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AbstractSpCooxyphosphora with quintuply-connected phosphorus were ma& from the reaction 
of phenanthrenequinone, benxil, biicetyl, and I-phenylpropanedione with S-membered and 6-membered 
cyclic phosphite esters and amidea The P 3’ NMR spectra were compared with those of the oxyphos- 
phoranes derived from open-chain trimethyl and triphenyl phosphitea Further comparisons were made 
with spiroaminooxy-phosphoranes previously reported. The introduction of an additional S-membered 
ring into the oxyphosphoranes resulted in a large decrease in the positive value of the P’l NMR shift, 
A z 20 to 23 ppm The effect of a Cmembemd ring was negligible The replacement of an endocyclic oxygen 
by a nitrogen in the S-membered spirooxyphosphoranes led to a smah increase in the positive value of 
the shift, A g 5 ppm. The replacement of an exocyclic oxygen by a nitrogen resulted in a smaU decrease in 
the positive value of the shift, A 2 2 to 4 ppm The phenyl esters d ethylenephosphite and of 2,2dimethyl- 
1,3-propanediol cyclic phosphite were less reactive than the corresponding methyl esters toward txdi- 
aubonyl compounds. 

THE formation of a P-O bond in the reaction of trialkyl phosphites with pquinones 
was first reported3s4v 5 in 1957. Red colors and electron spin resonance spectra were 
observed in these reactions. The free radicals resulted from further oxidation of 
the quinone-phosphite adducts by quinones6*’ The colors were due to the same free 
radicals and also to charge-transfer complexes formed between the quinones as 
acceptors and the phosphites as donors. 

0 + (RO),P - f$‘“““ - $’ 
0 OR 

I iI 111, R= Me 
8Ps’ = +3.7 ppm 
us H,PO, 

The reaction of trialkyl phosphites with o-quinones led also to the formation of 
P-O bonds; however, in this case the adducts were 2,2,2-triaIkoxy-1,3,2dioxa- 
phospholeness (IV). The X-ray analysis of one of these showed that the phosphorus 
was at the center of a trigonal bipyramid,’ as in V. The H’ NMR spectrum disclosed 
that the three alkoxy groups were magnetically equivalent lo or indistinguishable 
in solutions at 20” and at -60”. 
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IV, 6P3’ = + 44.7 ppm 

Some a-diketones behaved like the o-quinones toward trialkyl phosphites and 
gave pentaoxyphosphoranes VI. This was reported, independently, by three groups 
of investigators. a* 11* l2 Other diketones, however, formed 2: l-adducts (VII) when 
treated with phosphites.‘3 

, , 

P T 

, 

7 7 T 7 

t 
Oh/O 

RO’ 1 ‘OR 
OR OR 
VI VII 

Nucleophilic additions of 1,3,2-dioxaphospholenes (VI) to a large variety of 
carbonyl compounds gave rise to new families of oxyphosphoranes related to VII. 
This constitutes a new approach to the formation of C-C bonds.s*r4 

Pentaoxyphoranes of types VIII and IX have been made from the reactions of 
trialkyl phosphites with monocarbonyl compounds in which the carbonyl function 
was activated by electron-withdrawing groups.’ s* I6 Pentaoxyphosphoranes of 
type VII were prepared also from a-ketoesters and trialkyl phosphites.” 

X 

H-C- C-H 
I I 

O\ A0 
p\ R/AR OR 

VIII: X = p-NO, 
o-NO, 
o-CHO 

CF 
I’ CF3 

CF,-C- C-CF3 

b d 

RO=P=OR 

IX 

The formation of P-0 bonds from the reactions of aisdialkylaminophosphines, 
(R2N)JP, with o-quinones, a-diketones and vicinal triketones was reported 
recently l** I9 Some of these adducts had quadruply-connected phosphorug as in X ; 
others, however, had quintuply-connected phosphorus as in XI. 

