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ABSTRACT 

1,6-Dihydrophosphinine I -oxides with 4-chloro-3(or 
5)-methyl substituents give cycloadducts with di- 
methyl acetylenedicarboxylate having the 2-phospha- 
bicyclo[2.2.2]octa!-5,7-diene ring system that can be 
fragmented easily on irradiation with ultraviolet light 
(254 nm). The phosphorus-containing bridge is re- 
leased as a derivative of the 3-coordinate methylene 
phosphine oxide species, R-P(0)=CH2. This species 
is too reactive to observe but is readily trapped by an 
addition reaction with alcohols to give phosphinates 
( R  = alkyl or aryl) or phosphonates (R  = 0-alkyl). 
These experiments constitute the first demonstration 
of  the existence of  RO-P(0)=CH2. Phosphoryl oxy- 
gen in the cycloadducts has been replaced by sulfur, 
and these sulfide5: fragment smoothly on irradiation. 
The 3-coordinate species Ph-P(S)=CH2 has been 
generated by other workers, but the species RO- 
P(S)=CH2 was generated here for the first time. The 
power of the bicyclic fragmentation route for the gen- 
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eration of a variety of 3-coordinate P-methylene de- 
rivatives is made evident by this study. 

The fragmentation of bridged, strategically unsat- 
urated heterocyclic systems is a powerful tech- 
nique for the generation of small molecules with 
multiple bonding at the heteroatom. We have ex- 
ploited this method in several ways to generate 
phosphorus species with multiple bonds. We have, 
for example, successfully generated the unsatu- 
rated, 3-coordinate fragment -POz attached to car- 
bon [1,21, alkoxy [ 1,3], or amino groups [3-51, em- 
ploying both thermal and photochemical 
fragmentation of derivatives of the 2,3-oxaphos- 
phabicyclo[2.2.2]octa-5,7-diene ring system. The 
thermal fragmentation has been shown to occur by 
a concerted retro-cycloaddition [6] that accom- 
plishes extrusion of the P-0 bridging unit with the 
generation of a new P=O bond. 

a 
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There are distinct advantages in the genera- 
tion of reactive molecules by these methods; no 
added reagents are required, inert solvents can be 
used, and, at least in the photochemical method, 
quite mild conditions are employed. 

When a methylene group replaces oxygen in the 
ring framework shown above, a similar pathway 
for fragmentation creates a multiple phosphorus- 
carbon bond, thereby providing derivatives with 
the 3-coordinate-P(O)=CH, group. 

0 

.-P 
We had recognized this possibility several years 

ago and attempted to perform a thermal fragmen- 
tation on derivatives of the above bicyclic ring sys- 
tem but without encouraging results [7]. Des- 
champs and Mathey [8] also attempted the thermal 
fragmentation of a derivative of this ring system 
without success. Modification of the functionality 
at phosphorus can, however, lead to substances that 
do undergo smooth thermal fragmentation; Des- 
champs and Mathey converted phosphine oxide 1 
to sulfide 2 and showed, from trapping reactions 
with alcohols and dienes, that the species methy- 
lenephenylphosphine sulfide (3) was released at 
110°C in toluene. In our laboratory, we reduced 
phosphine oxide 4 to phosphine 5 and found [9] 
that thermal fragmentation occurred at quite low 
temperatures with the release of the 2-coordinate 
phosphaalkene 6. The species Ph-P=CH2 was gen- 
erated similarly. 

We have now found that the photochemical 
fragmentation of phosphine oxides in the 2-phos- 
phabicyclo[2.2.2]octa-5,7-diene ring system occurs 

cleanly at room temperature, thus providing the 
first successful technique for the generation of 
methylenephosphine oxides, R-P(0)=CH2. Such 
species polymerize rapidly and must be detected 
by trapping reactions, as with alcohols to form 
phosphinates. C-Arylated derivatives of this parent 
have been generated photochemically by Regitz and 
co-workers from a-azo phosphine oxides [lo], but 
this method is not capable of extension to provide 
the parent methylene species. 
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Ph-C-PPh, - Ph-C-PPh, - Ph,C=P4 

