(O)CHCsH,C(O)O P (132) 1967, 338
L | :
CeHs;OP(CH,COOCH3),, H 1968, 297
P (—28) 1968, 301

CH;0(CH:0) zfl’OC(CHs) :C(CaHs)?

881
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PC12H15S
PC12H16BFGN2
PClelsBr
PC,.H,¢CIO,
PC;.H,6CIO,S

PC,.H,;6ClO;
PC,:H,;¢CIO,

PC,oH;6F12N30,
PC,,H,;sNO,
PC;oH;6INOg
PC,.H;6N305S,
PC,.H;Ns05
PC,.H;q

PC12H17N207
PC12H17N28

PC,,H;,0O

PC12H1'702

CeH5(CH,0),P[OC(CeHs)]. (diastereois
CeHsP(S)[CH.C(CHy)]a
(CH;3CsH,N),BH,, PF
CHy(CeHsCH)P®(CH.CH);, Br®
CeHsP(O)(OH)CH,CCl—=CHC;H,
CZHSOI]’(O)CH2CH(SCGH4CI)((IZH2)2

CH3(CH,Cl)C(CH20),P(O)CH,CeH;
(C2H;0),P(O)CHCH(CsH,C1O
L]

(CHa)zNII’[N(CHa)CHz]zO[C(CFs)z]z(l)

CsH5(CH;=CH)P(O)N(CH,),0
L]
(C:H50),P(O)CH2C(0)CeHNO,
(C2H,0);P(O)OC(=CH,)CsH,NO,
(CzH50)2P(S)SCH,NC(0)CeH N=N
|
CeHsNHP(O)[N(CH.).NHC(O)].
L
CeH,PCH,CH(CH3)C(CHa),
L

(1-C5H70).P(0)CH3(NO2),
CeHsP(S)(INCH,CHCH,),
I

C6H5I|>(O)CH2CH(CH3)(|3(CH3)2

CHP[(CH2)2].C(CeHs)OH
CeHsP[OC(CHs)zl2

P (—30-8; —367)

(—28:3)

IOE D OIm O IDIIT & ¢P O mEm mIE

; P (101-5)

aras i

(T)

1968, 301
1969, 20
1968, 330
1968, 100
1966, 259
1966, 134

1967, 91
1967, 81

1968, 124, 186
1966, 250
1967, 121
1967, 121
1968, 284
1961, 5

1967, 82

1969, 119
1967, 113

1967, 82

1967, 75
1966, 51

SANNOdINOD DINVODIEO NO VIVA ¥KNN
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Formula Compound Resonance Reference
PC,;.H,,0,S CgHsOI])(O)CHgCH(SCsHs)CHz(FHz H 1966, 134
PC,,H,,0; CeHsOP[OC(CHzy)a]2 H(T) 1966, 51

CsHsCH,P(O)Y(OCH,),C(CHa)a H 1967, 91; 1968, 74
CsH:P(O)[OC(CHy)z] P (6) 1969, 343
PC,,H;7,0, (C3H;0)P(O)CHCH(CeH;)O H 1966, 245; 1967, 81
|
(C.H;0),P(O)CH(CsH;5)CHO H 1966, 245; 1967, 81
(CeH50),P(O)CHC(O)CeH5 H 1967, 121
(C;H;0).P(OYOC(=CH,)CcH; H 1967, 121
(C.Hs0).P(O)C(O)CH,CcHs . H 1968, 93
CeHsOEO)OCH(CHQ)CHQC(CHa)z(I) H;P(-14) 1968, 83, 150; 1969,
175
PC,,H,,0;5 (CH30)3I[)OC(CH3)C(C6H5)(]) H; P (—49-5) 1966, 258; 1968, 301
PclelaBl‘ CH3(C6H5CH2)P®(CH2)4, Bbl‘e H 1969, 356
PC,,H,sNO (C3H;)NP(O)(CsHs)CH=CH, H 1966, 250
PC,H,;sNO3 CeH;5(-CsH,O)P(O)YC(O)N(CHa), H 1967, 26
(CH20).P(O)C(CH;)(CsHs)N(CHgy)g H; P (48) 1968, 324; 1969, 340
(C.H50),P=NC(OCH;)CsHs P (135) 1969, 357
HI|’[OCH(CH3)CH21|\IH][OC6H3(CH3)?] H; P (—37-6) 1969, 178
PC,,H;5NO, (CH;30),P(O)C(O)N(C:H;5)CeH,CHj H 1968, 29
PC,,H;6NO5 (-C3H,0),P(O)CsHNO, H; P (85) 1969, 119
PC,,H,;sNO6S (C.H;0).P(O)C(O)NHSO,CsH,CHg H 1968, 328; 1969, 161
PC,,H;sN;O CsHsNHP(O)[C(CH3):N], H 1966, 220
PC,2H;5N50; P[OC(CHg)2(C=N)]s P (143-5) 1967, 293
PC,H gN:;O OP[OC(CH;)o(C=N)];5 P (—154) 1967, 293
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PC12H19

CsHsP(n-C3Hy), H(T); P (10) 1965, 3; 1967, 244;
1968, 6, 7, 66;
1969, 162
CeHsP(C3Hy), P (—-277) 1967, 8
PC,.H,;,CIN (C3H7)NPCI(CeHs3) H 1968, 92
PC.oH;3CINO;  CH,O(CH;NH)P(O)OCgH3(Cl)t-C Hyg H 1968, 284, 285; 1969,
322
PC,.H;,N,O (CHj3),NPOCH(CsHs)CH(CH)NCH, P (130) 1969, 109
PC12H1902 (CH3)2C3H3P(O)(CH)O-S-C4H9 (stereois.) H; P (22'1; 209) 1969, 162
PC12H1903 C2H5C6H4P(O)(OC2H5)2 H 1968, 317
CeHsP(0O)(0i-C3Hy), H 1969, 101
CH;3(CsHs)CHP(O)YOC,Hs), H 1969, 51
PC,2H,5038 CH;(CsHs)CHSP(O)(OC.Hs), H 1966, 52, 260
PC;2H1405 (CH30):P(O)CH(OCH3)C(CH,)(CeHs)OH H 1967, 81
PC,2H10054 (CZHSO)ZP(O)leH[C(O)COOCZHs](CH2)20(|30 H 1965, 104
PClezoBr C5H5P®(C2H5)3, Bl'e P (363) 1968, 6
CeHs(CH,),P®C,H,, Br® P (26-2) 1968, 6
CesHs(i-C3H ), P®H, Br® H; P (32:0) 1968, 7
(C3H;),P®Br® 1969, 354
PC,oHzoN (C2H3)oNP(CsHp), H; P (60-8) 1969, 333
PC,2H,0NO; (C2H50);P(O)NHC¢H,C,H;5 H 1965, 102
CeHsP(0)[N(CH,).][O[CH(CHg)],0H] P (24-2) 1969, 343
PC;2H0INO, (C:H;50)P(O)CH(OH)CH,NHCsH; H 1969, 82
CeHsOP(0)(O®)OCH,CH(CHj) - (CH,)sNH® P (—-69) 1969, 359
CeHsN@(CHg)sOell’(O)OCH2CH(CH3)(l) P (ca. 15) 1969, 359
PC,3H20N3z0 [(CH3):N]o.P=N(OCH,3)CeHjs P (98) 1969, 357
PC,oH,;CINO,  CH3;0CH CH(NHC)P(O)(OC,Hjs), H; P (18-2) 1968, 142, 296
PC;,H,,CIsNO;  (C;H50),P(O)CH,CH(OCONHCOCCI;)CH,OC;H;y H 1969, 82
PC;Ha N, CeHsP(NH-i-C3H5), H 1967, 95
PC.H,; N0 CeHP(O)(INH-i-C;H ), H 1967, 95

SANNOJINOD DINVOYO NO VIVA ¥AN
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Formula Compound Resonance Reference
PC;2H33N,04S, (C2H50)2P(S)OClDNC(i-CaH-,)NC(CHa)(IlH H 1968, 284, 285; 1969,
322
PC;:H,1 N0, (C2H5O)2P(0)0(llNC(i-Cqu)NC(CHa)(llH H 1968, 296
PC;2H,1 NS CsHsP(S)Y(NHC;H-), H 1967, 318
CgHsP(S)(NH-i-C3H7), H(T) 1967, 95; 1968, 145;
1969, 111
PC12H21NZSe C3H5P(Se)(NH-i-C3H7)2 H 1968, 145
PC,;5H;,055i1 HP(O)[0Si(CH;)2CsHs1(OCHs) H 1967, 34
PC,2H3,04 (CH,CH,CHO),PH P (—32) 1968, 154
PC,,H,; 05 (C3H;0) . P(O)CH=C(CH,;), H 1967, 327
PC;2H,, 06 P(CH,COOC Hjs)s H 1968, 297
PC,5:H,,Cl1305 (-C,Hz0);P(O)CH(CCl3)OC(O)CHj4 H; P14 1967, 3
PC12H23C1,05 (C.H,0),P(O)CH(CHCI;)OC(O)CHj; H; P (13-5) 1967, 3
(-C H,0),P(O)CH(CHCI)OC(O)CHjy- H; P (141) 1967, 3
PCy2Hy 3N, CsHsP[IN(CH3)N(CHjy)ala H; P (80-2) 1967, 94
PC,2H,30 (CeHi11):P(O)H P (46'4) 1967, 172
PC;.H 305 (C.H;0),P(O)YCH(CHs)e H 1966, 256
C.H;OP[OC(CH=CHg)(CHj3):]> P (132-1) 1967, 293
(C2H0),P(0)C=CCcH;3 H; P (-88) 1967, 21
CH3(CH3;0)P(0)O-bornyl H 1967, 168
PCi2H330, (C:Hs0),P(O)C(O)C-H;3 H 1967, 166
[CH,=CH(CHj3;),CO],PO P (-131) 1967, 293
PCiHoy t-C,HoP[C(CHsy),]oCCH; H(T) 1968, 121
PC1:H,,ClOg (CH0),P(O)CH(CH,CHOC(O)CH3 H; P (18-1) 1967, 3
(:-C H,0),P(O)CH(CH,C)OC(O)CHj3 H; P (21-8) 1967, 3
PCyoHClbNO; [CH(CHCHCHO[(CoHg):N1P(O)YOC(CHCl)=CH,, H 1967, 340
PC;:H,:NO, (C2H;):P(O)CH,C(O)CH,N(CH_)s H 1968, 325
PC,,Hz4N3;08 [(CHg)sN1:P(O)NH(CH3).SCe¢Hs H 1966, 246
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P012H2501N03
PC12H25N202
PC12H25N482

PC,5Hz50
Pclegsoasn
PC;2H250,
PC,y,H26NO;
PC,2H36N3
PCi2Hyr

PC,oHoqBrs
PC;,H,Br;Hg
PC,,Hz:Cla

PC;,H2,Cl;Sb
PC12H27F2
PC12H27F202811

PCIZH27FZSS
PC12H27GCO

[CH,(CH,Cl)CHO][(C3H).N]P(O)OC(CH;3)=CH,

(CsH;oNCH,),PO,H

(Csz)zN(|3N15’(S)(Csz)SC[N(Csz)zllTI

CeH,7P(CH2CH,),0

(C2H50).P(O)C=CSn(CHs)s

HP[OC(CHj3),]

(C2H;50).P(O)CIN(CH5),]CsHyo
P[N(CH3)CH,]sCCsH1,

C12H25PH2
Ci0Ha:P(CHa)e
(C4Ho)sP

(#-C4Hy)sP
(s-C,Hp)sP

t-C HoP(C:Hy),
CHP(t-C.Ho).
P(t-C,Hop)s
(C4Hy)sPBr,
(C4H9)3P@Br, HgBr?
(C4Hg)sPCly

(C:H,)sPC1®, SbCIZ
(CsHg)sPF,
(C.Hp)3sSnOPOF,

(CsHoS)sPF;

(Csz)aGeOC:(CHz)P(Csz)z

H
P (16-0)
H; P (68-5)

P (-52)

H

P (~39-8)

H; P (31)

H; P (86:6)

H; P (~139)

H; P (~32)

18C; H; P (—325)

P (—453)
P (7-9)

H; P (~46)
H; P (26'6)
H; P (63)
H; P (105)
H; P (102)
H; P (105)

H; P (102)

F (—34-2)

P (—25-5);
F (—82:3)

F (—72-3)

H

1967, 340
1967, 301
1968, 137

1969, 44

1967, 319

1968, 304; 1969, 179

1968, 324; 1969, 340

1969, 71

1966, 4, 14

1966, 14

1965, 3; 1966, 206;
1967, 244, 277;
1968, 6, 7, 22, 164,
211, 303; 1969, 21,
50, 249, 354

1965, 3; 1967, 8, 244

1967, 244; 1968, 6

1968, 6

1968, 6

1969, 78

1967, 345

1967, 345

1967, 191, 345; 1968,
164

1967, 191, 345

1967, 61

1967, 282

1967, 61
1969, 341
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Formula Compound Resonance Reference
PC;,H,,0 (C,Hg)sPO P (43) 1965, 85; 1966, 106;
1967, 277, 345
PC;,Hz,08, (CHy8);PO H 1968, 285
PCi5Hz704 (C4H,0)sP P (140) 1967, 277
(2-C,H,0),P H; P (138-2) 1967, 293
[CH3(C,H;5)CHOJ,P P (139-1) 1967, 293
CoH3;0P(0 ne0-CsHiy)s P (137-2) 1967, 293
PC12H27055 (C.H,0);PS P (66°5) 1967, 277
(-C,H,0)4PS H; P (41-2) 1967, 293
PC15H3270;55e (t-CH,0);PSe H; P (31-1) 1967, 293
PCy2H2-0, (CsH70).P(O)(CH,),0C H, H 1966, 251
(Z-CsH-0),P(O)(CH,),0C,H, H 1966, 251
(C3H70),P(O)(CH.),0i-C,H, H 1966, 251
(C:H0):PO 1BC; H; P (1) 1966, 105 ; 1967, 277;
1968, 22, 109, 157;
1969, 74
(t-C4H,0),PO H; P (—13-3) 1967, 293
CoH;OP(0)(O neo-CsHi,y)a P (-1:0) 1967, 293
PC1oHerS (C2Hg)oP(S)CH, o P (52:6) 1966, 40
(C4Ho)sPS P (53; 48) 1966, 106; 1967, 277
(2-C4Ho)sPS H 1967, 68
PC15H27S, (C4HoS) P H 1968, 285
PC;,Hzs (2-C.H,)PeH P (583) 1969, 12
PCy2HgeBr (C4H,):P®H, Br® 1B8C; H; P (1149) 1968, 7, 22
(CsH,),P®, Bro P (31-9) 1968, 6
PC,,H3sBr N (CsHr) NPBr, P (ca. 150) 1969, 11
PC13H2FoNOS  (CH,).N® - F,P(0)S© P (46'5); F (—34) 1967, 281
PC;,H;sNO, (t-CsH4,0),PN(CH,), P (135) 1969, 340
PCyoH5IN CoH5(CeHi)oPO(CHL)N(CoHy),, 19 P (30-2) 1965, 101
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PC;oH2oNLO

PC12H2904S
PC,,H30AI0
PC1oH30CINg
PCy,H50N3
PC]_zHgoNsO
PC,5H3N3S
P012H3103Si2
PC;,H3,AINSI

PCqugGaNSi
PC12H331nNSi
PCioH s LiNGS,
PC12H33N4SH
P012H34N38i2
PClgHSGCISD4

PCy3F 1N
PC3F;,NO
PC,3F10NS
PCy3F NS,
PC,sHsF1o
PC,3HF;,0
PC,sHgF5
PC,:HCl,0,
PC,3HyCL,0,
PCy5HCL O3
Pclngocl

PC;5H10FN;
PC;5H1oN

[(CH3)2N].P(O)NHC(CHs),CH-N(CHz)4

(C4H9)3SH, HSO®

(CoHs)sPOAI(C:H5)s

[(C2Hs)aN]sPClg

[(C2H5)a NP

[(CoH5).NJ,PO

[(CH5)oN1sPS

HP(O)[OSi1(CoHs)s]a
(C3H5)sPN{AI(CH3)5}Si(CHa)s
(CHg)sPNIAI(C.H5)5)Si(CHs)a
(C2Hp)sPN[Ga(CH;)s]Si(CHa)s
(C3Hs)sPN[In(CH3)515i1(CHa)s

#-C Hg[(CH;) N]P[NLiSi(CH3)s]NSi(CHg)s
[(CH3):NjsP=NSn(C.Hs)3

t~C Ho[(CH3),NIP[NHSI(CH3);1NSi(CH3)s
CIP[Sn(CHs3)sls

(C6F5)2PC:N
(C5F5)2PN:C:0
(Ce F5)2PN:C :S
(CeF5):P(S)YN=C=5
(CeFs).PCH
(CsF5).P(O)CH,4
CF;3;P(CgHF),
Cl,P(0O)OCsH,COOCsH,
Cl,P(0)OCH,CCl,CeHs5
Cl,P(0)YOCsH,CCLOC¢H;
CIPCeH,CsH.CH,
|

(CeHs)o:PF=NCN
(CeHs),PC=N

; P (12)

-

uofugasarfafufogarfarfargasgargorgorgoniier

P (50-3); F (—82-1)
P (~-33-8)

1966, 246

1969, 50
1965, 83
1968, 90
1965, 18
1965, 18; 1968, 90
1965, 18
1967, 34
1967, 322
1967, 322
1967, 322
1967, 322
1968, 65
1967, 299
1968, 65
1969, 14

1968, 9
1968, 9

1968, 9

1968, 9

1967, 11

1967, 11

1968, 14

1965, 45
1965, 45; 1966, 261
1965, 45; 1966, 261
1968, 120

1967, 63
1966, 262
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Formula Compound Resonance Reference
PC3H;oNS (CsH3) P(S)C=N P (23-9) 1966, 262
PC13H11 HPCGH4C6H4CH2 H 1968, 120
L ]
PC,5H,;CL,0,S;  CHP(O)(OCgHSO4Cl), H 1966, 75
PC13H11F2 CHaP(C6H4F)2 F 1969, 18, 19
PC;;H,, F,0 CH,P(0)(CeHF), F 1969, 18, 19
CH;OP(CgH, F)2 F 1969, 18, 19
PCy3H,; FoS CH,P(S)(CeH,F), F 1969, 18, 19
PC3H,;NNaO, (CeHs):P(O)YN©CHO, Na® H 1966, 235
PC,5H,,0; (CeH;),CHPOZ® P (16-5) 1967, 7
PC3H;,BrO CsHs(BrCsH,CH,)P(O)YH H 1968, 35
PC,53H,,Cl CH,CIP(O)(C¢Hs)2 H 1968, 56
PC,;H,,CIO4 CeHP(O)(OH)CH(C¢H,CI)OH H 1968, 56
PCisH, L1 (CeHs)oPCH LI P (2-6) 1967, 329
PC3H2NO, (CeH5):P(O)NHCHO H 1966, 235
PC13H13 CHGP(C6H5)2 H; P (-—28) 1965, 3; 1966, 41;
1967, 79, 244, 329;
1968, 7, 54, 259
HP(CsHz)CH,CgH; H 1969, 360
PC;3H,;:CIN CH3(CH)NPCI(CsH5) H 1968, 92
PC;3H,;5C1,05 (CH;30).P(0)YO(C,H,Cl,)OCH; H;P(—-38) 1968, 315
PC,3H;3F,04 CH3PF3(OCeHsg)2 H; P; F(—18) 1968, 316; 1969, 62
PC,5H :F,S (Ce¢H5)oPF2(SCHy) H; P (—39); 1968, 316; 1969, 62
F (—25-0)
PC;3H;50 CH;P(0O)(CeH3), H 1967, 19, 239; 1968,
56
HP(O)(CsH5)CH.CsHs H 1968, 35; 1969, 34
CH3;OP(CgH5), P (115) 1969, 50

961
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PC,3H,508

PclaHlsose
PCy3H150,

PC13H1305

PC,:H;58
PC,5H;5S;

PC13H14BI'
PC;sHi4N

PC,5H,,NO,
PC,3H; NS
PC,3H,;CIN
PC;3H;5CINO;

PC15H;5NOg
PCl3H15N20
PCl:BI_Il-.’>C)5

PC,sH;50558
PC,3H,¢ClO;3

PC,5H16FOs
PC,5H6NOs
PC,3H16NO;
PC,sH,7N,0-S,

CH3OP(S)NCeHs):

CH,;5P(0)(CeH5)z
CHgOP(Se)(CGHs)z
CeHs(CsH;CH,)POH
CH;0P(O)(CeHs)2
CH(OH)P(O)CsHs)s
HOIE(O)OC(CH3)2C(CH3)(COCH3)C[)

CH;P(S)(CoHs)z
CH3SP(S)(C6H5)2

D
CHa(CeHy),PH, Br®
CH3(C6H5)NP(CECCH3)2

CoHP(0)(0°)O(CH,).NH(CsH,)
CH,NHP(S)(CoH,),
CH1(CoH,);P(NHy), CI®

(CzHE,O)zP(O)CH(l% H381)C6H5(OCH3)2
CH,(0)(NHCeH;)o
(CH30)2P(0)C10Hs(OCHs,)
(CHSO)3ITOC10HGO|

CH;0(CeH5).P®H,HSO?
C6H5(IIHCH:C(CH3)OI{’(O)OCH(CH3)CH2C1

(CH;0):P(O)OC(CH3)(COCH3)[C(O)CgH4F]
(C2H0)2P(O)C(CN)=CH(C¢Hs)
(CH,0),P(0)OC(CH;)(COCH;)CeH,NO,
CH,P(0)(OCeH,SO,NHNHS,),

H; P (834)

H; P (42-5)
H; P (885)
H

H; P (32'5)

1967, 87, 113; 1968,
8; 1969, 87
1967, 9, 113
1967, 113; 1969, 87
1965, 79; 1968, 56
1967,9, 113; 1969, 87
1968, 56
1967, 140

1967, 19
1967, 113; 1968, 8

1968, 89
1967, 80, 106

1969, 359

1968, 8

1967, 65; 1968, 54
1968, 323

1968, 142
1965, 82

1968, 315
1968, 315

1969, 50
1966, 220

1968, 313
1968, 323
1968, 313
1966, 71
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Formula Compound Resonance Reference
PC,5H,;0¢ (CH;30),P(O)YOC(CH3)(COCH3)C(0O)CsHss H; P (-30) 1968, 313
PclaHlaBr CH3(C6H5CH2)$®CHQCH:C(CH;;)(I:HQ,Bre H 1968, 100
PC,3H,6ClOg CsH;CH,P(O)(OCH_),C(CH.CI)C,H; H 1967, 91
PC,3H; 3N CsH;P(CH,),NHC(CHy), 1967, 137

L]
PC;3H,;sNO CsH(CH,=CH)P(O)N(CH_)s H 1966, 250
PC,3H;sNO, (CHS)ZNI[[O(CHQ)Z(I)]OC(CH(;):C(CGHE.)JO P (—269) 1968, 301
PC,3H,;sNO5 (C2H50)2P(O)?(OH)CGH‘;N(CH:,)(IIO H 1966, 263
PC13HsNO55 (CoH;0)P(SYNHCOCOOCH; H 1966, 264
PC,3H,o CeHs;PCHC(CHj3).C(CHj), H 1967, 82; 1969, 76
L |
PC,3H,gCINO;g CH,[#-C Hg(CHZ)CHOIP(O)YOCH,CI(NO,) H 1969, 160
PC,3H;50 C6H5T(O)CH2C(CH3)2JC(CH3)2 H 1967, 82
PC13H,5025 CZHSOT(L))CH2CH(SC6H4CHS)CHz(]:Hz H 1966, 134
PC,3H;50; CH;(CeHs)CHP(O)(OCH,),C(CHj), H 1967, 91; 1968, 74
PCi3H;1505S (C3Hs0),P(0)S-indanyl H 1966, 52, 260
PC;3H,50, (C2H50)2P(O)?HC(CH;;)(CSH;,)(’) H 1966, 245; 1967, 81
(CH50).P(O)C(CH3){(CsHs)CHO H 1966, 245; 1967, 81
(C2H50).P(0O)YOC(CgHs)=CHCHj,4 H 1967, 121
(C2H50),P(O)CH(CH3)CO(CeHs) H 1967, 121
(C2H;50).P(O)CH,CH=CHOC¢H; H; P (25°5) 1967, 101, 108

861
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PC13H1905

PCISHIBO'I

PC13H20BI‘

PCysHyoN
PC,sH,0NO;

PCy5H0NO;
PC13H21N203
PC13H21N405
PC13H210
PC13H22BI‘
PC,5H,1
PC,3H2:NO,

PC13H22N;0
PClgszNaos
PCygHzs

CGH5OII3(O)OCH(i-C3H7)C(CH3)2CH2CI) (stereois,)

(C:H;0),P(O)CH,COOCH,CsHj
(C2H;0),P(O)CH,C(0O)CeH,OCH,
(CoH;0),P(0)OC(=CH.)CeH,OCHj;
(CH50)2(CeHsCH,0)P[OC(CHa)la
(CH30)31!30C(CHa)(COCHa)C(CsH‘;O)([)

CH3(06H5)1,>®CHZCH(CHS)C(Cﬂa)z,Bre
]
CHa(CsHsCH,)P®(CH,);CHCHj, Br®
l l
CeHsP(CH,).NHC(CoHs).
!

HII’[OCGHa(i-CaHﬁ?]OCHzC(CHg)leIH

CH;[CH;CH(:-C.H)OP(O)CsH1NO,
(CzH;0):PN(C.H;5)CONHCH;
[(CH3)2N],P(O)NH(CH3).0C(0)CeH,NO,
CH,3(CosH5)P(O)C(CH,); CH(CHy)e
CH3(i-C3H7)2P®C3H5, Bre
CHj(i-C35Hr),P®CeHs, 1°
(C:H;50).P(O)CH,CH(OH)CH,NHCHj;
CeHsN@(CHs)aOGI"(O)O[CH(Cﬂa)]z(l)

[(CH3)eN]oPN=C(CH5)OC,Hs
[(CH3)eNJoP(S)N==C(CHs)OC.Hs
(CH,),PCeHg

(t-C4Hg),PCeHs

(s-C,Hg),PCcHs

H; P (-103;
—14-4)

—49-8)
—50-3)

—~~

aolia-}

; P (0-0)

i P(=374)

arfiosfiacle BN« vl «o BN s B« s cvla s csfanian

H; P (99-5; 104-4)

P (69-8)
P (—262)
P (—34-2)
P (2)

1969, 175

1965, 87
1967, 121
1967, 121
1968, 73
1968, 318

1967, 82

1969, 356
1967, 137
1969, 178

1969, 160
1969, 361
1966, 246
1968, 68
1968, 6
1967, 244
1969, 82
1969, 359

1968, 321
1968, 321
1968, 6
1968, 6
1968, 6
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Formula Compound Resonance Reference
PCy3H3CINOg (C2H50)2P(O)CH(B®IH381)C6H3(OCH3)2 H 1968, 142
PC,3H2305 (CH50).P(O)CH=C(CHo,);s H 1967, 327
PC,5H30¢ (CHs0).P(O)OC(COCH3)(COOC,Hs), H; P (-39 1967, 4
PC3H,IN, CH3(CeH5)PO(NHi-C3H7), 1€ H 1967, 95

(CsHy)P(OYC(O)N(CHa), H 1967, 26
(CsHg):P(O)C(O)NHCH; H- 1967, 26
PCi3H24N3;08 [(CH3)N].P(O)NHCH(CH;)CH,SCsHj H 1966, 246
[(CH3):N].P(O)NHCH,CH(CH;)SCsHj; H 1966, 246
PC,3Hy50, CeH;; C(O)P(0)(O-i-C3Hr)2 H 1967, 166
PC;3H3506 (CH30)3}|’O(Cngo)C(CHs)(COCHg)(I') H; P (—54-3) 1966, 248
PC,3HcNO; (C:H;0):P(O)CH=C(CH;3)CH,NCsH;, H; P (16-5) 1967, 101, 108
PC;3H36N305 OP(NHCOOCHg)[NCH(CH;)C(CHy).]2 H 1965, 42
I
PC;3H2,04 (CH;0);P[OC(CH;3)COCH;], (diastereois.) P (—54-8; —52-6) 1968, 318
PC,3HsIN,S, (C2H5)2N@ClNP(SCH3)(Csz)zll\I,Ie P (63-0) 1968, 137
PC.3H23NO, [(C.H5)2CH].P(O)C(O)N(CHs), H 1967, 26
[(C2H;),CH],P(O)C(O)NHC,H; H 1967, 26
PC,:H23NO, (CH0):P(O)NCH(O-s-C,Hy) H 1966, 55
(C:H;0),P(O)C(O)N(-C,Hy), H 1967, 26
(#-C5H,0),P(O)C(O)N(E-C3Hy)2 H 1967, 26; 1968, 29
(#-C4H0).P(O)YC(O)N(C.Hj), H 1967, 26
(s-C4Hy0),P(O)C(O)N(C2Hs), H 1967, 26
[(CH3).CH(CH3)CHO],P(O)C(O)N(CHs;). H 1967, 26
[(CH3).CH{CH;3)CHO],P(O)C(O)NHC.Hj; H 1967, 26
PC;3H2sN305 [(CH3);N]sPOC3(COOC Hs5), H; P (38-2) 1965, 84

00¢
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PC13H29
PC3H 0
PC13H2902
PCISHSO
PC13H30B1'

PC,3H;0NS

PC14H5F10
PC,,HsF;,0
PC, HgF; N

PC14H11
PCI4H11F202

PC14H110
PC.:Hy ;S
PC14HIZCISSS
PC14H12N304
PCytlyg

PC,,H;5Cl,
PC14H13I2

CHj5(C12H5)PH
CH3(C1oHos)P(O)H
CH3(C12H5)POH
CH3(C.Ho)sP®
CHg(S-C4Hg)3P®B1‘e
CH;(2-C4H,g)(C4Ho),P®Br®
CHa(S-C4H9)3P@Ie
CH,(i-C,Ho)P®I©
CHy(C4H,)sP®I®
CH,(t-C,H,) P91
(1-C4Ho) P(S)CHN(CHz)s

CoHzP(CeFs),
CoHsP(O)(CeFs)s
(CH;)2NP(CeFs)

(CeHs)zPCECH
(CHy)2(CeH5)P[OC(CFs).],

(CsH5)P(O)C=CH

CoH.P(S)(SCH4)SCH,CeH,Cl,

(CsHsCHO),POSNa®

CeHsPCH(CH),CH
L

CsHsPCH(CH),CH(CH); (stereois.)
[ 1 |
CH,=CHP(CgHs),

(CeH);PECH4(CH,CY), C1©
(CeH ) PPCH4(CH.I),1°

P (-853)
P (339)
P (51)

P (32:3)

P (44-2)
P (41-5)
P (43-4)

P (28-0)
18C; P (31:3)
H

P (47-4)

P (—44-:0)
P (19-3)
H; F (—1356;

—1627; —153-5)

H
H; P (—10-9);
F (9-7)

asfanoren

H; P (—181)

H; P (-79; —14)
P (—11-7)

H

H

1966, 14
1966, 14
1966, 14
1967, 7
1968, 6
1968, 6
1967, 244
1967, 244
1967, 16, 244
1967, 68
1966, 40

1967, 11
1967, 11
1966, 19

1966, 243, 247, 265
1968, 303

1966, 243, 247
1965, 96

1967, 113
1967, 90

1966, 67

1966, 67
1967, 8

1968, 60
1968, 60
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Formula

Compound Resonance Reference
PCiH sN2Os8  (CoHz0).P(S)YOCN(CH),NCH H 1968, 285
L |
PC,,H,;50 CGH;,PL(O)(EH(CH)‘;C‘IH((‘JH)Z (stereois.) H; P (38; 26) 1966, 67
{CeHs):PCOCH; H 1967, 346; 1968, 307
PC14H,303 (CsH5)P(O)CH,COOH H 1965, 87
CeH;CH==C(CcH;)POH, P (11-0) 1966, 241
(CeHs):P(O)YOC(O)CH, H 1967, 347
PC, H,;5,0, CH3C6H4OI'3(O)OC6H4CH20 H 1969, 74
L |
CsHsOfl’(O)OCsHa(CHB)CHz({) H 1969, 74
OLCH(CGHs)CH(CGHs)Ol})OzH P (16) 1969, 359
PC.H,;,BrO (CsH,4)P®CH3(CH,OH), Br® H 1968, 60
PCiadli,l (CsHy)2PP(CH;),, 1® H 1968, 60
PC;,H,; NO; HT(0C6H4CI))OCH(C6H5)CH21|VH P (—36) 1969, 45, 178
PC; H;,NO,S CeH5(CH;O)P(SYOCHNO, H 1968, 284, 285
PCH{,NS (CeHp)oP(S)CHCH,CN P (34-7) 1966, 40
PCiH;s CoHsP(CsHs)e H; P (-12) 1965, 3; 1967, 79;
1968, 7, 302, 303
PC1 H;sBrNO;  (C¢H;0),P(O)NHCH,CH,Br H 1969, 352
PC,,H;sCIN CH;3(CeHsCH)NPCHCgHy) H 1968, 92
CoH(CeHs)NPCI(CeHs) H 1968, 92
PC;4H;5CI,N, CeH;N=P[N(CHj3)CH CsH;]Cl, H; P (—19-8) 1969, 348
PC; H;5F2S C.H;55(CgHs):PF2 H; P (-39-2); 1968, 316; 1969, 62

(4114
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PC,,H,50

PC,,H,508

PC,.H;50.

