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stract: The recaction of 3-(I-bromobenzyl)coumarin 3 with trialkyl
yields the corresponding dialkyl phosphonates 5, the Arbuzov reaction products. The interaction of
trialkyl phosphites with 3-(w-bromoacetyi)coumarin 4 gave the corresponding dialkyl vinyiphosphates 8
as the only isolated products, whereas dialkyl phosphites reacted with 4 under phase transfer catalysis
and gave vinylphosphates 8 or dialkyl L2-epoxy-ethylphosphonates 9. The f-oxo-phosphonates 7 were
obtained from the reaction of hydrazono-derivative 10 with trialkyl phosphites and the subsequent
hydrolysis of the dialkyl f-hydrazono-phosphonates 11 thus formed. © 1998 Elsevier Science Ltd. All rights

reserved.
In the course of our work on coumarin derivatives™ we have prepared a number of phosphorus
p
compounds 1 and 2, for which, in a recent® stud lant growth regulating properties as well as
p y$ o o o

relationships between chemical structure/biological activities were investigated.
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! Y = H, 6-Br, 6-Cl, 7-N(C>Hs)>

X = COOC,Hs, CN, COOH

R = CH3, C:HS

ontext of this work and in order to search for other phosphorus-containing coumarin
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Alkylphosphonate are normally prepared by the Arbuzov reaction’ of trialkyl phosphites and the
n the case of a-oxo-alkylhalides however, the direct Arbuzov reaction leads
mostly to mixtures of alkylphosphonates and enolphosphates™"® as a result of the competitive Perkow'*™
reaction. In order to overcome this behaviour in the reaction of 4 with phosphites we tried both, the

™! and the modified two-stage® Arbuzov reaction as well as the Michaelis-Becker reaction”™ In

direct
order to obtain better yields of the reaction products we also tried the above reactions under different

experimental conditions.

AUt d AiN

Ban~tiner AfF 2_71 _henminhanoullaniimsasisn 2 cemth tedall i dedimombitoan Tha waeoadlioce 8 oo oo L
NLavuon UL J-(1-01omoociisdyijlodiniariil 7 Wil (HidiKyiprosgiii€s. 1ne€ reaciion ot UIllpUUﬂU J Wikl
tr}me{hu] triathyl v trinhanvlinhncenhita wae ranlicad althar he maflirawriace B la  me oo PRV S W
Jyi, waluiyr O WJipnlhiypnuspnnc  was 1edused eiuielr vy reniixin J i dall CACEL U1 e
carracnnnding nhacnhita ar hu rafluving a cnlintinm AF tha canntamtbs 1:m nem nensesnsia cmaloras TL .. e, ~F
WULRVApILMLILE PHUSPIIILG U UY TVLIUALLIE o SUruuiun UL tac icacdne i an aromatiC sivent 11e resuns {4
these reactions are presented in Table 1
Ph ph li’h
CHOPh
CHBI‘ P CHP(OR)7 4)’\/‘\\/
P(OR)3 N ll 1
—RBr N
o 9] O
3 6
Table 1. Yields of the isolated phosphonates 5 obtained from the reaction of bromo derivative
3 with trialkyl phosphites under modified Arbuzov reaction conditions
. .. . a)
Product R Reaction conditions Yield (%)
Sa CH;  trimethylphosphite used as solvent; reflux, 4 h 38
toluene as solvent; 1:6;° reflux, S h 90
5b C,H; triethylphosphite used as solvent; reflux, 4 h 41
toluene as solvent; 1:6;” reflux, S h 92
5¢ C,H, triphenylphosphite used as solvent; reflux, 4 h -9
xylene as solvent; 1:6:" distillation under reduced pressure, 5 h 22
without solvent; 1:3;” distillation under reduced pressure, 0.5 h 65

1 hYy
# Yield of the isolated product.  Malar ratio of the reagents : bromo derivative 3 : P(OR),

<€) ™ 1 ' I P - [T AL07
T ihe ppenyl ether 6 was isolated 1n J0% yield.

Trimethyl and triethyl phosphites gave the expected phousphonates Sa and 5b respectively in very
good yield (90%) when the reaction was carried out in refluxing toluene. When the same reaction was
carried out using trialkyl phosphite as a solvent the yield of the phosphonate was much more lower (40%).
A differentiation was observed in the reaction of 3 with the less reactive triphenylphosphite where the
corresponding phosphonate 5S¢ was isolated in low yield (22%) when xylene was used as solvent, whereas by
hedrmo the reactants under reduced prcxsure the phmphtmdte 5c was isolated in 65% yield. It is noted that

o o+l roim

wag T 5 o N L Aot mrababkly reciilted
was tne p wnylelner 6, prUUdUIy from the interaction of 3 with pm:mu wnicn most pluunb}y resuitea
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the decomposition of triphenyl phosphite under the reaction conditions (heating at higher temperatures for
a longer time).
Compounds 5 show analytical and spectroscopic data in agreement with their structure. In the EI

mass spectrum they show the molecular ion M™ which constitutes the base peak of the spectrum. The most
rharartarictic noalke in thair ' nmr cnanteiimm ara thoca f ALY AFf tho amimanclen clac on Y- RS RSN
Lhnaraticiisuy poaxks il uiCilr o nmr SpeCirum aré nose O 4-m1 01 ne uuxualm llllg and of i eLninic
nroton (C Y of the Thansviarann which annear ac Anhlate at ahant 8 Q@ Iad | - L\ aend £ €0 727
PR Gl Ulont JTUCRA g VYUY, Wikt applal us GULOIEES di dOUUL U 0.0 ( Jgp ™ &U D34 GG O SV (dpp ~
. 3 .
24.0 Hz) respectively. In “"C nmr the C-2 (carbonyl carbon) and the C-4 of the coumarin ring give doublets
at ~160 ppom (JJN\ = 4-6 Hz) and 1415 npm (J_L_ ~ 6 Hz) respectivelv. whereas the methinic carhon (CHP)
ppm (g ) ppm (Jgp ) respectively, whereas the methinic carbon (CHP)
appears at ~ 41 ppm with a 'J., = 142-146 Hz

Reactioii of 3-(w-biomoacetyljcoumarin 4 with tiialky! phosphites. As already mentioned, the reaction of
a-halogenated ketones with trialkyl phosphites gives the correspondmc7 [-oxo-phosphonates  and
vinylphosphates in different ratios depending on the nature of the halogen and the substituents of the
ketone, the alkyl substituents of the phosphite as well as the reaction conditions!**®* [t was therefore
expected that the reaction of the bromoacetyl-coumarin 4 with trialkyl phosphites would proceed in two
directions, leading to the formation of the corresponding B-oxo-phosphonates 7, the Arbuzov reaction
products, and vinylphosphates 8, the Perkow reaction products.

1%
i
o~ ~ COCH;,P(OR),
~ Y
. A
{\/l\o O
AN _COCH,Br AR Ve 7
= Ry F ;
Y Y TR cr
| A i O
\/l\o 0 \ A SN I
] OP(OR)
4 NS
= O O
a2 R =Me; bbR=Et; ¢ R =Ph 8
The reaction of 4 with trimethyi and triethyl phosphite, however, gave as the only isolated product
abh_ el bl ana b oeon O L /T Lt M R s R PP VO U Y mhoacehits soaxra Amle S Y « By
in Vi lylp” )bpﬂdlc.\ 0d,0 (1dDIC> 2 adanu J) WIICITAdS Witil Ul[llt'.lyl prnouspnite  gave Uiy uic [rUAUT
shosohonate 7e (Table 4) In order to explore more the reaction and the possibility of isolating £
prHuspIiviat (€ (1doi€ &) i Oraer W EXpIOre more uic icadilion ans wnc pussivii O Is0sauUng g
oxophosphonates 7, the bromo derivative 4 was reacted with trimethylphosphite under different
expenn_eptal conditions, Table 2, In all cases however Vlnvlnhnﬁnh_ e 8a was the L)n_!y isolated product in

yields ranging from 58 to 95%.