X: 6P3’ = -38.5 ppm 
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The adduct made from benxil and trisdimethylaminophosphine existed as an 
equilibrium mixture of the two forms, XIIa and XIIb, in solutions.‘* On the other 
hand, the related adduct made from a Smembered cyclic triaminophosphine was a 
spirotriaminodioxyphosphorane, XIIL The steric effects observed in these cases are 
probably due to the extreme intramolecular crowding revealed by the X-ray analysis 
of a cyclic oxyphosphorane, V.9 This crowding is due to interactions between the 
oxygen atoms in certain positions of the trigonal bipyramid and the carbon atoms 
attached to the oxygens in other positions of the bipyramid. 

Ph Ph 

676 = 

Th 

0 

Me$i$eMe, “r’:Me, Me2N 
2 NMe, 

XlIa XIIb 

6P3’ = + 13.1 ppm (CH,CI,) 

+ 29.9 ppm (benzene) 

Me 

Ph-C/9 

I 

Ph-c! $1 x 
tile 

MeNNNMe 

XIII : 6P31 = + 37.0 ppm 

To provide more information on the molecular structure of the oxyphosphoranes2’ 
we undertook the preparation of a series of adducts made from the reactions of 
S-membered and 6-membered cyclic phosphite esters2’ and amides with o-quinones 
and with adiketones. This paper describes the results of this investigation. 

RESULTS 

The cyclic phosphite esters and amides included in this study were methyl ethylene- 
phosphite” (XIV) phenyl ethylenephosphite (XV) dimethylaminoethylenephos- 
phoroamidite (XVI),22*23 phenyl-(2,2-dimethyl-1,3-propanediol) cyclic phosphite 
(XVII) and dimethylaminotrimethylene phosphoroamidite (XVIII),22 The P31 
NMR shifts of these compounds are given in Table 1. 

d RO- 

3 
XIV: R = Me 

XV: R = Ph 

Me,N- 

B 
XVI 

Me 

Me 
Me,N- 
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Reaction of methyl ethylenephosphite (XIV) with carbonyl compounds 
The 5-cyclic phosphite XIV reacted with phenanthrenequinone at 20” and gave 

a pale yellow oxyphosphorane XIX. This substance crystallized with considerable 
difficulty, however, it showed remarkable thermal stability. It was recovered unchanged 
from boiling diglyme solution and when heated to 120” in the absence of solvents. 
It was very sensitive to moisture. 

The phosphorane structure XIX was based on the P31 NMR shift listed in Table 1. 
The H’ NMR spectrum is reproduced in Fig 1. Signals 1 and 2 were due to the 
OMe group. Signals 3.4 and 5 were due to the methylene protons; signal 3 could be 
resolved into a more complex pattern. The separation between signals 3 and 4 and 
between 3 and 5 were field-independent, but the separation between 4 and 5 was 
field-dependent. Therefore, the four methylene proto 
equivalent. The spectrum did not change significantly at 

ns were not magnetically 
- 60”. 

v.2 

J’HP = 

1 353.37c .I 
I+- SB. FROM 

T MS. 

FIG. 1 H’ NMR spcctnrm d the phenantbrenequinon~mcthyl ethylene phospbite 1 :l- 
addud at 30” in CDC& At 100 MC/S, signals 1,2,3,4, amI were at 362.83789 3%$4101, 
and 4120 c/s, respectively, to low field d TMS At 60 MC/S, tbcac signak wen at 214.3, 
228.3, 233.9, 2489 and 2489 c/s to low field of TMS S.B. = side bands from TMS, for 

calibration. Tbe spectrum in CH2C12 solution was tbc sang. at - 60” and at + M”. 

The reaction of methyl ethylene phosphite (XIV) with benzil was exothermic at 
20” and gave the pentaoxyphosphorane (XX). The PJ1 NMR shift is included in 
Table 1 and the H’ NMR spectrum is reproduced in Fig 2 This phosphorane was, 
again, thermally stable in boiling diglyme. 
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6Me 
XX:R=R’=Ph 

XXI:R=R’=Me 

XXII: R = Ph. R’ = Me 

The spiropentaoxyphosphorane (XXI) derived from biacetyl was prepared in 
excellent yield; cf. Table 1. The Hi NMR spectrum was analogous to that in Fig. 2; 
in addition there was a 6 Hi singlet at T 8.42, due to the two Me groups on the phos- 
pholene ring These were, therefore, magnetically equivalent or indistinguishable. 
The spectrum was examined at -6o”, -W, -2o”, +4W, +55”. +75”. +!30” and 
+ 1 lo’, without significant variations. 