An important aspect of the heterocycle frag- 
mentation approach to low-coordinate phosphorus 
species is that a variety of new compositions can 
conceivably be created by modifying the substi- 
tution pattern at phosphorus. In the present study, 
we have demonstrated the versatility of the ap- 
proach by generating the first examples of meth- 
ylene(oxo)phosphoranes with P-alkoxy groups (RO- 
P(O)=CH,). The structure can be viewed as an in- 
tramolecular anhydride of a mono-alkyl methyl- 
phosphonate and is trapped by reacting it with hy- 
droxy compounds to form the phosphonate. 
Similarly, we have generated, for the first time, the 
corresponding thiono derivative, RO-P(S)=CH2, 
which gives a thionophosphonate on reaction with 
an alcohol. 

Generation of P-Phenyl and P-Methyl 
Methylene Phosphine Oxides 
The requisite 2-phosphabicyclo[2.2.2]octa-5,7-diene 
ring system is readily synthesized [7,8,11] by the 
Diels-Alder reaction of acetylenedicarboxylates with 
1,6-dihydrophosphinine oxides. In the present study, 
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SCHEME 1 

we have employed the method outlined in Scheme 
1 for the synthesis of the required dihydrophos- 
phinine oxides; experimental details have been 
published earlier [ 1 11. 

The method is most readily applied to a 3- 
methyl-3-phospholene oxide as starting material, 
but, as seen in Scheme 1, this results in the for- 
mation of two isomeric dihydrophosphinine ox- 
ides, with the 4-chloro-3-methyl isomers (7 and 9) 
in predominance. The mixtures are not readily 
separated and ai-e used directly in the cycloaddi- 
tion with dimethyl acetylenedicarboxylate. Each 
dihydrophosphinine oxide gives two cycloadducts 
that differ in configuration at phosphorus (Scheme 
2). The resulting 4-component mixture presents a 
formidable separation challenge but is neverthe- 
less directly useful in the fragmentation process to 
generate the met hylene phosphine oxides (Scheme 
2), since all isomers release this fragment (not nec- 
essarily at the same rates). Partial mixture sepa- 
ration has been achieved in some cases in the study 
of the adducts [l l] ,  but there seems to be no ad- 
vantage in the use of isomer-enriched samples. 

Diels-Alder adduct mixtures 11 and 12 were 
readily fragmented when irradiated in acetonitrile 
with a medium-pressure Hanovia lamp (nominally 
254 nm). Thus, after 2-4 hours of irradiation of a 
0.1 mmol sample in a 5-10 mm quartz tube, none 
of the isomers remained. When ethanol was in- 
cluded in the photolysis medium, almost all of the 
phosphorus appeared in the desired form of ethyl 
methylphenylphosphinate (13) or ethyl dimethyl- 
phosphinate (14). Both are known compounds and 
were identified by "P NMR and gas chromatog- 
raphy-mass spectroscopy (GC-MS). 
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The use of trapping agents to detect a highly 
reactive intermediate always carries with it an un- 
certainty about a possible role for the agent before 
the fragmentation, thus preventing the develop- 
ment of a truly free species. We have addressed this 
question in a quantum yield study with a related 
derivative having a P-ethoxy group, as will be dis- 
cussed in the next section. It was established that 

SCHEME 2 
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no role exists for the alcohol before the photolytic 
fragmentation has occurred. 

Generation of P-Alkoxy Methylene Phosphine 
Oxides 
Our previous studies [113 had also made available 
several P-alkoxy derivatives of the 2-phosphabi- 
cyclo [2.2.2]octa-5,7-diene 2-oxide ring system by 
the Diels-Alder reaction of P-alkoxy 1,6-dihydro- 
phosphinine oxides with dimethyl acetylenedicar- 
boxylate. If a methylene phosphine oxide were to 
be extruded from such a compound, it would be of 
a previously unknown type; there is no literature 
reference to the species RO-P(0) =CH2. Accord- 
ingly, we have performed photolytic fragmenta- 
tions of several of the bicyclic P-alkoxy derivatives 
(Scheme 3). In every case, the starting material was 
consumed on irradiation at 254 nm. When an al- 
cohol was present, most of the phosphorus ap- 
peared in the form of the expected methylphos- 