From Table 2 it can be seen that the best yields (up to 95%) of the dimethyl vinylphosphate 8a were
obtained by performing the reaction under the conditions of Methods B, C and H. It is noticed that in the
case of Method H (carrying out the reaction under the action of ultrasound) product 7a was isolated by
crystallisation only, contrary to all other cases where it was necessary for the reaction mixture to be
chromatographed on a column.

The reaction of 4 with triethyl phosphite was carried out under the conditions of methods B, C and
H and the yields (80-90 %) are given in Table 3. Diethyl vinylphosphate 8b, contrary to 8a, is unstable on
standing at room temperature for a longer time or on heating.

Contrary to the behaviour of trimethyl and triethyi phosphite, the interaction of 4 with triphenyl

the expected S-oxo-phosphonate 7¢ in moderat

$
)
T
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Table 2. Yields of dimethyl [1-(2-0x0-2H-1-benzopyran-3-yl)-vinyl]phosphate 8a
isolated from the reaction of 4 and trimethyl phosphite under different experimental

conditions.

Method Reaction conditions Yield (%)
A excess of P(OMe), / reflux / 60 min 58
Al excess of P(OMe), / vacuum distillation / 306 min 61
A2 excess of P(OMe), / -4 °C/20 h 65
B dry toluene / (1:5)” / reflux / 15 min 95
B2 dry toluene/(1:2)" / distillation / 35 h 81
C xylene /(1:5)" / distiliation / 90 min 95
D CH.CI, (12)¥/ rt./ 60 min 81
D1 CH.Cl, /(1:22)Y/ -4°C / 20 h 71
E CH,CN / (15 / -4 °C /20 h 65
G dioxane / (L4)*/ dropwise / A / 30 min 61
F CH,COOH / (1:2)”/ rt. / 5 min 84
H CH.CL, / (12) / rt. / )" / 20 min 9s

a) Ratio 2 P(OMe)s.
) Under ultrasound action.

Table 3. Yields of diethyl [I-(2-0x0-2H-1-benzopyran-3-yl)-vinyl]phosphate
8b isolated from the reaction of 4 and triethyl phosphite under different
experimental conditions.

Method Reaction conditions Yield (%)
B dry toluene / (1:6) / reflux / 10 min 80

C dry xylene / (1:5) / distillation / 90 min 86

H CH.Cl, / (1:22) / rt. / )))* /20 min 90

* Under ultrasound action

Table 4. Yields of diphenyl of 2-(2-oxo-2H-l-benzopyran-3-yl)-2-oxo-
ethylphosphonate 7¢ isolated from the reaction of 4 and triphenyl

phosphite.
Method ll Reaction conditions Yield (%)
B ‘ dry toluene / (1:6) / reflux / 90 min 46
C I dry xylene / (1:5) / distillation / 90 min 65
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Reaction of 3-(w-bromoacetyl)coumarin 4 with dialky! phosphites. The reaction of the bromo derivative

4 and dimethvl diathvul and dicn-hityl nhnenhifa waoe marfarmad mAdne mhoaca $emn oo o aalo. i 11]9 . _
B SRAbL YL, Wty anl Wimhmodvys palspiiilie wWas periiorinea Undeér pnadseé iransrer cataiysi Uy Ubll’lg
triethylbenzylammonium chloride (TEBA) as catalyst and under the action of 50% sodium hydroxide. The

only products isolated from these reactions were the vinylphosphate 8a, from the reaction with dimethyl
phosphite, and the epoxyphosphonates 9b and 9c, from the reaction with diethyl and di-n-butyl phosphite
respectively. Again the f-oxo-phosphonates 7 were not isolated from the above reactions. It is noted that

the reaction of diethyl sodium phosphites with g-halogenated ke

1]
Uond
D
t'D
w»
-~

reaciion conditions and on the nature of the reactants.>™

X COCH,Br N P(OR),
+ HOP(OR), TEBA, 50% NaOLl J + 8
O 0 benzene o o
4 9 (b,c)

} R Yield, %
8a ‘ CH, 24
9 | CH, 70
9¢ ‘ n-C,H, 34

The results presented above clearly show that the reaction of the 3—(m-bromoacetyl)coumarin 4 with

phosphites, with the exception of triphenyl phosphite, leads exclusively to the formation of vinylphosphate

8 or, in the case of carrying out the reaction under phase transfer catalysis, to epoxyphosphonates 9. These
limitations prompted us to try other methods for the preparation of the alkyl f-oxo-phosphonates 7.
Numerous synthetic approaches are known in the literature,*™* among them the two step procedures
using masked carbonyl compounds or methods where the carbonyl of the a-halogenated carbonyl
compound is protected with an easily removed moiety. Following the second way, we chose an Arbuzov
three-stage procedure, described earlier!® For protection of the carbonyl group in the starting
bromoketone 4 we used the ethoxycarbonylhydrazono group, by reacting 4 with ethylcarbazate (ethyl
hydrazinocarboxylate). The hydrazono derivative 10 reacted subsequently with triaikyl phosphites to give
in very good yields the B-hydrazono-phosphonates 1, which upon acid hydrolysis afforded in good yields

the expected f-oxo-phosphonates 7.
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NNHCOOC,Hs

Il
N N P C.
E/ I I == [/ I ‘I ‘CHgBr
N . ) N .
O ~ 0O ~ O (8]

g ~
4 i0 (86%)
|
lP(OR);;
o) , NNHCQOC;Hs
] 2
- < ~
Z | A 3M HCJ, = | X Cngﬁ(on)2
-
V S0 X acetone \\/\O/\\\O C
7 Pl - . ™~ Lol - ll
a R =Me, b K=ELE[CK=VFPh
7 I Yield, % 11 I Yield, %
a I 77 a , 89
L I £ L ' ac
0 I 05 0 l 95
c 54% c | #
* The product 1l¢ was not isolated because of its decomposition during
separation from the reaction mixturce on the column; ™ On hydroiysis of
the crude unpurified reaction product.
Additinnally achhn vdralucice of the nhocnhonie ectere Th Sh and 7Th hvy refluvine in conc
SAMNMLUIVLIGIL Y, IUIL Y UITUIysis Vi LAT PRHIVUSPUVILG LHLI S iUy oU QU JU U aViaMALlE A WUk
hydrochloric acid was carried out and the corresponding phosphonic acids 12, 13 and 14 respectively were
isolated.
0 Ph O 0
s 1 11 A 4 e
n Lo S S
P(OH), CH—P(OH)» "OCH,P(OH)»
T CUY T Y
O O O 0] O O
12 13 14

The structures of all the new compounds were confirmed on the basis of their analytical and
spectroscopic characteristics.

Thus all the new compounds give the molecular ion peak M~ in their mass spectrum and in the ir
spectrum they exhibit absorption bands for the C=0 groups at 1700-1740 cm™ An 'H nmr spectroscopy
characteristic is the peak of 4-H of the coumarin ring, which appears as singlet at § 8.0-85, and, in the case
of epoxyphosphonates 9, is split into a doublet (‘J,, = 25 Hz). The methylenic protons of the oxo-
phosphonates 7 and of the hydrazono-derivatives 11 absorb at § 4.0-4.3, coupled with the phosphorus atom
with *J,, = 225 Hz in agreement with analogous f-oxophosphonate derivatives given in the literature.”**
The two vinylic protons of the enolphosphates 8 give peaks at 8 6.5 and & 5.5 ppm showing a *Jyp of 27
and 2.2 Hz respectively™ whereas the epoxy protons in the epoxy derivatives 9 appear at § 3.5 and & 3.1

ppm with *J,, equai to 5.3 and 5.0 Hz respectively.