PcléHISOS

PC14H1506

PCHHlaBr

PC,.H;6CIOsS

PC,,H,6ClsOSSb
PC14H1608bSe
PC14H16028b
PC;:H168:5b
PC,.H,;¢CI;NSb
PCy.HieN

PC,;,H;cNO

PC,H,6NOs
PC,;4H16NO,

C2HsOP(CeHs),

(CH,):P(0)CcH,OCsHs
(CsHsCH,),P(O)H
CoH;0P(S)(CeHs)a
CH3SCH,P(O)(CeHs)z
C2H;0P(0)(CsHs)2

CH5;OCH,P(0)(CeHs),
CHaofl’(O)OC(CH3)2C(CH3)(COCH3)(l)

CsHsTI’(O)OC(CHa)(COCHs)C(OCHg)=(|ZCOOH

(stereois.)
CH3SCH.P(CgHs)2
(CH,3),P®(CgHs)z, Br®
C2H5P®H(C5H5)2, Bre
(CszO)2P(S)OC6H30COCC1(I3(CH3)

L

CH,0(CH;S)P®(CeHs)s, SbCI
CH;0(CH;Se)P®(CqHs)z, SbCIS
(CH50);P®(CsHs)a, SCI
(CH;8)2P®(C4H), SbCIP
(CH3):NP®CI(CgHs)q, SbCIg
(CHg)2NP(CeHs)z

(CHz)2NP(0)(CeHs)z

(CH3):NP(O)(CeHs),
CsH;P(0)(O°)OCH,CH(CHs;), CsHsN®H

18C; P (109-8)

H
P (35)
P (79-8)
H

P (31-1)

H
H

H; P (43:5; 42°2)

P (72'5)
H; (T); P (662)

H; P (3-0 or 29:6)

H
P (—71)

1965,7; 1966, 106,
225, 240; 1968, 25

1967, 348

1967, 172; 1968, 35

1966, 106

1967, 349

1965, 85; 1966, 106,
266; 1969, 119

1967, 349

1967, 140

1969, 353

1967, 349

1966, 5

1968, 7

1968, 284, 285; 1969,
322

1969, 87

1969, 87

1968, 8; 1969, 87

1968, 8

1968, 8

1966, 36; 1967, 277;
1969, 105

1965, 23; 1967, 9, 92;
1968, 8, 91; 1969,
87

1968, 91

1969, 359

SANAOdINOD DINVODHO NO V.ILVA HHN

£0c



Formula

Compound Resonance Reference
PC,,H;sNO, C6H5NCsH5@Oefl’(O)OCH20H(CH3)(I) P (ca. 15) 1969, 359
PC,4H;6NS (CHj3)oNP(S)(CeHs)a H; (T); P (41-0 or 1967, 92, 277; 1968,
70-9) 8, 91; 1969, 87,
105

PC,,H;sNSe (CHj3)oNP(Se)(CeHs)o H; P (72-0) 1969, 87
PC, H6N,S, (CH3):NCNP(S)(CsHs)oS® P (37; 40) 1967, 344
PC, 4 H7;CINOg4 (C:H;0),P(O)C(CN)=C(CH;)CsH,Cl H 1968, 323
PC,,H,,CINO; (CH30)ZP(O)OC|1:C(CI)C(CHs)(CeHs)C(O)lTICHa H 1969, 345
PC,,H;;N:S, (CH3).NC(S)NHP(S)(CeHs). P (50'9) 1967, 344
PC,,H,;0 (CsHj3)oP(O)CH(CH3)CH=—CH, H 1966, 267
PC14H13C1N2 (CH3)2NP®(NH2)(C6H5)2C].@ H; P (39'9) 1967, 65
PC,,H;15ClO4 C5H5CIHCH:C(CH;;)OI"(O)OCH(CHs)(CH2)201 H 1966, 220
PC,.H;3F12N30: (CHy) NP[N(CH;)CH,].[OC(CFs):]2 P (—-309) 1968, 303
PC; H1sNO3 (C2H50),P(O)C(CN)=C(CH3)C¢Hs H 1968, 323
PC, H.sNO, (C:H;0).P(O)C(CN)=CH(C:zH,OCHjy) H{P} 1968, 323
PC,,H;sNO;sS (CH3):NP®(OH)(CsHj;)z, HSOP P (50:0) 1968, 8
PC, H,15NOgS (CH,=CHCH;0),P(O)C(O)NHSO,CcH,CH; H 1968, 328; 1969, 161
PC,.H;,0,4 CeHsOP(O)[OCH.CH(CH3),). H 1966, 213

(C:H50),P(O)C(O)CHCH,CHCgH; H 1967, 166

I
PC, . H;50;5 C,H;OP(0)(OH)CH,C(COOC,Hs)—CHCcH5 H 1967, 327
PC,,H,404 (CH;0),P(O)OC(CH3)=CHC(O)OCH(CH3)CgHp H 1968, 284, 285; 1969,
123

PC,,H;50, (CH;30).P(O)OC(CH3)(COCH;)C(0)CeH,OCH, H; P(-3-0) 1968, 313
PCiHao CsH;P[C(CH3)2)oCCH, H(T) 1968, 121
PC, H;cBFgN, [NCSHS(CHS)Z]ZBHz@PF% 1B; H 1968, 330

+0¢
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PC.,H;;BI
PC;,H,,CIN,
PC;,HooFsNy
PC1 HyoN
PC,,.H20NO,

PC;4H20NOs
PCyHa

PCy H0

PC14H2102
PCy4H2,055
PCIQH21O4

P014H2105
PC14H2106
PC14H22BI'

PC,4H,,NO,

CH,(CoHsCH,)P®[CH,C(CHy)l,, Br®
CsHNHPN[(CH;)CH,CeH;s1(NH,),Cl
CgF5P(NH-t-C4H9)2

CoFsP[N(C;Hs)s]s
CHP(CH,):NHC(CH,)s
I

(CHa)zN[CE(CHz)SO]IIOC(CHs):C(CeHs)?

(CH30)2P(0)OC(CH,)(COCH;3)[C(O)NHCeH,CH,]
CsHsfl’C(CHs)2CH(CH3)C}(CHQ.)2

CGHSII)(O)C(CH8)2CH(CH3)CI:(CH3)2

(CHg)2P(O)C1oHos
CeHsP(O)[C(CH3):]:CHCHj
CH;3(CeH5)P(O)OCeH,;o(CHy)
(C2H;s0);P(O)CH,C(CH,)=CHSC4H;
(CsHs0),P(0)CH(CsH5) CH,COCH,
(C.H50),P(0)YOC(CeHs)C(CH),
CGH5Oll’(O)OCHC(CHB)ZCH(CaH7)(|)

(CoH;50),P(0)CH(CH3)COCH,OCH;
(C.H50):P(0)C(CH3)(CHO)CeHsOCHa,
(CH30)3fl’OCH(CaH5)C(CH3)(COCH3)(|)

CHa(C6H5)P@CCHzc(CH:;)zC(CH;;)z, Bl‘,‘e
L]

HII’[OC(CHs)z]2OCH(C6H5)CH21|\TH

(C2H;0)2P(O)C[N(CHs),]==CHCeHs

1968, 100
; P (27-8) 1969, 348
F (—1377; 1966, 19

—1621; —155+7)
: P (79-2) 1966, 7
1967, 137

1968, 301

NoX

(—2-5) 1968, 313
1967, 82

1967, 82

1967, 329

1968, 122

1967, 151; 1968, 140
s P (242) 1967, 108

1966, 249

1967, 121
(—165; —10-9) 1968, 150

YEENIEINI © o oTD @ OE OIII

1967, 81
1967, 81
; P (—515) 1967, 350, 351

1967, 82

; P (—49'5) 1967, 164

mom o om omEm

1968, 93
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Formula Compound Resonance Reference
PC;4H22NOgS (C3H,0):P(O)C(O)NHSO,CsH,CH, H 1968, 328; 1969,161
PC,.Hys CeHsP(C1Hoy). P (—-26) 1965, 3; 1967, 244,

277;1968,7; 1969,
249
C5H5P(Z.-C4Hg)2 P (—34'2) 1967, 8
CsH:sP(s-C,Ho)2 P (1-8) 1967, 8
P[C(t-C,H,)CH],C-2-C.H, H 1968, 101
PC,Hy;CIN (C.Hy),NPCI(CcHs) H 1968, 92
PC,,H;3:CIoN, CsHsN=P[N(C,H,):]Cl, H; P (-221) 1969, 348
PC; H23N,O,S  PC1 HpsNLOLS H 1967, 352
PC; H23N,O05 [(CHz):N1:P(O)NHCH(CH,;)CH,OC(O)CsH,NO, H 1966, 246
PC;.Hy0 CeHsP(O)(CyHy), P (45-2) 1967, 277
PC;Hz30, CeHsP(OCHo), H; P (155-7) 1966, 225; 1969, 333
PC,.H2;3S CsHsP(8)(C4Hy), P (47-6) 1967, 277
PC14H24BI' C2H5(C6H5)P®(i-C3H7)2,Bre P (42‘2) 1966, 5, 1968, 6
H(CeH;5)P®(C,Hy)g, Br® H; P (12-2) 1968, 7
CoH(CeHs)P®(CsHy)g, Br® P (32:1) 1968, 6
PC,,H;.NO; (C;H50);P=NC¢H,C,H; H 1965, 102
(CzH50).P(O)CIN(CH3):)J(CH3)CeHs P (26) 1969, 340
PC,,H,,NO, CeHsP(O)[N(CHj,)2][OC(CH,)],0H P (21-1) 1969, 343
PC,,H2aNO,S;  (2-C3H,0):P(S)S(CH,)>NHSO,CeHj5 H 1968, 284
PC;.H2,N;O CoH;OC(CgH; CH)NP[N(CHj3):], H 1968, 321
CoH;OC(CH3CeH4)NP[N(CHs),]2 H; P (99-7; 104-4) 1968, 321
PCHsBrNOS; CHs(CH;3S)P(S)S(CH,).N®(CH3)C H;,00, Br® H 1967, 113
PC,H,5CINg CeHsN=P[N(C.Hj5),].Cl H 1965, 98
PC14H25N2 C3H17P(CH2CH2CEN)2 P (*‘25'7) 1966, 4', 1967, 244
CsHsP(NH-1-C,H,), H 1967, 95
PC14H3sN,S CeHsP(S)(NHCHo), H 1967, 318
PC,4H20, C.H5P(0Os-C4Hy), (stereois.) H; P (160-7; 159-2; 1969, 162

(1581)
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PC;Hz6NO2
PC14H2703

PC14H27SSi2
PC;,H2sCIN,
PC,H,3CI;NO;
PC,H;CINO;
PC,;4H,,CL,O
PC,4H20,
PC,4HjoLi
PCy4H3oNO;
PC,,Hgy
PC14H31GGO
PC,.H;,0
PC;,H35,0,
PC,4Hss
PC14H32BF4O
PC14H32B1‘
PCyHaoN
PC14H33GCO
PC14H330
PC,H350551;
PCl4H36Gesti

PCy4H4,0
PC;sH,,CIF,

(CHs)oNP[OC(C5H,0)]a
(C4Hy0).P(O)C=CC H,
(CH30):P(O)CCH(CHz)1o
CsHsP(S)[CH;Si(CHz)s)s
CeHsNHPN(C:Hg),(NH,).Cl
[CH3(CHCI)CHO][(C,H,).NIP(O)OC(CH,Cl)=CH;
[CH3(CH,C)CHO][(C,Hg).NIP(O)OC(CH3)—=CH,
C12HzsP(O)(CHCl),
(CHz0)2P(0)C,2H5(OH)
CH3(C12Ho5)PCH, LI
(CoH5)CeH,2(i-CsH,0)P(O)C(O)N(CHs),
C12H2sP(CHp),

(C.H3) . PCH(CH3)CH=CHOGe(C.Hs)s
C12HgsP(O)(CHy),
(C4H,0),P(O)(CH;),0C Hy
CoH,P®(C,Hy)s

C.H;OP®(C,H,);, BF
C2H5P®(C4H9)3Bl‘@

C12H25(CH3)2P:NH
(CeH5).PCH(C;H,)OGe(CoHs)s
(C6H5)2P(O)C(CH3):C:CCGHs(CHs)s
C.H;O0P[OS5i(CoH5)s]2
(t-C4Hg)oPN[Si{CH3)s]==NGe(CHas)a
(¢-C,H,):PN[Ge(CHjz)s]=NSi(CHg)s
(CeH;;)oP(O)C(CHg)—C=CC¢Hs(CHzs)s

(CsH;)PCF.CCl=CF.

(C6H5)2PCF:CC1CF3

H; F (-947;

—79-8; —78-0)

H; F (cis —58-8;
—836
trans —60-8;
—91-4)

1969, 362
1967, 21

1967, 100
1966, 132
1969, 348
1967, 340
1967, 340

1968, 299; 1969, 334

1967, 100
1967, 329
1967, 26

1966, 14; 1967, 329

1968, 331
1966, 14, 268
1966, 251
1967, 7
1968, 332
1966, 5
1966, 268
1968, 331
1969, 166
1967, 34
1968, 64
1968, 64
1969, 166

1967, 295

1968, 98
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Formula Compound Resonance Reference
PC,sH,(CIF,O (CeHg)oP(O)CFCCl=CF, H; F (—105-9; 1967, 295
—76'4; —74-8)
PC,sH;,Fs0, (CeH5):POCH(CFy), H; P (39-2) 1968, 302
PCisH;s (Ce¢Hs).PC=CCHj H 1966, 243, 247, 265
(CeH;) ,PCH=C=CH,, H 1968, 99; 1969, 115
PC,sH;3CINOg  CH3(NO,CzH,O)P(O)OCH,C(O)CeH,Cl H (T) 1969, 159
PC,5H;3N,04 CHz(NO,CgH4O)P(O)OCHC(O)CeHNO, H (T) 1969, 159
PC,sH;50 (CsHi5)oP(O)C=CCH; H 1966, 243, 247
(CeHs) P(O)YCH=C=CH, H 1966, 61; 1967, 104;
1968, 56; 1969, 115
PC,sH; 35S (CeH5)P(S)C=CCH3; H 1966, 243, 247
PC,sH,.NOS, CHgOE[’(S)SC(S)C(C6H4)CNCSH4CH3 H 1969, 363
]
PC,sH;4.NO,S; CH;OP(S)SC(O)C(CeH)CNCeH,CH,y H 1969, 363
L
PC,sH1.NO,S3 CHgolE(S)SC(S)C(C6H4)CITICGH4OCH3 H 1969, 363
PCsH,.NO;S, CH;@lﬁS)SC(O)C(C5H4)C1T'C6H4OCH3 H 1969, 363
PC,sH;4NOg CH3(NO,CsH,O)P(O)OCH,C(O)CgHs5 H (T) 1969, 159
PC,sH;s (Ce¢H5):PCH,CH==CH, P (—-171) 1967, 8
(CeH5).PCH(CHy), H; P (1-9) 1968, 333; 1969, 354
PC,5HsN;04 NO:CsHOP(O)(CH;)OCH,C(CeH)NOH H 1968, 334
PC,sH;5N; (CsHsN);P H 1969, 122
PC,;sHsN;O (CsHsN);PO H 1969, 122
PC,:H;;0 (CeH5)oP(O)YCH=CHCH,4 H 1965, 47
(CsHs) P(O)CH,CH==CH, H 1965, 87; 1968, 56
(CeH5).PCH,COCH,; H 1968, 297
(CeHs);P(O)CH(CH,), H 1968, 333

80¢

IT XAIANI dVINWNE0A,



PCisH1502

(CoH):P(O)CH,COCH, H 1965, 105; 1968, 297
(CeHs)oP(OYOC(CH,)=CH, H 1965, 105; 1968, 297
PCy3H;6CIO (CoH,)sP®CH4(CH,OCHy), C1® H 1968, 60
PCi5Hi6l (CeH4)oPPCH,(CoH,), I H 1968, 60
PCisH gKN,S;  (CoHa)oP(S)N=C(SS)N(CHa)z, K® H: P (40-7) 1967, 221, 244, 353
PCisH;6N CoHsP(CH2),NHCHCH; H; P (~29) 1967, 137
R
PC1sH16NOg HPI’[OCGH3(CH3),O]OCH(C6H5)CH21|\TH H; P (~-352) 1969, 178
OCcH,OPO(CH,),NHCH,CH; P (132) 1969, 45
!
HI[’(OC6H4(())O(CH2)1IICH2C6H5 P (—100) 1969, 45
PCysH,, (CeHy)oP-i-CoH, P (0-2) 1965, 3; 1968, 6, 7;
1969, 354
(CeHg)oPCsH, P (—17-6) 1967, 8
CH;P(C¢H,CHj3), H 1968, 15
PC15H17B1’ (C6H5)2P@C3H7,Br9 H 1967, 354
PCysH1/N2S, (CsH5)P(S)YNHC(S)N(CHs,),, H 1967, 353
PCysH /Ny (C6H5)21|3NCHNN(CH3)21|V H; P (26'4) 1967, 355
PCy5H,,0 CH,P(0)(CeH,CHy), u 1968, 15
PC,sH,,08 (CgH5)-P(S)(CH,);OH P (42:4) 1966, 40
PCysH;70; (CeHs)oP(0)0i-C;H, H 1966, 266
(CeHj5)P(O)OC,;H, H 1967, 52
CeH;CeH,P(O)CH3(CH,OCHy) H 1968, 60
(CeHs)2P(0)(CH,);OH H 1968, 118
PC,5H;,06 ceHs(CHao)P(O)CLC(O)OC(CH?,)(COCHa)(I:OCHa H; P (80-9; 84-0) 1969, 353
(stereois.)
PClsngBr H(i—C3H7)P®(C6H5)2, Bre H; P (140) 1968, 7

SANNOJINOD DINVOUO NO VIVA ¥IAN
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Formula Compound Resonance Reference
PCysH1sIS CH3(CeH;).PPCH,SCH,, I H 1967, 349
PCysHeN (CHa)NCH,P(CqH;), H 1967, 349
PCysH1sNO (CHz):NCH:P(O)}(CeH5) H 1967, 349
PC,5H1sNO, B-C1oH,C(==NOH)P(0)(OC:Hs), H 1968, 142

CsH;OP(0)(0©)OCH,CH(CH3)N®H;CgHs H; P (—74) 1969, 359
C6H5NC5H?091"(0)O[CH(CHs)]2? P (14 1969, 359
(C6H5)2NH2®09P‘£))OCH2CH(CH3)(|) P (ca. 14 1969, 359
PC,sH1gNS (CeHs)2P(S)(NH-i-CgHy) H 1968, 145
PC;15H N30 [CH:2NCH=CHCH=C];PO H 1969, 123
PC15H16058 [OCI(CHs):CHCH:?]aPS H 1969, 124
PC15H19CIN CH3(C6H5)2P®N(CH3)2, Cle H 1968’ 54
PCsH1sCleNOSb CH3O(CeHs),P®N(CHy),, SbCIY H; P (57-5) 1968, 8; 1969, 87
PC;5H;6CIsNSSb  CH5S(CeHi)sPEN(CHs),, SbCIP H; P (67'5) 1968, 8; 1969, 87
PC,sH1,CIgNSbSe CHzSe(CsHs)PEN(CHs)z, SbCIP H; P (65-7) 1969, 87
PC,sH0IN CH;P®(CgHs):N(CHs)s, I® H; P (50-0) 1969, 87
PCysH1oNO, (C.H;50),P(O)C(—=NOH)C¢H,-£-C,Hy H 1968, 142
PCisH1eN205S; CHgO[oCsH(OH)IP(O) S-benzylthiuronium H 1967, 143
PC,;H,5N,S, (CsHg)2P(S)N=C(SCH;3)N(CHzg), P (41-6) 1967, 221, 344
(CsHg)oP(SCH3)=NC(S)N(CHs), P (32:0) 1967, 221, 344
PC,sH,,08Si (CeHs)2POSI(CHg)s P (941) 1967, 343
PC;sH15045i, CHP(0)[OSi(CHg)CeH;]20 H 1965, 106
PC,sH;0,04 CsH5(CHZ0)YP(O)C(COOH=C(OCH;)C(CH3}(COCH3)OH H 1969, 353
PC;sH,,Si (CeHj5)z:PSi(CHs)s H{si, P} 1969, 2
PC;5H195n (CeHs)2PSn(CHs)s H{Sn, P} 1969, 2, 14

01¢
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PClSHzoFSOG

PCysHNO,
PC,5H300,

PC15H21CIN03

PC15H2102
PCisH21.05

PCy5H2.07

PC;sHaeN

PC;5H22NO,

PC15H23N204S
PC,5H,;0

PC15H2:05
PCi5H2305

(CHaO)aII’OC(CFa)(CeHs)C(CHs)(COCHa)(I)

(stereois.)
(C:H50).P(O)YC(CN)=C(CH;)CsH,OCHj
CeHSOII’(O)O[CH(CHCHS)];;(I)

(CeH;0),P(O)CH(NH,;CB-C1Hy
(CHy)sPPCH(CeHs)==C(COCH;)C(O®)CHj,
(CHSO)sf”OC(CHa)C(COCHa)(I:H(CGHs)

C;H;OP(0)(OH)CH,C(COOC,H5)=C(CeH3)CH,
CeHsO[(CH3),C(CH,0),P[OC(CHa)].
(CHBO)sl’)OCH(COCGH5)C(CH3)(COCH3)j)

(CH;;O);JlPOCH(C6H4CHO)C(CH3)(COCH3)(l)

(stereois.)
CeHsP(CHz):NHC(CHo)s
|

(CHao)alL)OC(CHa)(C6H4N02)C(CH3)(COCH3)(')

(stereois.)
(CH;50);P(SYNHCOC(O)NH:-CsH,
CGHSIE(O)C(CH3)2CH(CH3)2CJJH

CH31I)(O)C(CHB)ZCH(CH(S)C(CHs)z((:GHé

(CHa):C(CH;0),P(0)CH,CeHo(CHa)s
(C2H30).P(0)CH(CeH;)CH,COOC H;

H; P (-525;
—~49-6)

momT
2!

P (109)
H; P (—279)

H
P (—56+6)
H; P (~50-1)

H; P (—496;
—-51-1)

H

H; P (-540;
—52+4)

1966, 248

1968, 323
1968, 83

1968, 142

1968, 124, 152

1966, 106; 1967, 160;
1968, 124, 152, 312

1967, 327

1968, 301

1965, 21; 1966, 258

1967, 350, 351

1967, 137

1966, 248

1966, 264
1967, 356
1968, 67

1968, 74
1966, 249
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Formula Compound Resonance Reference
PC15H,306 (CHaO)SII)OC(CHa)(CGHS)C(CH3)(COCH3)C|) H; P (-542) 1966, 248
PCysHoyBr CHa(CeHs)IIJ®C(CH3)2CH(CH3)(|:(CH3)2, Br® H 1967, 82
PC,5sH,,NO CeH:sCH,NHP(O)[C(CH}3);].CHCH,; H 1969, 350
PCy5H4NO3 (CH,)2C(CH,0).P(O)CH(NHC;H,)CsHs H 1968, 74

C2H;sO(CsHs)P(O)C(O)N(-CsHy), H 1968, 29
PC1sH3NOsS; CeHsP(S)(SCH)S(CH,)o N®H(CH;,0), COOSCOOH H 1967, 113
PC15HosN6O [(CHs)zN]2P(O)NC(CH3)NNCINHC6H5 H 1966, 137

L

PC,sHz50 CHsll)(O)C(CH3)2CH(CH3)C(CH3)2(|:6H6 H;{P} 1967, 356; 1968, 67
PC,sHq6Br C3sHr(CeHs)PP(i-CaHy)o, Bro P (39-9) 1966, 5; 1968, 6

CsHsP®(C3Hy)z, Br® P (29-3) 1968, 6

CHy(CeHg)PP(i-CyHy)g, Bre P (26-5) 1968, 6
PCysHael CH;(CeHs)P®(C4Ho)s, Br® P (282) 1967, 244
PCisHoy (CsHg)sP P (4-5-1-0) 1967, 8, 244, 277,

1968, 6
&) €]

PC,5H,;CINOs (C2H50).P(O)YCH(NH;Cl)CHCH 4-2-C,H, H; P (174) 1968, 142, 296
PC;sH27Ges P[C=CGe(CHs)s]s H 1969, 364
PC,sH3-O (CsHe)sPO P (67-5) 1967, 277
PC15H3705 [(CHg)o(CH,=CH)CO]sP P (140-2) 1967, 293
PCysHy4S (CsHy)sPS P (70-1) 1967, 277
PC,5Hz-Sis P[C=CS1(CHs)s]a H 1969, 364
PCysH25IN, CHy(CsH)PO[N(CoHs)s]e, 19 H 1962, 4

CH3(CeHs)PO(NH-£-C, Hg),, 19 H 1967, 95
PC,sH2sNO; H 1967, 26

(CsHy)P(O)C(O)N(C2Hs)2

kA v/
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P Cl 5H29N202

PC15H2903
PCysHao
PC;:H;30BrO;
PC,sH30N;O
PC15sH30N504

PCsH3oN50,
PC,5H3:03
PCy5H35:0,
PCysHag
PC,sHssl
PC;5H3,NO;

PCi5Ha50s

PCysH3;058

PC15H3303SC

(')(CHz)zN(CGHl1)1‘)OCH2NHC6H11

(CH30)3sP(O)CCH(CHz)1a
(CsHi0)sP
(CH)sPPCH=CHCOOH, Br®

CoH;0[(C2H;).NIP(O)OC(CoHs)(COOC H;),

[(CHZ).NCH,]3PO

OP(NHCOOC;H)[NC(CH;);C(CHs)z]2
L

[(C:H5)C=NOJP(O)N=C(C:Hjs)2
[O(CH.).NCH,]};PO
CH;3(C15H25)P(0)CH,COOH
(CH30),P(0)Cy3H,4(OH)
CH,=—=CHCHP?(C H,)s
CoHs(CuHp)sPI
(s-CsH11)2P(OYC(O)N(C,Hj)
(i-C3H70)2P(O)C(O)N(i-CyHs)
(CeH;50);P(O)C(O)N(CHy),
[(CH3}2C4HgO1.P(O)C(O)N(CHs)a
(CeH130)2P(0)C(O)NHC,H;
(CsH1,0)5P

(s-C5H1,0)sP

(-CsH110)5P
[CH,(:-C3H,)CHO]LP
[CoH5(CH3)oCOLP
(CsH1,0)5PS

(S-C5H110)3PS

(#-CsH,;0)sPS
[CH;(:-C;H,)CHO],;PS

(-C HoCH,0)3PS
(t-C4HgCH20)3PSC

(~34)

(=0-3)
(48-4)

jaela-]

anfeniieniesiiocas R

la~t
g
<

S

SN’

T
avse]
o~~~
BN
o
e

")
~
W
&
N

1SC

1968, 304

1967, 100
1966, 4
1969, 349
1967, 4
1967, 291
1965, 42

1968, 335
1967, 291
1967, 329
1967, 100
1967, 7

1968, 22
1967, 26
1967, 26
1967, 26
1967, 26
1967, 26
1967, 277
1967, 277
1967, 277
1967, 277
1967, 293
1967, 277
1967, 277
1967, 277
1967, 277
1967, 293
1967, 293
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Formula

Compound Resonance Reference
PC;5H330, (C;H;,0);PO P (—4-0) 1967, 277
(s-CsH;10)sPO P (—44) 1967, 277
 (3-CsH,,0);PO P (—40) 1967, 277
[CH,(-C3H,)CHOL,PO P (-22) 1967, 277
(z-C,H,CH,0)sPO P (—-06) 1967, 293
[CoH5(CH3),COJ,PO P (—129) 1967, 293
PCisHa, -CaH,(C,Hg)P® P (38-0) 1967, 7
PCISH34I (CH3)3P®C12H25, Ie H; P (263) 1966, 14
PCysH36F:N, [(CoH5).NCH;):PF, F(-51-0) 1967, 61
PC;5H36NSi (C4Hg)sP=NSi(CH,)s P9 1966, 268
PCysHs3eN, [(C2H3)oNCH,],P P (~655) 1966, 4; 1967, 244,
291
PC;sHa6N;0 [(CoH3),NCH,]:PO H; P 43-2) 1967, 291
PCisHgeAINSi  (CoH,)sPN[AI(CoHs)s1[Si(CHy)s] H 1967, 322
PCieH;0FN (CeF5)oPNH-2-C,H, H; F (~1367; 1966, 19
—162:1; —152:5)
PCi6Hyy (C6H;)oP(C=C),H H 1966, 234, 247
PC,6H1:Fs (CeHs)oPC(CF3)=CHCF, H 1965, 107
PC;6H150; CeHs[C,Hg(OH)POH H 1965, 79
PCi6Hs (C6Hs)oPC(CH;)=C==CH, H 1966, 61
PC16H15Cl120; (Csz)z(CsHs)PfB(|IC(O)C(O)(CCI)2(l:09 P (256) 1965, 85
PC6H;sFsN CeHs(CeF5)PN(CoHs) H; P (47-0) 1966, 7
PC;6H:5F;,0, C2Hs(CeH;)[(CF3):CHOJPOC(CF3),CHCHj (stereois.) P (-21-7; 1968, 302
—303); F
(C2Hs5)o(CeH)P[OC(CF3),]0 P (—11); F (98) 1968, 14, 303
PC¢H;50 (C6H5)oP(0)C(CHZ)=C=CH, H 1966, 61; 1969, 115

+1¢
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PclaHlsBl'Os
PC,;6H16CI0,

PCyeHiel
PC,6H,6INOS;

PC;H16NO2S,
PC16H16N0253

PC,cH16NO5S:

PC;¢H16NO7
PC16H16N308

PC16H17N203
PC;6H;17N:05
PC16H17O4
PCy¢H;sF2N
PCyeHieN
PCy6H1sNO;
PCy6H1sNOs

(CH30)2P(O)CBr(CeHz)COCsH5
(C2H5)2(CsHs)P@(‘IC(O)C(O)CCIC(OH)C]ZOe

CH,(CH;),P®C=CCHs, 1°
CH;3CsH NC(CsH,)CC(S)SP(S)OC.H;,
L

CH;CeH NC(CeH,)CC(0)SP(S)OC.Hs
CH;OCcHNC(C:H,)CC(S)SP(S)OC,Hs
L

CH30C6H41TIC(C6H4)CC(O)SI\’(S)OCsz

CH3(NO;CeH,O)P(O)OCH,C(O)CsH,CHj;
CH(NO,CsH, 0)P(O)OCH,C(O)OCH,C(O)CcH,OCH;
CH=CH(WN HCOCGHS)CNC(O)I\II—

l

—CHOCH(CHzOP03H2)[(IZH(OH)]2
l
CsHslro(CHz)zN(CHs)C(O)lTCeHs

(CH;0);P(0)OCH(CeHsNOZ)CH(OH)CoH NO,
(CH30):P(0)CHC(CeH5)20
l |

(CH;0):P(0)C(CH).CHO

(C3Hg):NP(CeHL,F),

CsHsP(CH,):NHCCH3(CsHs)
L |

(CeHs5)2P(O)NCH(O-2-C4Ho)
(CHs)oNP[OCH(CeHs)],
CSHSOPI’(O)CH(CGHS)CH(CHS)IJ\ICHS

H; P (—41)

H; P (116)

H; P (—0-5)
H

(145)
; P (13-4)

1968, 309
1965, 85

1966, 73, 247
1969, 363

1969, 363
1969, 363

1969, 363
1969, 159
1969, 159
1969, 98
1969, 98
1969, 171

1967, 163
1966, 245

1966, 245
1969, 18, 19
1967, 137

1966, 55
1969, 362
1968, 76
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Formula

Compound Resonance Reference
C¢H;OP(O)CH,CH(CH;)NCH,CcHj (stereois.) H; P (152;17) 1968, 76
L |
PCi6H1g C.HP(CgH5), P (—26-2) 1965, 3
P(-171) 1968, 7; 1969, 249

i-C4HoP(CeHy), P (-21) 1967, 8; 1968, 6

$-C4HoP(CHy)2 P (-32) 1967, 8; 1968, 6

t-C,HoP(CeHy), H; P (17-1) 1967, 8, 79; 1968, 6

H{P, C} 1969, 190
PC,6H,;,CIN i-CsHA(CeH;CH)NPCI(CsHs) H 1968, 92
PC16H16N,0 (CH3)ZNII’OCH(CGHs)CHzNCGHs (stereois.) P (120; 130) 1969, 109
]

PC16H1oN,0, H1|>[OCH(CGHS)c;121|\1H]2 H; P (—546) 1967, 164; 1969, 45
PC16H;15N,S, (CeHs)oP(S)N=C(SCH5)N(CHj). H 1967, 353

(CsH5)2P(SCH3)==NC(S)N(CHj;). H 1967, 353
PC,6H:50 C.H:P(O)(CsH,.CHy), H 1968, 15

C,HOP(CsHy), H; P (111-1) 1969, 333
PC16H;00, {CgH5)2P(0)0-¢-C,H, H 1966, 257

(CeH5)2P(0)0-i-C,H, H 1967, 152
PCi¢H,0Br CH4(i-CoH.)P®(CgHy),, Bro P (30-9) 1966, 5; 1968, 6

(C2H;)oP®(CeHs),, Br® P (31:3) 1968, 6

H (C,He)P®(CeHy),, Br® H; P (1) 1968, 7

(CH,):P®(CH5)CH(CH,)CsH;, Br® H(T){P} 1969, 157
PCy6Hzol (CH3),P®(CsH,CH,),, I® H 1968, 15
PC1¢H20NO (CeH3):PO(CH,)oN(CHa), P (1122) 1968, 336
PCyeHz0NO, (CeH3)NHE, OePl(O)O[CH(CHS)]zOl P (ca. 15) 1969, 359
PC,6H2:06 H 1967, 140

(CH30)31EC(CHa)zC(CHa)(COCHs)?

