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Tandem Wolff Rearrangement-"a-Cyclization of Tertiary Amines" Sequence:

Synthesis of Some 1H-2-Benzopyran Derivatives

Frangoise Léost, Bernard Chantegrel and Christian Deshayes

Laboratoire de Chimie Organique, EA 1884, Département de Biochimie, Batiment 403, Institut
National des Sciences Appliquées, 20 avenue Albert Einstein, 69621 Villeurbanne, FRANCE.

Abstract: The thermolyses of dimethyl 1-diazo-2-ox0(2-(N, N-disubstituted aminomethyl)phenyl)-
ethylphosphonates 6a-e or the related esier 6f afford i-disubstituted amino-iff-2-benzopyran
derivatives 9a-f through a 3-step sequence involving Wolff rearrangement, [1,5] hydride shift and
subsequent ring closure. Compounds 9 can be easily transformed into 1-hydroxy-, 1-methoxy- or 1-
thiophenoxy-1H-2-benzopyran or isoquinoline derivatives by the action of various uucleophilic
reagents. Extension of the reaction to some heterocyclic diazophosphonates analogous to 6 is also

desa'ibed. © 1998 Elsevier Science Lid. All rights reserved

INTRODUCTION
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The cyclization reactions of certain ortho-substituted fers-anilines, known as the "fert-amino effect”,1 can
proceed either by direct interaction of the fers-nitrogen atom with the X=Y moiety (I — II — --) or by [1,6] or
{1,5] hydrogen shift followed by ring closure respectively to a five- or six-membered ring (I — Iii or IV).
These cyclization reactions have been exemplified by various X=Y double bonds such as C=C, C=N, C=0,
C=S, N=N, N=0, N=N and N=S bonds. Similar cyclization reactions have also been observed with related

compounds in which the aromatic ring is replaced by a heteroaromatic ring2 or by a double bond.3

A~ XA

et [\iNf\Rz

i-//"\ /)—(\ .| AN K /[l,E]H
+

>

l

<
N
==
/!
=

¥

X
[
N
A}

i3

Rl

1

N \/u\ ~Np2 [ l;l ] H
AN VR asm PN X
L 11 d i R! \\ Y ——-/\/ Y
PP !

R ‘Nf “R2 NN ONR2
]
L Rl . v Rl

E-mail: cdeshayes @eurinsa.insa-lyon.fr. Fax: 33 (0)4 72 43 88 96.

0040-4020/98/%$19.00 © 1998 Elsevier Science Ltd. All rights reserved.
PII: S0040-4020(98)00275-0



458 F. Léost et al. / Tetrahedron 54 (1998) 64576474

We have recently investigated the interaction of terz-amino groups with a ketene functionality as the X=Y
substituent.4> The intermediate 2-ketenyl-N, N-disubstituted anilines 3 were generated by thermal Wolff

rearrangement of p-aryl-a-diazo-p-ketophosphonates 1 ortho-substituted by dialkylamino groups (Scheme 1). We
have shown that the reaction led to the formation of mesoionic compounds 4 through direct attack of the nitrogen
atom lone pair onto the ketene functionality. During the course of the thermolyses, variable amounts o
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the nitrogen atom and the carbene moiety in the intermediate keto carbene 2.
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Scheme 1

No cyclization product resulting from a hydrogen shift, directed towards the ketene or carbene moiety,
was observed in the thermal decomposition of compounds 1. It appeared that the 7-membered transition state,

which would have been involved for a hydrogen shift to take place, did not compete with the 5-membered