¥ S 13~ ok R T D 1.1 £ S R A manlrs ne tla ceicamasad cLifr rnliiaa
In ithe C nmr specnu OT 1he COMmpoOUnUs SLUUICU dil CUTDOIS EIVE pPedRy al LT CAPELLICU Silllt vaiuc.
o dlan srmatiiii apada i it o stimeth mmnmtinming tha chifie F A4 F tha ~atimarin ring ot X 120140 nnm
Prom tne various caroons it 1§ wWorin menuoning e Siirtd U5 v=5 U1 e Louiidrlin fiig di U 1077157 ppin
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the phosphorus 'J., ~128 and ~135 Hz respectively. The vinylic carbons of the enolphosphates 8 give peaks
at § 145 (*J; = 7.0 Hz) and at § 105 ppm (J, = 3.7 Hz) whereas the carbons of the oxirane ring in 9 appear

e R €YN oy 2y o X -gra
at 6 520 (CH,, "], not uv:ervaum) and & 52.5 ppm with JCp = 208 Hz

EXPERIMENTAL

Melting points were determined on a Kofler-hot- -stage apparatus and are uncorrected. IR spectra
were recorded with Specord 71 IR, Perkin-Elmer 297 or Perkin-Elmer PE 983 G spectrophotometers. 'H-
NMR and ®C-NMR spectra, reported in O units, were obtained with a Brucker AM 300 (at 300 and 754
MHz respectively) or a Brucker WM 250 (at 250 and 629 MHz respectively) instruments. All NMR spectra
were obtained by using TMS as internal standard in CDCl3 or DMSO-dg solutions. E.I. mass spectra were
obtained at 70 eV with a VG TS-250 spectrometer. Elemental analyses of C, H and P were carried out in
the Laboratory of Elemental Analysis at the Department of Organic Chemistry of the University of Sofia.
Column chromatography was carried out on silica gel (Merck 60; 0.063-0.2 mm), using n-hexane /EtOAc
mixtures with increasing polarity as eluant. Sonications were effected with Bransonic 321 (390W, 50 kHz).

Preparation of the Starting Materials. The starting 3-substituted 2-oxo-2H-1-benzopyrans 3 and 4
were prepared according to the literature procedures® and their spectroscopic characteristics (IR, 'H-
NMR and MS) were in agreement with their structures. Ethyl hydrazinocarboxylate was prepared by a
procedure given in the literature.® Trialkyl phosphites and dialkyl phosphites were commercial reagents.

Reaction of the trialky! phosphites with 3-(I-bromobenzy{)-2-oxo-2H-chromene (3). General
Procedure. A solution of the bromo derivative 3 (2 mmol) and the corresponding trialkyl phosphite (12

mmol) in dry toluene (3 ml) was refluxed for 5 h. The solvent and the excess of the phosphite was

removed under reduced pressure. The residue was Cm‘(‘mat(gmpncu on silica Uc1 column \cxuu:u with -
hexane/EtOAc mixtures of increasing polarity). Some other experimental conditions were also tested. For

-
un
un
[4]
(4]
~
=)
o
1]

Dimethyl 1-(2-oxo-2H-chromen-3-yl)benzyiphosphonate (Sa): From 3 and trimethyl phosphite:
(vields and methods as in Table 1), prisms, m.p. 115-117 °C (n-hexane/ether). - IR (CHCL): v = 1720, 1610,
1050, 1030 cm™. - 'H-NMR (250 MHz): § = 843 (d, *I,, = 26 Hz; H-4, 1H), 7.45-760 (m, 3H), 7.24-7.38 (m,
6H), 4.93 (d, '1,,, = 24.0 Hz; CHP, IH), 3.74 (d, *J,;, = 10.9 Hz; OCH,, 3H), 3.52 (d, *J,, = 10.7 Hz; OCH,, 3H). -
BC-NMR (62.9 MHz): & = 160.80 (d, *I, = 6.0 Hz; C=0), 153.00 (C-8a), 141.17 (d, *J., = 5.9 Hz; C-4), 131.42 (C-
7), 127.73 (C-5), 124.95 (C-3), 124.40 (C-6), 119.06 (C-4a), 116.29 (C-8), 53.94 (d, "I, = 6.5 Hz; OCH,), 52.98 (d,
*Jeop = 7.0 Hz; OCH,), 40.93 (d, ', = 1417 Hz; CHP); Phenyl: 134.30 (d, *J., = 5.9 Hz; C-1), 12943 (4, *J, =
76 Hz; C-2/C-6), 128.74 (C-3/C-5), 12825 (C-4). - MS m/z (%): = 345 (28), 344 (M", 100), 313 (3), 312 (12), 236

(14), 235 (76), 218 (6), 207 (11), 205 (4), 191 (13), 179 (10), 178 (22), 165 (5), 152 (4) 109 (5) 77 (1),

C,;H,,0,P (344.31) Caled. C 6278 H 4098 P 6.00
Found: C 6277 H 497 P 895

Diethyl 1-(2-oxo-2H-chromen-3-yl)benzylphosphonate (5b): From 3 and triethyl phosphite: (yields
and methods as in Table 1), prisms, m.p. 105-106 "C (n-hexane/ether). - IR (CHCL): v = 1720, 1620, 1500, 1170,
1030, 970 cm™. - 'H-NMR (80 MHz): & = 846 (s: IH), 7.46-7.68 (m; 4H), 7:20~7 44 (m; SH), 4.9 (d I = 24.0

Hz; CHP, 1H), 3.6-4.3 (m; CH,, 4H), 1.24 (t, ] = 7 Hz; CH,, JH), 1.05 (t, § = 7 Hz; CH,, 3H). - "C-NMR (20
C 8 ~ |A| 1 71

MHz)y: & = 159.0 (d, ’J, = 3.4 Hz: C=0), 153.1 (C-8a), 1411 (d, ’J, = 3.4 Hz; 315 (C-7), 127.7 (C-5), 1254
(C-3), 124.5 (C-6), 119.2 (C-4a), 116.4 (C-8), 63.45 and 6255 (two d, *Ic,p = 5.8 Hz; CHy), 426 (d, I, = 1423 Hz;
ATIDY 1£797 (T Y Dhanul- 1345 74 21w &0 Ho C21) 1706 ¢4 3 — £5 H> (C2/C=6) 128758 (C-3/(C-5) 1984

10.£47 (1), rOCHYL 129.0 (U, Jep OV T4, 7h), 1270 (U, Jep U0 11, wmaio=0), 1aB0i 2 (LTSI, 1405