The spirooxyphosphorane (XXII) was made from I-phenylpropanedione 
phosphite XIV. 

and the 

(Cl 
IN CDC13 

AT 100 YCCI 

FIG. 2 H’ NMR spectrum of the be&l-methyl ethylene phosphite 1: I-adduct, XX, at 30” 

in dilute CDCl,. At 100 MC/~, signals 1,1 3, 4, and 5 were at 361.43752, 384.3. 398.3 and 

m3 c/s, respectively, to low field OfTUS At 60 MC/S, these signals were at 217.7.23 16.247.7, 
and 2489 c/s to low field of TMS. In concentrated CDCll solution, signals 2 and 3 merged. 

In CCl, solution, signal 2 was at lower field than 3 (at 60 MC/S). The spectrum in CH,Cl, 
solution was the same at -20” and at +30”. 

Reaction of phenyl ethylenephosphite (XV) with carbonyl compounds 
This phosphite was less reactive than the Me analogus (XIV). The oxyphosphorane 

XXIII was made from phenanthrenequinone at 140”. The H’ NMR spectrum was 
very similar to that shown in Fig. 1, except that it lacked signals 1 and 2. 

The phosphorane XXIV was prepared from benzil at 100”. 
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A slightly exothermic reaction was noted when biacetyl and phenyl ethylene- 
phosphite (XV) were mixed at 20”. When the reagents were heated to 80“ a mixture 
of 1: 1 adduct and of diasteromeric 2 : 1 adducts were produced. The course of this 
reaction will be described elsewhere ;24 however, for comparison purposes the PJ1 
NMR shifts of these phosphoranes are included in Table 1. 

Table 1 lists the P31 NMR shifts of 1: l- and 2: 1-adducts made from the reaction 
of biacetyl and triphenyl phosphite, 24 (Ph0)3P. Note the differences in the shifts 
due to the presence of the rings. 

Reaction of 6-membered cyclic phosphites with carbonyl compounds 
Spirooxyphosphoranes, XXV* and XXVI, were made from the reaction of a phenyl 

ester of a 6-membered phosphite (XVII) with an oquinone and with benzil ; cf. 
Table 1. The H’ NMR spectrum of one of these phosphoranes is shown in Fig. 3. 
Signals 1 and 2 were due to the Me groups on the 6-membered ring; the signals 
were field-dependent showing that the two Me’s were not magnetically equivalent. 
Signals 3, 4 and 5 were due to the methylene protons The separation between 3 
and 5, and between 4 and 5 were field-independent. The separation between 3 and 4 
was field-dependent ; i.e., the methylene protons were not magnetically equivalent. 

* Formulas XXV and XXVI, and others in this paper, have no stereochemical connotation. A detailed 
discussion of the geometry of these. molecules is deferred until the x-ray data becomes available. 
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The reaction of biacetyl with the phenyl ester, XVII, was complex.24 In this case, 
no 1: 1-adduct could be detected; the P3r NMR shifts of the isomeric 2: l-adducts 
are listed in Table 1. 

FIG. 3 H’ NMR spaztrum of the phenanthrenequinon~pheny~2,2dimethyl-l,3-propancdiol 
cyclic phosphite) 1: I-adduct at W in CDCl,. At 100 MC/S signals 1.2, 3,4, and 5 were at 
1061, 1086,401~1,404~& and 4209 c/s, respectively, to low field of TMS At 60 MC/~, these 
signals were at 63.9, 65.2, 2363, 238.1, and 255.3 c/s to low field of TMS. S.B. = side bands 

from TMS for calibration. 

Reaction of cyclic phosphoroamidites with carbonyl compounds 
The 5-membered cyclic amidite, XVI, reacted with phenanthrene quinone at 0” 

and gave the spirotetraoxyaminophosphoran~ XXVII; cf. Table 1. The two Me 
groups attached to the nitrogens gave one doublet at z 7.30, JW = 10.5 c/s The 
spectrum was analogous to that in Fig. 1, except that signal 3 was clearly resolved 
into two multiplets. 