Pavata e

u"dIlbluUIl bldl.ﬂ requuuu l()l uw 1uuU5cu dl-L)lll“KCll:llC \Ll. bm&ﬁc} ulWldLuUll }ll our ylcmuuuuy' t.uumlulu»auOﬁ,A'
we have aiso investigated the thermolysis of dimethyl 1-diazo-2-oxo-(2-(¥, N-disubstituted aminomethyi)-
phenyl)ethylphosphonates 6a,b (Scheme 2). For these compounds, in which a methylene was introduced
between the tert-nitrogen atom and the aromatic ring, a competition between two 6-membered transition states for
[1,5] hydrogen shift or nitrogen atom-ketene (or carbene) interaction was expected. We have found that 1/4-2-
benzopyrans 9a,b were the sole isolated products. The formation of 9 from 6 was rationalized by a 3-step

sequence involving Wolff rearrangement, [1,5] hydride shift® followed by subsequent ring closure of the enolate-

iminium 8B.7 A related intermolecular hydrogen shift has been postulated as the first step of the reaction between
triathyulamine and dinhanvl katena 8 Intramalecular [1 51 hvdroo an shifts with migration of a methvl hvdrogen in
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Aminomethylene hydrogen shifts, but of protonic nature, have also been reported. Thus a [1,4] hydrogen shift
directed towards a highly basic central allenic carbon occurs in the thermal isomerization of aminoallenes!6 and is
followed by cyclization to afford azepine derivatives. A comparable reaction is observed in the flash vacuum
pyrolysis of (dialkylaminomethylene) or (dialkylaminodienylidene) Meldrum's acid derivatives. These
compounds generate highly reactive (dialkylamino)methyleneketene or (dialkylamino)dienylideneketene
intermediates which undergo hydrogen shift-electrocyclisation processes to yield pyrrolinones}7 or azepinones. '8



In this communication, we report our results concerning the synthetic scope and limitations of the
transformation 6 — 9 which can be described as a tandem Wolff rearrangement-"a-Cyclization of a Tertiary

Amine" process. 319

The requisite a-diazo (3-keto compounds 6a-g were synthesized in four steps starting from ethyl o-toluate
10a ~Ae athel D _mathuvlnicantinnta Th hey lanavlis henminatinn with Al heamaminniniaida heammina cshotittinm
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with the corresponding secondary amine, condensation with dimethyl lithiomethylphosphonate or tertiobutyi

lithioacetate and diazo-transfer with tosyl azide (Scheme 3).
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The thermolysis in refluxing toluene of diazoketophosphonates 6b,c bearing a phenyl substituent on the
nitrogen atom gave rise to 1H4-2-benzopyrans 9 with good yields (b: 78%; c: 88%) whereas moderate to weak
yields (a: 42%; d: 48%; e: 30%) were obtained when the nitrogen atom was substituted by two alkyl groups. The
cyclic aminal structure of compounds 9a-e was clearly established by their !H- and 13C-NMR spectra (see
Table). Except for 9e, the resonances of the two methoxy groups were split into two doublets in these spectra,
due to the 3-bond H-P or 2-bond C-P couplings and to the presence of a chiral centre. Aminals 9a,b,c proved to

be stable enoush to give satisfactory mmrnanalvqpq 20,21 byt this was no
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of 4-dimethylphosphono-1-hydroxy-1H-2-benzopyran 13a. If the crude mixture obtained after
then'nolyms of 6e and evaporation of toluene was submitted to the action of a dilute solution of hydrochloric acid
in water-THF, the cyclic hemiacetal 13a could be isolated in 42% yield. An improved yield of this product (62 %
from 6¢) was obtained by acidic hydrolysis of isolated pure 9¢ (Scheme 4). Similarly the acetal 14a and
thioacetal 15 were obtained from 9c¢, respectively by reaction with methanol or thiophenol in the presence of
acidic resin. The transformation of 9¢ into 13a, 14a and 15 is to be compared to the reaction of 3-carbometho-
xy-1-hydroxy-1H-2-benzopyran with nucleophilic reagents which affords the corresponding 1/-2-benzopyran

derivatives hearmo different substituents (henwlnxv rprt-hxtvlnw methoxy, henvvlthm tpn‘-hurvlnmum) in the