honate. These products were identified by their 
'P NMR spectra and some by GC-MS; most were 
known in the literature. For example, from the 
ethanol trapping of the fragment released from es- 
ter 15, there was obtained a product (19) with 6 
30.7 (CDCI,); a literature value [12] is 6 27.7 (CDC13). 
A spiking experiment with an authentic specimen 
confirmed the assignment. The identification of the 
main products as dialkyl methylphosphonates leads 
to the conclusion that the reactive intermediate re- 
leased on irradiation of the esters is the hitherto 
unknown P-alkoxy methylene phosphine oxide. 

An observation made for all of the products of 
the photolyses was that a small, variable amount 
of another alcohol-trapped extruded phosphorus 
species accompanied the main product. They were 
detected by 31P NMR signals in the range 6 5-7. 
These products generally contributed about 5-10% 
to the total area of 31P NMR signals. Thus, in the 
case of photolysis of ester 15, a 31P NMR analysis, 
under conditions of long pulse delay to allow for 
any differences in relaxation time among the spe- 
cies present, showed the amount to be 6.7%. When 

proton coupling was allowed, the signals split to 
doublets with the very large coupling constants 
(about 670 Hz) characteristic of a directly attached 
proton. The shifts and coupling constants were 
suggestive of a dialkyl H-phosphonate (23-26, 
Scheme 3); for example, the ethanol trapping 
product mixture from the photolysis of ethyl ester 
15 and 6 7.5 with lJpH = 690 Hz (6 7.1-8.1, 'J = 
682-691 Hz has been reported [13]). The assign- 
ment of structure 21 to the major product was con- 
firmed by spiking with an authentic specimen. 

The origin of the side-products is uncertain at 
this time, and there is no explanation for the fail- 
ure of comparable side-products to form when 
phosphine oxides rather than esters are irradiated. 
We eliminated the possibility that the differing be- 
havior was due to the esters undergoing some pho- 
tolytic cleavage of the P-alkoxy group, which is im- 
possible for the phosphine oxides, by an experiment 
where the alcohol trapping agent carried a differ- 
ent alkyl group from that in the starting ester. Re- 
tention of the original P-alkoxy group would lead 
to a H-phosphonate with mixed alkoxy groups, 
whereas a preliminary cleavage of the P-alkoxy 
group would give a phosphonate with the same al- 
koxy groups. When isopropyl ester 18 was photo- 
lyzed in the presence of ethanol, the side-product 
had a ,'P NMR shift (6 5.9) that was significantly 
different from that of diethyl H-phosphonate (6 7.5) 
or of di-isopropyl H-phosphonate (6 4.1) and can 
safely be assumed to be ethyl isopropyl H-phos- 
phonate. Therefore, the original alkoxy group on P 
remains in place during the photolysis. In another 
experiment, it was shown that a typical dialkyl 
methylphosphonate main product (di-isopropyl, 22) 
was, not unexpectedly, stable to the irradiation and 
did not undergo any C-P bond cleavage to give an 
H-phosphonate. To account for the formation of the 
H-phosphonate side-products, then, it is necessary 
to assume that the starting ester undergoes cleav- 
age of both of its C-P bonds but in an unknown 
sequence. We do note that the H-phosphonate can 
arise from the addition of alcohol to a phosphenite 
(RO-P=O) as a reactive intermediate [14] formed 
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in a double C-P cleavage, but there is at present 
no evidence for such an intermediate. 

Another minor product formed in approxi- 
mately the same amount has a ”P NMR signal close 
to 0 and has no attached proton. A dialkyl phos- 
phate from oxidation of the H-phosphonate would 
fit these properties, and, in the case of the product 
from 15 with 6-1.7 (CH3CN), this was confirmed by 
a spiking experirnent. Thus, an authentic specimen 
of the suspected diethyl phosphate increased the 
intensity of the signal at 6-1.7. 