The oxyaminophosphoranes, XXVIII, XXIX and XXX were readily ma& from 
benzil, biacetyl and 1-phenylpropanedione, respectively. The two Me groups on the 
phospholene ring of XXIX were magnetically equivalent or indistinguishable since 
they gave one singlet at T 8.30. 

NMe, 

XXVIII: R = R’ = Ph 
XXIX: R = R’ = Me 
XXX:R=Ph,R’=Me 

The dmembered cyclic amidite, XVIII, gave a phosphorane XXXI with phenan- 
threquinone at 0”. 
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O\ H 

0’ 

DISCUSSION 

This investigation showed that 5-membered and 6-membered cyclic phosphite 
esters and amides are capable of forming oxyphosphoranes that are as stable as the 
corresponding compounds made for non-cyclic phosphites. The molecular geometry 
of some of these phosphoranes in the crystalline state is being studied by X-ray 
analysis. 

Some correlations between molecular structure and P3’ NMR shifts emerged 
from this and previous work. a* ‘* The P-shift of a 2,2,2-trialkoxy-1,3,2_dioxaphos- 
pholene of type IV or VI was shifted to lower magnetic field when two of the three 
exocyclic oxygen atoms became part of a new 5-membered saturated ring as in the 
spirooxyphosphoranes XXI-XxX1. The decrease in the shift amounted to 21 ppm 
regardless of the nature of the carbonyl compound This effect was not noted in the 
case of the introduction of a 6-membered ring.25*26 

The replacement of an endocyclic oxygen of a 1,3,2dioxaphospholane by a 
nitrogen resulted in a small increase, A m 5 ppm in the P-shift. However, when the 
oxygen that was being replaced by nitrogen was exocyclic, the P-shift decreased 
somewhat, A rv 2 pp. These conclusions follow from the data in Table 1 and from 
the values of the shifts in the related compounds XXX11 and XXXIII.** ‘* 

XXX11 : GPJL = + 33.5 ppm xxx111 : 6P3’ = + 3%6 ppm 

A tentative conclusion can be reached from studies of the H’ NMR spectra of 
the oxyphosphoranes in the temperature range -60” to + 110”. This concludion 
can be stated with reference to formulas XXXIVa, XXXIVb and XXXIVc. In XXXIVa 
the phospholene ring is in an apicalequatorial plane, while the phospholane ring 
is in a diequatorial plane. The relative positions of the rings are reversed in XXXIVb. 
Both rings occupy apical-equatorial planes in formula XXXIVc. The biacetyl- 
trimethyl phosphite adduct can be represented as XXXVa, with the phospholene 
ring in the apical-equatorial plane, according to the X-ray analysis of a related 
compound.g 

3L 
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H 0 P 

H 
LT 

” 71 / Me 

H 
Me 

XXXIVa: X = OMe or NMe, 

Me 
P 

kP-0 
I 

Me P 0’1 H ” 

0 
4 

H 

XXXIVb: X = OMe or NMe, 

H” ” 

. HY 0 
O-p-0 

X4 Me 

‘l- 0 
Me 

XXXIVc: X = OMe or NMe, 

OMe 

Meo\L _. 

Me0 ’ Me 

‘k 0 
Me 

XXXVa 

The H’ NMR spectrum of the biacetyl-methyl ethylenephosphite adduct (XXI) 
had only one singlet for the two Me groups on the phospholene ring,, while the four 
methylene protons on the phospholane ring gave a complex pattern indicative of 
magnetic non-equivalency. The spectrum was very similar in the range -60” to 
+ 1 lo”, therefore, it is probable that the molecule is not stereochemically rigid in 
this range. Possibly, the molecule is undergoing rapid positional exchange’o among 
structures a, b and c. Note that in b the two Me groups are equivalent, and that in 
a, b and c the methylene protons are not equivalent. 