CHP),
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(C-4). - MS m/z (%): =374 (23), 373 (97), 372 (M™, 100), 344 (M-28 4) 326 (3). 298 (5). 236 (19) 235 (85 718
{ ). y 7, YR, UV IO UVITAG, 5, JLU (D), 4T0 (J)y 2N \1T), <3 (00, 410
(8), 207 (24), 191 (15), 189 (6), 179 (14), 178 (37), 165 (6), 152 (7), 109 (2), 81 (3)
N S 5 NEEJs N7 el > A y S N=)y ViV
C,oH,,O,P (372.35) Calcd C 6451 H 568 P 832
Found C 6442 H 560 P 826
Ninnhaonvl 179 swno VI ornheonesriann_ 2 N lbnnoolrnbknonbk ot £&.\ Thomoe B X NS T 1 n
vipaenyr i-~(<-0X0-cf1-caromen-s-ytjpenzyipaospaondie (o¢): rrom 5 and {ripnenyi phosphite
{vielde and methade . ac in Tahla 1Y nrieme mn 1172114 o0 fatharl IR 20T Y o — PIN 1890 1£00 19710
LY ACIUs anu anculuus das il 1401t 1), Prisiis, TP, 11s=iia U (ST - IR (Ll L) V = 174V, 104U, 1I0W, 127V,
1025, 950 cm™ - 'H-NMR (300 MH7)» 8§ = 854 (d *]. = 26 Hy A-H 1L\ TEITKT (e Y TAT T &E e
vy T ~ ATANLVELN (A BLiL) DT My dlyp M RRL, TVOLL, kKAL) WNIAT AT Ny &X1)y TSR AT LDV LT,
2H), 7.05-7.38 (m; 13H), 6.68-6.74 (m; 2H), 531 (d, “J,, = 24.5 Hz; CHP, 1H). - "C-NMR (754 MHz) § = 1531
2 3 ) \ iy 7 (Y Hi &y sl  je TLNIVARR 02T Avadie. U o 5
(C-8a), 14171 (d, *J, = 6.2 Hz; C-4), 131.78 (C-7), 128.44 (C-5), 125.13 (C-3), 124,62 (C-6), 118.98 (d, ‘I, = 21 Hz;
C-4a), 116.45 (C-8), 42.97 (d Jep = 1442 Hz; CHP); Phenyl: 13353 (d, *J, = 5.3 Hz; C-1), 1298 4, *J, = gg Hz;

=N
u X
—
f.’
w
2

C-2/C-6), 129.0 (d, *Iz, = 2.1 Hz; C-3/C-5), 128.17 (d, *Jop = 2 Hz; C-4); PhO: 150.36, 150.37 (C-1), 129.
5), 12533 (C-4), 120.73 (d, *J, = 5.2 Hz; C-2/C-6), 120.32 (d, *Jop = 4.2 Hz; C-2/C-6). - MS m/z (%). = 468 (M*,
6), 377 (90), 375 (85), 281 (7), 236 (68), 235 (88), 208 (13), 207 (73), 205 (55), 191 (74), 189 (77), 179 (79), 178
(100), 176 (48), 165 (63), 151 (28), 140 (52), 115 (20), 105 (16), 102 (14), 94 (34), 77 (87).

C,H,,0,P (468.45) Caled Cc 7179 H 452 P
Found: C 7227 H 474 P

3-(1-Phenoxybenzyl)-2-oxo-2H-chromene (6): From 3 and triphenyl phosphite: (as in Table 1), yield:
0.24 g (36%), white solid, m.p. 274-276 °C (ethyl acetate). - IR (Nujol): v= 1700, 1630 cm™. - 'H-NMR (300
MHz). & = 9.22 (s; 4-H, 1H), 7.50 (ddd, J = 85, 7.0 and 1.6 Hz; 1H), 7.39 (dd, J = 7.7 and 14 Hz; 1H), 7.17-7.34
(m; 8H), 7.09 (ddd, J = 2.0, 6.9 and 8.1 Hz; IH), 6.88 (dd, J] = 0.9 and 8.1 Hz; 1H), 6.76-6.82 (m; 2H), 590 (s;
CHO, 1H). - ®C-NMR (754 MHz): § = 160.77 (C=0), 154.71 (C-8a), 14082 (C-4), 13175 (C-5), 128.75 (C-7),
124.23 (C-6), 119.11 (C-4a), 11597 (C-8), 44.63 (CHO); Phenyl: 139.77 (C-1), 130.79 (C-2/C-6), 129.04 (C-3/C-5),
12835 (C-4); PhO: 15281 (C-1), 129.23 (C-3/C-5), 11891 (C-4), 11552 (C-2/C-6). ~ MS m/z (%) = 330 (12), 329
(75), 328 (M", 79), 327 (34), 310 (16), 300(19), 199 (15), 281 (22), 251 (20), 236 (13), 235 (30), 234 (38), 233 (50),
223 (25), 207 (35), 195 (11), 194 949),, 182 (32), 181 (100), 178 (45), 165 (79), 152 (51), 146 (10), 127 (12), 118 (25),
115 (17), 94 (47), 90 (17), 89(26), 77 (39).

C.,H,0; (32845)  Caled.  C 8047 H 491
Found: C 80.3 H 499

Reaction of 3-(w-bromoacetyl)coumarin 4 with trialkyl phosphites. General Procedure.
Depending on the reaction conditions (solvent, temperature) the following methods are distinguished:
Method A. A mixture of bromo derivative 4 (0.5 mmol) and the corresponding phosphite (3 ml) was
refluxed for 1 h (until all the starting bromo derivative 4 was consumed, TLC monitoring).
The solvent and the excess of the phosphite was removed under reduced pressure and the
residue was chromatographed on a silicu ;,ei column with n-hexane/EtOAc (with increasing
polarity) as eluant. (The last procedure was the same in all the following methods).

Method Al. The same as method A, but heating was u ldET reduced pressure for 30 min.

Ad sk~ d A7 A aivtizea AF honcoy dae tiva A (OS5 wenmanly and the caeraenanding nhacnhita 72 mh wae

IVICHIOO A, A MIXTUre 01 oromo UErivdaillve & (v.o 1HinUiL) anu 0 COTICSPUNUINE PHUsSpPIuC (O 11y wad
allawed ta ¢tand at -4 °C far 20
ALIUVWOU LU Dtaiiag Uy - L Y L]

Method B. A solution of bromo derivative 4 (0.5 mmol) and the corresponding phosphite (25 mmol) in
dry toluene (3 ml) was refluxed until the starting bromo derivative 4 was consumed (TLC

monitoring).
Method Bl. A solution of bromo derivative 4 (0.5 mmol) and the corresponding phosphite (3 mmol) in
dry toluene (40 ml) was slowly distilled until the bromouacetylcoumarin was consumed (TLC

monitoring).
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Method C. A solution of bromo derivative 4 (0.5 mmol) and the corresponding phosphite (3 mmol) in
xylene (40 mi) was distilled slowly until the bromoacetylcoumarin was consumed (TLC
monitoring).

Method D. A solution of bromo derivative 4 (0.5 mmol) and of the corresponding phosphite (25 mmol) in
m h as allowed to stand at room temperature until the starting bromo

A
o
(@}
-
(=]
~
V]
(=]
=

Method DI. As in method D, but the solution was allowed to stand at -
Method . A so!utien of bromo derivative 4 (0.5 mmol) and of the corresponding phosphite (25 mm)
T a

consumed (TLC momtormg).

Method G.  To a boiling solution of the bromo derivative 4 (2 mmol) in dioxane (4 ml), a solution of the
corresponding phosphite (8 mmol) in dioxane (4 ml) was added dropwise (20 min). The
reaction mixture was refluxed for 30 min.

Method F. A solution of bromo derivative 4 (1 mmol) and the corresponding phosphite (2 mmol) in
glacial acetic acid (1 ml) was allowed to stand &t room temperature for 5 min. The reaction
mixture was poured into ice water (50 ml) containing 4.4 g potassium carbonate. The
precipitate was filtered, washed with water and crystallised from methylene chloride.

Method H. A solution of bromo derivative 4 (0.5 mmol) and the corresponding phosphite (1 mmol) in
methylene chioride (3 mi) was irradiated with uitrasound until the starting bromo derivative
4 was consumed (TLC monitoring).