912

11 XdANI FVINNIOA



PCieHos
PC¢H25Ge,
PC,6H230,

PC,6HsPby
PC,6H,35i1,
PC16H23Sn2
PC16H25N2
PC16H25N20

‘ PCISH25N4SS

PC16H2502
PCIGstBr

PC,¢H26NO6S
PC16H27N,O45

PCy6H2702
PClstgBr

PCi6HzoN,
PC,6H200

PC)GH:;QBI‘
PC13H30G8NO
PClsHaoGeNS
PC;Hsol
PCy6H30NO,
PC13H32B1'02

(CsHe)PCoHs
C3H5P[CECGC(CH3)3]2
(CHgo)sTOC(CsHS)(COCHB)C(CHB)(COCHS)(I) (stereois.)

CeHsP[C=CPb({CHj;)s}2
CeHsP[C=CSi(CHs)s]s
CsHsP[C=CSn(CHag)s]2

CoHP(NCgHo)s
(CH{;)gNII)OCH(CGHs)CHleTCGH,; (stereois.)

(Csz)zN(ll‘NP(S)(SCeHs)SC[N(Csz)z]lTT

CHa(CsH5)P(O)YOCeH 14(-C3H7)
CHs(CsHsCHz)ITBC(CHs)zCH(CHs)(f(CHB)z, Br®

(C.Hy0).P(O)C(O)NHSO,CcH,CHj

Diethyl 2-{3-(2-methyl-4-aminopyrimidin-5-yl)methyl-3a-
methylperhydrofuro{2,3-d]thiazole}phosphonate

(CH3)2C6H3PH(O)(OS-C4H9)2 (stereois.)

Csz(CeHs)P®(i'C4H9)2B1‘e

CoH;(CgHs)P®(s-C,H,)oBr®

CeHsP[CH:N(CyHs)z)2

(C3Hg),P(O)C(t-C Hg)—=C=C(CH,)sCHCH;
L

CHaP@(CsH9)3, Bl‘@
(C2Hs),PC(O)N(CeH5)Ge(CoHs)s
(C3Hs)PC(S)N(CeHs5)Ge(CoHs)e
CH3P®(CsHo)s, 1°
(C6H13,0).P(O)C(O)N(CHy),
(C4Hg)sP®CH=CHCOOCHjS;, Br®

P (1-6)
H

H; P (-547;
~52-4)

T TOT

P (132; 135)

P (61-0)

oI T

H; P (1583;
156:6; 153-3)

P (40-0)
H

H
P (40-2)
H
H

1967, 8; 1968, 6
1969, 364
1966, 258

1969, 364
1969, 364
1969, 364
1966, 18

1969, 109

1968, 137

1967, 151
1967, 82; 1969, 170

1968, 328; 1969, 161

1967, 352
1969, 162

1968, 6

1968, 6

1966, 4; 1967, 244
1969, 365

1966, 5; 1968, 6
1967, 342

1967, 342

1967, 244

1968, 29

1969, 349
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Formula Compound Resonance Reference
PC,6H3:ClO, (C4H),PPCH=CHCOOCHjS;, CI® H 1969, 349
PC,6H3:NO, (CHg):NP{OCHC(CH3).]: (isom.) P (144;150) 1969, 362
PC,6H350 C12HsP(CH,CH),O P (-52) 1969, 44
PC;6H3,CIO, (C.Hg);PECHCOOC,H;, CI® H 1965, 87
PCi6Has C12HosP(CoH5), H; P (-25) 1966, 14

. HP(CyH; )2 P(~-71-5) 1966, 51
PC;6Hs50 C12HsP(O)Y(C2Hs) H; P (-561) 1966, 14, 40
C14HooP(O)(CHp)s P (37-2) 1966, 40
PC,6H3503 HP(O)(OCgH;7)z P @74 1967, 277
PC,6H350, (CsH,0):P(O)(CH2).OCgH,~ H 1966, 251
PC,6H3sS C12HosP(S)(C2Hs)s P (51-6) 1966, 40
C14HeP(S)(CHs): P (34-1) 1966, 40
PC;6Hgs (C4H,),P® P (33-9) 1967, 7
PC,sHgeBr (C4Hyg) P®Br® 13C; P (33'9) 1966, 5; 1968, 22;
1969, 21
PC;¢H3eBryN (CHg) N®PBr$ P (150) 1969, 11
PC,H3z,NOS C,oHy5(CHg),P—=N=5(0)(CHa), H 1967, 357
PC16H570; (C4Ho)sP(OC,Hs)2 H; P (—38) 1968, 332
PC,7H;,F100s5 (CH30);POCH(CeF5)OCHCF5 (isom.) H; P (—341; 1969, 75
—384)
PCi7His (CsH5)P(C=C).CH; H 1966, 243, 247
PC,;H 5F, CL(isHs)[CH:C(CHa)hPC(CFa)Z(I:CFS H 1968, 168
PC,7H;50 (CeH5)oP(0)(C=C),CH; H 1966, 243, 247
PC,7H158 (CsH5)P(8)(C=C),CHj, H 1966, 243, 247
CHP(S)(C=CCgHs), H 1965, 89
PC,7H;505 (CH30)(CH,,0),P[OC(CcH )2 H; P 1968, 301
PC,;H;6NO3 (CeH;5),C=C(CN)P(O)}(OC,H;5)OH H 1968, 319

81¢C
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PCy7/H,,0
PCy7H;702

PC17H1703

PC17H1705

PCy7H17O0s
PC17H18BI'
PCy7Hio
PC17H19N209

PCi-H;40,
PC17H1905

PC:7Hzo
PCi7HgzoN
PC,;H;:NOS
PC17H0NO,

PC,7HoNS
PCi7Ha

PC,;.H,, 0

(CeH5)P(O)CH=C=C(CHa),
(CH3);POC,HO (phenanthr.)
(I

CHgll’(O)CH(CH2COOCH3)C6H4(IZGH4

(CH;0)sP[OC(CeHo)l2

(CH;0),P(0)O(C.14H)OCH3
(CH30)(CH,0),P[OC(CeHs)]2
(CH;0)3P(0)C14HsO,
CeH5(CsHsCH,)P(CH,CH),, Br®
CsHoP(Cels)z
(CH;;O)QP[OCH(CGH4'17-N02)]2 (stereois.)

(CHso)aP(O)CH[CeH4'0'N02]2
CHa(CeHs)P[OC(CH,)]2
(CH30)3P[OC(CeHs)]2

{CcHs).PP(CHy)s
CeH:;P(CH,):NHC(C,H5)CsHs

|
(CeH3)P(S)CHN(C3)H;0(CHy),

L
(CeHs)2P(O)CHN(CH.),O

L1
(CH;)P(S)CHzN(CHz),
(t-CsH11)P(CeHo)2

(neo-CsH;1)P(CeHs)e
(CeH5)oP(O)CH,C(CHsg)s

H
H; P (—30)

H; P (33)

H; P (—45)

H; P (—2-8)
H; P (—281)
P (—447)

H

P (—39)

H; P(—49-6;
—50-2)

H; P (—50-1)

P (—27-2)

P (—53)

H; P (—49-5)

P (-16°5)
H

P (35-3)
H

P (361)
P (15-4)
P (—239)
H

1966, 61
1968, 303

1967, 358

1965, 21 1966, 225,
242; 1968, 301,
309; 1969, 366

1968, 315

1968, 301

1965, 84

1968, 101

1967, 8; 1968, 6

1967, 163, 350; 1969,
75

1967, 28, 350

1968, 152

1965, 45; 1966, 239

1965, 21; 1966, 225;
1968, 124, 301

1966, 269

1967, 137

1966, 40
1968, 56
1966, 40
1967, 8; 1968, 6

1967, 8; 1968, 6
1965, 108
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Formula Compound Resonance Reference
PC17H2102 (CGHs)gP(O)O-neo-CsHu H 1967, 152
PC,7H2,04 (CsHs),CHOP(O)YOC,Hs), H 1969, 74
PC;7H2,05 (CH;0);P[OCH(CeHs)]2 P 1968, 124
PC;7H2,04 (CHSO)31[30C(CHa)(COCHg)C(CgHGO)ﬁ) H; P (-50) 1968, 318
PCy7Ha,Br CoHg(i-CoHq)P®(CeHy),Bre P (36-2) 1966, 5; 1968, 6

CHa(i-C4H,)P®(CeHj),Bro P (22-5) 1968, 6
CHj;(s-C4Hg)P®(CgH;)Br® P (30-2) 1968, 6
CH;(2-C.Hg)P®(CgH,),Br® H; P (33-:0) 1968, 6
CHy(CoH;5)PO(CHoCgHj)Br® H 1969, 156
CH;(7-C3Hq)PP(CH,CH;5)CeHsBr® H 1969, 156
PC,7H22ClgN2S2Sb CH3S(CeHis)o PPN =C(SCH;)[N(CHs)s), SbCle P (36-8) 1967, 221, 344
PC,7H2N (CeH5)sPCHoN(CHp), P (-273) 1966, 4; 1967, 244; 1968, 36
PC,7H2.NO (CeH5)oP(O)CHN(CHs), H; P (247) 1968, 36
PC;7H2.NO; (CH50),P(O)CH(NHCH;5)CgHs P (23:5) 1969, 340
PC,7H2.NS (CeHs)2P(S)CHN(C2Hs)2 P (34-4) 1966, 40
PC,7H2N3S, (CeHs):P(S)NC(S®)N(CHs),, (CH,) . NH® H 1967, 353
PC17H25N20, [(CH3):N1.P(O)CH(C¢H;5)CH,COCHs5 H 1966, 42
PC;7H3eBr CH3(C5H,),P®CeHs, Br® P (36-4) 1966, 5; 1968, 6
PC,7H27N,LOS; (CZHS)ZN(‘ZNP(S)(C6H4OCH3)SC[N(CzH5)2]1TT P (56-5) 1968, 137
PC17H2702 CHa(CsHs)P(O)O-menthyl H 1967, 151; 1968, 140
PC{7H705 (C4Hy),P(O)CH,COOCHCsHj H 1965, 87
PC17H26IN,S, (CzHS)ZN@CLNP(SCHS)(SCsHs)SC[N(C2H5)2]1IV, 1° 1968, 137
PC,-H2,0 (C2Hj5),P(O)C(CH3)=C=CC;H;s H 1969, 272
Pcl'yHaoO (CzH5)2P(O)C(CH3):C-:Cloqu H 1967, 156
PC17H31GCO (C2H5)2PCH(C6H5)OGB(CZHs)s H 1968, 331

02¢
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PC,,H3.NO,
PCy7H32N304
PCy7H530:
PC;y7H3304
PC;7HasN206
PCy7Hss04
PC;7H36ClO;
PCy7H3eNO3

PCy7H3:0
PC,H,NSi

PCIBF15

PC,gF1:Cle

PCysF1:0
PC,oF155
PC,eF17

PCIBHSFIO

(CeH11)2P(O)C(O)N(CoHs)2
(CsHN)OPOG(INH;CsH1)2
CH3(CeH ;1 )P(O)O-menthyl
(CH30):P(O)CCH(CHg)1s
(CaHz)P(O)OC(CH)(COOCH;),
(CH50)oP(0)CysHiygOH
[(CH3)s51];CHP(S)(CsHs)CH3Si(CHa)g
CH,CIP(O)[OCH.CH(C.H;)C,H;).
(CsH;1)P(O)C(O)N(-C3Hy),
CgHi7(CsHoO)P(OYC(O)(CoHy)e
(CeH,30).P(O)C(O)NHCH,
(#-CaH0)oP(O)C(O)N(s-CoHo),
(CeH150)2P(O)C(O)N(C;Hs)2
(CsHg)sPPOCH,C(CHa)s
(CHa)2(C12H25)P:N5i(CH3)3

(CeFs5)sP

(CsF5)sPCle

(CeF5)sPO
(CoF5)sPS
(CeFs)sPFy
CeHsP(CeFs)2

; P (—2:6)

fosafiesfasfarfiargarfiesBesferfarfurfon

o
Rl
-l

PR
X

P (—779; —755);
F (-131; —161;

—149)
P (—1047);

F (—128-9, —158.9,

—146-3)

P (—8); F (—132:5;
—1584; —142:6)

1967, 26
1969, 338
1967, 151; 1968, 140
1967, 100
1967, 4
1967, 100
1966, 132
1969, 162
1968, 29
1967, 26
1967, 26
1967, 26
1967, 26
1967, 345
1966, 268

1966, 7, 19, 73; 1967, 11;
1968, 9, 263; 1969, 17,
121

1966, 73

1966, 63, 73, 237; 1969, 17,
121

P (—86); F (—132:2; 1966, 73; 1969, 17

—158-9; —144-5)
F (—132-4; —159-4;

—146-0)
P (—487);

F(—1292; —160-8;

-150-5)

1969, 17

1966, 10; 1967, 11; 1968,
263; 1969, 121, 276
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Formula Compound Resonance Reference
PC,sHsF1,0 CsHsP(O)(CeFs)2 P (0-7); F 1967, 11; 1968, 314
PCgHsF 120, CsHsPF3(OCgFs), P (—636); F (—41:0) 1969, 62
PClaHGFQ (CstFa)aP P (—78'5) 1969, 121
PC,gHgFs (2,5-F2CgHg)sP P (—34'5) 1969, 121
(2,6-F,C¢Hy)P P (-78-5) 1969, 121
PCgH,(BClsFs  CgFsP(CsHs)oBCl; F (—120-4; —158-7; 1969, 17
—143-8)
PC,gH10F5 CeFsP(CeHs)a P (-263); 1966, 10; 1967, 11; 1968,
F (-1277; 263; 1969, 17, 121
: —161-0; —150'6) a
PC,H10F50 CsFsP(OXCeHp)e P (187); F (—128-8); 1967, 11; 1969, 17, 121 §
—160-1; —147-3) a
PC;sH oF5S CeFsP(S)(CeHs)2 F (—1281; —160-1; 1969, 17 5
—148-6) N
PC,sH,F-O CeFsOPF,(CeHi)e P (—466) 1969, 62 5
PC,H;;CIF; CeFsP9(CeHs).H, CI® F (—125-6; —156+6; 1966, 10; 1969, 17 3]
—140-4) -
PC;gH5Cl3040S; OP(OCgH,SO,Cl), H 1966, 75 =
PCgH oF, (p-FCeHy)sP H{P,F}; P (—88); F 1967, 17; 1968, 13; 1969,
18, 118, 120
(m-FCgH,)3P P(-65,F 1969, 19, 120
PCygH; . F50 (p-FCsH,);PO H; F 1967, 17, 115; 1968, 13;
1969, 18, 19
PC,iH1oF5S (p-FCeH,)sPS H{P}; F 1967, 17; 1969, 118
PC,sH,sIN P(CeHy)sN P (—80) 1969, 13
PC,sH;sF2 CeHsP(CeH F); F 1969, 19
PC;sH;3F2S CgH;sSP(CgH F) F 1969, 18, 19
PC,gH1305 P (-29-8) 1968, 124

CsH;OP(OCgH,0);
Ll



PC,gH, 4 F
PC,sH,,FO
PC18H14FS
PC;6H,4NO;
PC,eH;s

PC18H15A1B1'3
PC,sH;5AIC),
PC,sH;5Cl;
PC1sH,5ClL:0,
PC,sH,5Cl;Sb
PCisH;5F1
PC,sH;5FIO
PC,gH;sF>
PCygH;5F20

PC,gH;5F:0,
PC1sH15F504

PC18H1502

CeH,FP(CeH;),
CeH,FP(O)(CeHs),
CeH,FP(5)(CeHs),
(CeH5)2P(0)CsH4NO,
(CeHs)sP

(CeHs)sPAIBrs
(CeHs)sPOCI, AICID
(CeHs)sPCly
(CeHL),PECl, CIO9
(CeHs)sPOCl, SbCIS
H(CeH,F)P®(CgHs)s, 1°
CeH,FP®(OH)(CsH;)2,1°
(CeH5)sPF,
(C6Hs)2PF(OCeHs)

CeHsPFo(OCeHs),
(CSHSO)SPFZ
CeHsSPF2(CeHy)a
(CeHs)sPO

CGHSOP(CSH5)2
CeHs(CsHsCeH4)P(O)H
CeHsP(OCeHs)2

T

[

SC; H; P (—6 to —8)

27A1
P (65)
P (63)
P (65-7)
P (650)
F
F
P (—581); F (—39-8)
H; P (—344);
F (—333)
H; P (—69); F (—35)
F (—73-0)
H; P; F (—235)
18C; H; P (—27:0)

P (111)
H
P (157-9)

1967, 17; 1968, 14; 1969, 18

1968, 13, 14; 1969, 18, 19

1967, 17; 1969, 18, 19

1969, 119

1965, 3,7, 85, 103; 1966, 69,
78, 141, 240, 262; 1967,
198, 244, 277, 359; 1968,
22, 103, 303, 332; 1969,
50, 120, 354

1967, 23

1967, 191, 345

1967, 345; 1968, 168, 288

1967, 276

1967, 191, 276, 345

1968, 14

1968, 14

1967, 61; 1968, 303

1968, 316; 1969, 62

1968, 316; 1969, 62

1967, 61

1968, 316; 1969, 62

1965, 7, 78, 85; 1966, 106,
240, 270; 1967, 92, 198,
277; 1968, 103, 110, 303,
332, 337

1967, 329

1968, 35

1966, 225
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Formula Compound Resonance Reference
PC19H1505 P(OCe¢Hy)s 15C; P (127-8) 1966, 141, 225; 1967, 198,
277; 1968, 22, 301; 1969,
50
PC,3H,5055 SP(OCgHs)s P (534) 1967, 277 )
PCisH; 504 OP(OCe¢Hs)s P(—-17to -18) 1965, 45; 1966, 239; 1967,
198, 277
PC,5H:505 (CH;0),P(0)OC,;¢H:(OH) H; P (0-3) 1968, 315
PC,sH;5S SP(CesHs)s P (42:6) 1966, 106, 111; 1967, 277;
1968, 338
PCi3H,6NO (CeHs)oP(O)CH(CsHN) H 1966, 271
(CeH)2P(O)CeHy-0-NH, H 1969, 119
PC,sH,;,CIN (CsHs)sP®NH,, CI9 H; P (30) 1967, 65
PC,:H,,N:S CeHsP(S)Y(NHCgH5). H 1967, 318
PC;sH;:70,S HP®(C¢Hy)s, HSOP H; P (5 1969, 50
PC,H;70-S HP®(0OCeH;)s, HSOF P (10) 1969, 50
PC.sH;sBFN,S, P(CSC¢H,NCH,;)?, BF? H 1966, 272
I
PCgH1sNOy (CH3).N(CH20),P[OC(CsHy)]2 H; P (—-213) 1968, 301
PC1gH;405 (CH;0)P(O)YCH(COCH5)Y(CHCOCxHs) P (24-8) 1966, 106
PC1sH,506 (CH30)3I”OC(C5H5)(COC6H5)C|) H; P (—49-3) 1965, 21, 84; 1966, 242
PC,sH,0Br CGHs(CeHE,CHz)II’@CHQCH:C(CHg)(I}Hz,Bre H 1968, 100
C6H5(C6H5CH2)I!’@CHzCH2C(CH3):?H,Bre H 1968, 100
PclaHgoNO:; (C2H50)2P(O)N:C:C(CGH5)2 H 1965, 109
(C:H;0),P(0)-2-phenyl-3-indolyl H 1965, 102
PC,H,,NO, (CH;).N(CH,0),P[OC(CsHs)]2 P (—264) 1968, 301
PC,sHa CesH1:P(CeHs)e P (—44) 1965, 3; 1967, 8; 1968, 6, 7

(44
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PC,sH21N20.45
PCi4H21N2Oy
PC;gH21N4O65
PCysH21NgO1083
PCyH,,0
PC;5H310;

PC1gH2103
PC1eH:104

PCyeH21 5
PCIBHZZ

PCleszBr

PC18H22F2N
PC,sH2,NS
PC18H23F6

PC,H2sS
PClaHngr

(CeH50),P(SYNHCOC(O)NHCgHs

(CoH50)2P(0)OCH(CsH,NO2)CH(OH)CeH,NO,

(C2H;0).P(SYNHCOC(O)(NH),CcH,NO,
OP(OCsH,SO.NHNH,);3
(CoHs):POCCH(CsHs),
(CeHj5)oP(O)CH=C(CH3)CH(CH3)OCHj;
(C2Hs),POC(O)CH(CeHs),
C3H50(CeHs),P[OC(CHa)],
(C2H50)2P(0)CH-C(CeH5).0
L

(C2H3s0).P(0)C(CeH5).CHO
(C2H50).P(0)OC(CeH5)=CHCH;
CeH11P(S)(CeHs)2
CsHsll>®(CHzCeHs)[CH:C(CHa)]((iIHz)z

CsHslP@(CHzcsHs)CH2(|I(CH3)CH:CH2

CHS(CsHs)P®(C6H5)2, Br®

H(CSHll)P®(CGH5)2) Br®

CeHs(CeH;CH)P®(CH,)sCHCH;, Br®
L

(C3H7)eNP(CeH,F)a
(CeH5)oP(S)YCH2N(CHz)s
CHs(l:[CH:C(t-C4H9)]2PC(CF3) :(I:CF;;

CeH15P(S)(CeHs)z
CH(t-CsHy1)P®(CeHi), Br®
CHg(ﬂEO-CsHll)P®(C6H5)2, Bre
C2H5(i-C4H9)P®(C5H5)2, Br®
CoH;(s-C4Hp)oPP(CeHs)e, Br®
CoH;(2-C.Ho)P®(CeHs)z, Br®

(=277)

(48-6)

I EYIT IDUINTITITTIT

P (29-8)
H; P (10-5)
H

F
P (34:6)
H

P (41:5)
P (329)
P (200)
P (28-0)
P (358)
P (39:9)

1966, 264

1967, 163

1966, 264

1966, 71

1969, 341

1967, 154

1969, 341

1966, 225
1966, 245; 1967, 81

1966, 245; 1967, 81
1967, 121

1966, 40

1967, 108

1967, 108

1966, 5; 1968, 6
1968, 7
1969, 356

1969, 18, 19
1966, 40
1968, 339

1966, 40, 44
1968, 6
1968, 6
1968, 6
1968, 6
1968, 6
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Formula Compound Resonance Reference
(CaH ) PH(CeH5),, Br® P (26-2) 1968, 6
CH(C,Hg)P®(CH,CsH5)CoHs, Bro H 1969, 156

PC,sHzq (CsH11)oPCsHs P (25) 1965, 3; 1967, 8; 1968, 7
PC;5H27F;,0; (C4Hg)sP[OC(CF5);], P (7:3); F (~70) 1968, 303 -
PC.gHzsBr C2Hs(CsH,g)oPOCHs, Br© P (37-3) 1966, 5; 1968, 6
H(CeH;,)oP®CeH;, BrO H; P (20-8) 1968, 7
PCsH,50, (C:Hg0)o(CeHs)P[OC(CH,)]a P (—361) 1966, 225
PC sH30INLOS;  (CoHs)o- 1968, 137
N@C,NP(SCHs)(C6H4OCH3)SC[N(C2H5)2]1J\T, I®
PCyeH,:Ge (CaH ), PC(CeH)=CHGe(CoHs)s H 1967, 342, 360
(CoH3),PCH=C(CsH5)Ge(CoHg)q H 1967, 342, 360
PCysHs: 0, (t-C4H9)ClCH2CHCH(t-CQHg)Pl’OzH H 1968, 102
PCysH3.Br CeHsP®(C,Hy)s, Br® P (30-5) 1968, 6
PC;sH;:NO, (4-C4Hs0),P(O)N(;-C5H,)CH,CeHs H 1968, 29
o>
HC | .C
PC,H;5:0¢ (CoH50),P(0)O H 1969, 367
CH;,
PCycHas (CeH1y)sP P 1965, 3; 1967, 8, 244; 1968,
6,7
PC13H34B1' HP®(C6H11)3, Bre H; P (27'9) 1968, 7

PC,sHasN, CeHsN=P[N(C.Hs)2]a H 1965, 98

9¢c
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PC;sHs5048 HP®(C¢Hj,)s, HSOP ' H; P (2) 1969, 50

SANNOdWOD DINVDIO NO VIVA YN

PC;sH3sNsO [CsH1oNCH;]sPO H; P (40-50) 1967, 291; 1968, 36
PC;sH3sNO;3 (2-C5H110).P(O)CIN(CH5):]CsHio P (23-6) 1969, 340
PCysH3s0 (C4He)sP®CHLC(O)C(CHj)s 1966, 119
PC;sH350, CsH170O(CH;),P(O)(OC,Hy), 1966, 251
PC;5H300~ (C.H,OCH.CH,0)sPO 1967, 198
PC,;sH40Cl C12HosPH(CoHi),C1® 1966, 14
PC,H;5055i5 P[OSi(CsH5)sla 1967, 34
PC;oHsF10N (C6F5)oPNHCH,CsH5 1966, 19
PCysHis (CeH;)P(C=C)sCHjy 1966, 243, 247
P(CgH4)CCeH 1968, 340
PC;oH,;,BroN CeHsP(CsHBr);NCH; 1967, 361
PC;cH;4Fs (CsHF)sP=CH, 1968, 13
(CeHj5) PC6H,CF; P (—10-9) 1969, 33
PC,,H;.NO CeHs(CsHsOCsH)PCN P (—35-5) 1966, 262
PC,oH,4NOS CeHs(CsH;0CH,)P(S)CN P (23-0) 1966, 262
PC,H;sClIO CH3(Ce¢H;5)POCgH, OCH;Cl, 19 H 1968, 341
|
PC,oH1sF51 CH,P®(CsH,LF);N, IO H; 1969, 13
PCoH;150 (CeHig)2PCsHL(HCO) H 1965, 110
CeH:P(O)CeH,CsH CH, H 1967, 362
|
PC1oH150; (CeH5)PCsH.COOH H 1968, 342
PC,gH16BrO (CeHs)2P(0)CeH,CH,Br H 1966, 62
PCysH;6F CeH4F(CgHs)oP=CH, F 1968, 13, 14
PCyH;610 CH,(CeHs)P®(C6H,)20, 1° H 1968, 341
PclngsN CsHsP(CsH4)2NCH3 H 1967’ 361
PclngsNaOZ (CsHs)zCHP(O)(Cst,)ONa H 1966, 123
PCyoHyr (CsHs)sP=CH, H; P (20-3) 1967, 192, 363; 1968, 108,
. 169, 337

LZT
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Formula Compound Resonance Reference
CeH;CH,P(CeHs)z P (—10-4) 1967, 8; 1968, 6
CH,3CeH,P(CeHs)2 H 1968, 15, 16
PC,yH;17Br, CHBrP®(CgHs)s, Br® H; P (226) 1966, 5; 1968, 56, 60
PC,oH,,Cl, CH,CIP®(CgHjg),, C1© H; P (23-8) 1966, 5; 1968, 56, 60
PC,,H,,FI CH(CeH,F)P®(CeHs), 19 F 1968, 13, 14
PC,sH, 41, CH,IP®(C¢Hy)s, I H 1968, 56, 60
PCieH;70 (CeH5)P(0)CeH,CHj, H 1966, 70, 253; 1967, 117;
1968, 15, 16
CH,(CeH3)P(O)CeH,OCH; H 1967, 348
(CeH3);P(0)CH,CeHs H 1968, 56 3
PC;oH,,0, CeHsCH,CeH,P(O)(CeH5)OH H 1966, 123 g
(CeHs)2P(0)OCH,CeHj H 1966, 253 g
(CeH3)oP(O)CH(OH)CH; H 1968, 56 >
(CeH5):CHP(O)(CeH5)OH H 1968, 56 o
PC;oH;,05 (CH;30);P0OC,¢H0 H; P (—445) 1968, 315 z
I Z
PC1oH,,S CH;CeH,P(S)(CeHs)2 H 1968, 15, 16 —
CH;SCeH,P(CsHs)2 H 1968, 232 -
PClngg CHgP@(CsHs):; P (22'6) 1967, 7
PC;oH,Br CH,P®(C¢Hs)s, Br® P (227) 1966, 5; 1967, 363; 1968;
170
PC,oH,4CIO (CeHs)sP®CH,0OH, CI® H; P (17-7) 1966, 5; 1968, 56, 60
PCysH,5ClOSb  CH3OP®(CeHs)g, SbCIO H; P (65:0) 1967, 92; 1969, 87
PCyH;6Cls0,Sb  CH;0P®(0CeHj)s, SbCIQ H 1967, 69
PC1oH,5ClgSSb  CH,3SP®(CgHs)s, SbCIO H; P (46-6) 1969, 87
PCioH,0CleShbSe  CH;SeP®(CeHs)s, SbCIg H; P (35-8) 1969, 87
PC,oH;,l CHP®(CeHs)s, 19 13C; H; P (20) 1967, 244; 1968, 22, 169;
1969, 13
PC,eH;;510, CHa(CeHg)PO(OCeHs),, 19 P (73:0) 1967, 244



PC;H;5104

PC;H;,CINO;

PCIQHISOG

PclgHzoBr
PC;oH20NO,

1-)(:191h120N2()3

PC;oH; NO
PCy9H,1N504
PC,oH2,09
PCioH, 05
PC;oH2,04
PCysHyo
PC,oH23N,03
PCoH550,

PC19H23O5
PC19H24Br

PC,yH6Br

PC1oH26NO3

PC;9H27N, 08,

PC19H2’705
PclgHgoBr

CHP®(OCeHs)s, 1°
(CH3O)zP(O)O(|2:CC1C(C6H5)2C(O)1TTCH3

CH301|’(O)OC(CGH5)(COOCeHs)C(CHs)(COCHg)(I)

CeH;(CeH;CH,)PP[C(CHg)==CH]s, Br®
[(CHg):NJ[O(CH,);O]P[OC(CecHy)l2
L]

[CHZN(CHS)]21|>OC(COC6H5):C(CGH5)(I)

CsH;5[(CHg):NIP(O)C(CeH5)=C=C(CHjy)a
CH;O[CH,N(CHg)]o.P[OC(CsHy)],
(CeH3):P(O)YCH=C=C(CHj3)CH(OCHj3)CHj;
(CH30)sP=C(COCsH;)(CH,COC¢Hsy)
(CH30);P[OCH(COCgHs5)]2
CHo(CsHo)P®(CsHs),
CHZO[CH,N(CH,)1,P(OC(CeHs) )2
(CeHs)oP(O)YC(CH3)=C(CH;3)CH(CH3)OCH,3
(CsH35)P(S)YCH(COOH)CsHy1
(CsH5),P(S)CH(COOH)CH,-t-C4Hy
CH3;0(CsH;CH,0),P[OC(CHjy)].
C2H5(C5H9)P®(C6H5)2, Br@
CHa(Can)P@(CGHB)z, Br®
C:H;(neo-CgHy1)PO(CeHs)z, Br®
Csz(C3H7)P®(CHzCGH5)2, Br©
CoH(CH)P®(CH,CeH;5)CeHs, Br®
(CHjg)3CeHoCeH NHP(O)(OC,Hy),
(CzH\»s)zl\T(fNP(S)(CstqOCHs)SC[N(CHz)slll\I

(CH;CH.CHO),PCH(OH)C,H;
C3H(C5Hy),POCeH;, Br®

H; P (—-20)
P (35-6)

1967, 244
1969, 345

1966, 258

1968, 101
1968, 301

1966, 242

1969, 165

1968, 301

1967, 155

1963, 1; 1966, 106
1965, 21

1966, 273

1968, 153, 301
1967, 154
1966, 44

1966, 44
1968, 73
1966, 5; 1968, 6
1968, 6

1968, 6

1969, 156

1969, 156

1966, 274

1968, 137

1968, 154
1966, 5; 1968, 6
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Formula Compound Resonance Reference
CH,3(CgH;1).P®CeHs5, Br® P (34-0) 1968, 6
PC,H;,0, CsHs(C3Hy)P(O)O-menthyl H 1967, 151; 1968, 140
PC1oH33GeO (C2H35).PCH(CcH;)CH=CHOGe(C¢Hjs)3 H 1968, 331
PC,oH3305 (i-C3H;0)3POC4(CH3),.O P(—497) 1968, 303
L
PC;oHgel CHGP®(CgHiy)s, 19 P (33-9) 1967, 244
PC,0H3,03 (CH30).P(O)CCH(CHy),5 H 1967, 100
PC19H390 (C4H9)2P(O)(CH2)9CH:CH2 P (510) 1968, 336
(C4Hg)oP(O)(CH,)sCH=CH, P (131-2)° 1968, 336
PCieH 30, (CH30).P(0)C,7Hz2(OH) H 1967, 100
PC,oH,NO, (CeH;150)2P(O)C(O)N(E-C3Hy), H 1968, 29
PC20H13F6 C6H5P(CGH4CF3)2 P (—14'5) 1969, 33
PC,H,5sCINO (CeH;5)P(O)CH(CN)CsH,Cl H 1968, 88
PCy0H15F 120, C,oH5(CeHs)oP[OC(CF3)s], P(—61); F (—69) 1968, 302, 303
(CF3):CHO(CsH;),POC(CF3),CHCHj; P (—321); F (—~779; 1968, 302
—-72:5; —749;
—757)
PCyoH;15F1204 CaHO(CeHi)oP[O(CF3)a]2 P (-21-6) 1966, 225
PCy0H;50 (CeHj5)sP=C=C=0 P (2-6) 1966, 270; 1968, 110
PCyoH;55 (CsH;5)sP=C=C=S5 P(-77) 1966, 270; 1968, 110
PCyoH16CINLO (CsHs)P(O)NNHNNCCHCH ,C1 H 1968, 88
|
PCsoH 6N (CsHz)sP=CH(CN) H 1967, 192
PCyoH; (CeHs):PCH=CHCgHj H; P (13) 1965, 111; 1966, 275;
1967, 364
(CsH5).PCsH,CH=CH, H{P} 1968, 104
PCyoH17F100s (CoH50)3P{OCH(CeF5)12 P (—50-5; —54-0) 1968, 124, 303

1} %4
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PCyH,7N,O
PCyH;,0
PC20H18Br
PC20H18BI'O
PC,0H,5CIO,

PCgoHlslo
PCy,H,;sNO,S

PCgoH;sNOgS.