......... 23222080, &O7

1 position of the ring.22 Compound 9¢ was also easily transformed into isoquinoline 16 by treament with
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diphenyl-1H-naptho{2,3-c]pyran into 5,10-dihenyihenziglisuquinoline.23

Thermal decomposition of a-diazo -ketoester 6f yielded the crude cyclic aminal 9f. Compound 9f was
unstable to silica gel purification.24 Therefore methanol and acidic resin were added to the crude mixture obtained
after thermolysis and evaporation of toluene. After standing for 4 h at room temperature, work up and

purification, the acetal 14b was obtained in 52% yield.2>
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We then investigated the thermolysis of a variety of a-diazo-3-ketophosphonates in which the disubsti-
tuted aminomethylene moiety was replaced by a methyl, a phenoxymethylene or a thiophenoxymethylene
substituent. These thermolyses led to very complex mixtures in which none of the expected 1H-2-benzopyran
derivatives were detected. If a methoxymethylene substituent was introduced, the thermolysis afforded also a
complex mixture containing about 20 % of the acetal 14a. Introduction of a dimethoxymethine group as in the a-
diazo-f3-ketophosphonate 19, prepared from methyl 2-(dimethoxymethyl)benzoate 1726 (Scheme 5), resulted in
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compounds dispiayed four methoxy resonances in their
Table for 20) were completely consistent with the spectral data.
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The formation of 20 can be rationalized by a nucleophilic attack of an acetal oxygen on the ketene resulting from
the Wolff rearrangement, followed by C-O+ bond cleavage, and O-cyclization of the enolate-oxonium zwitterion”
(Scheme 6). Whereas the second step of the intermolecular ketene insertion into acetals is known to occur by
interaction between the enolate carbon atom and the carboxonium ion, 27,28 in our case C-cyclization of the
zwitterion is precluded for evident reasons of angle strain. The formation of the minor compound 21 can be

exnlained in a naralle]l manne for 20, the initial attack of an acetal oxygen on the keto carbene giving rise to an
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oxonium ylide which then rearrange.2?

Thus the Wolff rearrangement- 11,51 hydride shift-ring closure sequernce appears io be practicable only in the case
of a t-aminomethylene moiety. However the sequence is useful to prepare 1-(¥-phenyl-N-substituted)-
aminomethylene-4-dimethylphosphono- 1H-2-benzopyrans which can be easily transformed into other 1H-2-
benzopyran derivatives by reaction with various nucleophilic reagents. Only a limited number of 1H-2-
benzopyran derivatives substituted in the 1 position of the ring by alkylamino, hydroxy, alkoxy or thicalkoxy

groups and bearing different substitution patterns on the 3,4-double bond has been reported.22.23,30.31
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Table: Pertinent !H- and 13C-NMR Data [6 and J] of 1H-2-Benzopyran Derivatives 9, 13-15, 20 and 29

Compound* H-1(8) H-3(6) c-18) | €-3(6) Cicp, Ha) C-4(5) Ucp, Ha)
9a s: 6.08 d:7.59 Clyp=9.5) | 955 159.1 (21.7) 98.5 (200.6)
9b . d:7.58 Clyp=96) | 897 158.2 21.7) 98.8 (200.7)
9¢ i i 90.2 158.1 (21.6) 99.1 (200.0)
9d s: 6.22 d:7.65 Clgp=9.5) | 939 158.9 (21.8) 98.5 (200.6)
9e s: 6.30 d:7.56 Clup=94) | 938 159.4 (21.6) 98.0 (201.0)
9g ok d:7.58 Clgp=9.1) | 90.6 158.7 (21.3) 97.3 (201.1)
13a d: 6.47 GJyy = 6.0) ** 93.8 155.9 (22.3) 100.5 (200.0)
13b s: 6.60 d:7.54 Clgp=9.2) | 93.2 158.4 (21.3) 100.0 (201.0)
ida s: 6.06 Aok 99.8 154.9 (21.8) 102.0 (198.2)
14b s: 6.00 s: 7.68 100.2 152.6 109.7
15 s: 6.80 i 87.0 154.9 (21.5) 104.0 (196.6)
20 s: 6.05 - 103.3 163.6 (13.1) 76.0 (206.7)
29 s: 6.37 d:7.37 CGlup=9.0) | 99.1 151.8 (21.3) 98.9 (207.5)