Dimethy! I-(2-cxc

and methods as i le dl X 1 L 1

'H-NMR (300 MHz): § = (s 4-H IH) 754 759 (m; 2H), 729-73 5 (m; 2H), 6.4 (dd as t,

and 554 (dd as t, ] = 2.3 Hz, IH, =CH,), 391 (d, *J,, = 114 Hz; OCH,, 6H). - "C-NMR (754 MHz). 5 = 15811

(C=0), 153.26 (C-8a), 145.71 (d, ‘I, = 7.3 Hz; =C-0-P), 139.05 (C-4), 132.46 (C-7), 128.73 (C-5), 124.73 (C-6),

12027 (d, I, = 6.7 Hz; C-3), 11865 (C-4a), 116.34 (C-8), 10587 (d, *Jp = 3.7, =CH,), 5514 (4, Y, = 6.0 Hz;

OCH,). - MS m/z (%) = 298 (33), 297 (72) 296 (M", 89), 281 (63), 266 (59), 253 (48), 202 (56), 188 (42), 187 (71),

185 (58), 184 (75), 173 (66), 172 (55), 171 (77), 170 (100), 159 (71), 146 (51), 145 (55), 144 (66), 142 (99), 131 (76),

127 (77), 116 (44), 115 (88), 103 (58), 102 (51), 101 (51), 93 (66), 77 (75).

C,H,O,P  (29622) Caled. C S271 H 442 P 1046
Found: C 5271 H 442 P 1028

Diethyl 1-(2-oxo-2H-chromen-3-yl)-vinylphosphate (8b): From 4 and triethyl phosphite: (yields
and methods as in Table 3), light-yellow oil. - IR (CHCL,): v = 1740, 1690, 1620, 1570, 1400, 1270 ¢cm™ - 'H-
NMR (300 MHz). & = 8.11 (s; 4-H, 1H), 7.49-7.59 (m; 2H), 7.28-7.36 (m; 2H), 6.40 (dd as t, J = 24 Hz; 1H) and
5.54 (dd as t, ] = 2.2 Hz; 1H, =CH.), 4.23-4.31 (m; CH,O, 4H), 1.38 (td, J = 7.1 and 0.8 Hz; CH,, 6H). - "C-NMR
(754 MHz): § =158.30 (C-2), 153.23 (C-8a), 145.73 (d, 2JC,, = 7.3 Hz; =C-O-P), 139.05 (C-4), 132.38 (C-7), 128.71
(C-5), 124.70 (C-6), 12038 (d, *I., = 68 Hz; C-3), 11869 (C-da), 11634 (C-8), 10582 (d, ‘I, = 3.7 Hz; =CH.,),

64.86 (d, *J.p = 6.0 Hz; CH,O), 16.16 (d, *J., = 6.7 Hz; CH,).

C,H,OP  (32427)  Caled. C 5556 H 528
Found: C 5592 H 565

Diphenyl 2-(2-oxo-2H-chromen-3-yl)-2-oxo-ethylphosphonate (7c): From 4 and triphenyl
phosphite: (yields and methods dﬂ in Table 4), white crystals, m.p. 155-!56 *C (n-hexane/ether). - IR (CHCL):
- T . 7

- e - n P
v =1/45, /U3, 1030, 1570, 128U C v [04-/.71 (M, zn), .
P y e TA 5 ~ 3 SN & — 1091 /4 T — 71 115
{m; 6H), 7.13-7.23 (m; 6H), 4.34 (d, J,, = 226 Hz; CH,, 2H). - "C-NMR (754 MHz): 6 = 1881 (d, "J; = 7.1 Hz;
. " . . g 3 . e
C=0), 159.1 (C=0), 155.2 (C-8a), 148.87 (C-4), 135.1 (C-7), 130.7 (C-5), 125.26 (C-6), 12331 (¢, *J, = 26 Hz; C-3),
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= 1321 Hz; CH,); PhO: 149385 (d, ), = 88 Hz; C-1), 12974 (d, ‘I =
b), 12541 (d, “JCP = 11 Hz; C- 4), 120.49 (d, ’JCP = 4.5 Hz; C-2/C-6). - MS m/z (%). =421 (0.4), 420

~ ~m v

oS
N
N ,.\
A\
m g
>
—
jonr
o
S
O
—~
(')
S0
St
N
o
o
ot}
—
=)
[Sog
o
o

14), 328 (68), 327 (100), 310 (73, 309 (36), 285 (10), 234 (10), 233 (11),
5 (11), 143 (14), 115 (25), 102 (6), 101 (26), 95 (5), 94 (46), 93 (6), 89

C,,H,OP  (42036) Caled. C 6572 H 408 P 737
Found: C 6556 H 414 P 757

Reaction of dialkylphosphites with 3-(w-bromoacetyl)coumarin 4. General Procedure. To a
solution of bromo derivative 4 (05 mmoi), 1he corre‘:ponding dialkyl phosphite (1 mmol) and TEBA in

DENZEnc

....... Lo 10y o0 . .

water) for 10 min and then it was poured into ice water containing a few drops of conc. HCL The resuiting

A it e reo b kA saalebl el o oAbkl T WV AN Iy aL .

emuision was extracted with methylene chloride (3 X 20 ml), the combined extracts were washed with a

csalution of 100 Ng ") ther with ntar and deiad (NG QYN Afian smamme ~arliecs P T T Ly | ac

SUIULIUIE UL LU/ NG, HHRCTH WILIT WAt afiud OriCu (iINd,oW; ). ATLET Juuvxu Ul tHe SUIYCHL LIHC TCIUUC wWad

chromataogranhed an ¢ilica ogal calumn (eliinnt n-havana/FtO A ~ mivtnras th inrrancing nalaciéa)

SN VILGWUSI G TICU U JHTHIva 201 LUTUTIIN \VIUdiIl T RCAGHT/ LUV AL HHTALUICS Willl 1iuiCasi 15 PUlalH,y}
Dimethv] 1-(2-ox0-2H-chromen-3-vl)-vinvinhosphare (Ra): From 4 and dimethv] nhosnhite: viald:

4 I=(£=0X0~La-caromen-J-yr/-vinyipaospnare (8a). rro T anc Qimety: pacspiaiie yidll
0.14 g (24%), needles, m.p. 101-102 °C (ether). Spectroscopic and analytical data identical to those given

above.

Diethy!l I-(2-oxo-2H-chromen-3-yl)-1,2-epoxy-ethylphosphonate (9b): From 4 and diethyl
phosphite: yield: 0.36 g (75%), prisms, m.p. 90-91 °C (n-hexane/ether). - IR (CHCL): v = 1735, 1640, 1620, 1050,
980 cm™. - 'H-NMR (300 MHz): § = 7.98 (d, *J,,, = 2.4 Hz; lH, 4-H), 7.54-7.60 (m; 2H), 7.30-7.38 (m; 2H), 4.25
(two dq, J = 14.2 and 7.0 Hz; 4H, CH,0), 3.56 (dd as t, ] = 5.3 Hz; 1H, ¢Pr-CH,Hy), 3.06 (dd, J = 49 and 53
Hz; IH, cPr-CH,H,), 1.36, 1.33 (two t, ] = 6.9 Hz; 6H, CH,). - "C-NMR (754 MHz): § = 159.46 (d, ‘I, = 23
Hz, C=0), 15383 (*J., = 0.9 Hz; C-8a), 14391 ((, *J, = 4.0; C-4), 13241 (C-7), 12835 (d, *J., = 0.8 Hz; C-5),
124.72 (C-6), 123.50 (d, *J., = 13.4 Hz; C-3), 118.62 (d, *J, = 19 Hz; C-4a), 116.72 (C-8), 64.15 (d, “J, = 6.2 Hz;
CH,0), 63.56 (d, *I, = 6.6 Hz; CH.0), 52.53 (d, 'J., = 208.2 Hz; ¢PrC-2), 52.18 (cPrC-3), 16.43 and 16.34 (d, T,

= 6.2 Hz; CH,); MS m/z (%) = 325 (36), 324 (M", 68), 296 (20), 295 (6), 294 (34), 280 (13), 279 (18), 268 (14),
267 (15), 266 (43), 265 (68), 252 (i8), 251 (i7), 250 (20), 222 (34), i89 (15), 188 (48), 187 (94), 175 (39), 174 (50),
173 (84), 172 (16), 171 {29), 170 (25), 160 (37), 159 (61), 147 (21), 146 (85), 145 (24), 132 (18), 131 (74), 122 (16}, 121
1NN 110 778N 117 1Oy 11 700y 1AM 2N 10D 758N 1M1 240N O 7Z0 D1 7MLy ON /770N O1 FEAN TITT rE£EN TTE /I L E
(IUU) 116 (23}, 110 (19), 115 (o1), 1UY (DU}, 1UZ (I3, 1UIL (40, Y3 (0Y), Y1 {L0), 0 (/0), o1 (04}, /7 (03}, /5 {23}, Lo
{(73).