PCyoH,6S
PCysoHis

PCgongBl‘NO
PCyoH oBrp
PC2H;50

PCy0H;505

Pngngs
PC20H1982
PC2OH20
PCy0H20BF O
PC20H20B1‘

PConzoBIO
PCyoH,,CIO

(C2H0);POCH(CoF;)OCHC,F;
L |

(CeH5);P(O)NNHNNCCHC,Hs
L |

(Ce¢H5)oP(O)CH=CHC4Hj;
(CeH5)sP=CHC(O)H
(C6H5)3P®CH:CH2, Bre
(C5H5)2P(O)CH2CHBI‘C6H5
(CeHs):PPCH,COOH, CI®
CH;O(CgH5)P(O)C(CeHs)Cl
CaHs(CeH5)PO(CsH,)20, I°
(CsH5)P(O)C(O)NHSO,CcH,CH;y
(CeH50):P(O)C(O)NHSO,CeH,CH,
(C6H5)2P(S>CH:CHC6H5
CeHsP(CH,CeHs),

(CGHS)BP:C2H4

CeHsP(CeH CHo),
(CeH5)sPPC(CH,;)=NOH, Br®
(CeHs)sPP(CH,)oBr, Br®
(CeH5)2P(O)(CHy)oColi
CeHsP(0)(CeH,CHy).
(CGHs)zP(O)CLC(O)OC(CHg)(COCHg)JCOCHg

CsHsP(S)(CeH,CHa),
CeHsP(CeH(SCH3),
CoHsP®(CgH),
CH;0P®(CeHs);, BFY
C2H5P®(C6H5)3) Br®
CHs(CsH;CHL)P®(CsHs)2, Br®
(CeHs)sP®CH,CH,OH, Br®
(CeH5)sPPCH,0OCH;, CI®

P (—377; —416)

(—12:1)
. P (14-6)

aoifaciiesfesfergasfasforfesgggeshorferfesgargasferfesargariiges

1968, 124, 303
1968, 88

1965, 1125 1967, 99
1967, 192

1966, 135

1965, 112

1965, 87

1966, 82

1968, 341

1968, 328; 1969, 161
1968, 328; 1969, 161
1965, 112
1967, 8; 1968, 6
1967, 363; 1968, 169, 337
1968, 15, 16

1965, 113

1966, 135

1965, 112

1968, 15, 16

1969, 353

1968, 15, 16

1968, 232

1967, 7

1968, 332

1966, 5; 1967, 363; 1968, 56
1968, 6

1966, 135

1968, 60
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Formula Compound Resonance Reference
PCyoH 0l CH3(CeHjg)oP9(CsH,CHy), 19 H 1968, 15, 16
PC,0H2,0 (CeHs)P(OYCH3)=C=C(CHy),CCHj; H 1967, 156
PC;0H,: O (CeH5):P(O)CH=C=C;H,;CHj,3 H 1969, 165, 365
PC,0H,, 02 (CH;0),P[C(CsH;)CH],CCH,; P (178-2) 1968, 75
PCyH3, 05 (C:H;0),P(O)CH=C(CgH,)2 H 1967, 327
PC20H2106 (CsHs)zP(O)(llC(O)O[C(CHa)OH]ZCIOCHa H 1969, 353

(CeH;5)2P(0)C(COOH)=C(OCH_;)C(CHj;)(OH)- H 1969, 353

COCH,

PCgoHosBF4NoSs P(CSCHLNCH;)$, BFY P (249) 1966, 272
PCy0Hy3F 150, CeHs(CH0):P[OC(CFy)sle P (-334) 1966, 225
PCyoH250, (CeHs)P(O)YC(CH3)=C==C(CH3)CH(OCH;)CHj; H 1967, 155

CgHs(CoH),POC,,HgO P (0-9) 1968, 124

L
PCyH250, CGH5(CHSO)ZITCH(CGHS)C(COCH;;):C(CH3)|O H;P(—-16-7; —-13-3) 1968, 124, 152, 303
(stereois.)
PC,,H2305 (C.H;0):POC, HzO P (—471) 1966, 225
L

(C:H50),P(O)CH=C(C¢H5;), H 1967, 327
PC3oH2307 (CH30)3l|)OC(CsH5)(COCHg)CH(COC6H5)(|) H; P (—49-4) 1966, 258
PCgoH,4Br CH3(CeHs)PO(CH,CsH5)CsH, Br® H 1969, 156
PCyooHg4N3zOg (CH3)2N1|>[N(CH3)CH2]2OCMHalO P (—29-8) 1968, 124, 301
PCy0Hgs (CeH5).,PCH=CH(CH,)sCHj3 H 1966, 275
PCyoH5N20, CsH;OP(0O)(09)O(CH,),NHCsH;, CeH;NHE H; P (—-69) 1969, 359

(4%4
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PC,H F
PC;¢H,,FO
PC,:H,,FS
PC,6H,;,NO;3
PCysH;5

PC18H15AIBr3
PC,sH;5AICI;
PC18H15C12
PC,¢H;5Cl:04
PC;sH,;5Cl;Sb
PClngsFI
PC,sH,5;FIO
PC18H15F2
PC13H15F20

PCysH 5F20;
PC;gH15F204

PC18H1502

CeH FP(CeHs)o
CeH,FP(O)(CsHs),
CeH,FP(S)(CeHs)o
(CeHs)2P(0)CeHsNO,
(CsHs)sP

(CsHs)aPAlBra
(CeH5)sP2CLAICID
(CeH5)3PCly
(Ce¢H5)sP2Cl, CIOP
(CsHs)sP9Cl, SbCIS
H(CeH,F)PS(CgHs), 1€
CeH FPE(OH)(CeH5),, IO
(CeHg)sPF,
(C6H5)2PF2(OC6H5)

CoHyPF,(OCeHy),
(CGH5O)3PF2
CeHsSPF(CeHs)
(CeHs)sPO

CeH50P(CeHb)
CeHs(CeHsCeHy)P(O)H
CeHsP(OCeHs),

BT

27A1

P (65)
P (63)
P (65'7)
P (65-0)
F

F
P (—581); F (—39-8)

H; P (—344);
F(-333)

H; P (—69); F (—35)

F (-73-0)

H; P; F (—23-5)
18C; H; P (—27-0)

P (111)
H
P (157-9)

C;H; P(—6to —8)

1967, 17; 1968, 14; 1969, 18

1968, 13, 14; 1969, 18, 19

1967, 17; 1969, 18, 19

1969, 119

1965, 3,7, 85, 103; 1966, 69,
78, 141, 240, 262; 1967,
198, 244, 277, 359; 1968,
22, 103, 303, 332; 1969,
50, 120, 354

1967, 23

1967, 191, 345

1967, 345; 1968, 168, 288

1967, 276

1967, 191, 276, 345

1968, 14

1968, 14

1967, 61; 1968, 303

1968, 316; 1969, 62

1968, 316; 1969, 62

1967, 61

1968, 316; 1969, 62

1965, 7, 78, 85; 1966, 106,
240, 270; 1967, 92, 198,
277; 1968, 103, 110, 303,
332, 337

1967, 329

1968, 35

1966, 225
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Formula Compound Resonance Reference
PCz.H,,F, P(CeH.CFy)s P (0: —185; 1969, 33
m: —50;
p: —60)
PC21H17BI‘N (CGH5)3P®CH:CHCN, Bre H 1969, 349
PC21H170 (CeHs)zP(o)CH:C:CHCGHs H 1966, 61
PC3;H13BrOg (CeH;);PPCH=CHCOOH, Br® H 1969, 349
PC.:Hye (CeH5).PCcH,CH,CH=CH, H 1966, 72; 1968, 194
PC;,H,BrCIO (CeHs)sPPCH(CH,)C(0)CI, Br® H 1966, 115
PC,;H;,0 (CeH5)sP—=CHCOCH; H 1967, 192, 365
PC2:H;60: (CeH5)sP=CHCOOCH; H; P (17:6) 1966, 270; 1967, 192;
1968, 170
PC,;H;405 (CeHs)2P(0)CeH,.CH,COOCH;, H 1966, 253
PC;;H150, C6H5OII’(O)OCH?,C(CSHs)zCHz? H; P (-154) 1969, 175
PCz]_Hzo CH2:CHCH2P®(C6H5)3 P (214’) 1967, 7
PC21H20B1‘ CHzZCHCH2P®(CGH5)3BI'e P (21'1) 1966, 5
CH3CH=CHP®(Ce¢Hs)3, Br® H 1966, 135
CH,=C(CH;)P®(CgHs)a, Br® H 1966, 135
CH,CH,CHP®(CsHs)3, Br® H 1968, 333
I :
PC.2,HzoBrO CH;C(O)CH,P®(C¢Hs)s, Br® P (199 1966, 5; 1969, 19
PC21H2oBrO; CH3;0C(0)CHP®(C¢Hs)s, Br® P (20-3) 1966, 5
PC21H20C1 CH2:CHCH2P®(C6H5)3, Cle H 1968, 56
PC2,Ho,CIO CH;C(O)CH,P®(CsH;)3, CI° H 1967, 118
PCz,H30Cl0, CH;3C(O)OCHP?(CsHs)s, CI° H 1968, 56
PC, H20FO CH;C(0O)CHP®(CeHs)s, F° H 1969, 19
PCy1Hzol CH3(CH,=CHCeH,)P®(CeHs),, 1° H 1968, 104
PCqHyoN CoHsP[CeH,(CH,)]:NCH, H 1967, 361

14X
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PC, HyNO

PC21H21

PCy HaBr,
PC, H,, CINO
PC2H,0

PC21H2103

PCyH3:055
PCyHy: O,
PC21HZIS
PCs:Hz1 5,
PC21H22
PC,HyoBF.S
PC21H22BI'

PClezQBrO

PC,H,,Cl

(C6H5)3|PCH2C(CH3):N?

P(CH:CHs)s
C2H5 CH :P(CsHs)s

i-CgH(;:P(CsHS)g

P(CeH.CHa)s

(CGHS)SP:C(CH3)2
(C6H5)3P®(CH2) 3Br, Bre
(CsH5)sPPCH,C(=NOH)CHj3, Ci°®
(C6H5)2P(O)CH:C=:C7H10
OP(CsH,CHsy)s

(CeHs)sP(CHz):0
L]

P(OCH,CsH5)s
P(CsH,OCHag)s
SP(CcH,OCHj3);
OP(OCsH,CHy)s
SP(CsH4CHg)s

P(CcHSCHs)s
i~CsH,PO(CeHo)s
(CeHs)aP®CHPS®(CHag)s, BFS
C3H7P@(C5H5)3, Bre
i*C3H7P®(CaH5)3, Bfe
C2H5(C6H5CH2)P@(CGH5)2, Br®
CH3(C6H5)P$(CH206H5)2, Br®

CH3(C6H5)PQ(CH2C6H5)C6H4CH3, Bre

(CeH5)sPOCH(CH)CH,OH, Br®
CsHsCHz(CGHs)ZP@CHzoCHg, Bl‘e
C3H/P¥(CsHs)s, C1°

H

P(-13; —-10)
P (12 to 10)

P (11-3)
H

P (10 to 11)
P (24°0)

s

H; P (138-6)
H{P}
H{P}

1968, 343

1967, 8, 244; 1968, 6

1967, 359, 363; 1968,

337

1967, 363

1968, 15, 16, 103, 260

1968, 337

1966, 5

1968, 343

1967, 153

1967, 117; 1968, 15,
16

1967, 366

1968, 73

1969, 118

1969, 118
1967, 117; 1969, 74
1968, 15, 16

1968, 232

1967, 7

1967, 367
1966, 5; 1967, 363
1966, 5; 1967, 363
1968, 6

1968, 6

1969, 156

1966, 135

1967, 349

1967, 118
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Formula Compound Resonance Reference
PCyHysl 1-C3H,PO(CgHs)s, 1€ H 1966, 122
CH,(CeH;5)PP(CsH,CHy),, 1€ H 1968, 15, 16
PC,y;H,NO (CsHj5)P(O)CHCsH N(CHs), H 1967, 368
PCy1HysBoFgS (CeHyg)sPPCH,S®(CHy),, 2BFY H 1967, 367
PC21H230 (CeHs)gP(O)C(CH;;):C:C5H7(CH3) H 1969, 164, 165
PC2H30, (CsHs)P(O)CH=C=CCH(OCH;)(CH,), H 1969, 164
L
PC,,H,,CIOSi (CeH5)sP20OSi(CHg)s, CI€ P (42-2) 1969, 368
PCy H,GeN (CeH5)sPNGe(CHsy)s H 1967, 73
PCyH, NSI (CsHs)3sPNSi(CHy), H 1967, 73, 322
PCy;Hy,NSn (CeH;)3PNSn(CHzg); H 1967, 73
PC2HpsN,O, CsHsOP(0)(0O9)OCH,CH(CH;)NHCgH;, CeHsNHE H; P (-77) 1969, 359
PC,H3sN,Oy (C3Hs0)sP[OCH(CgH NO,), H; P (ca. —50) 1967, 163
PCz;Hy504 (CeH5):P(O)CH=C=C(CH3)CH(OCH,;) i-C3H- H 1967, 155
PC21H250;5 (#-C3H70)sP[OC(CeHy)]: P (—489) 1965, 21
PCy,H,:0, (CHao)afl’OC(CGHs)(COCGHS)C(CH3)(COCH3)(I) H; P (-547; 1966, 258
-52:7)
(stereois.)
PCo HoeBIN [(CsHs)sP(CHg)sNBH,]®, 1€ H 1969, 26
PC,,H,, 05 (Z-C3H,0)sP[OC(CsH5)]2 P (—-539) 1965, 21
PCyHyOy P[OC(CH3)(COOC;H;)C=CH]3 H 1968, 311
OP[OC(CH3)(COOC,Hs)C=CH],-
[CH=C=C(CH;3)COOC;Hs;] H 1968, 311
PC, HgeBr CeH;(CsHsCH)PP[C(CH,3)2]:CHCHj3, Br® H 1969, 170
PCy1HogN304 [(CH3):N1:P2OCS(COCeHs), H; P (359) 1965, 84; 1966, 242;
1968, 309
. PCgyHs0 CHa(CeH5)P(O)C(CHa);,CH(CH;)C(CHg);CeHs H{P} 1968, 67
PC, Hj;oBr CHo(t-CsH,1)PO(CeHj)g, Br® P (38:5) 1968, 6

9¢C
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PCyH3eINO
PCy1H3oNsO+
PC;;Hg,0,
PCz:H330,
PCyH3s0s
PCyH N3O

PC;1H.NO,
PCyHyel
PCz2Hi15F,0,
PCyoH;5Fs
PC3oH;16BF1p
PCouH,¢ClFg

PCgoHyx
PC22H1702

PC22H1705

CeHs(CH;),PPCH,C(CH,).C(CH,).CsHj5
CGHs[(CHs)zN]P(O)C(CHa):C:CmHle
[(CH,).CHCH,01,P(0) (2’,3’-isopropylidene-adenosine-5)
CHj3(CH0)P(0)O(Cy5Hz50)
CH;3(CH30)P(0)O(C15H270)
(CH;0),P(0) (hydroxyandrostanone)
[CH3CH(CHZ) NCH;]sPO
[CH(CH;)(CH;).NCH,]:PO

L |

[CLHzCH(CHs)(CHz)slTICHz]aPO

(CsH;70)2P(0)C(O)N(C:Hs)»
(C+H150)oP(O)C(O)N(-C3Hy)o
CHg(C4Hg)P®(CgHi7),, 1°
(CsH;)sP=CC(O)CF.CO

|
(CGH5)3P:C:C(CF3)2
CeHsP(S)(C=CC¢Hj),
(C6H5)3P®CH:C(CF3)2, BF?
(CgH3):PECH=C(CF3),, CI®

CeH;P[C(Ce¢Hs)—CH]¢
(CsHg)sP=CC(O)CH,CO
I

(CeHs)sP=CC(0)OC(O)CH,
|

(CsH5)sP=CC(O)CH,0CO
L

P (30:2)

P (3:0)

P (4-1); F (—61-4)

H
H; P (17-3);

F (—584; —64:3;

—151-7)
H; P (17-3);

F (-581;

H

H; P (—4-4)

H;P(13)

H

1968, 67
1969, 165
1966, 213
1967, 168
1967, 168
1967, 167
1968, 36
1968, 36

1968, 36
1967, 26
1968, 29
1967, 244
1968, 110
1967, 102
1965, 96
1967, 102
1967, 102

1969, 77
1968, 110

1964, 10; 1968, 344

1967, 369
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Formula Compound Resonance Reference
PC3H, 705 CeHsO(CH,0).P[OC(CeH )1, P (—270) 1968, 301
PCy2H;5NO, (CGHS)3P®(II[C(O)NHC(O)]9(IZH2 H 1968, 344
PCs.H, N0, (C¢Hs)o:P(O)NNC(CH3)OC=CHCgH; H 1968, 88

L 1
PC2oH,40, Ce¢H5(CH3),POC, HsO P (—9-6) 1968, 303
|

PCyH 1,0, (CeHs5)sPO[CHC(0)1$0 H 1963, 8
PC,2H,505 CsHs(CH0).P[OC(CgHs)12 P (—32:2) 1968, 301
PCyuHy0BrO, (CsHp)sPPCH=—CHCOOCH;, Br® H 1969, 349
PC,2H,0Cl10, (CsH;):PPCH=CHCOOCH;, CI°® H 1969, 349
PCooHo, (CeHg):PCgH4(CH,),CCH, H 1968, 194
PC,.H,, CL,O C1,P(O)C(CsH,CHy)s H 1967, 117
PC2H, N,0,S (CeH5)sPON(COOCH;)N(SOF)COOCH; P (53) 1969, 324
PCyH,, 0, (CeH5)sP=C(CH3)COOCH; H (D) 1966, 140

(CeHj5)sP=CHCOOC:H;5 H; P (16-8) 1966, 270; 1967, 192;

1968, 171

PC,.H,, 05 (CeHs)oP(OYCH(CeH)CH.COOCH, H 1969, 369
PCy.H,, 0, CH5(CeH50),P[OC(CH3)]s P (—42-4) 1966, 225
PC,2H,, 04 (CeH;0):P[OC(CHJ)], P(—647) 1966, 225; 1968, 301
PC,:Hs:Br CH3CH=C(CH;)P®(Cs¢Hs)3, Br® H 1966, 135
PC,.H,2BrO CH;C(O)CH(CH,)P?(CeHs)s, Br® H 1966, 135
PCQszzBI‘Oz (C6H5)3P®CH2COOC2H5, 131‘e H 1968, 170
PC;2H,,Cl CH,=C(CH;3)CH,P®(CsHs)3, CI® P (21-0) 1966, 5

CH;CH=CHCH,P®(CcHs)s, CI® H 1966, 276
PC,.H,,CIN, Oy  P[C(CH);CeHNC,H;l,, CIOP P (48-8) 1966, 272

I
PCyoHos (CgHg);P=CHC;H, P (13) 1967, 165, 363; 1968,

337

8¢¢

IT XHEANI 4V IQNI0d



PC.oHz3Br,
PCyoH3N0
PCo2Ho30
PCyoHas
PC22H24BF4S
PC22H24BI'

PC22H24BIO
PCo2Ha,l

PCg0H 2410,
PCozHauN

PszstBrngs

PC22H25C1N
PCaoHosIN
PCosH5N304
PCo,H,s0
PC22H250,

PC22H258i
PszHzGISi
PCyH,70
PCypH570,
PCy2H2eNO,

(CSH5)3P:C(CH3)C2H5
(C6H5)3P®(CH2)4Br, Br®
(CeHs)oPN(CeH5)C(O)NHC,H,
(CGHs)zp(O)C(CHs):CZC7H10
C,HoP®(CsHs)s
(CeHs);PPCHPS®(CH,)C,Hs, BF?
C4HQP®(CBH5)3; Br®
S-C4H9P®(C6H5)3, Bre

i“'CaH7(C6H5CH2)P®(CSH5)2) Br®
C2H5(C6H5CH2)2P®C6H5, Bl‘e
CH3(CeH;5)PP(CH,CeHz) CH(CH3)CeH, Br®
(CsH5)sPPCH(CH,)CH(OH)CH,
t-C,HoP®(CeHj;)s, 1°
CH3P®(CH,CgH5)g, 1€
CH3P®(CsH,CHy)g, 19
CH;P®(CsH,OCHy)3, I°
(C6H5)3P:N-t-C4H9
(CeH5)sPPCH,S®(CH)CoHs, 2 Br®
(CeHg)sP®NH-£-C,Hg, CI®
(CeHs)oPO(CH;)(CH3):N(CHg)CeHs, 1°
(C2H;s0)sP[OC(CeHHNHC(O)]2
(CaHs)zp(O)C(CHa):C:CGHQCHS
(CeH;5)sP(OCHs),
(C6Hs)oP(O)C(CH,3)=C=CCH(OCH,;)(CHy).
L |

(CeH)sP=CHSi(CHa)s
(CeH3)aPOCH,Si(CHg)s, 19
(CeH;)oP(O) geranyl

(CeHj5)2P(O)C(CH3)—=C=C(CH;3)CH(OCHj;);-C;Hy

(CH3)2NP[OC(CH,)]o{OC(CeHs)]z

P (10-5)
P (24-2)
H

H

P (24-0)

H

P (24-0)
H; P (30-2)

; P (—54)

M

(~-355)

1967, 363
1966, 5
1967, 370
1967, 153
1967, 7
1967, 367

1966, 5; 1967, 363
1966, 5, 135; 1967,

363
1968, 6

1968, 6; 1969, 156

1969, 156
1966, 135
1966, 5
1967, 244
1968, 15, 16
1969, 118
1965, 109
1967, 367
1965, 109
1967, 371
1966, 263
1969, 165
1968, 332
1969, 164

1967, 328
1965, 108
1966, 267
1967, 155
1968, 304
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Formula Compound Resonance Reference
PCH,N:Oy (CH,) NP[N(CH3)CH,1,[OC(CsHp)]2 H; P (—418) 1968, 153
PCy2H3sN3Og (CH_) NP[N(CH3)CH:1:[OCH(CsH,)NO,]s H; P (0: —42-4; 1968, 310

m: —41-4;
p: —42:3)

PC;H 3,0 (CeHg)oPOCgH, C(CHj)s H 1966, 62
PC32Hz50, (C6Hs)2P(0)OCeH1,C(CHs)s H 1966, 62;

(CsH;)2P(O)O menthyl H 1967, 151; 1968, 140
PCooH30N50, [(CHg):N1:P=C(COC¢H;:)(CH,COCsH;) P (63-2) 1965, 84
PC,3H3, CINGO,  [(CHy)oNIsPPCH(COCH)(CH,COC¢Hs5), CI© P (54-9) 1966, 106
PC,Hjo1 (CH,;)2(CeH5)POC(CH ), CH(CH;)C(CHy)CeHs, I€ H; P 1968, 67
PC,.H 40 (C.H;),PO(CH,); CH=CH(CH,),CH; P (135-3) 1968, 336

(CoH5).P(O)(CH2)s CH=CH(CH,),CHj, P (51-0) 1968, 336
PCy:H,, P[C(Ce¢H5)—=CH].CCsHj H; P (178:2) 1966, 68

L 1
PC,:H, 705 (CH30);POC; ,HgO P (—447) 1968, 303

]
PC;3H, 00, [(CeH5)CCH]CH(CsH;)POH H 1968, 102
L
(CH;)sP@CC(0P)OC(O)CH(CHj3) H 1968, 344
L]

PC,3H2,BrNO, (CeH5)sPPCH—=CHC(=NOH)COCH3, Br® H 1968, 345
PC;3H,,0 (CeH;).P(O)(CH=CH),CHCHs H 1966, 267

(CeH3)2P(0)C(CeH5)=C=C(CHjs)2 H 1969, 165
PC,5H 31,04 (CeH;5)sP=C(COOCH;)CH,CHO H 1964, 10
PC,3H,;BrO (CeH5)sPPCH,CH—=CHCOCHj;, Br® H 1968, 345
PCy3H,2.BrO, (CeH;5)sP®CH,CH==CHCOOCHj, Br® H 1968, 345
PC,3H,,ClO, (CeH5)sP®CH,CH=CHCOOCH;, CI® H 1968, 346
PC,3H,,0 (C¢H5)sP=CHCH=CHCOCHj H 1968, 345

0¥e
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PCosHas
PCg3H330,
PC,3H.,BF,0,
PC23H24BI'

PCysHas
PC;3H46BF,S
PngHgsBr

PCosHgel

PCyH260

PCs3Ho7B FsS
PCqasHgISi
PCy3Hye N
PC2sH5 N304

PCy3H2405
PCy3H3;N,O5S

PCy3H3,0;
PCg3H;3:NO,
PC23Hgs04
PCgeH3,06

(C6H5)3P:C5He
(CeH5)sP=C(CH3)COOC,;H;
(CeHs5)sPECH=C(OCH3)OC,H;, BF?
C5H9P®(CGH5)3, Br@

(C6H5)3P:C5H10
(CeH;)s,PPCH®S®(C,Hs),, BFP
(CsHs):%P@CH(Csz)m Br®
C3Hr(CsH)PO(CH,CeHs)z, Br®
Co.H;PO(CH,C¢Hs)s, Br®
CH3(CeHs)PO(CHCeHs)CeHo(CHs)s
7190-C5H11P®(C6H5)3, Ie
CyHs(CH;)oCP®(CeHs)s, 1°
CoHsPO(CsH,CH3)3, I€
(CsHs)zp(O)CH:C:C7H7(CH3)3
(CeH5)sPPOCH,C(CHy)5
(CeH5)sPPCH,8®(CoH;)z, 2BFP
(CeHg)sPOCH(CH3)Si(CHg),, 1°
(CeH5).P®(CH,)(CH2).N®(CH3);CsHs, 21°
(CH2)4N[CH2(CH3)N]zll’OC(COCeHs)C(CeHs)(l)

(-CaH,0)sPOC, . HgO
L

Diethyl 2-{3-(2-methyl-4-benzoylaminopyrimidin-3-yl)-
methyl-3a-methylperhydrofuro[2,3-d Jthiazole}phosphate

CsHs(CsHsCH)P(O)O menthyl

CeHs[O(CHz)zN]P(O)C(CHa) —=C=CyoH1s

(C6H1 1)2P(O)C(CeHs) :C:C(Cﬂa)z

CH(CH30)P(0)O(Cs1 H,0)

(CH;0),P(0O) hydroxypregnanedione

[(CH;)3CsHsOJ.P(O)C(OING-CgHy),

o]
=
o0
~

; P (30:7)

(301)
(24-4)
(28-7)

(367)

el Ruilc-Reolinia Raviariy- Re-Rocaviaspevierfias
|
S

o

jasgasgesiasfarfarfs

1967, 363

1968, 171

1969, 206

1966, 5, 277;
1967, 363
1967, 363; 1968, 337
1967, 367
1966, 5; 1967, 363
1968, 6

1968, 6

1969, 156

1965, 108

1966, 5

1968, 15

1969, 166

1967, 345

1967, 367

1965, 108

1967, 257

1968, 153

1969, 366

1967, 352
1968, 35
1969, 165
1969, 165
1967, 168
1967, 167
1967, 26
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Formula Compound Resonance Reference
PC.,H;5Br, CeHsP{C(CeHBr)=CH]a H 1967, 70
PC33H;5F 1202 (CgHz)sP[OC(CFy)sla H; P(-222 1966, 225, 278; 1967,

—18:6); 102; 1968, 303
F (—65-2)

PC, H;5F150,4 CeHs(CsHz0),P[OC(CF3):]s P (—401) 1966, 225
PC,,H,5F1,05 (CsHs0)3;P[OC(CF3)2]2 P (—641) 1966, 225; 1967, 335
PCy.H;5S (CeHsC=C)sPS3 H 1965, 96
PCoHyq (CeH,).PH H 1966, 25

CeHsP[C(CeH5)==CH.] H 1967, 70
PC34H;7N2O6 (CeH ) PPH(NOL)? H 1966, 279
PCy4H;oFI CH3(CeH,F)P®(CeHy)s, 1° F 1968, 14
PCy H;350s (CsH50)sPOCsH.O P (—60-8) 1968, 124

L

PCy4HgoBr (CeHs),P®Br® 18C 1969, 21
PCaaH501 (CeHs)PO1® P (23-2) 1966, 5; 1967, 359
PC2¢H CIN (CeH5)sPONHCHs, C1° H 1966, 280
PC..H,, CINO; (CH30)2P(0)O(f:CClC(CGHs)ZC(O)IJ\ICGHs H 1969, 345
PC,.H,:ClgOs (CeH3CL,OCH,CH;0)P H 1968, 285
PCp,Ho IN (CeHg)sPPCH(CsHN), 1€ H 1966, 271
PC3eH51 05 CH;OP(O)[C(CeH)CH]C(OH)CsHs H 1968, 75
PCouHzsBINO,;  (CeHg)sP®C(CHg)=CHC(=NOCH,;)COOH, Br® H 1968, 345
PCyiHo30 (CeH5)P(O)YCH=C=C(CHy)CH(CH3)CsHs H 1967, 155