The possibility that the trapping alcohol might 
give an adduct with the starting bridged com- 
pound and that this adduct fragments to give the 
observed trapping product was explored with the 
use of ethyl ester 15. We observed that the rate of 
the photolytic fragmentation was semiquantita- 
tively the same 130th in the presence and absence 
of the alcohol and that the quantum yield was 0.07 
in both cases. It is appropriate, therefore, to as- 
cribe the role of ethanol to a trapping reaction with 
free P-ethoxy methylene(oxo)phosphorane and not 
to the formation of adduct 27, which then frag- 
mented. 

Generation of P-Phenyl Methylene Phosphine 
Sulfide 
To explore the applicability of the photochemical 
method to the generation of thiono counterparts of 
the methylene phosphine oxides, the phosphoryl 
oxygens in the isomer mixture of P-phenyl phos- 
phine oxides 11 were replaced with sulfur by re- 
fluxing in toluene with P2S5. The product 28 gave 
the expected downfield 31P NMR shift (to 6 50-56) 
for the mixed sulfides. On photolysis in absolute 
ethanol at 254 nm, the sulfide mixture was com- 
pletely consumed and the phosphorus product (29) 
had a 31P NMR shift of 6 89.3 (ethanol). This matches 
closely the value (6 89.6 in CH2C12) reported by 
Deschamps and Mathey [8] for the methanol trap- 

0 
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ping product of the same thiono-phosphorane when 
formed by thermolysis of a related phosphine sul- 
fide (2). The identity of the ethanol trapping prod- 
uct was confirmed by GC-MS. 

We, therefore, have defined a set of photo- 
chemical conditions for the room-temperature 
generation of the methylene phosphine sulfide spe- 
cies, possibly of interest as precursors of methyl- 
phosphonothionates in a one-step process on re- 
action with complex alcohols. 

Generation of P-Ethoxy Methylene Phosphine 
Sulfide 
No examples of methylene phosphine sulfides with 
P-alkoxy groups have previously been mentioned 
in the literature. A precursor for this new species 
would result from the replacement of oxygen by 
sulfur in the phosphinates 15-18 used for the gen- 
eration of P-alkoxy methylene phosphine oxides. 
This replacement was accomplished in the P-ethoxy 
derivative 15 by heating in CH2C12 with P&. The 
31 P NMR signals for the mixed thionophosphinates 
(30) occurred at 6 92-97, the expected range (e.g., 
Me2P(S)OMe 6 94.3 (CDC13) [15]). The thiophos- 
phinate mixture was photolyzed in absolute ethanol 
at 254 nm in a 5 mm quartz tube. For a 24 mg 
charge, all of the starting material was consumed 
after 1 hour, and the only 31P NMR signal ap- 
peared at 6 94.7 (ethanol). The expected product 
(32) is a known compound with 6 96 [ 161. The iden- 
tity of the product was confirmed by a GC-MS ex- 
periment. This result can be interpreted, as in other 
cases, as proving that the P-C bridging unit had 
been extruded, giving here the desired P-ethoxy 
methylene phosphine sulfide 31 for the first time. 
In this case, as in the P-phenyl sulfide 28, there 
was no indication of the cleavage of a C--P bond to 
form an H-phosphonate by-product. 

Et O - P I  /”” 
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EXPERIMENTAL 
General 
Photolyses were conducted either in a cylindrical 
multilamp Rayonet apparatus for actinometry at 
254 nm (125 W) or by an Ace Glass quartz, water- 
cooled immersion well with a 450 W Hanovia me- 
dium-pressure lamp (nominally 254 nm). The pho- 
tolytic reactions were carried out in 5 or 10 mm 
EPR precision quartz tubes that were mounted in 
the Rayonet apparatus or were attached to the outer 
wall of the Ace immersion well. The reactions were 
followed by 'IP NMR to the disappearance of the 
starting material, using an IBM NR-80 spectro- 
meter with D20 for external locking and 85% H3P04 
as external standard. Downfield shifts have posi- 
tive signs. Fourier transform 'H spectra were re- 
corded with a Varian XL-200 spectrometer in CDCl3 
with Me4Si as internal standard. The MS data were 
obtained with a Hewlett-Packard GC-MS system, 
using a Hewlett-Packard Atomic Emission Detec- 
tor set at the frequency for phosphorus (186 nm) 
and a Hewlett-Packard Mass Selective Detector (70 
eV) . 