It is conceivable that the positional exchange may be between a and c only, and 
that the difference in the H-shift associated with an apical-Me and an equatorial-Me 
is too small for detection. This point could be elucidated further by changes in the 
nature of the group X in order to magnify the difference in the shifts of the Me’s on 
the phospholene ring. This effect, however, was not noted when X= NMe,, as in 
adduct XXIX, which had only one singlet due to the two Me groups. 

The H’ NMR spectrum of the biacetyl-trimethyl phosphite adduct, XXXV, had 
only one singlet for the two Me groups on the phospholene ring and only one doublet 
due to the three OMe groups, in the temperature range -60” to 30”. An exchange 
among XXXV and the corresponding structure with the ring in the diequatorial 
plane would be consistent with these observations. Again, it is not known if the 
differences in the shifts associated with the groups in the various positions of the 
bipyramid are large enough for detection. 

(MeO),P - 

XXXVI 



It was reported recently, that the cyclic tetraoxyalkylphosphorane2’ XXXVI 
30”. At the t 
tem~r~ hree 

hosphorane the positional ex&ange can br: 
inhibited at low temperatur the differenoes in the shifts of the methoxy groups 
in the various ~s~tio~ can 

qtiinone (103 9) under N1 in the following 

XIX: 80%. 
TIE ~~~ ~~~~~~~~~t~ 2 dabs 8 nearly cotourlc at -20” for 15 br, 

This crop 3 of impure UC.! (l-2 g) cauid not be cry ~&W~ an tb feetlJr@ of the 
adduct XIX and traczs of what seemed to be a phosphate ester. 

The final hexanc mother liquid afforded 09 g of a gummy mixture ofaddua XIX, a phosphate, and small 
amoullt!J of the phosphite, XIV, 

ct Xrx, msp 61-63”. (Fords c, 61.5; H, 4.8; P, 94. C,,H,,O,P requites: C, 
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material easily gave clear 1.2 M solos in CH,Cl,; after an additional 24 hr period at 20”. most, but not 
all of the pheuanthreucquinoue had disappeared Removal of the solvent and recrystallixation of the 
residue from benzene-hcxane gave the crystalhoe 1: I-adduct with considerable dilhculty. 

Reaction cfmethyl ethylenephosphite with benzil 
Compound XIV (953 g, 78 mmoles) was added to be&, Ph.CO.CO. Ph, (1627 g, 77.5 mmoles) at 

20”. under Nr, with stirring The exothermic reaction resulted in a clear yellow soln within 15 min; no red 
color, as in the quinone case, was noted at any time 1R spectra showed complete reaction in about 2 hr. 
The product was dissolved in benxeue (2 ml/g); the soln was diluted with an equal volume of hexaue and 
was kept 2 days at - 20”. The fust crop of nearly colorless 1: l-adduct XX, (200 g, mp. 73-76”) was collected 
in a dry N, atm. From the filtrate, 4.3 g of crude XX was obtained; thii gave 1.7 g of additional adduct, rap. 
74-76” after recrystalli.mtion from benxeue-hexane The yield of XX was 90 %. 

The analytical sample of the methyl ethylenephosphite-benzil 1: l-ad&t, XX, had lap. 75-76” from 
benxeuehexane. (Found: C, 6@7; II, 5.2; P, 9.2 Ci,Hi,O,P requires: C 61.4; II, 5.1; P, 9.3x.) The 
spectral characteristics were: bands at 340 (w), 6G (1650 a- i) (w; C==C), 6.27 (VW), 6.71 (wk 694 (w), 
7.87 (m), 795 (m), 8.13 (VW), 8.47 (VW), 8.80 (m), 9.09 (shoulder), 9.48 (1055 cm-‘) (cs, POMe), 11.45 (m) n 
(in Ccl,) The P3i NMR shift is given in Table 1. 