* See Schemes 2, 4 and 8 for atom numbering. ** These resonances are buried in the aromatic part of the spectrum.
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We finally turned our attention to some heterocyclic a-diazo-3-ketophosphonates beari
N-benzylamino)methylene substituent. When submitted to thermolysis, the diazophosphonate 6g with a pyridine
ring (Scheme 2) gave rise to the pyrano[3,4-b]pyridine 9g (see Table) with a fair yield (75 %). Compound 9g
was easily transformed into the 8-hydroxy-8H-pyrano[3,4-b]pyridine 13b by acidic hydrolysis (Scheme 4).
Reaction of 9g with an hydrochloric acid methanolic solution, followed by neutralization with triethylamine, did

not afford the expected 5-dimethylphosphono-8-methoxy-8H-pyrano|3,4-b]-pyridine, but the hemiacetal 13b.32
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Thermolysis of the diazophosphonate 22 with a furan ring (Scheme 7) led essentially to tars as products.33
Surprisingly the sole identified compound isolated from the reaction mixture, but in a rather low yield (-11%),
was the amide 23 which must be the result of the reaction of the intermediate ketene with benzylphenylamine
generated in the reaction medium.34
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Scheme 7

The thermolysis of the diazoketophosphonate 27 prepared from ethyl 3-methyi-2-thiophenecarboxylate 24
(Scheme 8) afforded a mixture from which we were unable to obtain the aminal 28 as a pure product. Its
presence was detected by examination of the IH-NMR spectrum of a chromatographic fraction, showing a
resonance, attributable to H-3, at 6 7.41 (d, 2Jyp = 8.9 Hz). However, after treatment of the crude mixture with
methanol and acidic resin followed by work up and chromatography, pure 1H-1-methoxythieno[3,2-c]pyran 29
(see Table) was obtained in 45 % yield together with a small amount of impure amide 31 (analogous to 23) in a

t=) =

vield of about 5 %. If the crude mixture was submitted to the action of a dilute hydrochloric acid water-THF
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a) NBS, CCl4. b) PhBaNH , (iPr)2NEt, CH3CN. ¢) LiCH2PO(OMe)2, THF. d) TsN3, K2CO3, CH3CN. ¢} A, Toluene.
g) MeOH, Amberlyst® 15 or aqueous HCl 10%, THF.
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CONCLUSION

The thermolyses of dimethyl 1-diazo-2-oxo-(2-(¥, N-disubstituted aminomethy!)phenyl)ethylphospho-
nates éa-e give rise 1-(N, N-disubstituted amino)-4-dimethylphosphono-1H-2-benzopyrans 9 through a Wolff
rearrangement-[1,5] hydridic shift-ring closure sequence. The optimal results with regard to both the yield and
stability of the products are obtained if a phenyl substituent is present on the nitrogen atom. The reaction appears
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into corresponding hemiacetal 13a, acetal 14a, thioacetal 15 and isoquinoline 16. Similarly the thermolysis of
diazoester 6f, analogous to diazophosphonate 6¢, affords acetal 14b through aminal 9f which is not stable to
silica gel purification. Extension of the tandem Wolff rearrangement-"a-Cyclization of a Tertiary Amine" process
to some heterocyclic diazoketophosphonates analogous to 6c¢ allows to prepare some pyran derivatives fused by
pyridine or thiophene rings, but not by a furan ring.

General.