Reaction of Dimethyl Acetylenedicarboxylate 
with 1 -Phenyl-l,6-Dihydrophosphinine Oxides 
7 and 8 
A solution of 1.06 g (4.44 mmol) of P-phenyl-1,6- 
dihydrophosphinine oxides 7 and 8, prepared as 
described previously [ 171, and 1.64 mL (1 3.3 mmol) 
of dimethyl acetylenedicarboxylate in 12 mL of 
toluene was refluxed under nitrogen for 15 hours. 
The 31P NMR spectrum of the solution showed that 
all starting material (6 10.0 and 6 11.0) had re- 
acted. The solvent was removed in vucuo, and the 

residual oil had 'IP NMR signals (benzene) at 6 40.6, 
40.0, 36.2, and 35.7. It was purified by chromatog- 
raphy on a silica gel (Aldrich 60-200 mesh) col- 
umn with elution by benzene-acetone (2 : 3). The 
isomer mixture 11 (0.7 g, 1.84 mmol) had 31P NMR 
signals (CH3CN) at 6 42.9, 42.1, and 38.5 (3:3: 1; 
the fourth isomer was lost in the purification pro- 
cedure). No attempt was made to associate signals 
with particular isomeric forms. The proton NMR 
spectra for the isomer mixture contained overlap- 
ping signals, but features consistent with the ad- 
duct structure, and in resemblance to the P-CH3 
counterpart [I  11, were present: olefinic H at 6 6.67 
(d of d, J = 5.2 and 7.2 Hz) and 6.15 (d of d, J = 
6.0 and 7.1 Hz); 4-Me at 6 1.66-1.69; 6-Me and - 
CH2 at 6 1.88-2.29. The mixture was used directly 
in photolysis experiments. 

Conversion of Mixed P-Phenyl Oxides 11 to 
Sulfides (28) 
A solution of 20 mg (0.0525 mmol) of the 3-com- 
ponent mixture of isomeric forms of 11 prepared 
above and 35 mg (0.158 mmol) of phosphorus pen- 
tasulfide in 1 mL of dry methylene chloride was 
stirred at room temperature for 3 days. The "P 
NMR spectrum (CH2C12) showed that all starting 
material was consumed, and the product gave sig- 
nals for isomers of 28 at 6 51.4 (major), 50.6, 54.0, 
and 56.6 (cf. to 6 58.7 (CH,Cl,) for 2[8]). The re- 
action mixture was filtered, and the filtrate was 
concentrated to dryness. The residue of 28 was used 
directly in photolysis experiments. 

Conversion of Mixed Ethyl Phosphinates (15) 
to Thionophosphinates 30 
A solution of a mixture of phosphinates 15 (0.5 g, 
1.43 mmol) obtained in previously reported work 
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[l  11 in 20 mL of (dry toluene (deoxygenated with 
nitrogen) was treated with 0.43 g (1.93 mmol) of 
phosphorus pentasulfide. The mixture was re- 
fluxed under nitrogen for 8 hours. The solvent was 
removed in vacuo, and the residue was purified by 
chromatography on a silica gel column with elu- 
tion by 1% methanol in chloroform. The product 
(0.25 g, 48%) had 31P NMR signals (CDCl,) at 6 96.7 
and 92.2 (approximately 1 : 1); no signals for start- 
ing 15 were present. The product required storage 
under nitrogen in a refrigerator and was used di- 
rectly in photolysis experiments. 