Reaction gfmethyl ethylenephosphite with biacetyl 
Compound XIV, (129 g, 1056 mmoles) wss added dropwise over a 15 mitt period to biacetyl, 

Me.CO.CO. Me, (955 g, 111 mmoles) at 20” under N, with stirring After a few min, an exothermic 
reaction was noted; the liquid temp rosa to 60”. IR spectra showed complete reaction in about 30 min. 
The mixture was distilled (6 inch Vigreaux column) after 2 hr at u)“. Four fractions were arbitrarily col- 
lected: (1) 102 g, b.p. 79-81” (@3 mm) ni’ 14623; (2) 2.29 g, b.p. 82-83” (04 mm), 4’ 14622; (3) 9.75 g, 
b.p. 83-85” (04 mm), &’ 14620; (4) 250 g (b.p 84-86” (04 mmk n;’ 14620. The yield of nearly colorless 
methyl ethylenephosphite-biacetyl 1: l-&duct XXI, was 75%. (Found: C, 400; I-I, 6.2; P, 147; mol wt 280, 
(isothermal distillation in benzene) C,H,,O,P requires: C, 404; II, 6.2; P, 149 %; mol wt 208. The spectral 
characteristics were: bands at 3.42 (w), 5.84 (1710 cm-‘) (VW, with a shoulder at 5.78), 692 (w), 7.22 (m), 
7.70 (m), 8% (ms), 850 (ms), 9.22 (shoulder), 9.43 (1060 cm-i) (OS, MeOP), 966 (s), lOQ5 (s), 1050 (m), 
11.55 (s), (s), and 12.1 (ms), p (Ccl,). The H’ NMR spectrum had a 3 H’ doublet, .l,, = 13.8 c/s, at r 6.42 
(CHsOP); a 6 Hi singlet at r 8.42 (MeC). The P3i NMR shift is given in Table 1. 

Reaction of methyl ethylenephosphite with I-phenyl-1.2-propmedione 
The diketooe (8a3 g 54.2 mmoles) was added to XIV (8.27 g 67.8 mmoles) at 0” under N2 with stirring. 

The mixture was allowed to reach 20”, was kept 15 hr at this temp and was then distilled through a 5 inch 
straight-head condenser. The excess phosphite was collected in the range 3&35” (O-3 mm) and the pale 
yellow, viscous 1: I-adduct, XXII, in the range 152-155” (@3 mm); the yield was nearly quantitative. 
The aualytical sample of the 1: l&duct XXII had b.p. 148-149” (02 mm), nks 1.5506. (Found: C 534; 
II, 5.7; P, 11.5. CirH,,O,P requires: C, 53.3; H, 5.7; P. 11.5%.) The spectral characteristics were: bands 
at: 340 (w), 597 (1675 cm-‘) (w, C=C), 6.26 (VW), 6% (w), 7.96 (WA 787 (mk 8.13 (w), 840 (wk 860 (w), 
8.80 (w), 9.20 (s, shoulder), 9.40 (1065 cm-‘) (OS, POMe), 962 (s), 9.90 (s), 1030 (m), and 1060 (w) )I (in CCIJ. 
The H’ NMR spectrum had a 3 Hi doublet, Jur = 13.3 c/s, at r 6.41 (MeOP), and a 3 Hi singlet at T 7.88 
(MeC) (in El,). The P3i NMR shift is given in Table 1. 

Reaction cfphenyl ethylenephosphite wfth phenanthrenequinone 
Compound XV (7.94 g 43.2 mmole) was added to phenanthrenequinone (8.59 g, 408 mmoles) at 20 

under N,. No reaction was observed at this temp. The mixture was stirred 4 hr at 140-145”. and was then 
kept 10 hr at 20”. The brown solid was dissolved in hot benzene (50 ml) and the soln was allowed to crystal- 
lize at 0”. The tirst crop of the 1: l-adduct XXIII (13.6 g, 85% yield) had m.p. 155157” from benxene. 
(Found: C, 672; II, 4.4; P, 80. &H,,OsP requires: C, 67.3; H, 4.3; P, 7.9x.) The spectral characteristics 
were: bands at 3.85 (w), 6@2 (mk 6.28 (m), 6.73 (m). 690 (m), 7.27 (1375 cm-i) (s), 8.26 (m), 926 (wk 9.52 
(1050 cm-i) (us), 9.76 (s), 1065 (s), and 11.55 (s) u (in CH,CI,). The substance was sparingly soluble in the 
usual solvents employed in Hi NMR spectrometry. 

The P3i NMR shift is given in Tabk 1. 