C,;H,,0.P (324.27) Caled. C 5556 H 528 P 955

Found: C 5536 H 514 P 997
Di-p-butyl 1'-("7—0,\'0—2)71'-cirromen—.?—yl')»' -epoxy-ethyiphosphonate (9¢): From 4 and di-n-butyl
phosphite: yieid: 0.26 g (34%), prisms, m. p §5-97 °C (n-hexane/ether). - IR (CHCl,): v = 1735, 1640, 1615, 1145,
ince non -l ly ATR AT 73NN R ATT N\ — mO= sy 4x —_ M A LY. TLE A ATV T ED T LN (e LI AN T DT S emmn
Ud), 99U ¢m . - H-NMR (JUU MNAZ) = 737 {Q, Jyp T 24 OZ, 10, 4-n), /.02-/0U (N £, /(.4¥=/.3/7 {0
2Hj), 4.17 (m; 4H, CH,0), 355 (dd as ¢, J = 53 Hz; IH, ¢PrCH, Hy), 3.05 (dd, ] = 49 and 53 Hz; IH, cPrCH, H;),
161-1.74 ¢m: 4HD. 132-145 (m: 4H). 092 (t. ] = 73 Hz: 6H. CH.). - "C-NMR (754 MHz) § = 15941 (C=0)
- L Uil Sy, LOLT1LSD (i, L), VoTL L, Y o3 L, U, iy S TLNIYIAN (U e U 127598 ("7 p
15384 (d, I, = 1.0 Hz; C-8a), 143.96 (d, ), = 4.3 Hz; C-4), 13241 (C-7), 12831 (C-5), 124.72 (C-6), 12350 (4,
‘I = 136 Hz; C-3), 11861 (d. 'I, = 16 Hz; C-4a), 116,71 (C-8), 67.78 (d ], = 64 Hz: CH,0), 67.18 (d, o =
6.7 Hz; CH,0), 5258 (d, 'l¢, = 208.7 Hz; ¢Pr(C-2), 5212 (¢PrC-3), 32.50 (d, ’I,-., = 5.9 Hz; CH.), 3246 (d, 3J.~, =
5.9 Hz; CH.), 18.64 (d, “J = 1.] Hz; CH,), 13.59 (CH;). - MS m/z (%): = 381 (5), 380 (M", 7), 350 (8), 325 (8), 324

(7), 294 (7), 293 (4), 270 (7). 267 (29), 268 (100), 252 (12), 251 (18), 250 (17), 240 (14), 239 (14), 238 (24), 237 (7),
223 (9), 222 (17), 189 (24), 188 (24), 187 (82), 175 (17), 174 (84), 173 (68), 172 (6), 171 (20), 160 (12), 159 (32), 147
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CoH,sO4P (380.38) Calcd. C 6000 H 662

Found: C 59.64

Bromometliyl 2-ox0-2H-chromen-3-yi keione (2-ethoxycarbonyl)hydrazone (10): To a solution of
ethylcarbazate (ethyl hydrazinocarboxylate) (30 mmol) in THF (100 ml) was added bromoketone 4 (30

mmnT\ nnd fhp reaction miy re was l” ved tn

tu ) <
llllll ANV ALEVIE LIMIAVUL “iilv V\r\l v
k3

I
4
removed under reduced

mnmmrmq\ The solvent wa u e
ethyl acetate m give 10,910 g (R6%), needles, m.p. 186-186, | ac C

1720, 1615 cm™. - '"H-NMR (300 MHz): § = 847 (s; IH, NH), 8.17 ( IH, 4-H), 755'762 ( 2H), 779—738 (m
2H), 4.47 (s; 2H, CH.), 4.36 (g, J = 7.1 Hz; 2H, CH,), 1.38 (t, J = 7.1 Hz; 3H, CH,). - llC-NMR (754 MHz). 6 =
160.14 (C=0), 154.61 (NHC=0), 153.19 (C-8a), 143.94 (C-4), 143.77 (C=N), 132.73 (C-7), 12898 (C-5), 124.94 (C-
6), 12343 (C-3), 118.98 (C-4a), 116.60 (C-8), 62.73 (CH,0), 20.00 (CH,Br), 14.48 (CH,). - MS m/z (%): = 354/352
(M7, 5), 275 (4), 274 (24), 273 (62), 245 (7), 244 (7), 228 (9), 227 (9), 202 (5), 201 (23), 200 (7), 199 (6), 187 (9),
186 (18), 185 (11), 173 (25), 172 (76), 171 (100), 155 (19), 145 (11), 144 (43), 143 (32), 142 (11), 128 (19), 127 (30), 116
(22), 115 (95), 91 (28), 89 (35), 82 (18), 81 (8), 77 (27), 75 (13), 65 (17), 63 (33).

C:H,;O,N,Br (353.17) Calcd. C 4761 H 371 N 7.93
Found: C 4749 H 396 N 755

Reaction of ethoxycarbonyl hydrazone 10 with trialkyl-phosphites. General Procedure. To a
boiling solution of phosphite (2.5 mmol) in dry toluene (15 ml) a solution of ethoxycarbonylhydrazone 10
(2 mmol) in dry toluene (5 ml) was added dropwise. The reaction mixture was further refluxed for 30 min,
the solvent was removed under reduced pressure and the residue was recrystallized from ethyl acetate to
give the hydrazono phosphonate 11. 4
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p = 1
= 224 Hz; 2H PCH ., 135 (1, J = 7. Hz; 3H, C 3) - l3C NMR (62.9 MHz): §
154.08 (C=0), 143.53 (C-4), 141.70 (d, “J, = 11.2 Hz; C=N), 132.56 (C-7), 129.01 (C-5), 124.85 (C-6), 124.62 (C-3),
119.04 (C-4a), 116.48 (C-8), 62.12 (CH.0), 53.40 (d, *J., = 6.5 Hz; CH,0P), 26.44 (d, 'I, = 135.7 Hz; CH,P), 14.50
(CH,). Ms m/z (%): = 383 (8), 382 (M, 50), 381 (73), 351 (3), 350 (20), 337 (11), 336 (9), 310 (11), 309 (70), 308
(6), 307 (6), 306 (23), 305 (12), 304 (21), 278 (27), 277 (36), 249 (30), 242 (8), 201 (9), 200 (24), 199 (27), 189
(7), 187 (13), 186 (16), 185 (32), 173 (20), 172 (62), 171 (100), 156 (12), 155 (21), 145 (10), 144 (48), 143 (24), 142 (20),
131 (10), 128 (14), 127 (26), 124 (19), 116 (18), 115 (96), 110 (28), 109 (53), 96 (64), 95 (24), 94 (80), 91 (32), 89 (28),
81 (16), 79 (58), 77 (36), 69 (23), 65 (16).