(CeHs)sP=CHCH=C(CH3)COCH, H 1968, 345
PC2yH330, C:H(CesH5)oPOC,0H0 P (—9-3) 1968, 124

L |
CsHs(C.H;).POC,,H0 P (0-9) 1968, 303
L

PC.,H2303 (CeH3)sP=C(COCH3)CH,COOCH; H 1967, 122

(A4
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PC24H2304
PCseHa,
PC24H24BI‘
PC24H24BI‘O

PC, H,,Cl0;
PCyoH2403
PCaqHos
PCyH250,

PCyHo:05
PC24H26BI‘
PC24H25BI'02
PC,.Hzy
PCy,H370
PC24H28B1‘

PCyHogl
PCyH350
PC3.Ho50

PC24H30NSD
PCZ4H3106

PCoH3:AINSI
PC24H33GaNSi
PC24H33N:02
PC24H35GCO

(Ce¢Hg):P=C(COCH;)COOC,H;
C6H9P®(C6H5)3
CHs(CeHs)Pe(CHchHs'a-CmHs)
CGHQOP®(C6H5)3, Bl.‘e
(CeHs):PPCH,CH=C(CH;)COCH;, Br®
(CsH5)sCP(OYOCH,),C(CH3)CH,CI
(CsHs)sPeCH(COCH;)COOC,H;
(CeH5)sP=C(CH,)5
(CH3CGH4)3P:CHCOOCH3
(CGHS)SP:C:C(OczHS)Z
(CeH5)sCP(O)(OCH,;)2C(CHa)s
CeH1:P®(CeHi)a, Br®
CeHsPO(CH,CeH;).CH,COOC,H;
(CSHS)SP:CGle
(C6H5)2P(O)CH:C:C10H16
CeH13P®(CeHs)s, Br®
C2H5(C3H7)CHP@(C6H5)3, Bre
C,Ho(CeHs)PP(CH,CeHs),, Br®
t-C,Hp(CeHz)PP(CH,CesHs)g, Br®
(C¢H;)sPeCH(CH,)-t-C,H,, 19
(CeHs)oP(O)C(CHg) =C=C,H(CH,)s
(CsHs)oP(0)C(2-CyHg)==C=CsH,CH;
(C6H5)2P(O)CH:C‘———CGHQ-t-C4H9
(CsHz)sP=NSn(CeHs);
(i-C3H7O)3TOC(C3H5)C(COC6H5)(I)

(CsHs)sPN[AI(CHa)s]{Si(CHi)s]
(CeH5)sPN[Ga(CHy)s]{Si(CHa)s)

CH[(CH;)oN]o.P=C(COCsH;5)CH,COC¢H;

(C2Hs)oP(O)[C(CeHs)]2COGe(CoHs)s

(6-4)

(26+6)

asigs Rovigcferfasfa iy Jurviarfarforfarfargergan

la=lav iyl
DD W N
RO+
~J W) S

; P(—493)

;P (63-2)

jasfengengesfiisfarfarfonfurfanfiant

1967, 372
1964, 10

1966, 273

1969, 156

1966, 116

1968, 345
1967, 91

1967, 372

1967, 363; 1968, 337
1967, 192

1969, 206
1967, 91; 1968, 74
1966, 5; 1967, 363
1969, 156

1967, 363

1969, 165
1966, 5; 1967, 363
1967, 363

1968, 6

1969, 156

1965, 108

1969, 299

1969, 164, 165
1969, 165

1967, 299

1965, 21

1967, 322
1967, 322
1966, 106
1969, 341
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Formula Compound Resonance Reference
PCoH;35N20, (Csz)zNIID[OC6H3(CH3)CH2]OCGHa(Cﬂs)(fHN(Csz)z H; P (-28) 1967, 373
PCy H3sS C12H2:P(S)Y(CeHs)a P (41-5) 1966, 40
PC,H;3,04 (CH30)2P(0)(C2oH3,0y) H 1967, 270
PCsH.eNO6S (CsH170).P(O)C(O)NHSO,CcH,CH; H 1968, 328; 1969, 161
PCqy.Hs: HP(C12Hgs)o H; P(-71) 1966, 14
P(CeHin)s P (—31-8) 1966, 4; 1967, 244,
277
PICHC(C.H;5)(CH.)sCHj;ls P (—48-5) 1967, 244
PC24H51C12 (C3H17)3PC12 H, P 1969, 344
PC,.Hs5,0 (CsH17)sPO H; P (474 1966, 105; 1967, 277
PC24H518 (C8H17)3PS P (54‘8) 1967, 277
PCysH;5F60, (CsH5)sP=CC(O)[C(CF3);]CO P (1-9); F (—-57-1) 1968, 110
L |
PCysH17FeNy (CeHs)sPPCH,C(CF3)2.Co(CN), H; P (24-8); 1967, 102
F (-683)
PCysH;5Cl50, (CsH50)P(0)CsH3CICCL,CeHy P (—19-6) 1966, 261
PCqsHig CH3P(CHy), H 1966, 281
PC,H,,CIO CoHs(CeHs CH)PO(CeH,),0, CI® H 1968, 46
PCy5H;5Cl20s5 (CsH50).P(0)OCgH4CCL,OCH5 P (-189) 1965, 45
PCy5H,504 (CsH50).P(O)OCH,C(O)OCsH;5 P (-18-5) 1965, 45; 1966, 239
PCstzoASFg CF3PF5, AS(C6H5)4 F( - 709, —-75 '7) 1969, 67
PCysHo1BrNO,  (CeH;)sPPCHRCH,NO,, Br® P (+24-0) 1966, 5
PCy:H,:1NO, (CeH5)sPPCH,CsHNO, H 1967, 117
PC,sH, O (CeH5)2:P(O)CH(CeHs5)2 H 1966, 82; 1968, 56
PC25H22B1' CGH5CH2P®(CBH5)3, Bre P (23'5) 1966, 5
C-H.P®(C¢Hy)s, Br® P (22:6) 1966, 5
PCqos5H,:Cl CeHsCH,P®(CgHs)s, CI° H 1967, 118; 1968, 170

e
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PC3H350;
PC25H2303
PCosH 2305
PCysH240
PCy5HasCINO,
PCosH2s02
PCy5H503

PCosH2505

PC25H26BrO
PC25H26N03
PC25H2705
PCasHasl

P025H290
PCZSHSOO
PCstasGez
PCysHgsSna
PC25H35
PC25H53
PC25H54I
PC25H57038H2

PC2H17F1204

PCstlaNGO
PCZGH19N2OZ
PCstzoASFlo
PC2BH20N

(CH50)2P[C(CsH5)CH].CCeHss
CH;0P(0O)[C(CsHs)CH]:C(OCH;3)CqH
CsH5O[(CHa).C(CH;0),]P[OC(CeHy)]2
(CeH5)2P(O)C(CH5)=C=C(CH;)Ce¢Hs

(CeH35)sPPCH=CHC(=NOH)CO-i-CsHy, CI®
(CsH5)2P(OYC(Cell5)==C=C(CHz)CH(OCH3)CHs
CH30(CGHS)ZIIDCH(CGHE)C(COCHS)C(CH3)(')

(CH30),P(0)C(CH;COCH)C(OCH,CgH5)CsHs, Br®

CsH;O[(CHj3):C(CH;0)].P[OC(C¢Hs)]2
(CeH5)sP®0 norbornyl, Br®

(CeHs)2P(O)CH(CH;)CHC(=NOH)CO-i-C3H -

(CeHsCH,0),P[OC(CH,)],
(CeHs)sPPC(CH5)CsHio, 1€
I

(CGHS)ZP(O)C(CHS):C:CloHIG
(CsHs)zP(O)C(CH3):C:C10H17
(CeHs)sP=C[Ge(CHj)sle
(CeHs)sP—=C[Sn(CH3)s].
(C4Hg)sP=C,3Hg (luorenylidene)
CH;P(C12Hzs)2

CH;P®(CsH,q)s, 19
CH3P(0)[OSD(C4H9)3]2

(CeHs)sPPCHC(CFy),, (CF;COO0),H®

(CGHS)SP:CBHSNSO
(CeH5)3PZc:CZNCsH4N02
(CFa)2PF,, As(CeHs),
(C6H5)3P:C :C:NCBHs

H; P (62-2)

a8

H; P (—487)

; P (=257)

22-0)

e~
T -

—~
(98]
~J

~

TEIZT®I TIEOTT
|

D
mhd
™~
N’

T T T

g~
~
|
w
B2
~—

P (30'5)
P{H}

H; P (—7-5);
F (—586;

—64-4; —76:0)

H
P (1'6)

P (—70-8; —789)

P (2-4)

1968, 75
1968, 75
1968, 301
1967, 155
1968, 345
1967, 155
1968, 124, 152

1966, 106
1968, 301
1965, 114
1968, 345
1968, 73
1966, 5

1968, 146; 1969, 165

1967, 156
1967, 328
1967, 328
1967, 374
1966, 14
1967, 244
1969, 140

1967, 102

1965, 115
1968, 110
1969, 67
1968, 110, 338
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Formula Compound Resonance Reference
PCoHa (CeH5)oPC(Ce¢H5)=—CHC¢H; H 1966, 282
CsHsP[C(CeHCH3)=—CH]. H 1967, 70

PCo6H;:BrINO (CsHs)sll)CHZC(CGH4Br):§T H 1968, 343

PCocH,, 04 (CsH5):P(O)CeH,CH,COCsH; H 1966, 266
PCqosH22Br (CeHj5)sP®CHCgH,CH,, Br® H 1967, 300
PCzengBrO (C6H5)3P®CH2COC6H5, Bre H 1967, 118
PCysH,3Br,NO (CsHs);PeCH,C(=NOH)C¢H ,Br, Br® H 1968, 343
PCy6H22NO (CsH5)sPON=C(CsH5)CH, H; P (-37-0) 1967, 139; 1968, 343

L |
PCy6H.,0 (CeH5)sPeCH,C(0)CeHss H 1966, 119
PCueHo:BrNO (CeH5)sPPCH,C(=NOH)C¢Hs, Br® H 1967, 375; 1968, 343,
347
PC36Hz30 (CsH5)P(O)CH(C¢H;5)CH.CgH; H 1967, 376; 1969, 369
PCysH2508 (CsH3)P(S)CH,C(OH)(CsH5)2 H; P (34-6) 1967, 329
PCosH,30, (CsHs)oP(O)CH,C(OH)(CeHs)q H; P (33-1) 1967, 329
PCy26Hz305 (C.H;0);POC; ,H;0 P (—47-1) 1968, 303
L
PCaeHo, (CeHs)sPOCH,CeH,CH, H 1967, 117
PCysHo4Br (CsH5)sPPCH,C¢H,CHj, Br® H{P} 1967, 118; 1969, 118
(CGH5)2P®(CH2C3H5)2, Bre P (27‘0) 1968, 6
PCy6H.,ClO, (CsH;3)sPPC(COOCH;)C(COOCHS;),, CI® H 1967, 372
PCa6H24N;0, (CH3) N[N(CH3)CH,],POC,,HsO P (—29-8) 1968, 303
L

PCyH,,O (CsH5)sPOCH,CcH,OCH, H 1967, 117
PCyeH,5N05 (CeHs)sP@CIIC(Oe)N(NC4H80)C(O)CIH2 H 1968, 344
PCysH250 (CeH5)2P(0)C(CgH5)=C=C(CH_)sCHCH3; H 1969, 164, 165
PC2eH270, CeH5(CoHp)oP=C(COCsH;5)CH,COCsH; H; P (21-1) 1966, 106

9T
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PCyH25Cl10;
PC36Hs5:0;
PC26H3308i1
PC36H3505

PCysHiel
PC27H17F6

PC27H17F1202

PCoyHaol

PCa7H3aN
PCqrH230s

PCy,Ho Br

PCyrH,4BrO
PCz7H24C102
PC,,H . NO

PCarH 2402
PC27H25BINO
PCo/H,sCINO
PC3H3s0
PCy7Hz50:
PC27H23BI'O

CeH;(CoHs).PPCH(COCH5)CH,COCeH;, CI°
CeHs(8—C10H7)P(O)O menthyl
(C4Hg)POSI(CeHs)s
(CH0)sPOC . HsO

|

(CHg)oP®(Ci2Hgs)s, 19

CeHs(l:['CH:C(CeHs)]zpc(CFa) :(IJCF 3

(CsHs)sPECHC(CFy),, (CF3;CO),CH®

CeH;P?(CeH,CHyg)s, 1

(CeHs)zp(O)CH:CIC(CsH5)2

(CeHp)P(O)CHC(CeH5)CCsHs
L

(CeHs)sP:C:C:NC6H4CH3
(C6H5O)3I-I’OC(CHG)ZC(CGHs)(I)

(CsHs)aP@CHch:CHCSHs, Bre
CH3(CGH5)P®(CH2CGH5) ﬂuorenyl
(C6H5)3P®CH2COC6H4CH3, Bre
(CsH5)sPOCH,COOCH,CeHs, C1°
(C6H5)3PC|:H(CH3)C(C6H5):N,O

(CeH5)sPECH,CsH,OC(O)CH;
(CeHs)sP®CH(CH)C(=NOH)C¢H;, Br®
(CeHs)sPPCH(CH3)C(=NOH)C¢Hj;, CI°
(C6H5)2P(O)C(CGHS):C:C'IHlO
(CeHp)P(O)CH(CcH)CH(CH)OCHs
(CeHs)sP®CH(CH)CH(CsH;5)OH, Br®

P
H
P
P
H
H

H

B acffaeifes

CIETINIE TIZTTm'™

(341)

(122-8)
(—473)

; P (29-5)
; P (—65)
; P (18-1);

F (—586;
—~638; —767)

(3-0)

(22-2)

1966, 106
1968, 140
1967, 343
1966, 225

1966, 14
1968, 339
1967, 102
1968, 15
1966, 61
1968, 63

1968, 110
1968, 301

1966, 5

1969, 156
1967, 118
1965, 87
1968, 343, 347

1967, 117

1967, 375; 1968, 347

1968, 343
1967, 153
1967, 376
1967, 359
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Formula

Compound Resonance Reference
PCy-Hyr C4H9PL[C(C6H5)=CH]2(IJHCGH5 H 1967, 112
PCy7H,0, (C2H50).P[C(CeH35)=CH],CCsHj P 1968, 75
(CsHs):P(O)C(CeH5)—=C=CCH(OCH;)(CH,), H 1969, 164
L
PCy7Hg1O CH3(CeH5):PPCH,C(OH)(CeHs)s, 1€ H; P (20-7) 1967, 329
PC27H2902 (CeHs)zP(O)(CeHs):C:C(CHg)CH(OCH3)-1-C3H7 H 1967, 155
PCy,HgoClO, (CsH3)sPPCHC(C;H,)=CCzH,, CIOP H 1968, 63
L | ’
PC;;H350 (CsHs)sP(O)CH(CH),CoH1 ; H 1966, 267
PCyH;3;N,LO, (CH30),P(0) methyloestrenone H 1967, 270
PC3;Hj35ClO, (C4H,);PPCHC(CsHs)—CCgH;5, CIO9 H 1968, 63
PCyrHoN,O4 (CH30),P(0) hydroxymethyloestrene H 1967, 270
PCa7HeoN:O [(C+Hg):NCH,];PO H 1967, 291
PCasH;5N3 (CeH;)sPC(CH)3CC(CN)=C(CN), H 1967, 377
L]
PCgeH;CIN3O,  (CeHg)sPOC(CH),CC(CN)==C(CN),, CIOP H 1967, 377
PCysH2 FoN,0 (CeH5)oP(O)NHC(CH,CeH, F)C(CN)CH,F H 1968, 88
PCssH o NO (CSHS)SP®CI:C(OG)N('C6H5)C(O)(,:H2 H 1968, 344
PCyH,3N,0 (C6H5)2P(O)NHC(CH2C6H5)C(CN)CeHs H 1968, 88
PCysHo50, (CeH5)sPOC,(H:O P (—156) 1968, 124
L
C,H5(CsH;).POC,,H,O P (-93) 1968, 303

8¥C
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PC28H2303

PCygHas
PCysHy50:
PCysH3505
PCysH 25075,
PCyeHeF30,
PCosH6N302

PCZBH3104
PCzBngcl
PC28H3304
PC23H34BI'O
PC28H3902
PC23H4QC102
PCosHagN,S,
PCosHooNO,
PC29H23

PCyeHo30

(CsHs)aP(O)YCH(COCsHs)CH,COCH;
C,H;0(CeHs):POC, sHgO

(CsHs)sPEC(COCH;)=CO®PNHC¢H;
C HoP(CeHy)a
(CGHS)BP:CHCO(CHZ)ZCGHS
(CeHz)sP=C(CcH5)COOC H;
CoH50(CeHs)oP[OC(Cels)],
(CsHj5)sP—=CHSO,CH(CH3)COOC¢H;
CH3P(OX(CeH,50;0CeH 1),C(CHg)s
(C5H5)3P®CH2CH:CHC6H4CH3, Cle
(CeH35)sPPCH(COOCH;),, CF;CO0°
(CH2)4NII’[N (CHe)CHz]zOCnHa(I)

CoHs(CsHs0):POC1:HO
I

(CsHj5)sP® geranyl, C1©
CeHs(CaHo0)oP[OC(CeHs)]2
(CeHs)sPPCH,CH=C(CH;)(CH,)3C(CHj),0H, Br®
(C4HQ)3P:C(COC5H5)CH2COC5H5
(C.Hg)sP®CH(COCeH;)CH,COCsHs, CI°
(CeH11)2N(|3NP(S)(C2H5)SC[N(Can)z]JN

(CsHs)BP:$C(O)C(:CHC6HGN02)$O

CGHSI!)[C(CaHs):CH]Z'cI:Hceﬂs

CGHsfl)(O)[C(CSHS):CH]2(‘:HC6H5

(—27-0)

IETTNTIIIDT

ae]
~
|
w
kN
—_
~—

P (—-296)

H
P (—366)
A

H; P (21:3)
P (35-7)

P (65-0)

H; P (1-2)
H

H

1966, 106
1966, 225

1967, 365
1966, 281
1967, 192
1968, 171
1966, 225
1967, 74
1968, 348
1966, 276
1967, 378
1968, 303

1966, 225
1968, 346
1966, 225
1968, 346
1966, 106
1966, 106
1968, 137
1968, 110
1967, 112

1967, 112
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Formula Compound Resonance Reference
PCyoHy,INO, {CeH5)sPPCC(O®)N(CsH5)CHCH, H 1968, 344
L |
PCyH 50, CeHsP(O)C(CeHs)(OH)CHC(CeH)CH,CHCH 5 H; P (30) 1966, 283
C6H51|’e(OH)ZC(CeHs)CHC(CGH;,)CH(ECGH;;, H® H; P (-22) 1966, 283
PCyH3505 (CH30)3P(OCy:Hg)s H; P (-467) 1967, 335
PCyoHay » CH;3P[CsHs(CH3)]s H(T) 1968, 151
PCyoH,,0,S (CeH5)sP=C(CHj3)SO,CH(CH3)COOCsHs H 1967, 74
PCyoHo:NO (C6H5)ST’ON:C[CGHZ(CHS)S]CIIHZ H; P (—-394) 1967, 139
(CeHg)sPON=C(CsH;CHC3H) H 1968, 343
L :
PC;sHBrNO (CeH5)sPPCH(C3H,)C(=NOH)C¢H;, Br® H 1968, 343
PCyoH00 (CH3CgH,)P(O)YCH(CsH,CH3)CH,CsHs H 1967, 376
PCyHg, 05 CH;0OP(0)OC,;HesCH, H 1967, 270
L
PC.sH3, 0, (C.H50),P[C(CsH,OCH3)=—=CH],CCgH5 P 1968, 75
PC,H3,C10, (CeH5)sPPCHC(CH,)CC,H,, ClO9 H 1968, 63
L 1
PC.oH3:BrN3O: [(CHj):N]sPPC(CH,COCgH;s)C(CeHs)OCH,CeH;, Br® H; P (50-4) 1966, 106
PCooH 4605 CH3(CH3;O)P(O)OCy7H,s H 1967, 168
PCooHsBrO, (CH;30)oP(O) bromoketocholestane H 1967, 167
PCyoH5,Br,Os (CH;30),PO dibromocholestane H 1966, 43; 1967, 167
PCyH;5,0; (CH30),P(0O)cholestene H 1967, 167
PC,y0H;5,0,4 (CH;30),P(0O) epoxycholestane H 1967, 167
PC,oH5,BrO, (CH;30):P(0) bromochydroxycholestane H 1966, 43; 1967, 167
P (58-8) 1968, 137

PC3oH5:IN,S, (CeHn)zN“BC|1NP(SCH3)(CzH5)SC[N(CeHu)zllTT, ®




PCasHs5045 (CH0),P(O) cholestane H 1967, 167
PCyH: 504 (CH;0),P(0) hydroxycholestane H 1967, 167
PCyoHeoNS (C2Hg)oP(S)CH,N(Ci2Hae)s P (52-2) 1966, 40

PC30H,CIF30, (C6H5)3P:(lIC(O)C[C(CFa)(CGH,;Cl)]?O P (1:9); F (—57-8) 1968, 110

PC30H20C15 (C6H4C1)5P P (—86'8) 1968, 288
PC3oH2oNO, (C6H5)3P:(}?C(O)C(CHCGH4CN)(}ZO H; P (0-0) 1968, 110
PCg3oHoN;3 (CeHp)sP=C(CgHgs)C(CN)=C(CN). H 1965, 115
PCj0Ho; CeHsP(CsHy)y H 1966, 281
PC30H;3,05 (CGH5)3P(I3C(O)C(CHC6H4CHO)C|O H- 1968, 110
PC30H.4BrO {CeH5)sPPCH,CO(B-Cy0Hy), Br® H 1968, 343
PC30H2NO (CsHs)sfl’CHzC(ﬁ-CmHﬁ:l?O H 1968, 343
PC30H25 P(C5H5)5 P (—88'7) 1968, 288
PCyoHgsAs, CeHsP[As(CeHs)slz P (36:1) 1969, 14

PCyoHsBrNO (CeHs)sPOCH,C(==NOH)B-C,,Hy, Br® H 1968, 343
PC;30H,;081 (CeH5):POSI(CeHs)s P (98-0) 1967, 343
PC30H2503 (CeH;)sP=C(COC¢H;5)C(=CHz)COOCH; H 1965, 116
PCscH2505 P(OCsH5)s P (- 1968, 124
PC;30Hzs5n (CeH5)2PSn(CeHy)s P 1967, 337
PC30HzeNSI (CeHs).PNHSI(CeHs)s P 1966, 284
PC30H27N,O3 (CeH5):P(O)NHC(CH,CsH, OCH3)C(CN)CsH,OCHj; H 1968, 88

PC30H7N,O3 (CGHs)gP——*N(iNN(COOCHa)C[OC6H3(CH3)2]1J\T P 1969, 360
PC30H,-O (CeH5)2P(O)C(CeH)=C=C(CH3)CH(CH3)Ce¢Hs H 1967, 109
PC3,H2,05 CoH;0(CeH ), P—=C(COCsH;5)(CH,COCsHs) H;P 1966, 106
PC30H2sN205 H; P 1969, 360

(CsHs)3P:C(CO2CH3)(IZHC(C02CH3)CH[lT(COcha)]g

SANNOdINOD DINVOYO NO VIVA YN
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Formula Compound Resonance Reference

PCspHe C,Hs[CeH3(CHy)l, H(T) 1968, 151

PC30H310 (C6H5)2P(O)C(CeHs):C:CI()Hle H 1968, 146, 1969, 165

PC3,H3.Cl CH;(2-C4Hp)(CeHs)PPCsH,CH(CgHs),, CI® H 1966, 285

PC3oHze04 OP(OCgH  -t-C.Hy)a P 1967, 198

PC3H,705 HP(O)OCsH,CoH1p)s P (8-8) 1967, 277

PC3oH,4705 (-C3sH,0),P(0)Cy . H350, H 1966, 104

PC3yH;5,0, CH;P(O)Y(OH)O(C,oH 4, 0) H 1967, 168

PC3oH5504 CHP(OYOH)O(Cy6H40) H 1967, 168

PCsiHyoFs C13Hg=P(CcH, F); F 1968, 13

PC51H, Fal C13HoP®(CgH F),, 1€ F 1968, 13

PCsHos CH3CeHP(CsHy), H 1966, 281
C13H3:P(CQH5)3 H 1967, 374

PC;3,H,50 CH;0CsH,P(CsHy)s H 1966, 281

PC31Hz4 N30 (CeHj)sP—=C(CcHs)CC(CN)C(O)NCNHCH H 1965, 115

|
PC3,HosINO (C6H5)3P:C(C6H5)CC(CN)C(O)N(ENH?CH;,, 1° H 1965, 115
L

PC3;H,:0 (CeH5)oP(O)CsHL,CH(CsHs), H 1966, 285

PC;:Hy6Br (CeHs5)PECH(CgHs),, Br® P (21-4) 1966, 5

PC3;H,504 (CH30)3;P[OC(CsH;)COC:H5), P (—48-0) 1967, 335; 1968, 318

PCs;H;550, CH;3(CH;0)P(0)O(e~amyryl) H 1967, 168

PC3:H;,BrO;5 (CH;30).P(0) bromoacetoxycholestanyl H 1966, 43; 1967, 167

PC3;H;550, CH3(CH3;O)P(O)O dimethylcholestenyl H 1967, 168

PCszHgsBraos (C2H50)5P(0C13H4Br4)2 H; P (—48) 1967, 141

PC3Hy3N, (CeHj5)sP=C(CH):C(CsH5)=C(CN), H 1967, 170

PC3:H,50, P (—-156) 1966, 225; 1968, 303

(CBHs)aerCmHB?

(A4
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PCs2H2307
PCa2H3305

PC32H24N302
PC32H24N307
PCysHgsNy
PC32H25O4
PC82H2505

PC3.HysNO
PCa:HosNO,
PC;.Ho7CINO
PCay a0

PC;3.HgsNO

PC32H2905
PCS2H3105
PC32H44BrO

PCs3H25BI‘N02
PC33H,6ClO,

PCs3H2eNO,
PCBBH27
PCy3H27N;O
PC35H,70
PC33HCINS
PC33H30B1‘

CeHy(CeHs0).POC, Hs0

L]
(CsH;50)sPOC, HsO
L

(CeH;)sP=C(CH)3sCH(CcH/NO,)CH(CN),
(CsHjy)sPPCH=CHCgHj;, picrate
(CsHs)aP:C(CH)scH(CaHB)CH(CN)a
CeH5(CeHs0)oP[OC(CsHs)]2
(CsH;50)sP[OC(CeHbs)]2

(CeH5)sP==NC(O)CH(C¢Hs)
(CeH5)sPPC(COCH3)=CO®NHC,  H-
(CeH5)sP@=NHC(O)CH(C¢Hp),, CI®
(CsHs)sPCHC(CsHs)O[C(COOCHG)]2
L |

(CsHs)sll)ON (CeHs)CH(CaHs)(I:Hz

(CeH5)sP=C(COOCH;)CH(COOCH;)CH,COCsHj5
(CeH50)sP(OCy3Hs)s
(CeH;)sCCH.OP®(C,Hy)s, Br®

(CeHs)sPPC(COCH Br)=C(O°)NHCsHj;
(CsHs)sPPCHC(CeH5)CCeHs, CIOP
L |

(CeHs)sPOC(COCH)==C(O®)NHC:H;
(CeHs)BP:CmHs(CHs)z
(C6Hs)sPC(CH);CH(CgH,OCH3)CH(CN)g
(C6H5)3P:C(CeHs)C(O)CHzceHs
(CeH;5)2CHC(SCH)NP®(CgHjp)s, C1©
CHS(CGH5)P®(CH2C6H5)C13H11; Br®
CeHsP®(CH,CeH;),C13Ha1, Br®

P (—-381)

P (—-587)

; P (—58-6)

; P (—49:3)

o

1966, 225

1965, 21; 1966, 225,

1968, 301, 309
1967, 377
1967, 376
1967, 377
1966, 225

1965, 21; 1966, 225;

1968, 301, 309

1965, 109; 1966, 280

1967, 365

1965, 109; 1966, 280

1965, 116
1967, 76

1965, 116
1967, 335
1966, 286

1967, 365
1968, 63

1967, 365
1967, 374
1967, 377
1967, 139
1966, 377
1969, 156
1969, 156
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Formula Compound Resonance Reference
PC33H30ClISn (CsH5),PCH(CH CI)CH,Sn(CsHj5)s H 1965, 117
PC33H3:AINSI (CH,)5SiNP(CeHjp)2CeH,AI(CgHj), H 1967, 379

L |
PC33H33GaNSi (CHj3)3SiNP(CgHp),CeH . Ga(CHs), H 1967, 379
I
PC33H34B1'02 C6H5(CzH5)2P@C(CHQCOCeHs)C(OCHzC3H5)06H5, Bl'e H, P (28'0) 1966, 106
PC33H6304 (C2H50)2P(O)O-methyl Cholestenyl . H 1969, 367
PC34H23F2N203 (CeHs)aI{C[C(O)NCeH4F]2C}O H, P (17‘6), 1968, 110
F (—114-3)
PC;.Hy3N,04 (CBHS);;II)C[C(O)NC5H4N02]2C[O H; P (17-6) 1968, 110
PCs,Ha, N3 (CeH;)sPC(CH)3CC(CN)(CgH)CH(CN), H 1967, 377
| .
PC;HosN,O5 (CsHs)sPC[C(O)NCeH5],CO H; P (171) 1968, 110
| |
PC35Hy6BrO, (C4Hg)sPOC(CH,COCeH;)C(OCHCeHs)CoHs, Br® H; P (28-8) 1966, 106
PC3sH,3N,05 (C6H5)3PC[C(O)NC5H4CN)]2?O H; P (181) 1968, 110
PC36H2oN205 (CeHs)gP(iC—EO)NCQI"L;CH)]zC,O H; P (174) 1968, 110
PCseHso CH3(CeH;5)PP[C(CeHs)=CH],C(C¢Hs)2 H 1966, 287
PC36H30AS3 P[AS(CsH5)2]3 P (‘—591) 1969, 14
PCseHrs (C12Hss5)sP H; P (36) 1966, 14
PC3H750 (C12Hy5)sPO H; P (53) 1966, 14
PC37H27BIN02 (C6H5)3P®C(COC6H4BI'):COGNH'W-C10H7 H 1967, 365

147
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PC3:HsNO,
PCs,H;oCl
PC37H35
PC37H73BI‘
PC3:H;oNOS

PCgsHzoCL:N,
PC3Hj30CIO
PC3eHj3oClaN,
PC3sH3oN30,
PCqypHly,
PC3Hj3; CIN5O;
PC3sH3 Ny
PC38H318n
PC3sH;3,CIN,
PCy3sHzNO

PCgSHagsn

PCgoH3oN
PC3sH3oAINSI
PC39H39GaNSi
PCaeH72N;0

PCyoHss
PC4oHz6Ns
PC4H3,CIN,

PC41H34BI'OZ
PC41H5903

PCyzHgs

(CsHg)aP®C(COCeH;)=—=COPNH-«-C;oHy
(CeH5)sP®CH,C(CeHs)z, C1°
1-CgH-CeH,P(CeH,CHz)y
CH3P®(C12H25)3, Br®
C18H37(CH3)2P:N:S(O)CHa(ClsHaa)

(CsH5)2CHC(NCgHCl)N=P(Cg¢Hs)s
(CsHs)sP®OC(CeHs)C(CeHs)s, CI°
(CeH;)sPONC(NHCH;Cl,) CH(CHs),, CI®
(CSHS)SP:NC(NC6H4N02)CH(CGH5)2
C1oH-P[CeH(CH)4

(CeH5)sPENC(NHCeH ,NO,)CH(CgH5),, CI°
(CGHs)aPZNC(NCeHs)CH(CeHs)z
(CsHj5).PC(CH,Cl)=CHSn(CsHs)s
(C6Hs)sP®NC(NHCeH;)CH(CeHs),, CI°
(CeHs)all)ON(CeH5) CH(CeHs)(JJHCeHs

(CsHs)oPCH(CH5)CHSn(CeHi)s

(CeH5)sP—=C(CsHs)C(CH:CgH5)=NCgHj5
(CeHs)sPN[ANCeH5)s]Si(CHa)s
(CeHi)sPN[Ga(CeHs)s]Si(CHg)s
[(CsH11)sNCH_]sPO