Reaction Mphenyl ethylenephosphite with benril 
A mixture of beuxil, (16.71 g 796 mmoles) and phenyl ethylenephosphite (1463 g, 794 mmoles) gave no 
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evidence of reaction at 20” under Nz* TIE mixture was stirred for 4 br at loo” and the was kept 15 hr at 
M”. The solid product wa!+ dissolved in ha was alhmwd to stand at 20”. 

B-13@ from benzene. (Found: C, 
requires: c, 670; y 4.8; P, 7.9%; 
1 (1665 cm- ‘} (w, brocrd)i 6.28 (m), 

6.74 (s), 6.92 (w), 7 “) (us), 98c& lcrso, lo-60 (sh.), lo*80 

A mixture of the quinone (9.33 g, 45 mmoies) and the phosphite XVII (la92 g -8 ales) remained 
unchanged within 1 hr at 20” under Nz. A dark-brown liquid was obtainad after 30 min at 1 IS”, (stirring), 
This material solidified at 95” and was dissolved in 55 ml of hot benzene; crystallization of the 1: I-adducf 
occurred at 20”. The pale yellow 1: l-adduct XXV, m.p t 76177” from benzene was ob 
(could: C, 69-O; H, 5-6; r), 7Q C7SH2jQJP rquires: C 69.1; I-I, 5-3; P, 71 x.1 
were: b&nds at 3.42 {w), 6.04 (fbS5 cm- if (m), 6.20 (sh.), 631 (m), 662 (sh.), 673 (ms)l6-90 frnb 7.27 (s), 7.52 
(w), 8.26 (s), 8.97 (sh,), 9.35 (sh), 9.50 (1050 cm- ‘) (OS), 9*76 (s), 1050 (sh.), 1060 (s), lQ80 (sh,), and 11~9O(s) 
JA (in CHzCl,). 6 Psi is given in Table 1, 

The benzene mother liquid afforded 18 g of a material m.p. 92-95”, with an IR spectrum which was very 
similar to that of the adduct. 

The 1: 1-adduct XXVI was ra table. Samples of it became qtickfy con with a bond 
material which has some of the ~~a~ter~sti~ of a p~ospha~ ester. 

Reaction cfq/dimethy&mino-1,3,2dioxaphospholane XVI, with phenunthrenequinone 
The quinone (15.1 g) and the amidite (105 g 1W mole equiv) wem tied at 0” under Nz with stirring. 

An instantaneous reaction led to a clear soln within 1 min ; the liquid soon solidified. Re~~s~t~i~tio~ from 
hot abbe gave XXVII (24 g) (Found : c, 63~2; H, 5-5 ; N, 3.7 ; 
P, 9.2 Ci ,H, ~~~~ requires : C, 63.0; ral ~~~teristi~ were: 6-50 (w)t 

(w), 7-25 (s), 9.20 (vm), 9.45 (vs), 9.70 (s), 9.95 12-l (vs), p (in CH2CI,). The P3* 
able 1. The II’ NMR (CDCl,) had 8 H’ at r l-14, 2Q and 2.6; a 4 H’ multiplet at 