Photolysis of Mixed Isomers of P-Methyl 
Phosphine Oxide 12 

A solution of 0.1 g, (0.31 mmol) of a mixture of two 
isomers 12 (,'P NMR 6 52.6 and 48.9; available from 
previously reported work [ 113) in 50 mL of aceto- 
nitrile containing 3 mL of absolute ethanol was ir- 
radiated in the Ace reactor with the Hanovia lamp 
for 7 hours at room temperature. Solvent was 
evaporated and the 31P NMR spectrum (CDCl,) 
showed peaks at li 52.42 (98%) and 52.56 (2%). The 
former peak was assigned to ethyl dimethylphos- 
phinate (14); an authentic sample prepared ac- 
cording to Kosolapoff and Watson [18] had 6 52.4, 
and spiking the reaction mixture with the known 
caused intensification of the peak at 6 52.4. The 
minor peak at 6 52.56 may be due to unchanged 
11 or dimethylphosphinic acid (also 6 52.6); it was 
intensified by addition of an authentic sample of 
the acid. 

A similar result was obtained when the single 
isomer of 12 (0.08 g) with 6 52.95 (CDClJ was ir- 
radiated in the same way for 2.5 hours in 50 mL 
of dioxane containing 3 mL of ethanol; the photo 
product had a peak at 6 52.46, intensified on ad- 
dition of known 14 and distinguishable from that 
of starting material at  6 52.95. 

Photolysis of Mixed Isomers of P-Phenyl 
Phosphine Oxides 11 

A solution of 10 ing (0.026 mmol) of isomers of 11 
with 31P NMR 6 43.3 and 39.6 (1:5) in 0.8 mL of 
dry methylene chloride containing 25 pL (0.42 
mmol) of absolute ethanol was placed in a 5 mm 
quartz tube. The tube was subjected to irradiation 
with the Rayoneit a paratus for 2.5 hours at room 
temperature. The 3& NMR spectrum showed that 
all starting material had been fragmented and the 
only product had 6 42.1 (CH2C12); 6 42.0 (MeCN) 
has been reported [ 191 for the related ethyl ethyl- 
phenylphosphina.te. The identification of the prod- 
uct as 13 was confirmed by GC-MS. Calcd for 
C9HI3O2P: M+ 184; found m/z 184 (9.2%), 141 
( 100%). 

Photolysis of P-Phenyl Phosphine Sulfide 28 
The sample of 28 prepared from 20 mg of mixed 
oxides 11 was dissolved in 0.6 mL of absolute 
ethanol in a 5 mm quartz tube and protected by 
argon. The tube was irradiated in the Rayonet ap- 
paratus for 1 hour. Analysis by 31P NMR showed 
that all starting 28 was consumed and the major 
product had 6 89.3 (EtOH). This signal is assigned 
to ethyl methylphenylphosphonothionate (29, cf. 
to 6 89.6 (CH,CI,) for the methyl ester [8]) and con- 
firmed by GC-MS. Calcd for C9HI30PS, M+ 200; 
found m/z 200 (65%), 156 (100%). 

Photolysis of Phosphinate Esters (15-18) 
a. Ethyl Ester 15. A 0.16 g sample of a mixture 

of four isomers of 15 (6 31P NMR (CDCl,) 57.6,57.2, 
55.7, and 54.1; ratio 32:23:28: 17; available from 
previously reported work [ l l ] )  in 50 mL of dry 
acetonitrile containing 4 mL of dry ethanol was ir- 
radiated in the Ace reactor for 7 hours. Evapora- 
tion of solvent left a brown oil; 31P NMR (CDCl,) 6 
30.7 (major), 7.53 (minor), and -0.87 (minor). The 
peak at  6 30.7 was assigned to diethyl methyl- 
phosphonate, 19 (Ref. [14] 6 27.7 in CDC1,) by spik- 
ing with an authentic sample (Aldrich). The peak 
at 6 7.53 had 'JpH 690 Hz, as did an authentic sam- 
ple of diethyl H-phosphonate (23). The "P NMR 
signal at 6 -0.87 was intensified on addition of au- 
thentic diethyl phosphate. 