C,H,P[CcH3(CHa)l4
(CeHs)aP :NC[N CeH,N (CHS)Z] CH(C3H5)2

(CeHs)sPPNC[NHCeH,N(CH;)2] CH(CqHs)s, CI°
(CsH5)sP®C(CH.COCH5)C(OCHCeH5)CeHs, Br®

(CeHsCH,0),P(0) cholestenyl
C14HoP[CsHy(CH3)ls

i

(32)

s

T T
%

as

H; P (63)

mm
e

. P (—57-9)

; P (A1)

3

axfesiiyeriecycriiifecherfasferiiiife i erfusgachesfas
g
=
2
2

=
=

1967, 365
1966, 285

1967, 158; 1968, 151

1966, 14
1967, 357

1966, 247
1965, 109
1966, 247
1966, 247

1966, 101; 1968, 151

1966, 247
1966, 247
1965, 117
1966, 247
1967, 76

1965, 117

1967, 139, 375
1967, 379
1967, 379
1967, 291

1966, 101; 1968, 151

1966, 280
1966, 280

1966, 106
1967, 167

1966, 101
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Formula

Compound Resonance Reference
PC,2Hj355n, CeHsP[Sn(CsHs)sle P (—163) 1967, 337; 1969, 324
PC,oH3sN (CeHp)sP=C[CcH2(CHj3);]C(O)CH,CgHj5 H; P (11-5) 1967, 139
PCysHgo05 P(OCH,+CoHio)s P (141-0) 1967, 277
PC,sHeg O35S SP(OCeH 4+ CoHi)s P (74-0) 1967, 277
PCy5HggOu OP(OCgH,-CgH,g)s P (—43) 1967, 277
PC47H44 N, [(CeH5)alN]2P[C(CeH)=CH].CCsHs H; P (29-5) 1969, 145
PC,sHj3;N,Sig (CsHp)3SiINHP(CeHs),=NSi(CgH;)s P 1966, 284
PC;5,Hy55n; P[Sn(CeHs)s)s P (-323) 1967, 337; 1969, 14
Py
P.CH,O06¢ CH,(PO2°), P (15-4) 1967, 123
P,CH;CI,N CH;N(PCly), H; P 1967, 96; 1968, 89;
1969, 370
P.CH;CIyNgO.S  CH3RC(PCl=N);SO, P (15-1) 1966, 98
P.CH,;F,N CH;N(PF,), H; P (141-5); 1967, 96; 1968, 89;
F (—~74-6) 1969, 31, 61, 370
P.CH,Cl,04 CCI(POsHy), P (7-9) 1967, 12, 380; 1968,
349
P,CH,NayO, CH(PO3;NaH),OH P (15-0) 1967, 380
P.CH NagOg C(PO;3NaH),(OH), P (14'5) 1967, 380
P,CH,O, O=C(POzHy), P (13-0) 1967, 12
P.CHs, CH.(PHy)- H; P (—-122; 1965, 118; 1966, 15,

—126)

16
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P,CH:Os¢

P,CH:O,
PQCN34O7

P2C2H4F402
PngH40e
P,C,H;CI,N
P2C2H5F4N

P,C,;HsBClgNs
chszBaOQ
P,C,HsCloN:O,
P,CyHgCloN2S,
P,CoHClgN,

PyCoHeFeN;

P,C.HsO7
P,C.Hg
P,CHgO06

P,C;HgOr

PzCzHloGe
P,C,H ;1051
P,C,H,,CIN,

P2C3H601402
PngHng
P,C;HsO03

CH2(POsHo)2

CH(PO4H,),0H
OC(POsNay)s

(F,POCH,);
(CH:POZ),
CoHN(PCLy),
CoHN(PFy)q

N3P.ClgB(CHj3),
[(CHso)zpoe]z, Ba?®
[CH;NP(O)Cljs (isom.)
[CH;NP(S)C1],
(CH,NPCly),

(CH;NPFy),

(CH;0);P,02°
(CHPH,),

(CH PO3Hy)2
CH;CH(PO3H.),
CH,;C(OH)(PO:H,),
(CHzOPO,H),O
(CHj)2Ge(PH,)q
(CH;)2Si(PHg)2

(NH_,)sP=NP(NH}(NHCHj3;),Cl

(CH;)2C[P(O)Cl,],
CF,P=P®(CH,),
P(OCH,):P

H; P (17 to 18)
P (16-1)
P (00)

F (—49-0)

P (23-2)

H; P

H; P (145-3);
F(—72'5)

P (28)

H

H; P (-3;0)
P (51-5)
H; P (=775)

H; P (—70);

1967, 12, 371; 1968,
56, 349; 1969, 332
1967, 12

1967, 380

1963, 3

1967, 7

1967, 96; 1968, 89

1968, 89; 1969, 60,
61

1968, 136

1967, 90

1966, 53

1966, 83

1965, 98; 1966, 53,
83, 288; 1968, 136

1966, 79; 1967, 59;
1968, 57; 1969, 65
1968, 3

1965, 118; 1966, 147

1967, 371; 1969, 332

1967, 12; 1968, 349

1967, 12

1968, 57

1969, 136

1969, 136

1967, 285

1966, 15
1967, 40
1966, 37; 1969, 3
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Formula Compound Resonance Reference
P,C;HeO5 OP(OCH_);PO H 1966, 37
P;CsHgOs (CH,)s(P0O29), P (224) 1967, 7
P,C3HgOg CH,=CHCH,(PO3zH.), P (20-5) 1968, 349
P,C3HgO4 CH(CH,COOH)(PO3H,). P (20-0) 1968, 349
P,CsHyClO, CH;3(CH;0)P(0O)(CH3)P(O)CI H; P 1967, 186
P2C3HoO4 CH(CH,PO;H,), P (24-19) 1968, 349
P;CsHy, (CH;),C(PH,), H; P (-7 1966, 15

(CHg)5(PHy), H; P (—138:6) 1965, 118; 1966, 16
P2CsH1oCIFNSSi (CHj)3SiNHP(S)CIF H; P (684); 1969, 69
F (73:4)
PyCsH;0FoNSSi  (CHjg)SiNHP(S)F, H; P (666); 1969, 69
F (40-2)
PyCsH1,0¢ (CH;),C(POgH,), P27 1967, 12; 1968, 349
P;CsH1007 (CH30),P(0)O(CH;0)POH H; P 1966, 138
chGHllNOG CHGN(CH2P03H2)2 H; P (ca. 9) 1966, 212
PoCyFel, [(CF):PI]. F 1962, 2
PoC4F15S, (CF3)2P(S)SP(CF3), F (—589; —53-8) 1969, 57
P:CHeCLLN,O; [Cl,PNN==C(CH,)O], H; P (—-527) 1969, 149
L
PyC,HgFs (CH3);PP(CFs3), H; P (—56;12-1); 1967, 28, 40; 1968,
F (—474) 55
P.C.H,F; (CH;);PPCF; H; P; F 1967, 28
P,CH;,CLFN, (CHzNPF,CH,Cl), H 1966, 36
P;CH;1,CloNaOy  [CoHNP(O)C], (isom.) H:P(-57; —3-1) 1966, 53
P;C4H;,ClgN, (CoHsN=PCly), H; P (—79-0) 1965, 98; 1966, 53,
288
PyC H;1oF2S4Zn  Zn[SP(S)F(C.Hs)]. H; F (—497) 1968, 350
PoC.H; 0K, [P(C.H;5)K]. P (~796) 1965, 27

85S¢
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P2C4H12

P2C4H12B308
P2C4H1201206
P2C4H12F603
P2C4H12NN382
P,CyH12N2055,
P2C4H12N402
P,C,H, 20
P,CH,12045;5
P,C4H120.45,
PZC4H12O5
P,C,H;506
P2C4H1207
P.C,H;.S
P2C4H1282
P204H13N06
P2C4H14N4SZ
P,C . H,CIN,

PoCaH20N-
P2C5H3BF1202

PoCsHoCl50;
P2CsH;10CLO:
PoCsHio
P2C5H13N306
P2C5H13N3

(CHs)o(PH),
[(CHs)2P]2

[(CH;0),P(0)0®],, Ba®®
[(CH;50).PO].CCl,
CH3(CH;0):P®, PFQ
[(CH3)-P(S)IEN, Na®
[CH,SP(O)NCH;],
[(CH3),NP(O)N],
O(CH.CH,PH,),
[(CH50),P(5)]25
[(CH30)2P(5)]25,
[CH3(CH;0)P(0)].0
[(CH50):P(O)],
[(CH50),P(0)].0
(CHs)oP(S)P(CHg).
[(CH3):P(S)]2
CoHsN(CHPO3H,),
[CH;NHP(S)NCH],

[CaH;NHP(NH,);].N®, CI®

D
CzH5NHP(NH2)2NHP(NH2) 2 :NCZHS ) C].e
CH:NHP(NH;).NHP(NH,)=NH(NHC,H;)

CH:B[OP(CF5)2l2

C.HyCCI[P(O)CL,].
C,HyCH[P(O)Clz]2
CsH;oPH,
[(CHso)zP(O)]che, Na®
N[(CH3):PN],CH

L)

o)

118 H; P (81-3);

F (—67-5)
H; P (32:9)
H; P (34-6)
P (—139)
H; P (45-5)
H; P (27:1)

1965, 11; 1966, 16

1967, 28, 54, 83, 124,
125; 1968, 22, 57,
113

1969, 95

1968, 349

1965, 43

1968, 111

1966, 53

1965, 78

1969, 44

1966, 218

1966, 218

1967, 186

1967, 381; 1968, 57

1967, 381

1967, 28; 1968, 113

1965, 28; 1968, 113

1967, 315

1966, 83

1966, 288

1966, 288
1966, 288

1969, 27

1966, 15

1966, 15

1966, 15

1967, 371; 1968, 349
1967, 355; 1968, 94
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Formula Compound Resonance Reference
PyCoHy, C,H,CH(PH,). H; P (—-109) 1966, 15
P,CsH,,0¢ C:HgCH(PO:H,), P (23-3) 1966, 15; 1968, 349

[(CH30),P(0)],CH, H; P (23-0) 1967, 371; 1968, 349
PyCsH5NS, (CH,) P(S)YN=P(SCH3)(CHj), H; P (45-3; 346) 1968, 111
PoCsH16N5S, [(CH;NH),P(S)].NCHj P (73) 1966, 83
P,CoHLCIF,N  CoH,CI(PF,), P (131-3); 1969, 61
F (—681)
PyCel F,0, CsH(OPF,), F (—449) 1963, 3
P,CeH;CI.FNS CeHsPCl,=NP(S)CIF - P (20-6; 49-1); 1969, 69
F (75-9)
P,CoHsF N CoHy(PFa)a P (132-7); 1969, 61
F (—68-2)
P2CsHeBCliF1,N2 [(CFg)sPN(CH3)BCl), 1B; P 1968, 24
P,CoH,206 [(CH,0);POCH,], P (134) 1968, 154
P,CoH;,ClN,O,  [CoH,NP(OYCl], (isom.) H; P (—2+4; —1-1) 1966, 53
P;CsH;14ClgNy (CsH7NPCly), H; P (-79) 1965, 98; 1966, 53,
288
P,CsH; 406 [(CH;0);P(O)CH], H 1967, 128
P.CeH,;ClF;  (CyHy),POCl PFO F 1967, 382
P.CsH,5Cl05 (CH;0),P(O)CHP(OC;H;)CH,CI P (21-7; 38-9) 1969, 332
P.CeH ;5L (C3H5),PP(C.H)Li P(-17-1; —112-8) 1965, 27
PyCsH 5Ny N[P(CHj;):N1,CCH, H; P (299) 1968, 94
P,CeH;cN;O,  CH,C[NP(OCH,).],N H: P (266) 1969, 106
P,CeH;6 [CH3(C3Hs)P], P (—46-2) 1968, 11
(CH3);P=CHP(CHy); H 1968, 107
P>CeH,;6CIN; N[P(CHj3),N1¥CCH;, CI® H; P (364) 1968, 94
P,CsH,cF N, [CH;NPF,C,Hsls H 1966, 36
PoCeH 1 6F6S, (CH,),P®(CH,SCHs),, PFS H 1969, 128

092
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P2C6H16N2O4
PZCGHIGOG
PZCGH1607

PzCsHlBAlzBT4N2
PzCengBl‘aNgOS
PyCeH,5CI3N308
P3CeH15CIsN30,

P2C6HIBF6N2

P,CsH1INS,
PyCsH;8N,O>
PaCelH13N4Sy
PyCeH;3Ng
P2CeH18NeOs
P2CeH1sNgSs
P,Ce¢Ha0BFsN
P,C¢H CIN;
P;CeH2aN-

P,C/H;CI,Ng
PyC7H;00s
P2C7H13C12
P;CHisl,
P;CH;sH,
PoC HzNO,

P,CgH,F15
PoCsH1004

PZCBH12F4

[(CH2).NCH.POzH,],
[(CH30).P(O)CH,],
(CH;30).P(O)OCH(CH3)P(O)(OCHa)e
[(CH3)sPNAIBr,],
[(CH,).N1,P2OP(5)Br,, Br®
[(CH;).N]sP®OP(S)Cl,, CI°
[(CH;):N1;P®OP(0)Cl,, CI®
CHPFP, CHsP®F[N(CHbs)],

[CH,SP(CHy),JoN, 19
[CH,NP(O)N(CH)olz
((CH3)2N],P(S)NCH),
P[N(CH,)N(CH,)].P
OP[N(CH3)N(CH_,)1:PO
SP[N(CH)N(CH3)]sPS
[(CH.)sP(CH;);NBH,]®, PF9
[CsH,NHP(NH,),].N®, Ci®

CsH,NHP(NH2)o NHP(NH,)(=NH)NHC;H,

CeH;C(NPCl)oN
CSHBCHZ(P03H2)2
CHGP(CHP(C,Hs)s, Cl
(CHq)oC[P(CHa)2159, 21°
N[P(CH;):N].CN(CH,),
(CH;0)(C2Hs):P=NP(0)(OCHs)2

CIF3CH.C[P(CF3):].CF5

HOP(O)CHCH(CH=CHPO,H)CHCHCH=CH
L

[(CH;)PC(CFy)l2

P (9-5)
H

H; P (11;22:3)
H

P (47:6; —89-0)

P (53-7; 40-1)
P (558; —9-1)
H; P(—126'8;

709); F (—82:2;
—57-5; —464)

H; P (43-5)
H; P 70)
P (62)

H; F (—109-6)

1967, 301
1967, 371
1967, 178
1967, 176
1969, 368
1969, 368
1969, 368
1966, 228

1968, 111

1966, 53

1966, 83
1967, 371; 1968, 57
1967, 371
1967, 371; 1968, 57
1969, 26

1966, 288

1966, 288

1969, 106
1968, 349
1969, 344
1968, 351
1968, 94

1969, 371

1967, 103
1969, 146

1967, 331
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Formula Compound Resonance Reference
P.CsH,5Cl N, [(CH3);CNPCl], 'H 1969, 112
P.CsH,5ClsNy [CHN=PCl;], H; P (~79-3) 1965, 98; 1966, 288
PoCeH;3NLO; [(CH;3).NPN(COCH,)]» H; P (154) 1968, 126

[OC(CH3g)=NNP(CHjs):]» H; P (—425) 1969, 149
L |
P2CeH 1505 [(CH30);P(O)OC(CHas)], H; P (—28; —41) 1968, 309
(CH;50).P(0)OC(CH3)(COCH3)P(O)(OCHg), P (—69; 19-7) 1968, 309
P,CsHyp [(C2Hs)2Pl: P (—342) 1965, 11; 1967, 126
PoCgHz0BaOg [(C:H50),POF]z, Ba?® H 1967, 90
P2CsHy0ClaS:8n  ClaSn[S(S)P(CoHs)e)s H 1967, 177
PyCgH0FeNg CoH;[CH,N(CH,)].P®F, C.H;PF$ P (76:7; —126'5); 1968, 352
F (-671; —574;
—56-0)
PyCst30045; [(CoH50)2P(S)], H; P (-37-2) 1967, 127
P,CsH0048; [(C2Hs0).P(5)15 P (78-0) 1966, 218
PoCaH 0048, [(C.H:0):P(S)S]. P (84:0) 1966, 218
P,CsH20055 (C5Hs0):P(SYOP(OC,Hs), H; P (-56-1; 16:0) 1967, 127
(C2H50),P(S)P(O)(OC:Hs), H; P (—39:5; 1967, 127; 1968, 113
—106-7)
P2CeH055; [(C:Hs0):P(S)]:0 H; P (-601) 1967, 127; 1968, 25,
284
(CoH50).P(S)SP(O)(OC:Hs), H; P (-340; 1967, 127
—98-4) ‘
PoCsH2006 [(CoH:0).P(0)], H; P (-105-8) 1967, 127, 381
(C5H;0),P(OYOP(OC,Hs)e H; P (—122; 15-2) 1967, 127
P,CsH50,06S (C3H50).P(S)OP(O)(OC.Hj3),a H; P (—584; 1967, 127
—126-4)
PyCsH2007 [(C.H50),P(0)]1,0 H; P (—11 to —16) 1967, 69, 185, 381;

1968, 282

°9¢
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PngHzoS4Zn
P.CsH,, Cl
P,CsH,Si
P3CeH 2 N,O4
P2C8H24sti
P2CsH,sCIN,
P2C8H28N’1
PZCQHzoBrzoe
P2C9H20C1205
P2C9H21N303
P,CoH21N1Og

PZCQHZZ
P209H22O4S‘1

P,CoH2506

P,CoHo,Si
P2CoH26N,Oq

P2C10H10N2Ss
P2C10H13Na04
P2C1oH;,0,

P,C;oH;sLi
P3C10H;606S2

Zn[SP(S)(CoHs):]2
(CoH;)sPP(CHa),Cl
[(C2Hs5)oP],SiH,
[(CH3)2N).P(0)].0
[(CH)sPN]:Si(CHs).
[CsHNHP(NH,).].N®, CI®
CH,NHP(NH.), NHP(NH,)(=NH)NHC,H;
[(C2H50)2P(0)],CBr;
[(C.Hs0):P(0)1:CCl,
[(Cszo)zP(O)]ZCH®, Na®
[CH:N(CH,),OP].(OCH,CH,)NCH,
L

(C4Hyg)oC(PH,)s
[(C.Hs0).P(S)S].CH,

[(CzH50)2P(0)].CHz

(PO3H2)2C(CHy),
(CHy)sPCP(CH,),]Si(CHa)s
{{(CH5)2N}.P(0)}.CHa

[CsHsN®P(S)S9].8
NaOP(O)CHCH(CH=CHP(O)OC.H;)CHCHCH=CH
l ||

HOP(O)CHCH[CH==CHP(0)OC,H;]CHCH=CH
L |

C:Hs(CsHs)PP(CoH;)Li
[(CH50).P(8)01.CeH,

H; P (—125)

H
H; P (—42:2; 37°7)

anecias!

P (ca. 15)
P (ca. 15)
H; P (85)
H; P (85)
H; P (41-5)
H;

H; P (-91)

e

H; P (19-0)
P (26:0)

H

H

P (105-5)

P (78)

H

H
H

1967, 127
1967, 177
1969, 344
1967, 182
1968, 284
1967, 316
1966, 288
1966, 288
1968, 349
1968, 349

1967, 371; 1968, 349

1968, 349

1966, 15

1968, 284, 285; 1969,

322

1967, 371; 1968, 56,
349; 1969, 332

1968, 349
1968, 107
1969, 372

1967, 126
1969, 146
1969, 146

1968, 113
1968, 284, 285
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Formula Compound Resonance Reference
P2C10H20048s3 [(CHg)2C(CH20),P(S)]2S H 1967, 91
P3C10H200552 [(CH,)2C(CH;0):P(5)].0 H 1967, 91

(CHj):C(CH,0),P(S)SP(O)(COCH,),C(CHsj)g H 1967, 91
P3C10H2006 [(CeH:0):P(0)C]2 H 1965, 90
P,C10H2006S (CHy):C(CH,0),P(O)OP(S)(OCH,).C(CHy), H; P (—24; 449 1967, 91
P2Cy0H2007 [(CH3)2C(CH;0).P(0)].0 H 1967, 91
P,C10H22ClsN, [CsH1.N=PCl;g]. H; P (—78) 1966, 288
P2C1oH3206 [(C.H50),P(O)CH], H 1967, 383
P,C10HzsClNg CH3(|3=NPC12=NP(NH-t-C4Hg)2=lTT H; P (39:3;10:3) 1969, 106
PyCioHzq CoH,;,CH(PH;), P (—105) 1966, 15
P2C10H2406 [(CH50),P(O)CH;]. H; P (26:8) 1967, 371, 384; 1968,
143; 1969, 322
P.C10H3sNO; (C2Hpg)sP=NP(O)}OC:Hp)2 P (1-3; 32) 1969, 371
P,CicHaeNO,  (C,H,0);P—NP(0)(C;Ho), P (05 29) 1969, 371
C.Hs;O(C.Hz):P=NP(OYOC.Hj); P (0; 52) 1969, 371
P,C,oH2sNOg (C2H50)sP=NP(O)}OC;Hjs). P (3;3) 1969, 371
C,H;OP(O2)CH[P(O)(OC;H;):IN®(CHg)s P1; —4) 1969, 346
P2CyoHz6Si (CHs5)3Si[P(CoHs)o]2 H 1967, 182
(CHj;)28i[(CH2)2P(CHz)s]2 H 1969, 373
P3C1oH37151 (CH,;)sPC[Si(CH3)s]P®(CHzg)s, I® H 1968, 107
P2Cy1oHgoALNs [(CH3)sPNAI(CHs)sla H 1967, 176
P,C,,H2,07 [(C,H0),P(0)CH;],CO H; P (19-4) 1967, 278
P,C,:Hag C,0Hz; CH(PHS,); P (—-10-8) 1966, 15
P;C11H26NNaOg  [(C2H;0)2P(0)]:CON(CHs)z, Na® P (33) 1968, 353; 1969, 346
P>C11HgeN> CH[PCH:N(C2Hjs)s]2 H 1965, 118
P,C1:Hz606 (CH,)s[P(O)(OCoHs)z]2 P (29-3) 1969, 332

+9¢C
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P2C11H27C]
P2C11H27N06
P,C;1H33AIN,Si
chllesGaNQSi

P,C,.H,,Cl,FNS

P,C1oH;,CIsNO
P,C;2H;,CI:N
P2C12H10N20,
P,C1oH10S,
PyC1aH13Ka04
P;C;2H13K2S8,
P2C12H;20;
P2C12H1205
P5C1oH15NgO,
P2Ci12H160,

P2C12H19N3
P2C12H2204

P2C12H23C16N2
P2012H260684
P3C12H27Cl30,
P2C12H2‘7C150

chlezs

P2Ci2H23BaOg

(CsHr)sPP(CH5),Cl
[(C2H;50)2P(0)].CHN(CHs),
(CHg)sPN[AI(CHs)5]Si(CHg).NP(CHy)g
(CH3)sPN[Ga(CH)5]Si(CH;)eNP(CHs)s

(CeHs)PCl=NP(S)CIF

(CeHp)sPCI=NP(O)Cl,

(CeH5PCl,),NCI

[CeHsP(O)N],

[CeHsP(S)S]:

[CeHP(0)OK].

[CeH-P(S)SK],

[CeHP(O)H],0

[CeHsPO,H],0

{[(CHg),N],PNN=C(CH3)O},

C,H;OP(O)CHCH[CH=CHP(O)OC;H;]CHCHCH=CH
[

N[P(CHz)oN].CCH,C¢Hp
C;H;OP(O)CHCH[(CH,);P(0)OC3H]CHCH(CH,),
L

[CeH1sN=PCl;),
[(CH;s0),P(S)SCHOCH, ],
(CH,):P®OP(0O)Cl,, CI©
(CHy)sPOPCI;
[CaHs(CsHo)Pls
[(C2Hz)oP)(CHo),
C1:HaCH(PH,),
[(CaHvo)zpoze]z, Ba2®

H; P (

H; P (18)

H

H

P (30-5; 50:7);
F (78-7)

H; P (~79-1)
H

P (104-5; —-10-1)
P (103-5; —296-0)

P (—375)
P (—46-0)
P (—107)
H

—47-9; 22-5) 1969, 344

1968, 93, 353
1967, 316
1967, 316

1969, 69

1967, 286
1967, 385
1965, 78
1967, 277
1967, 386
1967, 386
1965, 48; 1966, 18
1967, 277
1969, 149
1969, 146

1968, 94
1969, 146

1966, 288
1968, 285
1969, 368
1969, 135
1965, 29
1965, 29
1966, 15
1967, 90
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Formula Compound Resonance Reference
P,C,.HgN, [(C2Hg):NCH,PCH,), H 1965, 118
P3C12H50; [(C2He)P(O)(CH,)z])2 P (55-9) 1968, 336
P,C15H2405S, [(CsH;0),P(S)].0 H 1968, 285
P,CiaH2406 [(C:Hs0)P(O)(CHL)]a P (31-5) 1969, 332
PCi12H26S2 [(CoHe)oP(S)(CHy)e]s P (39+4) 1965, 11

[CHs(CHo)P(S)]2 P (47-6) 1965, 29
P.C,2H,5,NOg [(C:H;0).P(0)].CON®(CH,)s H; P (28) 1968, 353; 1969, 346
P2C12HgoN02 CHa(izNP(OCHg)z:NP(NHt-C4H9)2=1T H; P (19:6) 1969, 106
P2Ci2HgINOg [(C:H50).P(0)],CHN®(CH,)s, I® H; P (11) 1968, 353; 1969, 346
P,C,:HgoNg [CH3N(CH,).NCHzPN(CH;3)CH,]. H 1967, 305
P2C12HgsCloNe

OgS., [(CH3),N)sP®(S)]., CIOS H 1969, 105, 247
PzC]_aHngl'gOe [(i-C3H7O)2P(O)]QCBr2 H; P (7'0) 1967, 380; 1968, 349
P,C13H,5Cla06 [(-CsH;0),P(0)]:CCl, H; P (6'5) 1968, 349
PyCi3Hagl20g [G-CsH;0),P(0)]:CI. H; P (10-5) 1968, 349
P2C13H2807 (CszO)2P(O)CH2CH:C(C02H5)P(O)(OC2H5)2 H; P (306; 27'7) 1967, 278
P.Cy5H3oBrOg [(z-CsH,0),P(O)].CHBr H; P (12:0) 1968, 349

P (11.8) 1967, 380

P.C13H,ClOg [(i-C3H,0).P(0)].CHCI H; P (11-5) 1968, 349

P,CisH30106 [(@-C3H;0),P(0)].CHI H; P (13-5) 1968, 349

P,C1sHoNaOg [(-C3H,0),P(0)].CHNa H; P (40-5) 1968, 349
P.CisHgo [¢-CsHy)P].CH, P (17-8) 1966, 15

PsCisH30Cl, (C,Hy)sP9P(CH,)CI, CI® H; P (—14-7; 16-5) 1969, 344

P,Cy5HsoN, [(CoHs)aNCH,P]o(CHg)s H 1965, 118
P>CisH3006 [(C:H50).P(0)],CHC,H, P (234 1966, 15

[(¢-CsH,0),P(0)].CH., H; P (17'5) 1968, 349

P (17-8) 1967, 380

P,CysH3NO, C3H,0O(C,Hz)sP=NP(O}(OC3H7): P (0; 51) 1969, 371

992
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P2C13H33Nolls

P2C14H1402
P2C14H16

P.CiaH16F4N2
P2C14H16NN382
P3C14H16N2
PZCI4H18N4SZ
PyC14H30CleNz
P2C14H52N2
P,C14H35Cl
P2C14H33C1N6

PZCliH‘lONG
P3C1sH1oNS,

P2015H25C12N5

P2C15H29N7
P2C15H3406
P2016H14F10N2
P2C16H19N3

P.CieHzo
P,C16H2oCING

P3C16H20FsN:

(C3H7O)3P:NP(O)(C2H5)2
[(C.H50)2P(0)].CHN®(CHjg);, SOsCHY

(CH30CH,P),
[CH(CeHs)P]2

[CHsNP(CeH3)Fa)a

(CHa)zP(S)N:P(CeHa)zSe, Na®
[CH,(CeHs)PN];

[CeH:NHP(S)YNCHs].

(chwN:PCla)z

[(CoHs):NCH,P(CHy);].