ca. t 6-10, and a 6 H’ doublet, J, = 105 c/s, at r 7-30. 

~~~~~~~ sf 2-dimefhylami~-l,3,2-dicrxapfrosp)rolan XVI+ wi& ~~~~ 
(67 g, 77.8 mmoles) was added to the amidite (iW g, 7&4 mmoles) at 0” under Nz with stirring, 
ediate reaction gave a liquid which soon solidified. Recrystallization from benzene gave the pale 

yellow crystalline XXVIII (13 g, m.p. 9O-92*). (Found: C, 62.7; H, 6.2; N, 3-9; P, 9.2 C,sH&,NP requires: 
C, 62.6; Hm 5.8; N, 4Q; P, 9G%.) Spectral characteristic were: bands at 6-00-6~OS (wb 6*2S {w& 6-68 (w), 
6-92 (w), 7-74 (ml, 7-84 (m), 8-82 fwh 9-M (w), P&5 @s), 9‘75 fw), 100 
shift is given in Table 1. The H” NMR sire (CDCl~) had 10 bolts protons at r 2-8, a 6 H’ doublet, 
J HP = I@5 c/s, at T 7~25, and a 4 H1 muttiplet at ca. r 6.14. 

Biacetyl(4=7 g, 54‘3 ~o~e~~ was added rtexy ~~~~~~ over a 30 min period to the adds (7.3 g, 34-3 mm&s) 
at 0” undct NS with ~~~ The ~q~ was allowed to reach 2W, kept 8 hr, and sublet to ~til~~tio~ 
through a 6 inch Vicar column. The main fraction of XXIX (65 g) was collected at 94 95”, (HH mm, 
ni5 1.4750. (Found: C, 43.3; H, 7-5; N, 6.4; P, 14.0. CsH,604NP requires: C, 43.4; I-I, 7.2; N, 6-3; P, 14-O%.) 
The spectral characteristics were: bands at 5-78 (w), 690 (mw with shoulder at 6430 and 690) 7.20 (m), 
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794 (msj 807 (sj 8.32 (mj 8.70 (mj 9.20 (osj and 105 vs, p (in CCl,j Tk P3i NMR shift is given in Table 
1. The H’ NMR of the pure liquid had a 6 Hi singlet at 7 8.30, a 6 H’ doublet, Im = 10-5 c/s, at 7 7.36, 
and a 4 Hi multipkt centered at ca 7 6.23. 

Reaction aZdimcthylamino-l,32dbxaphospholonr, XVI, with 1-pheuylpropanedione 
The diketone (13.3 g, 897 mmoles) was added dropwise over a 30 min period to the amidite (12.2 g, 

90 mmoles) at 0” under N1. The mixture was kept 10 hr at 20” and was then distilkd through a 6 inch 
Vigreaux column. The XXX (19 g) was collected at M-152” (05 mm), t$ 1.5551. (Found: C, 540; H, 6.6; 
P, 100 C,,H,,O,NP requires: C, 55-l; H, 64; P, 109%) The spectral characteristics were: 596 (w), 
6.23 (wj 6.96 (wj 7.28 (wj 780 (sj 8.10 (mj 8.37 (wj 922 (us) 9.40 (us), 988 (s), 1028 (mj 1@55 (ms), p (in 
Ccl,). The P3’ NMR shift is given in Table 1. The H’ NMR (CC&) had a 3 H’ singlet at 7 7.84, a 6 Hi 
doubkt, Jm = 102 c/s, at 7 7.28, and a 4 H* multipkt centered ca 7 6.16. 

Reoctioa gf2dfmethylami~l$,2dioxophosphori~ XVIII, with pkenanthrenequinone 

Tlx quinone (103 g 49.7 mmoles) was added in small portions (ca 1 g) to the amidite (89 g 60.0 mmoka) 
at 0” under N, with stirring Within 1 min afta tk addition da 1 g-portion of tk quinone, the reaction 
began; it became vigorous after about 3 g d tbe quinone had been introduced. Toward the end d the 
reaction, the mixture was dark brown and it becgm solid Benxenc (20 ml) was introduced. The. mixture 
waskeptlOhrat0”,and48hrat200.ThtcrystalswrrcdissolvcdinbenzcntattheboilingpoinSthesoln 
wascooledto5”,andtbcfirstcropdXXXlwascollcacd(llgjAsacondcropdtksammatcrial(8g) 
was obtained by conoectration of tk filtrate The analytical sampk d XXXI had mp 136-137”. (Found: 
C63.7;H,~9;N,3.8;P,8.6.C,,H2B0,NPrcquirts:C, 639; H, 56; N,39;P,8~7%.)Thespectralcharac- 
teristics were: bands at 6-05 (wj 623 (vwj 6% (wj 7.28 (mj 9.12 (rnh 945 (us), 970 (mj 9-90 (mj p (in 
CCl,). The P3r NMR shift is given in Table 1. The H’ NMR (CDCld had aromatic protons at 7 14.29 
and 2.6. The four a protons gave a multipld at ca 7 5.9. Tk. two /3 protons gave a multiplet at ca 7 8.4. 
The 6 Me protons gave a doublet, JHp = 1@2 c/s, at 7 7.25. 
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