CH,O;N.P  (38231) Cualed. C 5027 H 50! N 733
Found: C 5047 H 517 N 7.13

Diethyl  2-(2-ethoxycarbonylhydrazono-2-(2-oxo-2H-chromen-3-ylethylphosphonate  (11b):
From 10 and triethyl phosphite: yield: 0.79 g (95%), white solid, m.p. 153-154 °C (ethyl acetate). - [R (CHCL):
v = 3240, 1755, 1730, 1625, 1055, 1025, 980 cm™. - 'H-NMR (250 MHz): & = 10.0 (bs; NH), 8.19 (s; 1H, 4-H),
7.54-7.60 (m; 2H), 7.28-7.37 (m; 2H), 432 (q, ] = 7.1 Hz; 2H, CH,0), 4.06-4.18 (m; 4H), 3.66 (d, *I,,, = 224 Hz;
2H, PCH,), 1.34 (t, } = 7.1 Hz; 3H, CH,) 1.28 (t, J = 7.0 Hz; 3H, CH,). - "C-NMR (629 MHz): § = 160.03 (C=0),
154.71 (C-8a), 154.02 (C=0), 143.49 (C-4), 14236 (d, *J., = 11.2 Hz: C=N), 132.48 (C-7), 12887 (C-5), 124.82 (C-
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6), 119.00 (C-4a), 116.43 (C-8), 63.00 (d, *J, = 6.7 Hz; CH,OP), 62.03 (CH,0), 2786 (d, 'Jep = 1354 Hz; CH,P),
16.25 (d, *Ic, = 5.9 Hz; CHy), 14.52 (CH,). - MS m/z (%) = 411 (9), 410 (M~, 62), 409 (100), 381 (6), 365 (10), 364
(16), 338 (5), 337 (27), 310 (9), 309 (37), 308 (11), 292 (16), 291 (13), 282 (7), 281 (54), 278 (8), 264 (15), 263 (25),
235 (21), 229 (10), 228 (20), 201 (14), 200 (43), 199 (41), 187 (13), 186 (16), 185 (i0), 174 (9), 173 (56), 172 (52), 171
FRIN 1AL 771N 1AS 711y 1AA FANN TA2 /1Y 107 490N 108 714N 116 7171V 11 7000 110 21718 1NN 270 1010 719\ A 719y On
(8J), 19U (7, 170 (11}, 194 (41), 193 (21, 12/ (£U), 120 (14), 110 (17), 115 {(FVU), 11U (13}, UV (L), U8 (19), ¥/ (13), 8Y
O1Y R2 (2N 1 (AN 77 (1RY £S5 34Y B2 714)

i jy UL (&d)y OL{(JL)y 11 (10), U (I, UJ (1)

O
o

sO,N,P  (410.36) Calcd. C 5268 H 5.65 N 6383
Found: ~ 53.08 H 565 N 676

Hydrolysis of the hydrazono-proteciing group in 1. Preparation of the p-oxo-phosphonates 7.
General Procedure. To a solutmn of hydrazone 11 (0.5 mmol) in acetone (3 ml) a solut:on of 3M HC1 (3

turoe wac ctirrad at
tuUre was SUrréd ag
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Dimethyl 2-(2-oxo-2H-chromen-3-yl)-2-oxo-ethylphosphonate (7a): From acid hydrolysis of lla.
yield: 0.12 g (77%), white crystals, m.p. 93-94 °C (ether). - IR (CHCL): v = 1745, 1700, 1625, 1040, 990 cm™
'H-NMR (250 MHz): § = 855 (s; IH, 4-H), 7.65-7.71 (m; 2H), 7.27-7.40 (m; 2H), 4.04 (d, *J,, = 225 Hz; 2H,
CH.P), 380 (d, *J,;; = 11.3 Hz; 6H, CH,). - "C-NMR (62.9 MHz): § = 189.33 (*J, = 7.0 Hz; C=0), 15932 (C=0),
155.41 (C-8a), 148.50 (C-4), 134.80 (C-7), 130.40 (C-5), 125.1 (C-4), 123.7 (C-3), 118.2 (C-4a), 116.8 (C-8), 53.05 (d,
*Ip = 6.0 Hz; CH,OP), 40.02 (d, 'J, = 1284 Hz; CH.). - MS m/z (%) = 297 (11), 296 (M", 61), 282 (4), 281 (23),
269 (7), 268 (51), 240 (11), 236 (), 201 (21), 200 (25), 188 (19), 187 (12), 175 (8), 174 (40), 173 (100), 172 (10), 171
(2D, 170 (7), 160 (23), 159 (67), 151 (61), 146 (11), 145 (26), 137 (12), 131 (23), 123 (7), 119 (28), 118 (21), 115 (19), 110

ON 700N A oM e st A e

(8), 109 (76), 102 (9), 101 (33), 97 (i4), 95 (i5), 93 (i4), 90 (13), 89 (59), 79 (23), 77 (i), 75 (1), 62 (13).

C,H 0P  (29622)  Caled. C 5271 H 442
Found: C 5297 H 470

Diethy! 2-(2-oxo-2H-chromen-3-yl)-2-oxo-ethylphosphonate (7b): From acid hydrolysis of 11b:

yield 0.11 g (68%), white crystais, m.p. 99-101 °C (ether). - IR (CHCI,): v = 1735, 1695, 1620, 1050, 1025, 975

m™, - 'H-NMR (300 MHz): § = 8.51 (s; IH, 4-H), 7.61-7.71 (m; 2H), 7.34-7.40 (m; 2H), 4.16 (dt as quintet, J =
M IT. ATE T AN A ND ) 2y . AN L Y. ML MIIT DY 120 e T — MY LF. £11 EY N 13/ NIRAD /78 A ATT-N\. ©
70Nz 4, Un,Ur), 402 (Q, Iy = 240 NZ) Zn, Lns.r), 1OV (L, J = /U nZ; on, L) - U-INIR (/0.4 MHz): 6
— 1907 2% —_ AQ o O—MY 1ISQA2A (=Y 18T IR (R0 1AR 10 (LAY 124771 #0027 1N 20 (O] 19514 74N
= 1077 (U Jep = UT 114, L=V), 1J7.0U0 (LW, 10J.0U (LTAd ), 1700V (T ), Lo 71 \(\T7 )y 10VIT (T J) o005 (VT
124720 ¢d. 31 = 15 Hz: C=3). 11826 C-4a). 116.77 (C-8). 6253 (d. 1 _ = 62 Hz: CH.QP), 4101 (d. 'I__ = 1271
1LLv 4, Jep LJ e, ") 11040 \(TFa ), 11V 7 \(WNT0), VLJT (M, Jep Vid Ll MrRR3NSR Jy T AMy wop T A&
Hz; CH.), 1633 (4, *Jo, = 6.4 Hz; CH,). - MS m/z (%): = 325 (8), 324 (M", 36), 297 (10), 296 (39), 295 (16), 280
(18), 279 (17), 269 (8), 268 (13), 267 (15), 252 (9), 251 (24), 221 (8), 212 (10), 189 (21), 188 (70), 187 (21), 175 (8), 174

(47), 173 (100), 172 (96), 171 (45), 170 (19), 161 (10), 160 (66), 146 (10), 145 (25), 131 (20), 124 (37), 123 (45), 118
(24), 115 (22), 109 (39), 101 (32), 97 (13), 89 (59), 81 (42), 77 (18), 75 (17), 65 (11), 63 (29).