(C4Hy)sPP(CHj),Cl
CHs(IZ:NP(NI—It-C4H9)CI=NP(NHt-C4H9):1]1

[(CHg):N)sP®CH,]2

CH;8(CHj3) P=NP(S}(CsHs).
(CHg):P(S)N=P(SCH3)(CsHs),
C6H5cI: =NPC12 :NP(NHt-C4H9)2 ZIT

CeHC{NP[N(CHs);]5}aN
[(-CsH70)2P(0)]2C(CHa)2

[CH3NP(CeH,CF3)F;],
(CH3)2II’NC(CH3)NP(C3H5)21T

[C2Hs(CeH5)P]; (isom.)
(CHa)zll'—‘NH@C(CHs)NP(CsHs)ilI\I, Cci1®

[CH,N(CH,)]:P®(CsHy)F, CoHPFS

P (0; 32)
H; P (11)

P (—22:4)
H(T); P (—41-7)

H

H; P (43-3; 37:6)
H; P (62-5)

P (54)

H; P (~797)

H; P (-51-0; 21-2)

H; P (12:4)

mOmE O EITT T

H; P (31:3; 147)

P (—-21-5; —28-3)
H; P (16-8; 40-3);

F (40-3)

1969, 371
1969, 346

1967, 126
1965, 11; 1966, 99;
1968, 141
1966, 36, 53
1968, 111
1969, 199
1966, 83
1966, 288
1965, 118
1969, 344
1969, 106

1967, 371

1968, 111
1968, 111
1969, 106

1969, 106
1966, 15
1966, 36
1968, 94

1965, 11
1968, 94

H; P (56-1; —138); 1968, 352

F (—78-7; —61-0;

—57-4)

SANNOdINOD JINVOHO NO VIVA JNN
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Formula Compound Resonance Reference
P.Ci6HzoS, (CeH3)P(S)P(S)(CoH)z P (26-0; 57-7) 1965, 29
PsCieHpoFoN,  [(CHa)oN]oPO(CoHy)F, CoHsPF® P (56:0; —136:0); 1966, 228

F (-573;

—60:9; —86-7)
P,C,cHyINS, CH;3S(CH,),P=NP®(SCH3)(CeHp),, 19 H; P (46-7; 34:7) 1968, 111
P2Ci6H3,N, CeHsP[N(CH;)N(CHj3)].PCsHs H; P (29-9) 1969, 199
PoCi6HsNsO  [(CHg)sN]oP(H)=NP(O)(CeHp)s H; P (224; 12:0) 1969, 15
P,C16H23N30,S  [(CH3)N1oP(H)=NP(S)(OCeHs)- H; P (23-3; 52:7) 1969, 15
PyC.6H25N,S [(CH,)2N]:P(H)=NP(S)(CeHs)s H; P (24-4; 42:5) 1969, 15
P,C16HoeN206S2  (CoHs0):P(SYNHCOC(O)NHP(S)(OC,Hg), H 1966, 264
P.CiHse (C5Hs)oPP(CsHi1)2 H; P(—422; 1965, 11, 29; 1968,

-13-8) 113
P,C16H35S, (C2Hg)oP(S)P(S)(CeHyy)a H; P (47-6; 57-1) 1965, 29; 1968, 113
P2C16H34CIQN2 (C3H17N:PC13)2 P (—798) 1966, 288
P2CroHas [(-C4Hyg)P], P (40) 1966, 34
P2C16H36Ba03 [(C4H90)2PO§]2, Ba2® H 1967, 90
P5C16Hu6Ss [(2-CHg)sP(S)]sS P (118:0) 1966, 34
P.Ci7HgsCLLNs  CeHzC{NP[N(CH_)s1C1}.N H; P (38-3) 1969, 106
P,C17Hgs06 [(G-CsH,0),P(0)]sCHCHy P (216) 1966, 15
P,C1sH;5Cl;08  (CeH:)sPPOP(S)CL,, CI° P (65-2; 42-8) 1969, 368
P2C13H15C1302 (CsHs)sPeoP(O)Clz, Cle P (65‘0; -“7'3) 1969, 368
P,C,sHsCI50 (CeHs)sPOPClg P (67-2; —297) 1969, 135
P,C1eH;sNS; CeHsll’(S)N(CsHs)P(S)(CeHs)IS P (61:0) 1967, 126, 142
P,C1sH2206 [(CH50).P(O)CcH,CH]2 H 1966, 253
P2C16H,204 [(CH;30),P(0)OCeHs], H; P (=31) 1968, 309
P,C1H2,0, [(CH50),P(0)CeH,CH,], H 1966, 253
P,C;sHsNO, (C2H50);P=NP(O)(CcHj)2 P (0;8) 1969, 371

897
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P2C18H32S2
P3C16Hg5CleN2
P3C1eHy00:
P2C18H43N7

P3C1oH;15F208
P2C19H34082
P2C19H37N7

P2C20H1802
P2C20H2109
P2C20H28
P3Ca0H3085,
P2C20H4ZCIGN2
P3Ca0H 140,

P2 C21H2 sBFeN
P2C21H37N7
P2C21H4606

P2021H50N4
P2C22H16F12

P2C22H24010
P2C22H34B1‘N30
P2C22H3406
P2C22H3482
P2C22H36010
P2C22H36012

C:H:O(CeHs)P==NP(O)(OC:Hs).
CsHsP(S)(S®)P®(C,Ho)s
[CsHlsN:PC]s]z
[(C4H),P(O)CH:}2
CH;CINP(NH:-C Hy),].N

CHa(CoHs)sPPP(0)Fo(S€)
CH;0CH,P(S)(S®)PS(CyHo)s
CeHsC==NP[N(CHj);]s==NP(NH¢-CHp);=N

[CeHsP(O)(CH=CH);]»
[(CH;30)zP(0)0]2C16HsOH
[C2H5)2PC6H4]2
C2HsOCHP(S)(S®)PH(C,Hy)s
(ClonN:PCls)z
[(CH3)P(O)(CHy)els

[(CeHs)sP(CH3)sNBH,)®, PFP
CeH;C{INP(CHg):]N(CHz)s}oN
[(-C3H;0)2P(0)].C(CaHo)o
[(i-CsH0):P(0)}:CHCsH,4
{[(CaHs)e:NCH]3P}sCHo

(CeH3)sP®CHC(CFa),, PFY

[(CH50)sP(0)012C16He
(CHO)P(0)O[C(CoHy)] OPOIN(CH)s]s, Br®
[CH5(CH;0)P(0)0]5C1sHo,
B-C1oHeP(S)(SO)PS(CyHo)s
[(CH30)3POC(CH;)(COCH5)CH,],CeH, (isom.)
[(CH50)sPOC(CH5)(COCH3)CHOJCHy

P (0; 19)

P (68; 60-0)
P (~79-8)
P (543)

H; P (136)

F (-34-2)
P (7-4; 60-0)
H; P (18-8)

H
H; P (-1-0)

H

P (6-8; 60-9)
P (=779

P (55-5)

H

H; P (30-1)
P (24-5)

P (22-2)

H; P (—56-5)

H; P (178;
~150-0);
F(—593;

—-65:3; —72'9)

H; P (—44-3)
P (—42; 34:2)
H

P (9-5; 61-6)

P (—49-3; —49'5)

H; P (-511)

1969, 371

1966, 77; 1967, 126

1966, 288
1968, 336
1969, 106

1967, 281

1966, 77; 1967, 126

1969, 106

1968, 101
1968, 315
1969, 155

1966, 77; 1967, 126

1966, 288
1968, 336

1969, 26
1969, 106
1966, 15
1966, 15
1966, 16

1967, 102

1968, 315
1968, 309
1967, 168
1967, 126
1967, 351
1967, 350, 351
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Formula

Compound Resonance Reference
PyCp2H3601, (CH30);POCH(CsH,0CHO)CH-
[C6H4(lji-IC(CH3)(COCHS)OP(OCHa)a?]O H; P (-501) 1967, 350
P,C,:H, 0. m=[(C4Ho)oP(0)].CeH, P (133-0) 1968, 336
p-[(C4H,)2P(0)]:CeH, P (134-6) 1968, 336
P3Co2H50N, {[(Csz)zNCHz]zp}z(Cﬂz)z H; P (-487) 1966, 16
P,CosHs N, {[{C2H5)a2NCH,],P},(CH,), H; P (~529) 1966, 16
P2C24Hzo (C6H5)4P2 H, P 1969, 344’
P2C24H20BI2N [(C6H5)2PB17]2N@ P (332) 1967, 9
P,C..H3,CIFOS (CeH;) PESOP(O)FCI F (—43-6) 1967, 58
P,C;,Hg,CINS (CeH5)oP(S)=NP(CgHj).Cl P (451; 30-2) 1967, 92
P,C;,H,CIN [(CeH;) PCIIEN, ClI® P (43-6) 1967, 92
P,C2.H,0ClsNSb [(CeHs) PCIIPN, SbCIQ P (43-5) 1967, 92
P,Co H o KNOS [(CeH:)oP(S)NP(O)(CeHs),19, K@ P (347; 12:4) 1967, 92, 344
PyCo Ho o KNS, [CeH:).P(S)]9, K® P (35:6) 1967, 344; 1968, 111
P.C,,H(NOS (CeH;)2P(S)NP(CeH;),0© P (35; 38) 1967, 344
P;C,,Hy0NO, [(CeH;) PO, N® P (12:7) 1967, 9
P,C,, HyoNS, (CeH;)2P(S®)=N(CeHs;).P(S) P (35 to 38) 1966, 232; 1967, 344
PyCasH3005 [(CeH5),P(0)],0 P (32:2) 1967, 277
P.C;,H2; NOS (CeHg)P(S)NHP(0O)(CeHs), P (54-2; 22-1) 1967, 92, 344
P.C,,H; NS, [(CsH5)oP(S)].NH P (55-1) 1966, 232; 1967, 344
PoCpsHpoNO,  [CoHy),POH],N® P (25-1) 1967, 9
P2024H22N28 (CeHs)QP(S)N:P(CGHs)zNHz P (42’6; 206) 1967, 92
P,Cy4H23CIN,S (CeHs)oP(S)NHP®(C¢Hs),NH,, Cl P (55-9; 40-7) 1967, 92
PoCoyHsy (CeHs)oPP(CgHyy), H; P (-288; 1965, 11, 29; 1968,
—8:2) 113
P3C24H32S, (CeHz)oP(S)P(S)(CeHy)e P (20-9; 64-0) 1965, 29

042
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P2C24H5206
P2C24H56N4

P,C25H;5Br,O2
P;C25H;5ClL 0,
PyC2sH500,
P,CosHs0S5,
P2Cy5H N3
P.CysHo,

P2C25H22F4
P2C25H22N4
P2025H22O

P2CosHz202

PoCosH20S,
P,CosHz25es
P2C25H23NOS

P2CasHaaNS,

PZCZSHZSCIZNZ
P2C25H4602
P2C25H5402

P2CoHag
P;C6H3 N3
P2CgeHay
P,CyeH,CIN
P2CaH34CINg
PyCy6H240

C11Hos CH{P(O)(0i-C5Hy)z]2
{[(C2Hz)oaNCH ]2P(CHz)z}2

[(CeH4Br)P(0)].CH,
[(CeHLC1)P(O)]2
[(CeH5)oP(O)CH],
[(CsHs),P(S)CH],
N[(CeHs)PN].CH
[(CeHs)2P)CH,

[(CeH5)oPF,].CH,
N[P(CgHj;)oN]J,CNH,
(CeHs).P(O)(CHy)oP(CoHs):
[(CeHs)2P(0)]2CH,

[(CeH5)aP(8)).CH,
[(CeHs)oP(Se)1.CH,
(CGH5)2P(S)N:P(C6H5)2OCH3
CHSS(CGHS)ZP:NP(O)(CGHS)2
CH3S(C6H5)2P:NP(S)(C6H5)2

[(CeHs)sPNH,],CH,Cl,
[(CoH11)sP(0)]o.CH
[(CoH15)2P(0)].CH,

[(CeHs).PCH],
N[(CeHs):PN];CCHs
[(CeHs):PCH:],

(CeHs),PCH==CHP(NH;)(C¢Hs)z, Cl

CH;3C[NP(C4H;);].NH®, C19
[(CeHs).PCH.].0

(34-5)

;P
; P (41:8; 289)
: P (267; 133)
;P
;P

(42+4; 29-2)

(22)

o)
—_
—
w
(=3
~

; P (19-0)

mEmmDE mEmE mmmmT ommmm

1966, 15
1966, 16

1968, 18

1968, 18

1967, 371

1967, 371

1967, 196, 335

1967, 329, 371, 387;
1968, 297; 1969,
374

1969, 375

1968, 94

1967, 371

1967, 371, 387; 1968,
18, 297

1967, 329, 387

1967, 387

1967, 92, 344

1967, 92, 344

1966, 232; 1967, 344;
1968, 111

1969, 374

1965, 71

1965, 71

1967, 371; 1969, 347
1967, 97; 1968, 94
1967, 371, 387
1969, 374
1967, 97; 1968, 94
1967, 349
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Formula Compound Resonance Reference

P,CosH.0, [(CeHz)oP(O)CH: ), H; P (358) 1967, 371, 387; 1968,
336
[(CeH5).POCH;], P (115-2) 1968, 336
P3Ca6Ho4So [(CeHs):P(S)CH;)2 H; P (79-2) 1967, 371, 387; 1968,
336

P,Co6HyySep [(CeHs)2P(Se)CHo]: H 1967, 387
PyCa6H26Cle—

-NOSSb CH;3S(CeHs).PEN=P(CcH;);OCHg, SbhCl¢® H; P (38:8; 35:3) 1967, 344
PyCaHaeCle-

~NS2Sb [CH;38(CsHs) PIPN, SbCI§ H; P (38-4) 1967, 344; 1968, 111
P2Ci6HosNO, [(CeHs),POCH;l.N® P (35-0) 1967, 9
P.CysH26N S, [CH;S(CeH5)-PI¥N P (389) 1966, 232
PoCocHogN,S [CH;NP(CeHs)g)2S H 1967, 388
P2CogHo60,Si [(CsHs)oPO1,Si(CH,), P (98:1) 1967, 100
P,C36H265.5n [(CeHs)P(S)S].Sn(CH,), H 1967, 177
PyCa6H2N2 [(CeH5)oP(NH;)CH, o H 1969, 374
P,CosHs NS CH5S[NP(CgHs),].CH H 1967, 149
PyCocHosN; [(C¢Hs).PNHCH;],N® P (20'9) 1967, 9
PoCzeHzsBrNS  CHS[NP(CeHs)2]$CH,, Br® H 1967, 149
P,CoH3oBraNoS  (CHj)oS[NPP(CoHy)zls, 2Br® H 1967, 149
P3CaHz004 [CeH(C2Hs),POCOC(0)C(0)]; P (26) 1965, 85
PoCoH3oCloNy  [(CsHs),PNH,).NN(CHsy),, Clg H; P (1-5) 1967, 94
P,Cy6H5,Cl (C¢Hy7)sPP(CH3),Cl H; P (~-259; 1969, 344

14-5)

P,CorHo50, CsH;P(O)Y(OCH;3)CeH,CH(CeHg)P(O)YOCH,)CeHs H 1966, 82
P2C27H26Br20 H 1967, 349

(CGHa)zl‘)@CH2P®(C6H5)2CH20CIH2» 2Br®

LT
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P2C27H26ClL0

P5CorHgsNy
P2CorHgeOs
P2CarHzrl
P,CorH710
P2CorHgsls

P2CasHooF,
PyCosHz0Fs
P3CosHoeBr,

P2C28H27Br0
P2C28H28
P3CyasHasBry
PgngstBI‘zO
P2C28H2812
P2C28HZBO2

P2C28H3012
PyCasH32Ng
P2C28PI44O2

P;C20H15F120,
P3CaoH5FeOy
P,CoH500,
P3CaoH5005
PyCooHigsls
P,Co0He206
P,CyeHesNO

P2C30H25AS

(CsHs)szHzf’@(C6H5)2CH2OCJ:H2, 2C1°

N[P(CsH5)2N].CN(CHs),
[(CeH5):P(0)]2(CHs)s
[CHa(CeH;)oP],®CH, 1°
(CeH5)sP®(CH3)(CH3)oP(O)(CoHs)z, 1€
[(CsHs)P®CH;),CHj, 21°

[(CeH5)2PC(CF2)],
[(CeH5):PC(CF3)],
(CeHs)2PE(CH)2P®(C6H5)2(((:H2)2, 2Br®

(CsHs)2P(O)(CH)2P®(C6H5)202H5, Br®
[(CeHs)2P(CH,)olo
[(CeHs)zP@CHz(:Hz]z, 2Br®
[(CeHs)zP@(CHz)CH.z]zO, 2Br®
[CHgP@(C6H5)2CH]2, 2I@
[(CeHsCH,)oP(0)]2
[CeH(CeH:CH,)P(O)CHL],
{CHg(Csl5)2P®CHol,, 21°
{(CH3)oNP(CgH;5)].N®
[(CHo)oPOCeH,]o

[(CF3C6H,),P(0)]o.CH,
(CH50C6H)oP(O)CH,P(O)(CeH4CFs),
[(CH3CeH,),P(0)]):CH,
[(CH50CeH,).P(0)]sCH,
[CHy(CeHs)sPO]o(CH,)g, 219
[(:-CsH70)2P(0)]2C(CoH ),
[C12H25(CH3)2PIN®CH,0©

CeHsAS[P(CsHs)z]z

(19-3)

o
g, .}
*

; F (—108-6)
; F(—358)
P (2-8)

-

(144)

(25-4)
(133:7)

IOMDOD PRSI ESIETT OSEE DEEITIOI

1967, 349

1968, 94
1968, 336
1967, 371
1967, 371
1967, 371, 387

1967, 331
1967, 103

1966, 204; 1967, 364,

371
1967, 389
1966, 204
1967, 371
1967, 349
1967, 371, 387
1966, 289
1967, 371
1967, 371
1967, 9
1968, 336

1968, 18
1968, 18
1968, 18
1968, 18
1967, 371
1966, 15
1966, 268

1969, 14
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Formula Compound Resonance Reference
P2CqoHz6CIN (CsH)2PCeH P(NH)(CHy)s, Cl H 1969, 374
P;C30H2sClaN, {(CeH3):PNH]2CeHy, Cly H 1969, 374
P2C30H34Br282 [(CeHs)z(CHssCHz)P®CH2]2, 2Bre H 1967, 349
P2CaoH3.ClaS, [(CeH)2(CHaSCHo)P®CHyl,, 2C1° H 1967, 349
PyCsoHsala [CHa(CeHs)(CeHsCH)POCH, o, 21° H 1967, 371
PyCs1HysNs NIP(CeHs)2N]2CCeHs H; P (17-3) 1967, 97; 1968, 94
P,C51Hz6CIN:  HN[P(CeH;).NI§CCeHs, CI® H; P (21:9) 1967, 97; 1968, 94
P2Ca1H5603 (CeHs)2P(0)CH(C:Hs)OP(O)(CeHs)2 H 1967, 368
PoC3:H500, [(CaHg)o,POCH,],C(CH;), P (130'7) 1968, 336
P2C3oHr Ny N{P(CgHs)oN]o,CCH,CsHs H; P (159) 1967, 97; 1968, 94
P,C32H25CING HN[P(C¢H5):N]PCCH,CeHs, CI© H; P (199 1967, 97; 1968, 94
P,CsoHos0, (CsH5)P(O)CH(CsH,OCH3)OP(O)(CeHs). H 1967, 368
P,CszHg0la [CH5(CeH5)2P®12CeH,, 21° H 1967, 371
P2Cs2Hg204 [(CeH;)sP(CHg)=C(COOCHy)], H 1967, 378
P3C3.H7004Sn [(CeH135)2P(0)0]:5n(CHg)2 P{H} 1969, 140
P;CasHo9Br (CeH5),PCH=CHP®(CH,CsH;)(CHs)s, Br® H; P (-32;46) 1966, 204
P2CgsHasla (CeHe)sP®(CH,).P®(CsHs)2CHsg, 21° H 1967, 371
P,C3,H3,BrOg (CH;30),P(0O)O[C(CeH;5)],0P®(CeHs)s, Br® P (—4-3; 659) 1968, 309
P2C35H7406 [(-CsH0)2P(0)]2C(C11Has)z P (25-5) 1966, 15
P,C36H30CIN [(CeHs)sP=NP(C¢Hs);5Cl H; P (20-1) 1968, 254
P2C36HzoCliN3Sb [(CeHi)sP1aNP, SbCIP P 1967, 390
PyCaeH440: [(CeH5)2P(O)(CHg)el= P (353) 1968, 336

[(CeH)sPO(CHo)elz P (110-1) 1968, 336
P,Cs7Hao [(CeH5)sP1C P (—43) 1966, 78
P,Cq7Hg; Br [(CeH5)sP12CH, Br® H 1967, 371

VL2
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P;C37H3oBr,
PoCa7Hg Ny

P3CssH300;
PyCyeHay

P,CgsH34Br,

PyC3oH3310,
P,C35H36Br,

P3C40HgoFsO

P.C40H3BF;,0

P,C.oH52Br,

P>C,0H35ClO3
P2CsoHge
P;C40H3eBrs
P,C4oHzgBre
PzC4oH33B1’20
P2Ca0H42A1:N,
P2CyoH42GazN,
PoCaoHyoIno, Ny

P2C41H33BF402
P2C41H33102

P2C41H35Cl0,
P2C42H3604

[(C6H5)3P®]2CH2y 2Br®
[(C6H5)2P(:NCGH5)]2CH2

[(CeHs)sP]2COCO,°
[(CsHs)sPPCH,J,
[(CeHs);P®CH.],, 2Br®

[(CeHs)sP]19CCOOCHS, 1€
[(C6H5)2P®CH2C6H5]QCH2, ZBre
[(C3H5)3P®]2(CH2)3, 2Br®

(CsHa)3POC(CF3)2CZP(CGH5)3
I

[(CeH5)sP]2CC(CFs)20H, BF?

(CeHs)zll)@CH:C(CeHs)P&)(CGH5)2CH?C6H5, 2Br®

(CeHs5)sPECH(COOH)COCHP(CgH,)s, CI©
[CeHsCH P(CoH;),CH],
[(C6H35)CHCH,P®(CeHs): ]z, 2Br®
[C6H5CH2P®(CGH5)2CH2]2, 2Br®
[CGH5CH2P®(CeHS)2CH2]2O, 2Br®
[(CeHs)sP==NAI(CHg)slz
[(C¢Hs)sP=NGa(CHs)s)2
[(CeHs)sP=NIn(CHj)s]2

(CeH;)sPPC(CH3)C(O)CIP(CsHs)31CO, BFY
[ il

(CsHs):aP@(I:(CHs)C(O)C[P(CGHS)S]?O» I®

(CeHs)sPCH(COOCH3)COCHP®(CeHy)a, C1©
[(CeH3)sP=C(COOCHy)]»

H
H

P (3-6)
P (24-7)
H

H; P (21-4)
H

P (23-2)

H; P (7:3; —540);

F (~712)

H; P (22);
F (~703;
—150-3)

H; P (—3°5)

T T T T

H; P (0-0; 25-8)

H
H(T)

1967, 371
1966, 113

1968, 110
1966, 269
1967, 371

1966, 290
1966, 113
1966, 5

1967, 123

1967, 102

1967, 364

1966, 291
1966, 269
1967, 364
1967, 371
1967, 349
1965, 119
1965, 119
1965, 119

1968, 110
1968, 110

1966, 291
1967, 378
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Formula Compound Resonance Reference
P>CuoHy2Bry [CeHs(CeHsCH,),PPCH]5, 2Br® H 1967, 371
P:CyHgoF1505 [(CsH:)sP1PCC(CF3),OH, (CFsCOO0),H® H; P (21-2); 1967, 102

F (-714;
—76-2)
P.C..:HssNS [(CeH5)sP]¥CCSENCeHs P (12-1) 1968, 338
PQC44H36BI'2 [(C6H5)3P®CH]2CGH4, 2Br@ H 1967, 300
P,C4sHgagBry [(CeHs)sPPCH,].CeHy, 2Br® P (22-8) 1966, 5
P,CHarClO0g {(CeHs)sPCC(OYOCHCON[(CeHe)sPC(COCH)C(O)YCH,Cl] H 1967, 369
L
P>C6Hse0s [(CsHs)CCH],CH(CHg)P(0)0 1968, 102
L
P,C.6H30ClOg [(CeH5)sPCC(O)YOCH,,COJ[(CeH;)sPC(COC,H;)C(O)CH,ClI] H 1967, 369
L 1
P2CysH4a04 [(CeH)oP=C(COOCH;)C(COOCH,)], H; P (22:9) 1967, 372
P.CusH14Cly016  [(CeHs)sPECH(COOCH;)C(COOCHS)]s, 2CI09 H; P (28-9) 1967, 372
P.CroH .04 [CH3OCH,CCH(CsH;) CCHCH(CsH OCH)P(0)].0 H 1968, 102
P2CssH o IN,Oy (C6H5)3P®C{(CHS)C(:NCGH4N02)C[:P(C6H5)a](|::
=NCgH,NO,, I® H; P (277; —3-7) 1968, 33
P2C53H43IN2 (C6H5)3P®C|:(CH3)C(:NCGHS)C[:P<C6HSECI::NCGH5, Ie H; P (281; __4.4_) 1968, 110’ 338
PyCssH 471N,

(CGHE))3P@C|(CH3)(;(:NC6H4CHS)C[:P(C6H5)3]CIZ

=NC¢H,CHjg, I°

H; P (28:2; —4-4)

1968, 110, 338

9.2

II XHANI dVINNI0d



=]
P3CH,CI5N;0

P,CH,CIsN,
P;CH,F:N,

PsCoHoClsFsNzO
P3CoHsClsNO
P3C2H5Br5N4
P.CoHgCls N,y

PsCoHeFsN,

P3CoHgCluNg

P3C;HoOg
P3CyH,2CleNy

P3CsH-CIsN;O
P3CsHFoN3
P3C3H;, 07
P;CsH12NOo

P3CsH12NO5o

PyC,H;oClaN3S
P3C4H12B1‘4N5

P3C.H;,CI1,F,N5

N;P3Cls(OCHs3)

N;P;Cl;(NHCHj;)
NP F5(NHCH;3)

N;P;Cls(OCH,CFy)
N;3PsCls(OC:Hj5)
N;3PsBrs[N(CHj)z]
N;P:Cls[N(CHs),]
NgPsF5[N(CHas)a]
N;3PsCly(NHCHy),

PO H(CH,POsH,),

NP3Clo(NHz)o(NHCHs),

N;P3Cls(0i-C3Hy)
(FsPNCHa)s

CH;P(O)(CH;PO;H.),

N(CH;POsHy)s
ON(CH,PO3H,)s

N;3P3Cly(S5CoHs),
N;3PsBry[N(CHg):)s

NP3 CloFo[N(CHs), ]2

H; P (16:7; 22'5)

H; P (16-5; 22:7)
H; P (13-6; 21-3)
H; P (—393;45)
H; P (22+4; 20-5)

’

H; F (—-630;
—70-9)

H; P (22-2; 21-6;
20-1; 12-3)

H; P (37-3; 17-5)

P (23; 16'5)

H; P (12:6; 21-7)
H

H

H; P(ca. 8-5)

H; P (ca. 5-5)

P

H; P (ca. —367;
10:0)

H

1966, 49; 1967, 130

1968, 114
1969, 152

1966, 49; 1967, 130

1966, 49; 1967, 130

1966, 93; 1968, 91

1965, 24; 1966, 49,
93; 1967, 130;
1968, 91

1969, 152

1967, 148; 1968, 114

1968, 300; 1969, 303
1968, 114

1966, 49; 1967, 130

1966, 36

1969, 334

1966, 212; 1967, 315,
391

1967, 391

1967, 130
1966, 93; 1968, 91

1969, 153
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Formula Compound Resonance Reference

PyCH ,CliNs  NgPaClyN(CHg)els H;P 1965, 24; 1966, 93;
1967, 130, 146;
1968, 91,129

P;C.H,.F:N, N;P3F4[N(CHs):l2 H 1969, 151

P3C4H,4050 CH3P(0O,H)OP(O)(OCH3)OP(O)(OCHy), H; P 1966, 138

P3CsH, ,ClsN, NaP3ClsNCsHyo H 1966, 88

P;CsH o Fs CF3[P(CHs)z]2 F 1967, 83

PsCsH;505 CH;P(O)OP(O)(OCH3)CHsl, H; P 1967, 186

P3;CsBF;150; B[OP(CF3)5)s 11B; H; P (363) 1969, 27 §

F (—66-8)

P3CeF10Ns NaP3Fs(CeFs) F 1968, 127 §

P;CcHCIsN;O N;3P3Cls(OCgHs) P 1967, 130 2

P3CeHoC1N, NaPsCly(NH),CoH, H; P (21-5) 1966, 90 o

P3C5H15K2 CzH5P[P(C2H5)K]2 P (—785; _239) 1965, 27; 29 5

P3C6H15Naz C2H5P[P(C2H5)Na]2 P 1965, 27 g

P3CeH, 50,5, [CoHsP(S)0],0 H 1968, 355 -

P3CsH,6CI1,N; N3PsCls(NHC,H)(NH2-C4Hy) H 1968, 129 -

P3CeH, - F1,.N (CH.).P®CH,N®(CHy)s, 2PFS H 1969, 1:28

P3C6H18Br3NG N3P3BI'3[N(CH3)2]3 H; P (154) 1966, 93; 1968: 91

P3CeH;5ClsNg N3P;CI;[N(CHa)a]s H; P (27-6; 26:1; 1965, 24; 1966, 93;

P3C6H18N303 N3P3(OCH3)6 P (23'2) 1966, 6

P3CeNpSe N3P:(NCS)g P (30) 1968, 114

PsC,H;.0; CH3P(O)[CH,P(O)(CHjg),]. P (39:6; 42:4) 1969, 334

P3C7H 1005 CH;0P(O)[CH,P(O)(OCHy)s]» H 1969, 332

PsCeH1,ClsN;  NgP;ClL[NHCeHN(CHy),] H 1966, 92

P3C8H20C12Ngs4 N3P3012(SC2H5)4 H 1966, 84



P;CsH20Cl N
P3;CsH:1 05
P3CsH2,CLN,
P3CgHzeNy

P3C10H17C13N50
P3C10H20C14N5
P3C10H28C12N7

P3C11H27O7

P3Cy2H10ClNsS,
P3Ci12H;0F4Ns

P5C12H15CLNg
P3C12H12F18N306
P5C12H207
P3C12H3290s
P3C12H50N306
P3C12HgaeNo

P3C13H338i
P3C13H38N9

P3C14H16C13N4
P3C14H1708
PSCI4H3307
P3C14H3308
P3014H40N9
P3C14H42BF4N9

N3P;ClL(NH:-C Hyg)s
CoH;OP(O)[CH,P(0)(OCHa)z]2
NsP3Cly[N(CHas),]s
NsPs[N(CHz)z)o(NHo)2

N;5P3Cla(0OCsHg)[N(CHa)e)z
N5P3CL(NCsH, ),
NaP3Clg[N(CHas)e]o(NHi-CsHy),

CH;3P(0)[CH,P(O)(OCoH5)e)2

N3P3CL(5CeHs)z
N3PsFy(CeHs)2

N3P3ClL(NHCeHs),
N3P3(OCH,CF3)g
CoHsP(O)[CH2P(O)(OC2Hs)ole
C,HsOP(O)[CH,P(O)(OC;Hs):}a
[(CoHs)oP]aSiLi

N3P3(OCzHs)s

[(CoHs)oPlsSiH

N3Ps[N(CHs)ele

[(CoHs)oP13SiCH,
NSPS [N(CHa)z] 5NHi— C3H7

N3P3Cls(CeHs)o[ N(CHag)z]
PO.H[CH,P(O)(C¢Hs)OH],
C12H25P(0)[CHoPO,H],

C, H,OP(O)[CH,P(O)(OC;Hs)].
N3P3[N(CHg)o]o(NH:-C5Ho)a

N3P3[N(CHs)els[N®(CHy)s]z, 2BFP

; P (23-9; 30-5)

H
H
H
H
H
H
H
H; P (34-5; 21-3)
P

P (38; 12; 11);
F (—49; —50;
—65; —70)

P (—204; —2-3)
P (19-2)

H; P (386; 21-1)
H; P (37:3; 20:0)

H

H; P (16:8)
H

H; P (25)

P (458; 16-3)
P (37-4; 20-4)

ssfurfasfariacheriiarges

1968, 129

1969, 332

1965, 24; 1968, 91
1966, 88

1967, 146
1966, 88
1966, 85

1968, 299; 1969, 332

1967, 130
1967, 144; 1968, 50,
130

1966, 80; 1967, 130

1966, 6

1968, 299; 1969, 334

1967, 2; 1969, 332

1967, 182

1966, 6, 87; 1968, 57

1967, 182

1965, 24; 1968, 91,
136

1967, 182
1966, 85

1969, 150
1969, 332

1969, 334

1968, 300; 1969, 332
1966, 85

1968, 135
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Formula Compound Resonance Reference
P3C15H30C13N6 NgPaC]g(NCsH]_o)a H 1966, 88
P3C;isH3304 CH;OP(O)[CH:P(O)(OC.Hp)]o-

~[CH(CH;CH=—CH_)P(O)(OC,H5s).] H 1967, 2
P3CisHa N,0S;  CHgOCH,P(S)Y(SH){N=P[N(CHj;).]2}:NH, H; P (764, 1969, 100
' 79; 179)
PaCisHyoNg N;3P3[IN(CHg)2]sNCsHio H 1966, 88
P3C,6H2oCloNg N;3P3(CeHs)o[N(CHj3)2]2Cly H 1967, 146; 1969, 150
P3C16H3N N;3Ps(CeH3)o[N(CHs)2]2C(NHo), H 1969, 150
P3Ci6H3N0 NiP3[N(CH,)z]s(CeHs) H 1966, 86
P3Ci6H4aNp NaP3[N(CHj)z]o(NH2-CyHo), H 1965, 33
N3P3[N(CH3)2]2(NHZ-CsHo) s H 1966, 85
P3C18H12N306 N3P3(C6H402)3 P (13'3) 1966, 90
P3ClgH15B1'3N3 NgPéBrg(C3H5)3 (isom.) P (16‘3; 17'8; 1968, 133
196:6)
P3C1sH15F3Ng N;3P3F3(CeHs)s (isom.) P (31-2; 27-3; 1968, 130
8-6); F (— 49 1;
—68)
P3CieH1:Ko (CeHsP)sK, P 1966, 292
P3CisH1gNg N;3Ps[CeH(NH):)s H; P (24'5) 1966, 90
P3CisH21NgO3 NsP3(INH)3(OCgHs)s H 1966, 129
P3C,eH3704 CoH;OP(O)[CH(CH,CH=CH,)P(O)(OC,Hg),]: H 1967, 2
PsCisH41 04 CgH,,P(O)[CHP(O)OC;Hs):]) H; P (37-2; 20-8) 1969, 334
P3CisH410s CHyOP(O)CHP(0O)(0i-CsHr)s2 H; P (37-3; 18-5) 1968, 300; 1969, 332
P3C15H42N304 (CeH1:NHPO3HS,); P (-21-9) 1966, 65
P3C1eHaaNp NiP3[N(CHg)2]o(NCsHyo) H 1966, 88
PaCooH16Clo~ N3P3(OCHCF3)(NHCgH,Cl), H; P (69; 16-2) 1966, 80

F12N504

08¢
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P3C20H20F12N504
P3C20H22C12N5
P3Cy0H3oN30,
P3CgoHasN~
P3C20H34N’7O2
P3C20H40C12N7
P8020H48N307

P3C21H18N3S6
P3C21H4108

P3C21H4BN9

P3C22H24F12N504
P3C22H27N6
P3C3H,507
P3C22H4908

P35C34H30Cl:Ng
P3C34HooClaN3O,
P3Co HyoF2N3
P3C25H34Cle N3O,
P3Co Hou N5
P3C2,H24 N5 O,
P3C2sH24N5O4
P3C2,H33NgOs
P3;C2sH335n;
P:Cy Hg Ny
P3C24H3706
P3Cz4H,504
P3C2aHso Ny

N3P3(OCH2CF3)s(NHCeHs)e
N;3P5Cla(CeHs)2[N(CHg)eJ(NHCHs)
N3Pa(CeHs)2(OC:Hs)s
N3P3(CeHs)o[N(CHs)ols
N3P3(OCgHs)2[N(CHs)z)s
N3P3Cla(NCsHio)s
CeH1:NH,P(O.H)[CH:POsH;, CeH11NH:],

N;P3[SCeHs(CHs)S]s

C;HsO0P(O)[CH(CH,CH=CH,)P(O)(OCzHs).]-
—[CH:CH=CH,)P(0)(OC:H5):]