Diethyl ether was distilled from potassium hydroxide, pentane from phosphorus pentoxide, methanol from
magnesium methoxide and tetrahydrofuran from sodium benzophenone ketyl. Benzene and toluene were dried
over sodium. Organic solutions were dried over anhydrous sodium sulfate. Column chromatography- was
performed using Merck Silica gel 60 (70-230 mesh) and TLC was carried out using Merck Kieselgel 60 F254
plates. Melting points were determined on a Kofler block apparatus. IR spectra were recorded on a Perkin Elmer
1310 infrared spectrophotometer. Nuclear magnetic resonance spectra were recorded in CDCI3 on a Brucker
AC200 (200/50 MHz) spectrometer. All NMR recordings were referenced to CHCI3 resonances (7.26 and 77.0
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SYNTHESIS OF AMINOESTERS (11a-e,g) and (25)

General Procedure for the Preparation of Aminoesters 11a-e,g and 25: A mixture of ethyl toluate
10a (4.11 g, 25.0 mmol), ethyl 2-methylnicotinate 10b (4.13 g, 25.0 mmol) or ethyl 3-methyl-2-

thiophenecarboxylate 24 (4.25 g, 25.0 mmol), N-bromosuccinimide (4.54 g, 25.5 mmol), benzoyl peroxide
loromethane (100 mL) was refluxed under stirring for 2 h (10a, 25) or 6 h (10b). After

(0. o) and tetrac
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were used in the next step without further purification.

Aminoesters 1ia,d,e: a solution of crude ethyl 2-bromomethyl benzoate (2.99 g, 12.3 mmol) in THF (10
mL), was added dropwise to a mixture of the requisite secondary amine (13.0 mmol: piperidine 1.11 g, N-
methyl-N-benzylamine 1.57 g or N,N-diethylamine 0.95 g) and potassium carbonate (1.85 g, 13.4 mmol) in
THF (40 mL). The resulting mixture was stirred at room temperature for 18 h (a) or 36 h (d,e). THF was



~ee & A 7TONON [y oAz
O 04 (12Y0) 040 /—-04/4 040D

evaporated in vacuo and ethyl acetate (60 mL) was added. The organic phase was extracted with aqueous 1M
hydrochloric acid (2 x 25 mL). The aqueous phase was washed with ethyl acetate (25 mL), cooled and made
alkaline to pH 10 with 28 % aqueous ammonia. After extraction with ethyl acetate (3 x 25 mL), the organic layer
was dried over sodium sulfate, filtered and evaporated in vacuo. Purification of the residue by chromatography
on silica gel yielded 11a,d,e after elution with ethyl acetate.

Ethyl 2-(piperidinylaminomethyl)benzoate (11a)
Yield 2.07 g (68 %). Qil. IR (neat): 1720, 1605, 1575, 1H-NMR: & 7.68 (dd,

IR (neat) 0 1-NMR: § d, 1H,J=7. (
o N=s H y 27y O-7.24 I,
Y. 7 A1 722 v THY A A4 (s 2T T = 713 270 (o DI D224 2 21 {ovv AN 1 54 1 26 (-n QLY oteb o
arif, (.01-7.64 \1li, 151}, 2.0% \, &1, 4 = 7{.1J, J.iU B, &I}, & I9-4.01 \ITl, 451y, 1.0%4-1.55 \IN, >11 Wil a
Al T _a a1 AN YT ™4\ A IV o PR IR Y Y o | r N a VN AN LY TR & N - \ BN - ) 1,0 AP TY S S, N
mipiet at 1.3%,J = /.1). Anai LaiCa 10r U15n211NU20 L, 74.04; H, 8.00; N, J.00, Found: L, /7<£./0] H, 8.04; N,

Ethyl 2-(N-benzyl-N-methylaminomethyl)benzoate (11d)

Yield 2.07 g (60%). Oil. IR (neat): 1720, 1600, 1570. !H-NMR: & 7.77 (dd, 1H,J = 7.6, J = 1.1); 7.59 (d,
1H,J =7.2); 7.46 (dt, 1H,J = 7.4,J = 1.4); 7.33-7.23 (m, 6H); 4.35 (q, 2H, J = 7.1); 3.88 (s, 2H); 3.53 (s,
2H); 2.13 (s, 3H); 1.35 (t, 3H, J = 7.1). Anal Calcd for CigH21NO2: C, 76.30; H, 7.47; N, 4.94. Found: C,
76.89; H, 7.58; N, 4.91.

