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Irradiation of the title compound 1 at 254 nm in the presence of alkylamines or dialkylamines leads to the for-

mation of phosphinic amides 3 and 4, respectively.

The fragmentation of bridged heterocyclic systems' = is an

attractive approach for the generation of methyl-
enephosphine oxides, a representative class of low-
coordinate intermediates. On irradiation at 254 nm, the
2-phosphabicyclo[2.2.2]octene  derivatives are readily
fragmented to methylenephosphine oxides that phos-
phorylate the alcohols added to the reaction mixture prior
to the irradiation.® Here, we report the use of
phosphabicyclooctenes in the UV-light mediated phos-
phorylation of primary and secondary amines
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Irradiation of the acetonitrile solution of an isomeric
mixture (A and B) of phosphabicyclooctene 1 at 254 nm
in the presence of primary amines, such as alkylamines
for 3.5h led to the corresponding phosphinic amides 3a—e
(Scheme 1). Small-scale preparative experiments afforded
amides 3a-e in acceptable yields, in a purity of 88-95%
after flash column chromatography (Table 1). The amides
3a—e, mostly new compounds, were identified by 3'P and
'THNMR, as well as GC-MS methods (Table 1).

The above method for the synthesis of phosphinic amides
of type PhMeP(O)NHR may be a good alternative to pre-
vious procedures applying methyl(phenyl)phosphinic
chloride® obtained from phosphoryl chloride. The introduc-
tion of three different substituents to a pentavalent
tetracoordinated phosphorus atom is not without
difficulties. Selectivity problems mean the yields are usually
not high.’

*To receive any correspondence (e-mail: keglevich(@oct.bme.hu).
1 This is a Short Paper as defined in the Instructions for Authors,
Section 5.0 [see J. Chem. Research (S), 1999, Issue 1]; there is
therefore no corresponding material in J. Chem. Research (M).

26°C,7h
254 nm 1)
Ro;NH-MeCN 1
1 Ph—P—Me

2 ]
R = Et (h), P (a), Pr' (b), Bu" (c) Z‘

Scheme 2

The phosphorylation of secondary amines, such as
dialkylamines was also attempted under the above con-
ditions. A 7h-irradiation of phosphabicyclooctene 1 in
the presence of dialkylamines furnished complex mixtures
containing the expected phosphinic amides 4a—c,h in only
low yields (ca. 6-11%) (Scheme 2). Products 4a—c,h were
identified by GC-MS and 3'PNMR (Table 2).

The low yields of dialkylamides 4 may be the consequence
of steric effects. We recall that the UV-light mediated
phosphorylation of alcohols by phosphabicyclooctene was
also found to be sensitive to steric effects.’

Recently, it was substantiated that the UV-light mediated
phosphorylation of alcohols by phosphabicyclooctene 1 may
take place according to concurrent elimination—addition
(EA) and addition—elimination (AE) mechanisms.> The
EA reaction path involves the formation of
methylenephosphine oxide in the rate-determining step
followed by fast reaction with the alcohol present, while
according to the AE mechanism, the nucleophile is added
on the phosphoryl group of bicyclooctene 1 to form an
intermediate with a pentacoordinate phosphorus atom that
is then fragmented to give the phosphorylated product.
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As compound 1 is known to undergo fragmentation in the
absence of any nucleophile,’ there is little doubt that the EA
reaction component must be effective in any case. The result
of this photolysis is a polymeric material, presumably
[PhP(O)(CH))],,.> Irradiation of an acetonitrile solution of
1 (0.243 mmol) in the presence of equimolar n-propylamine
(25.4mmol) and n-propyl alcohol (25.4mmol) led to a
mixture of 71% phosphinic amide 3a (ép 31.7) and 29%
of PhP(O)(OPr")Me [6p 41.5 (lit.,> 42.8)] according to
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Table 1 Phosphinic amides 3a—e prepared by the photolysis of phosphabicyclooctene 1 with primary amines
HRFAB

Product Yield(%) Purity (%) Jp (CDCI3) MS, m/z (rel. int. %) (M + H)founa (M +H)eae

3a? 69 95 31.7 197 (M*, 8), 168 (M — 29, 82) 198.1041 198.1048
139 (M — NHPr, 100), 77 (19)

3b? 65 90 29.8 197 (M*, 1), 182 (M — Me, 100) 198.1039 198.1048
139 (M — NHPr, 95), 77 (Ph, 17)

3c¢ 82 94 31.6 211 (M*, 8), 168 (M — Pr, 82), 212.1199 212.1204
139 (M — NHBu, 100), 77 (Ph, 15)

3d? 76 88 29.7 211 (M*, <1), 196 (M — Me, 8), 212.1199 212.1204
182 (M — Et, 100), 139 (M — NHBu,
75), 77 (13)