C,;H,O.P (324.27) Culed. C 5556 H 528 P 955
Found: C 5536 H 514 P 997

Diphenyl 2-(2-oxo-2H-chromen-3-yl)-2-oxo-ethylphosphonate (7c): From acid hydrolysis of the
crude product llgc, isolated from the reaction of 10 and dipheny! phosphite: yield: 0.11 g (54%), white
crystals, m.p. 155-156 "C (ether). Spectroscopic and analytical data identical to those given dbove

Hydrolysis of alkyl phosphonates to phosphonic acids. General procedure. A suspension of the
corresponding alkyl phosphonate (2 mmol) in conc. HCI (L5 ml) was refluxed for 2 h. The reaction mixture
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was concentrated to dryness under reduced pressure and the residue was recrystallized from ethyl acetate.
The hydrolysis of diethyl phosphonate 7b was performed by refluxing in a 20% HCI solution.

2-Ox0-2H-chromene-3-phosphonic acid (12): From acid hydrolysis of diethyl phosphonate Ib:
yneld 0.38 g (84%), needles, m.p. 234-235 °C (ethyl acetate). - IR (Nujol): v = 3480-3400, 1720, 1610, 1025, 930

PR 4 .

cm™. - '"H-NMR (DMSO-d,-CDCl,, 300 MHz): & =843 (d, *Jup = 164 Hz; 1H, 4-H), 7.59-7.75 (m; 2H), 7.28-
s ]
4

7 AR £ enns | & &Y B aNsA4D rYNACH ] Y TS A RALT N & 150 77E s 2T DA TA_ SN 18T e s O 120
7.0 (L, aF1) = UEINIR (IVBDUSU U UL, 109 VIHZ). O = 100.70 (U, Jpp = 2.4 Z; U=0), 104.07 (L-84d), 1DU.l]
(4, Jep = 6.3 Hz; C-4), 13327 (C-7), 12931 (C-5), 124.64 (C-6), 12140 (d, ‘I, = 1920 Hz; C-3), 1114 (4, I, =
135 Hz: C-4a), 11622 (C-8). - MS m/z 117\ = 227 (6), 226 M", 42), 198 (13) 183 (1) 182 (100), 180 (6), 152 (4)

24, 758, V.44 ("0 Va3 70} Lt )y &&V VR 5 Thjy AT0 \iJ)y LUT 1V, 1G4S LIV 10V (U), 104 ()
151 (3), 146 (4), 145 (3), 136 (5), 134 (37), 133 (11, 119 ) 113 (58), 106 (1@), 105 (18). 90 (38) 89 (79} 8/R] (10\ 81

A Sl NG 73 N7 S Vi ’ ] NATjy T WPV )y T\ T I PO iV h G

f?—nrn—?”-r'hrnmpn”7—-vl)hpn7vlnhncnhnn ic acid (13): From acid hydrolysis of diethyl phosphonate
5b: yield: 0.46 g (73%), white solid, m.p. 154-156 °C (ethyl acetate). - IR (Nujol): v = 3560, 2710, 1710, 1615,

1020, 965 cm’™. ’H-NMR (DMSO-d,, 250 MHz): § = 848 (d, *I,, = 24 Hz; IH, 4-H), 7.79 (dd, ] = L5 and 7.8;
1H, 5-H), 760 (ddd, J = L5, 7.2 and 86 Hz; 1H, 7-H), 7.19-7.48 (m; 7H), 4.56 (d, *J,,, = 23.1 Hz; 1H, CHP). - MS
m/z (%). = 317 (0.5), 316 (M", 2), 314 (10), 299 (7), 298 (31), 270 (4), 252 (5), 237 (17), 236 (100), 235 (50), 219 (7),
218 (5), 208 (7), 207 (28), 206 (7), 205 (16), 191 (12), 190 (6), 189 (15), 182 (14), 179 (19), 178 (52), 177 (14), 176 (16),
165 (11), 152 (19), 151 (14), 146 (4), 131 (8), 118 (16), 115 (8), 105 (8), 102 (8), 91 (11), 90 (11), 89 (25), 81 (11), 77 (23),
76 (9), 65 (11), 63 (19), 51 (18), 47 (5), 44 (26)

CeH,O,P  (31625)  Caled. C 6077 H 414 P 980
Found: C. 6054 H 398 P 954

2-(2-Oxo-2H-chromen-3-yl)-2-oxo-ethylphosphonic acid (14): From acid hydrolysis of diethyl
phosphonate 7b: yield: 0.38 g (71%), white solid, m.p. 171-173 °C (ethyl acetate). - IR (Nujol): v = 3485, 1720,
1195, 1020 cm™. - '"H-NMR (DMSO-d,, 250 MHz): § = 8.59 (s; IH, 4-H), 7.96 (d, J = 7.5 Hz; 1H, 5-H), 7.75 (dd
as t, J = 7.6 Hz; 1H, 7-H), 7.39-7.48 (m; 2H), 3.69 (d, *J,» = 22.5 Hz; 2H, CH,P).
C,H,O,P (26825)  Caled.  C 4925 H 335
Found: C 4904 H 315

REFERENCES AND NOTES
h ] Ty~ Ve A . T _ 1" . nT LS N £ I nhe A cmam V) NN TN 1™ r ¥ PRy £,
L pOJHOVaE, A ROA108, N, INIKOLOV, R.; Ivanov, C. Liebigs Ann. Chem. 1991, 1279; C. ivanov, C,; Bojilova,
A L Do 107Q /17 2785
A, Lniein. ber, 1770, (11, 3730

Rodios, N. A; Bojilova, A,; Terzis, A;; Raptopoulou, C. P. J. Heterocyclic Chem. 1994, 31, 1129.
Bojilova, A Nikolova, R. Ivanov, C; Rodios. N. Ay Terzis, A Raptopoulou, C. P. Tetrahedron 1996, 52,

12597.

Alexieva, V.; Karanov, E; Nikolova, R.; Bojitova, A. Bulg. J. Plant Physiol. 1995, 21, 45.
Bojilova, A.; Ivanov, C. C.r. Acad. Bulg. Sci. 1989, 42, 83.

. Koelsch, C. F. J. Am. Chem. Soc. 1950, 72, 2294,

Michaelis, A Kachne, R. Chem. Ber. 1898, 31, 1048.

Arbuzov, A, E. J. Russ. Phys. Chem. Soc. 1906, 38, 687.

Kosotapoff, G. M. Organophosphorus Compounds. ). Wiley and Sons, Inc, New York, N. Y. 1950, chap. 7.

s»uo

Lo N B



14420 R. Nikolova et al. / Tetrahedron 54 (1998) 14407-14420

10. Arbuzov, B. A. Pure Appl. Chenr. 1964, 9, 307.
1L Hhattacharya A K* Thyanarajan G. C‘hem Rev. 1981, 81, 415,

b3
€
=
&
T :I
[¢)
jonlng
~
=
(]
<
ftl
'1
. :,
E.“
o
=
T
~—
[ZE
& ¢
]
%]
o
e
R
:\
[}
=
p—
o

17. Michaelis, M.; Becker, Th Chem. Ber 1897, 3’0 1003

18. Ye, W. Z,; Liao, X. G. Synthesis 1985, 986.

19. Fedorynski. M.: Wojciechowski. K.: Matacz, Z; Makosza, M. J. Org. Chem. 1978, 43, 4682.
20. Chopard, P. A; Clark, V. M;; Hudson, R. F; Kirby, A. J. Tetrahedron 1965, 21, 1961.
21. Baboulene M,; Sturtz, G. Bull. Soc. Chim. France 1974, 1585.

22 Sturtz, G. Bull Soc. Chim. France 1964, 2333.

23. Savignac, P.; F. Mathey, F. Tetrahedron Lett. 1976, 2829.

24. Chattha, M. S; Aguiar, A. M. J. Org. Chem., 1973, 38, 2908.

25. Sturtz, G. Bull. Soc. Chim. France 1967, 1345,

26. Gaydou, E. M.; Llinas, J. R. Org. Magn. Resonance 1974, 6, 23.

27. Diels, O. Chem. Ber. 1914, 47, 2183.