NoP3[N(CHs)2]s(NCsHi1o)s

N3Ps(OCH,CF3),(NHCeH,CHy),
NsPa(CeHs)s[N(CHz)ols
C12H,5P(0)[CH,P(O)(OC,Hs)z)
C,H,0P(O)[CH,P(0)(OC3Hs)s]a

N3P3Cla(CeHs)a

N3sP3Clx(CeHs)a( OCeHs)2
[(CsH5).PCIIZN, PCI®
N3P3Fa(CsHs)e
N3zP5Cla(CsHs5)a(OCeHs)z
N3gPs(CeHs)a(NHy)2
N3P3(CeHs)2(OCsHs)a(NHz)2
NoPo(CeHo)a(NH,),
NsP3(OCeHz)s[N(CHag)zla
[CsHsPSn(CHs)zls
NisP3s(CeHs)o[N(CHs) ]2 NHCeHs
CoHsOP(O)[CH,P(O)(CeHs)OC . Hsla
C.H;0P(O)[C(CH,CH==CH_)P(O)(OC:Hjs):]2
N3P3[N(CHa):]2(NCsHio)s

; P (6:4; 16:4)

H
H
H
H
H
H
P (28:7; 15)
H .
H
H
H
H

H; P (36:9; 21-1)
P (37-4; 20-7)

; P (38-8; 33-6)

jagerasherfasfiesfusasfanas

1966, 80; 1967, 130
1969, 150
1966, 87; 1968, 57
1969, 150

1966, 86

1966, 88

1969, 332

1966, 90
1967, 2

1966, 88

1966, 80
1966, 96
1968, 299; 1969, 334
1968, 300; 1969, 332

1968, 114
1966, 95
1967, 92
1968, 130
1966, 97
1966, 97
1966, 97
1966, 97
1966, 86
1968, 95
1969, 150
1968, 300
1967, 2
1966, 88
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Formula Compound Resonance Reference
P3CosH24N, N3Ps(CeHs)o(CHa)H H; P (129;6:9) 1968, 40
P3CesHs7 0351 [(C4H,),PO]5SiCH; P (119-0) 1967, 343
P3Casts0. {(CeHs)2P(O)CH,1.PO-H H 1969, 332
P3Ci6H26N3 N3P3(CeHs)4(CHg)H H; P (15-5; 12-5) 1968, 40
P3CsH,7CIN,g (CHy) PPNH[P(CcHs):N],, C1© P (39-6; 18-8) 1969, 376

L |

P3C26H2 N5 NgP3(CeH5)(NHCHS;), P (19'5; 18) 1968, 114
P3Co6H335n, CHySn(PCeH;5)3SnC Hy P (—52) 1969, 377
P3CaH41 05 C1oHosP(O)[CH,P(O)(CeHs)OH])2 H 1969, 334
P3C2sH300, C.HsOP(O)[CH;P(OXC¢Hs)212 H 1969, 332
P3CasH30N30; NgPa(CeHe)a(OC:Hs), H 1966, 87; 1968, 57
P3CosH5oNs N3Pg(CeHis) [N(CHs)z 2 H 1969, 150
P3C25Hg: N0, NPs(CeHs)o( OCeHz)o[N(CHj)2)2 H 1966, 95
P3CssH32Ns0, NzP3(OCsHp) [N(CHz)o]2 H 1966, 86
P3CoeH3a Ny NzPa(CeHs)z[ N{CHs)o1o(NHCeHp), H 1969, 150
P3C30HzsCINGOs  NpPs(OCsHs)sCl P 1967, 130
P3CsoHosN (CeH;)oPP(CeHs)==NP(CgHs), P 1967, 385
P3CsoHz55n; (CeHsP)s(SnCeHs)a P 1969, 14
P3CsoH26NzO N3Pa(CeHs)o(OCeH:s)H H; P (14-5; 5-8) 1968, 40
P3Cs0HgoNs N3P3(NCsHjo)s H 1966, 88
P3C31HogNaOS  N[P(CeH;):N1.P(SCH3)(SCeHs) H 1969, 100
P3CaHoeN:S, N[P(CeHs): N1 P(CsH,OCH)SH P (21-6; 45-8) 1969, 100
P3Cs1HIN3S, (CsHsS)(CHgS)Ir@NH[(CBHa)zlf]Q, I® H 1969, 100
P3C32Ho03 CsHsP(O)[CH,P(O)(CeHs)2l2 P (27-6) 1969, 334

8¢

II X4ANI dvi0nNdod



P3;C3.HzoN;08
P3C32H311N308

P8C32H31N405
P3CaaH5 Ny
P3C33H51017

P3C34H5705

P3C36H30A$
P3C36H30N3
PSC36H30N306
P3C36H3.CIN,

P3C37H330381
PSC37H37C12N4
P3C3’7H38C12N5

P3C38H4903
P3C40H31F120

P3C43H35Cla
P8C48H86N15

P3C4oH,4,Cl
P3CeH,0CIO

P3CsoHaslz
P;C5:H46C10S

N5Ps(CeHs)a(CsH, OCH3)(SCHo)
(CH4OCH ,)(CHS)PONH[P(CoHy);N1,19
L

N;5P3(OCeHs)s[N(CH,).)
N3Pa(CeHs)2(NHCeH;5)s[N(CHa)2]

(CH30)3POCH[C3H4(,:HC(CH3)(COCHa)OP(OCHa)a(Ih- 150

C12H2sP(O)[CHoP(O)(OC,He)CeHs]a

As[P(CeHs)z]s

N aPa(CeHs)e

NP3 (OCeHs)s
HoN[P(CeHs)2N]oP(CeHs).NHj, Cl

[(CGHs) 2PO] 3SICH3
[(CeH5):PNH]:NNCH;[P(CeHs)z], Cly
[(CeH5)PNH][(CsHs)oPNH]NNCHG[HNP(CeHy)z), ==emCl.

C12H2sP(0)[CH2P(O)(CeHb)z)2
[(CeH5)sP]PCC(CF5),.OH, PFQ

[(CsHsPIPCP(CsH5)Cl, 2CI°
N3P3[NHCeH4N(CHs)ls

[(CeHs)sP)PCP(CeHs)g, CI°
[(CeH5)sP]®CP(0)(CeHs)s, CI°

[(C6Hs)sPl2CEPE(CeH5)2CH,, 219
[(CeH5)sP1.COP(S)(CeHs)g, C1°

H; P (14-1; 27-0)
H; P(21-4; 38-1)

H
H

H; P (—49-9)

H; P (37:7; 349)

P (—15-2)

P (14-2)

P (10-5)

P (31:6; 181)

P (977)
H; P (36-7)
H; P (126)

H; P (42:6; 28-6)

H; P (—144-8; 22);
F(-71-6;
—72'5)

P (67-9; 25-9)
H

H; P 26-0; —1-5)
P (23:2; 26-9)

H; P (25:6; 22-6)
H; P (24'7; 44-0)

1969, 100
1969, 100

1966, 86
1969, 150
1967, 350

1968, 299; 1969, 334

1969, 14

1965, 34; 1968, 114
1966, 6, 90

1969, 378

1967, 343
1967, 94
1967, 94

1968, 299; 1969, 334
1967, 102

1966, 78
1966, 92

1966, 78
1966, 78

1966, 78
1966, 78
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Formula Compound Resonance Reference
P3Cs4ClsN3S [(CeHs)sPN]sS, Cls H; P (16-0) 1968, 254
P3CssHysFgNo [(C¢Hg)sP1PCOPP(CeHg)oN:CeH;, 2BF® P (38:9; 24-1) 1966, 78
P3CseH 6l [(CeHs)sP1@COP(CeH5),CHoCeHs, 21,0 H; P (27-0; 28-5) 1966, 78

Py

P,C.Cl;4Ng (ClgP=NN=CCINPCl;), P (15-2; —78:8) 1965, 32
P,C:3H,,0;, OP(CH,POzHy)s H; P (37-8; 15:3) 1968, 298; 1969, 333
P,CsF1p (PCF3)s P (—748); F(T) 1967, 159
P,CeF1oN, N4P.F7(CeFy) F 1968, 127
P,CeH;5Cl NgO,; [CIP(O)NCH,),P(NCH;)Cl], P 4; —-73) 1966, 83
P,CsH;5CliNgS: [CIP(S)(NCH3),P(NCH3)CI],, P (55'3; —68) 1966, 83
P,CeH1sFsN- NP, F5[N(CHs):]a H 1969, 379
P,CsH3oN: 042 (CH,)2[N(CHPO3Hb:):]: P 1966, 212
P,CrH2oN20;5 (CH3)s[N(CHPOsH,):]s P 1966, 212
P,CgHyo (PC,Hs). P (—157) 1965, 29
P,CgH,oNa, [C.HsPP(C,;H;)Na], P 1965, 27
P,CsH30012 [C:HsOP(0)O], P (—29) 1963, 5

(C2H5O)2P(O)Oll)(0)[OP(O)OCsz]gOl P(-16; —42; 1963, 5

—29)

P,CsHo FyNg NP, F,[N(CHs):14 H 1969, 379
P,CgH24N2Os; (CHz)4[N(CHzPO3H_):]. P 1966, 212
P,CeH N, N,P4(CHjy)s H{3C; 3p} 1968, 3
P,CoHz,0, OP[CH.P(O)(CHj):]s H; P (369; 43-1) 1969, 333
P,CoH34014 OP[CH,P(O}(OCHa)ls H; P (31:0; 22:8) 1968, 298; 1969, 333

¥8¢
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P4CSH26N2012
P4C10H28N2012
P4cllH30N2012

P4012H30N2012
P4C12H32N2012

P4c13H84N2012
P4C14H86N2012

P4c15H36010
P,C1sHgeN3012

P,CieHag
P,C16H4oNz0;2

P,Cy3H35CI5N,
P4C18H17C14N5
P4C18H45C13

P4C2,H340y
P4C21H48010

P,CoeFao
P,Ca4Hyo
P,CosHyoLi,
P,C2sHseCliNg
PyC27HeoO10

(CHy)s[N(CH2PO3Hz)z]2
(CH2)6[N(CH2PO3Hz).].
(CH3)7[N(CH2POsH,),]2

CH2CeH1oCH,[N(CHPO3Hy)z]2

(CH>)s[N(CH:POsHz)z]s
(CHz)s[N(CH2POsHbz)s]2
(CH2)10o[N(CH;POsHo)z)2

OP[CH,P(O)(OC;H;):]s
(CHg)11[N(CH:PO3Hj): ],

(Pt-C Hy),
(CHg)12[N(CH;PO3H,)s];

NP3Cls[N==P(CsHjs)s]
N3P3Cly(NH)[N=P(CsHs)s]
[(C5H5)aP1sPClg

OP[CH,P(O)(CsHs)OH]s
OP[CH,P(0)(0:-C5Hy)a]a

(PCsFs)e

(PCeHs)4

N,P,Cly(CeHs)s
N3P3sCly(CeH5)[N==P(CsHs)s]a
[CeHsPP(CsHs)Li];

N,P,Cly(CeH;;NCHg),
OP[CH:P(O)(OC,4Ho):]»

; P (34:0; 21:0)
(~578)

(ca. 20; 15)
(16; 11; —2)

T W% "W "h o9 o" oY ottt o

P (35:3; 29-8)
H; P (28'9; 18:6)

P (~67-0)
H

H

P (15-8; 2+4; 14)
P (82; —860)

H{P}
P (29-7; 19-6)

1966, 212
1966, 212
1966, 212

1966, 212
1966, 212

1966, 212
1966, 212

1968, 298; 1969, 333
1966, 212

1966, 293
1966, 212

1968, 132

1967, 147; 1968, 114
132

1969, 344

1969, 333
1968, 298; 1969, 333

1967, 392
1969, 344
1966, 96
1968, 132
1965, 27

1968, 134
1968, 298; 1969, 333

SANAOAWOD DINVIYO NO VIVA HIN
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Formula Compound Resonance Reference
P,C3:H,4Ns N4P(CeHs)a[N(CHs)z}s H 1966, 96
P,C3oH7oNyo NP (NHCHj;)4(CsH,: NCHj3), H{P} 1968, 134
P,C33H4e04 OP[CH,P(0)(OC4Ho)CeHsls H; P (29-0; 347) 1968, 298; 1969, 333
P,CssHy N,O NP (CeHs) o NHCH3)3[N(CH) CONHCH 5] H 1966, 96
P,CasHso P[P(CeH5)2ls P (—-169; —27-0) 1969, 14
P,CaeHgoF10Ng  {CH3N(CeH)PO[N(CH3)CH, o }o(CsHPFS), H; P (49-5; —136); 1968, 352

F (-607;
v —57:0)
P4CsoH360, OP[CH,P(O)(CsH5)als P (31:0; 24:4) 1968, 298; 1969, 333
P4C3oH77N;30 NP (NHCH;)s(CHgNCgH 1) 4(CH:NCONHC¢H;5) H{P} 1968, 134
P,CyH420, [(CeH5CH2),P(O)P(CeH5CH_)], H 1966, 289
P,CysHyCIN [(CeHs)PP(CeHs):]§N, CI°® P (28:3; 21'8; 1965, 11; 1967, 385
—16-5; —23-0)
P,CsoHyoFe [(CeH5)sP12CO®P(CsHs)z, PFY H; P (26:5; —1-4; 1966, 78
—144-2)
P4Cs1H108010 OP[CH,P(O)(OCsH17)2]s H; P (29-3; 21-0) 1968, 298; 1969, 333
P; and Higher
PsCsFis (PCF5)s P (8-2); F(T) 1967, 159
PsCsHis (PCHa)s H 1969, 328
PsCeH;4Ns NsP5sFg(CeFs) F 1968, 127
PsCisH15Cl:Ng  NgP3Cly(N=PCl3)[N=P(CsHjs)s] P (19; 18'5; 1967, 147; 1968, 114

—11-8; ~20-3)

98¢
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PSCBOFZS

P5C30H25
PsCs6HapCLiN5

PEC40H45N8
P5050H48F12

P5C72H30C13N38
PngClloN304

P604H12F1 oNs
PGC6F16N6
PSCGHIBFQNS
PeC12H,0ClsNg

PgCroHao—
=ClGeN3zOg

PgCqaHgo—
=CIN3O6Si

PeCryHgo
=CIN;3O6Sn

P7C6F1 8N7
PyCoF20Ng

(PC2HeNOy),

P(CeFs)s

P(CeHy)s
NsPsCl[N=P (CsHs)a]z

NP 4(CeHp)s(NHCH,)s[N(CH3)P(CeHs),]
[(CeHz)sP1.COPO(CeH,),CHs, 2PF§

{{[(CeH5)sPN]3S}Cl5« 2P(CeH)s
[C1:P==NN=C(OPOCI;)NPCl,),
NeP6F1o[N(CHa),]
NgPeF;,(CsFs)
OB NP O

[CeHs
[(CeH5);P(O)NP(CeHs);0]:GeCl
[(CsHs)sP(O)NP(CoH;),0]5SiCl
[(CsH5),P(O)NP(CsHs),015SnCl
N/P;F;5(CeF5)

NgPgF15(CsFs)

[NP(OCHy)s],

F(—1264;
~160-1;
—149-5)

P

P (13:4; 5-5;
—-11-6)

H

H; P (258;

22-7; —143-9)

H; P (25; 11; 7:3)

P (15-2; 6'6;
—78-8)
H; F (-59)

F

H; F

P

P (31-3)
P (29-4)
P (357)
F

F

H;P (-2

1966, 294
1966, 295
1968, 132

1966, 96
1966, 78

1968, 254
1965, 32
1969, 151
1968, 127
1969, 151
1968, 128
1968, 11
1968, 11

1968, 11
1968, 127
1968, 127

1966, 6

SANNOdIWOD JINVOYO NO VIVd YN
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Formula Compound Resonance Reference
(PCH F¢NOg), [NP(OCHyCFs)zln H; P (-6); 1966, 6
: F (—76-6)
(PC.H1oNOy), [NP(OC:H5):]x H; P (-58) 1966, 6
(PC.H,,N3), INP(NHC;Hs)s)n H; P (—251) 1966, 91
(PCeHs)n (PCgHp)n P (-9 1965, 11
: P (—44) 1966, 295; 1967, 126

(PCcHOy), (CeHsPOy), PQ) 1967, 126
(PCcH-0), (CH;0CgH/P),, P (—11-8) 1967, 126
(PC/H,0), (C;H;OCgH,P), P (-12-0) 1967, 126
(PC10He), (B-C1oHeP),, P (3:3) 1967, 126
(PC16H20N3)s [NP(NCsH;0)2]n H; P (—62) 1966, 91
(PC1oH1NOy),  [NP(OCgHs)zln H; P (-1711) 1966, 6
(PclnggNa)n [NP(NHCsHs)z]n H, P (""12'5) 1966, 921
(PC24Hgs3048n5),  {[(C4Hg)2Sn0],P(0)(CsH;7)O}y P{H 1969, 140
(P2CoHaClgNg),, (CIsPN=C=NNHPCI7NHN=C=N), P (—61-7; —850) 1965, 32
(PC14Hjz0S)~

P (58) 1966, 216

—(PC10H21028), (C4Ho)2P(S)(CHCsH.11)[CH,CH(COOCH)P(S)(CsHo)sln

88¢
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Qee

FORMULAE

L,
@
P
I
CHa

2
H
\C =N,
/
H \OH

JOSN—1H) +ve
J(SN—H") ~ve

5

CH,
o ©
N
/|

On
1J(P—H) = 713 Hz

8
289

CH2— CH2

e
w T m\

N

S

TN
CH OH

/

JOSN-—CH) +ve
JSN—CH?) +ve

6

CH;
o H
Ny

/
o}

J(P—H) = 667 Hz.

9



290 STRUCTURAL FORMULAE

@ e
(CeHs)sP—C(CH3)SO;R,
12

CH;

)
CH, P(CHs).

2j(P—C—H) = 65 Hz
16

OMe
MeO

MeG 17
O

H/ “Ar

2J(P—C—H) = 17-0 Hz

18

CFs,

F, F,
CF3
11

® ©
(CeHs);P—CHSOR
13

CH,3
H

D
CH;, P(CHa),
15

CH,
H
0

y
CH, v

|
CH,

2J(P—C—H) = 13-5 Hz
17

OMe
MeO, | Ar

l_l
“p°

Ar/ 'H

2J(P—C—H) = 6:0 Hz
19



STRUCTURAL FORMULAE 291

(!.:GHS
(CoH5).P— N
HZC\(‘:/H
CoH,
20
H P(O)(CeHs)2
3J(P—H) = 40-8 Hz
23
~ ~N
“ l‘) H /1" R
25 26

2]
(C6H5)sPCH,C(=NOH)C:H;
2J(P—H) = 16:8 Hz

29

(CH:0)aP(0) u
AW
O/ CgHs
3J(P——C——CH) = 4.5 Hz
31

CeHs
CsHsO CH

\ pr——
P : l
s OH
C.Hs0 (H) CHe—

21 22

X

@
H P(CeHs)s
2J(P—H) = 51-2 Hz
24
(CsHs)alp— C{Hz (CsHs)a}) —CiHCHa
O AR O_ AR
2J(P—H) = 119 Hz 2J(P—H) = 3-6 Hz
27 28

]
(CeHs)sPCH(CH,)C(=NOH)CsHs
2J(P—H) = 135

30

(CH30):P(0) CsHs

O/
AN

3J(P—C—CH) = 5-3 Hz
32



292 STRUCTURAL FORMULAE

H
_T H__r
cH——p&® ~—p®
CH; CgH; CsH;
3J(P—C—CH,) = 19-5 and 6-5 Hz 3J(P—C—CH) = 3-5 and 0-0 Hz
33 34
H H
H CH, CH,
Br ) /CHS
Br H >P(CHy), H i
H CH, CH, 0
3J(P—C—CH,) = 165 and 16:2 Hz 3 J(P—C—CH,) = 14-0 Hz
35 36
CHa
H,C
H H;C
CH, : >/P
o}
H 1|>/ 0
CH, CHs
3J(P—C—CH,) = 150 Hz 3J(P—C—CH,) = ¢a.15 and 13 Hz
37 38
(CsHs)aP—‘NCsHs
N H,C” ¢ VAVWAN
\P/C\ ~R ’ | H \O/ CH,
T ARST CeHs $J(P—CH,) = 10-2 trans
H 3J(P—C—CH) = 18 and 21 Hz 77 cis

39 40

41



STRUCTURAL FORMULAE 293

CF,
H F
F F
H A
IP. F C\
\/\ G F—TF
PI (] CF,
42 43 44
_O—CHa__ _O—CHa_
PC-O—CH,—CH O=FZ-0—CH,—CH
O—CH, o—cH,”
4J(P—O—C—CH) = 7-2 Hz 4J(P—O—C—CH) = 6-2 Hz
45 46
o o
\P//
P CH,—O
O OCHs P{CH2—0>CH
CH3 cHz—O/
$J(P—O—C-—CH) = 2 Hz 4J(P—C—O—CH) = 1-0 Hz
47 48
o OH
CH,—O I /CHFC{{
2
AN H;0—P—0—C
O=P<CH2——O—CH CeHs Ny CHa
CH—0" N(CH)»
4J(P—C—~O—CH) = 3-0 Hz 6 J(P—CHs) = 2:0 Hz
49 50
CHa M H,
o) 0
PR R = Cl or OCH, s “pR ,O—CH,
H, / H, / CeHsP |
< ° —0 | "N—CH,
CHQ H HB O

51 52 53



294 STRUCTURAL FORMULAE

O O
(8] R / o } /
O
- /O - \P/O P/8
P PO ] H ]
\O I{A B R
54a 54b 55a 55b
~Hp O
_——C« 0.
e © é\HA é>P40
p -
YO@ Ny 0 H
i H H
o 1D
o (,':\ “H J(trans) ca. 22 to 28 Hz
Hq " Jcis) ca. 2 Hz
56 57
O O—CH,
N
&3P o_~©
C\
O, 0O H
: : V4
\P\/ HO
o/ R 3J(P—0—CH) = 18 Hz
58 59
Me(l) Ar MeO[ H
MeO 7 MeO .
A A
Me0” | H w7 Meo” || AT o
R ~c< ~cY
Npo O~ 7 VRN
- ;] H Ar H Ar
| 7 vH
H cis trans
60 6la 61b
SCH;
MeO O=P—N—CH;

L c1
MeO;P___CHCGHS CH,N—P—SCH, . -
MeO l “ 3 3

O._~#COMe (¢]
hd sJ(PNPSCH) = 0-2 Hz cl
62 63 64



STRUCTURAL FORMULAE

o—rc St
/ ~H
(CH;);NP
\N C/H
| “~CH,
65

(C2Hs0):P(S)N = CHN(CH,),
4J(P-CH) = 85 Hz
67

(CeH5)P(O)N=CCHj;

CeHHsCH=C—O
*J(P---CH) = 12 Hz
69

%

/C\

N~ SN

l l
(CsHs)ZP\N/P@(CsHs)z
sJ(P—CH,) = 1-8 Hz
71

CHs; /CH3

CoHsP~ S pC,H,

N -
/Sn\P ASnl

|

73 74 in Table XIX

295

H
Y
AP
CgH P
O I NH
CH,
66

(CeH;)P(O)N——N
CeH;CH=C—N—N
J(P---CH) = 10 Hz

68

oy
NAY
(CsHs)zp\N/P(C6H5)2
SHP—CHg) = 27 Hz
70

IT(CHs)z

N/C\N R
(CsHs)QI,’\N /II’(CGHs)z
5J(P—CH;) = 045 Hz

72

(CHaO)zP(O)—</ (CHo),

75



296 STRUCTURAL FORMULAE

(RO),P(0)C(CHa)=C -+
2J(P—C—H) = ca 22 Hz

3J(P—C~—CH) = ca 15 Hz
76 . 77 )
CI,PCH==CH,
cis 3J(P—C—C—H) = 13-5 Hz Cl,PCH=C(CHa),
trans 3 J(P—C—C—H) = 33-0 Hz +J(P—C—C—CH) =16
78 79

(RO);PCH = C(CH3)O-metal
J(P—C—C—CH) = 4 Hz
80

F
SP—F cis 3J(P—C—CF) = 15 Hz
CF,=CF }L trans 3J(P—C—CF) = 30 Hz

81

HD CI:Ij
U K—j H A C

v
3 /P\
p 2J(P—CH) = 15 to 30 Hz 3J(PCCH,) 10 Hz
| | 3J(P—C—CH) = 30 to 50 Hz  *J(PCCCH,)0 Hz
82 83 84 85
H CH, CH,
[ [, (L]
p Py P g
| H \ / N\
CeH, H;Ce CH,CsHs HCs Cl
2J(P—H) = 42 Hz 2J(P—H) = 28-7 Hz 2J(P—H) = 322 Hz
86 87

88



:HH
PV
/\

2J(PCH) —10 to 20 Hz
SJ(PCCH) +20 to 45 Hz

STRUCTURAL FORMULAE

2J(PCH) —8 to 10 Hz
3J(PCCH) +25 to 38 Hz

297

3J(PCH) 5 to 8 Hz
3J(PCCH) 5 to 8 Hz

89 90 91
‘P/CgH_r, Hscs\P‘
Hg “ H4 H2 H4
H]_ H3 Hl H3
3J(P—H,) 119 (21-2) Hz 3j(P—H,) 3-4 (25-2) Hz
2J(P—H,) 183 (ca. 147) Hz 2J(P—H,) 22 (ca 10-3) Hz
3J(P—Hy) =5 (£207) Hz 3J(P—H,) +13.1 {<35) Hz
¢J(P—H,) < 5(F30) Hz 1J(P—H,) 730 (>15) Hz
92 93
H CH;3
H.C H _CH,
® AN
o P(CHy): . °
P(CHy), - H CHs
/ 2J(P—CH) 87 Hz 2J(P—CH) 6-5 Hz
2J(P—CH) 10-6 Hz 3J(PCCH,) 17-5 Hz SJ(PCCH;) 14-0 Hz
94 95 96
H CH,
0 | I
N
a A
H CH, CH;, CsH;

2J(P—CH) 13-5 Hz
a7(PCCH,) 15-0 Hz
97

2J(P—CH) 385 Hz
3J(PCCH) 13-8 Hz
98

3J(PCCH) 125 Hz
3J(PCCH,) 10 Hz

99



298

H;;CUCH:;

P

!
CeHs

2J(P—CH) 37-5 Hz
4J(PCCCH,) 3:5 Hz

100

H,C CHs;

VA
S/ CeHs

2J(P—CH) 30-5 Hz
4J(PCCCH,) 2 Hz

103

CH;

HsCe” \p~~ “CeHs
3J(PCCH) 6 Hz
sJ(PCCCCH,) 3'5 Hz

106
CeHs
I H
H:Ce 1'3 CeHs
R

109

STRUCTURAL FORMULAE

:P: CH
7\

S C6H5

3J(PCCH) 40 Hz

3J(PCCH;) 13 Hz

101

3

Ce¢Hs

H;Cs P CeHs
3J(PCCH) 6 Hz
104

O

P
3J(PCCH) 6 Hz
+J(PCCCH,) 2Hz

H;Cs P. CeHs
7\
O CgH;

2J(P—CH) 16'5 Hz
3J(PCCH) 16'5 Hz
110

HsCo
3J(PCCH,) 13 Hz

| o |

@

P CH,;
VAN
CH.C¢Hs

102

CeH;

@
HyC~ ™ p~” > CoH,

3J(P—C—CH;) 15 Hz
3J(PCCH) 6 Hz

105

N
CHaO/ OCH,

3J(PCCH) 36:5 Hz
108

N
O OH
111



STRUCTURAL FORMULAE 299

(CsHs),P (CeHs).P
H ~ c l
1
uH’ C\CH3 H Ha
sj(P—H,) = 11 Hz
$J(P—H) = 4-3 Hz sJ(P—H,) = 0-1 Hz
112 113

(g
PX = P: P=0 P=S8§ 0 /3

ajp—H,) 17 57 65 3J(P—Hj3) 2-0 Hz
JP—H) 20 43 4-5 +J(P—H,) 17 Hz
SHP—H,) 12 24 3.0 *J(P—Hs) 2-7 Hz
114 *J(P—Hs) 05 12 0-6 115

Lo -

3J(P—Hs) 80 Hz 3J(P—H,) = 41 Hz 3J(P—H,) 42 Hz
‘J(P—H, 21 Hz sJP—Hy = 33 Hz 3JP—H,) 26 Hz
tJ(P—H;) 46 Hz J(P—H;) = 37 He 4J(P—Hs) 1-0 Hz

116 117 118

SJ(P—H,) 88 Hz (CH | ) ps . 8j(P—H,) 61 Hz
aJ(P—H,) 43 Hz a0 /s +J(P—H,) 13 Hz
‘J(P—H;) 21 Hz 5J(P—CH;) 045 Hz *J(P—H;) 0-3 Hz

19 . 120 121



300

(.

3J(P—H,) 89 Hz

“J(P—H,) 19 Hz

“J(P—H,) 44 Hz
122

(CH,);P=—=CH—P(CHs),
2J(P=CH) = 13-5 Hz
2J(P—CH) = 43 Hz

125

~P(CsHs)s

(CeHs)P®

NP(CeHs)a

128

(MORPOON, ,_ H

H™  P(0)OMe), 0° 0°

130

GO—I[’(O)—O—I,’(O)—O——I,’(O)OQ

e o°

133

STRUCTURAL FORMULAE

Ca x
(. I | P
N\N /C5 \N

P[N(CHs);]2 P[N(CHas)a]2
123 124
(CH,;),P=CH; (CeH5)sP = CHCHO

126 127

(CeHs)sP —— C=P(CeHj;);

O—C(CF3):
129

H(O)P—O—P(O)H H(0)1,>—-0—1|>(0)09
[ | do oo
131 132

Ad O IR,(O)—O——P,,(O)—o—P(O)oe
o° (l)e 0o°
134



STRUCTURAL FORMULAE 301

F(O)P—O0—P(0)—O0—P(0)O°
o oo e
135

@
}L
o 0 OH

2J(F,—F,) = 25 Hz
SJ(F,—CF3) = 12:5 Hz
3 J(Fy—CF3) = 15-5 Hz

1717
v

X = 8§, 2J(PSP) = 71 Hz
X = Se, 2J(PSeP) = 72 Hz
136

AN
X
P

139

CF;

CF;

F, 2J(H—F,) = 70 Hz
2J(H—F,) = 18 Hz
8J(H—CF3) = 9-5 Hz

F.

141
F /
F. 0 C
NN
e IL\O; /

2J(Fax—Fog) = 59-4 Hz
143



302

/
CH,P
M =Znor Cl

144

C6H5

P
147

RX)P—O

153

STRUCTURAL FORMULAE

~

145

(CeHs)aP — (|)

AN

(RO)P—- O
.

155

AN
>H<\N b4

158



STRUCTURAL FORMULAE

l I l

N
Nz NN NN
7P P\— 7P /SOz 7P C=0
\IT/ \1\!1 \ITI/
159 160 161
] [ </
NN N—N—F—0
0.5 P S0, { ’ [ >
N’ I\ S S
| | /\
162 163
\/ \/
N—P N—P
v o OO
TN/ N/
N—F N—P
/\ /\ (C.Hg)P P(C.Hs).
164 165 166
O OCH.NO,
1/ H /P(O)(Ocsz)z
CH,P
C==C
\OCH200~C5H4R i / \
167 168
CH, P(O)(OC:Hs) \ /R
c=c/ c=c=c_
P(O)(CeHs)a
N D —( (O)(CsHo)
/ \ CH,

169 170

303
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\/

\,/

STRUCTURAL FORMULAE

CHS;;
P

P P
I I H
CsHs CH3
171 172 173
R
P/
175
O—C(CH. —
/ (CHg): /O CH,
RP, RP\
O——C(CHs;); O—CH;
177 178
>—< :ﬁi -
O\P/O O\P/C\
PN VN
PERN o o
! |
180 181
H
A P/O
07 e,
Bu* I o)
B O\P/O——‘
3 J(P— .
J(P—HA) 41 Hz O/ | \O
3J(P—Hs) 20-2 Hz R
182b 183

C.H;s ; ;
: P

H

174

oo
N\

176

179

Ha CH,

_CHe
o// P\O

Bu' o

Hp

3J(P—H,) 64 Hz
3J(P—Hjp) 22-7 Hz

182a




STRUCTURAL FORMULAE 305

\P/ ————0\ i |
N P—O—C—C~—NH -
—o0" ! 'N— % [
R | o
185 186
H .
| -7
O/P\bo OH CHs ‘
0 . BH,
H H, H
}l) Be BH,
2N Mesp” “H”
187 188 189
Ha OR
H P/
B O// ‘

190
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