In another experiment, a quantitative analysis 
of the photolysis product mixture was performed 
by 31P NMR at long pulse delay (50 seconds). The 
ratio of compounds 19, 23, and diethyl phosphate 
was 2.87:0.23:0.38. 

b. Methyl Ester 16. A solution in 2.5 mL of 
methanol and 50 mL of acetonitrile of 0.24 g of the 
mixed isomers of 16 with 'IP (CDC13) 6 59.5, 58.9, 
57.9, and 55.5 (ratio 36:22: 12:30) available from 
previous work [13] was photolyzed as above for 5 
hours. The product had a major 31P NMR (CDCl,) 
peak at 6 33.5 (Ref. [20] 6 31.5 in CClJ with minor 
peaks at 6 10.8 and 1.67. The 6 10.8 peak was split 
to a doublet ('JPH = 698 Hz) of septets (3JJpH = 12.3 
Hz) which conclusively identified the substance as 
dimethyl H-phosphonate (24) (Ref. [21I1 6 1 1 ,  lJpH 

= 698 HZ, ,JpH = 12.2 HZ). 

c. Zsopropyl Ester 18. A mixture (0.1 g) of the 
isomers of 18 with 31P NMR 6 55.67 and 53.61 was 
photolyzed as above in 3.4 mL of isopropyl alcohol 
and 50 mL of acetonitrile. The product had a ma- 
jor 31P NMR (CDCl,) signal at 6 28.1 and minor sig- 
nals at 6 4.13 (IJpH = 687 Hz) and 6 0.87. The signal 
at  6 28.1 was assigned to di-isopropyl methylphos- 
phonate, 22 (Ref. [22] 6 27.4; 6 28.2 was obtained 
for an authentic specimen). GC-MS showed no sig- 
nal for M' ( 1  80); the base peak (100%) had m/z 97 
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(possibly MeP(OH)3+) and M+ -C3H2O at 123 
(52.5%). The signal at 6 4.13 was derived from di- 
isopropyl H-phosphonate 26 (Ref. [21] 6 4.2, 'JpH = 
690 Hz). The GC-MS showed no signal for M+ (1 66) 
but had the base peak at m/z 83 (possibly HP(OH),+) 
with major signals at m / z  15 1 (lo%, M+ -CH3) and 
109 (75.4%). Photolysis (13 hours) of 18 (50 mg) in 
50 mL of CH3CN and 4 mL of EtOH gave a product 
with 6 3'P 28.4 (CH3CN), presumably the shift of 
ethyl isopropyl methylphosphonate, with minor 
signals at 6 5.8 and 0.88. The photolysis of 16 in 
CH3CN with isopropyl alcohol as the trappin a ent 
as above gave the same product with S P 28.9 
(CH3CN) and the minor by-product at 6 5.6. 

k g  

d. Propyl Ester 17. The experiment was per- 
formed as above on 0.16 g of a mixture of 17 with 
31P (CDC13) 6 57.49, 56.62, 55.57, and 53.91 (ratio 
32 : 3 1 : 24 : 12) available from previous work [7]. The 
product, after 6 hours of photolysis in 5 mL of pro- 
pyl alcohol and 50 mL of acetonitrile, contained no 
starting material signals and had a major signal 
at 6 30.7 for 21 with minor signals at 8.01 and -0.64. 
The signal at 6 8.01 was split to a doublet (lJPH = 
694 Hz) by hydrogen and is assigned to dipropyl 
H-phosphonate, 25 (Ref. [21] 6 6.5-7.4, 'JpH = 685 
Hz). 

Photolysis of Mixed Ethyl Thiophosphinates 
30 
A solution of 15 mg (0.04 mmol) of ester 30 in 0.6 
mL of absolute ethanol was irradiated with the 
Hanovia lamp in a 5 mm quartz tube for 2.5 hours. 
The 31P NMR spectrum (ethanol) showed that all 
of the starting ester 30 had been consumed and the 
only product 32 had 6 94.7 (Ref. [16] 6 96). Struc- 
ture 32 was confirmed by GC-MS. Calcd for 
CSHl3O2PS, M+ 168; found, m/z  168 (92%), 79 
(100%). 
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