3e’ 81 93 27.2 211 (M*, < 1), 196 (M — Me, 100), 2121195 212.1204

139 (M-NHBu, 54), 77 (12)

254 (CDCl3), 0.92 [t, J = 7.5, (CH,),CHs], 1.47-1.57 (m, CH2), 1.65 (d, J = 14.0, PCH3), 3.09-3.14 (m, NCH,), 7.36-7.86 (m, Ar);
b5y (CDCl3), 1.15 [d, J = 6.0, CH(CHs),], 1.65 (d, J =14.0, PCHs), 7.37-7.88 (m, Ar); °54(CDCls), 0.93 [t, J = 7.3, (CH;)5CHs],
1.38-1.57 [m, (CHa),], 1.66 (d, J = 14.0, PCHs), 2.80-3.0 (m, CH,), 7.40-7.86 (m, Ar); lit5 40.81 [, J = 7,(CH3),CHs], 1.15-1.60 [m,
(CHa),1, 1.70 (d, J'=14, PCHs), 2.73-3.10 (m, CH,), 7.35-8.0 (m, Ar); 5, (CDCls), 0.92 (t, J = 7.5, CH,CHs), 1.12 (d, J = 6.5,
CHCHs), 1.66 (d, J = 13.8, PCH3), 7.37-7.88 (m, Ar); ®64(CDCl3) 1.32 [s, C(CH3),], 1.63 (d, J = 13.5, PCH3), 7.40-7.89 (m, Ar).

Table 2 Phosphinic amides 4a—c,h prepared by the photolysis of phosphabicyclooctene 1 with secondary amines

Product op(CDCl3) MS, m/z (rel. int.%)

5h 36.2 211 (M*, 4), 196 (M —15, 35), 139 (M — NEty, 100), 77 (Ph, 15), 72 (NEtp, 71)

b5a 36.3 239 (M*, 3), 210 (M — Et, 87), 139 (M — NPrp, 100), 100 (NPrp, 13) 77 (Ph, 13)

5b? 34.6 239 (M*, < 1), 182 (M — Me — Pr+H, 100), 139 (M — NPry, 98), 77 (Ph, 18)

5¢ 364 267 (M*, 3), 224 (M — Pr, 80), 182 (224 — Pr+ H, 46), 139 (M — NBu;, 100), 128

(NBuy, 23), 77 (Ph, 10)

aM + H = 240 was confirmed by CI-MS.

3IPNMR. The significant impact of the nucleophilic char-
acter of the reagent on the product ratio may suggest at
least the partial involvement of pentacoordinated intermedi-
ate 6 and hence concurrent AE mechanism (Scheme 3). The
methylene phosphine oxide 5 formed in the EA mechanism
should not differentiate between the amine and the alcohol
to the high extent observed. The photolysis of 1 in the
presence of ethanolamine was also carried out (Scheme
4). 3'PNMR analysis of the reaction mixture suggested
the formation of phosphinic amide 7 (Jp 34.6, 66%) and
phosphinic ester 8 (dp 41.1, 34%) in a clean reaction.
The 66: 34 product ratio found for amide 7 and ester 8 also
seems to confirm the involvement of the AE mechanism,
otherwise there should not be so significant selection
between the two nucleophilic centers of the ethanolamine
molecule.
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It can be concluded that using primary amines as
nucleophiles, both the EA and the AE reaction paths
may be involved in the fragmentation of cycloadduct 1
to give phosphinic amides 3.

Experimental

The 3'PNMR spectra were taken on a Bruker DRX-500
spectrometer operating at 202.4 MHz. Chemical shifts are downfield
relative to 85% H;3;PO4. GC-MS was performed on a Fisons GC
8000/MD 800 apparatus.

General Procedure for the Synthesis of Phenyl(methyl)phosphinic
Amides 3a—e.—A solution of 0.10 g (0.243 mmol) of precursor 1 con-
sisting of 61% of isomer A and 39% of isomer B in 45ml of dry
acetonitrile and 4ml of the corresponding primary amine was

irradiated in a photochemical reactor with a mercury lamp (125 W)
for 3.5 h. Volatile components were removed and the residue obtained
purified by flash column chromatography (silica gel, 3% methanol in
chloroform) to give the corresponding phosphinic amides 3a—e (Table
1). The dialkylamines were phosphorylated under similar conditions
but applying an irradiation time of 7h (Table 2).

The phosphorylation of ethanolamine was carried out similarly to
give a 66-34% mixture of amide 7 and ester 8 (6 34.6 and 41.1,
respectively) in 85% yield after flash column chromatography (silica
gel, 3% methanol in chloroform). The integrity of the sample was con-
firmed by TLC. (M + H){,4 =200.0832 CoH;sNO,P requires
200.0840.
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