Ethyl 2-(diethylaminomethyl)benzoate (1le)

Yield 1.53 g (53%). Oil. IR (neat): 1720, 1600, 1570. 1H-NMR: 8 7.70 (dd, 1H, J = 7.6, J = 1.4); 7.59 (d,
1H, J = 7.2); 7.42 (m, 1H); 7.26 (m, 1H); 4.34 (q, 2H, J = 7.1); 3.85 (s, 2H); 2.51 (q, 4H, J = 7.1); 1.38 {t,
3H,J =7.1); 0.99 (t, 6H, J = 7.1). Anal Calcd for C14H21NOy: C, 71.46; H, 8.99; N, 5.95. Found: C, 71.69;
H, 8.89; N, 6.16.

Aminoesters 11b,c,g and 25: a solution of crude ethyl 2-bromomethyl benzoate (2.99 g, 12.3 mmol), ethyl
2-bromomethylnicotinate (3.00 g, 12.3 mmol) or ethyl 3-bromomethyl-2-thiophenecarboxylate (3.06 g, 12.3
mmol), the requisite secondary amine (12.3 mmol: N-methyl-N-phenylamine 1.32 g or N-benzyl-N-phenylamine
2.25 g), ethyldiisopropylamine ( 12.3 mmol, 1.59 g) in acetonitrile (30 mL) was refluxed for 2 h (for llb) or 16
h (for 11¢.8 and 25). The s
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sulfate and evaporated in vacuo. Purification of the residue by chromatography on silica gel yielded 11b,c,g

after elution with pentane-ethyl ether 95:5 (b), pentane-ethyl ether 97:3 (c) or pentane-ethyl acetate 80:20 (g).
Oily1 1 gwas triturated with pentane and afforded cristalline 11f after filtration. Compound 25 was obtained by
recrystallization of the residue from petroleum ether-ethyl acetate 97:3.

Ethyl 2-(N-methyl-N-phenylaminomethyl)benzoate (11b)

Yield 2.13 g (61 %). Oil. IR (neat): 1710, 1600, 1575. 1H-NMR: 6 8.01 (d, 1H,J = 7.7); 7.50-7.10 (m, 5H);

6.80-6.60 (m, 3H); 4.91 (s, 2H); 4.36 (q, 2H, J = 7.1); 3.06 (s, 3H); 1.40 (t, 3H, J = 7.1). Anal Calcd for
C17H19NO2: C, 75.81; H, 7.11; N, 5.20. Found: C, 76.12; H, 7.15; N, 5.19.
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Yield 3.99 g (94 %). Oil. IR (neat): 1700, 1600, 1575. 1H-NMR: & 8.05 (d, 1H, J = 7.3); 7.49-7.11 (m, 10H);
6.78-6.58 (m, 3H); 5.07 (s, 2H); 4.66 (s, 2H); 4.33 (q, ZH, J=71); 1.36 (t, 3H,J = 7.1). Anal Calcd for
Ca3H23NO2: C, 79.97; H, 6.71; N, 4.05. Found: C, 79.87; H, 6.79; N, 4.03.

Ethyl 2-(N-benzyl-N-phenylaminojmethylnicotinate (11g)

Yield 2.00 g (47 %). Mp = 83-85°C. IR (neat): 1720, 1600. 1H-NMR: & 8.66 (dd, 1H,J = 4.8,J = 1.8); 8.17
(dd, 1H,J = 7.8, = 1.8); 7.37-7.07 (m, 8H); 6.69-6.61 (m, 3H); 5.08 (s, 2H); 4.73 (s, 2H); 4.32 (q, 2H,J =
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7.1); 1.33 (1, 3H, J = 7.1). Anal Calcd for Ca2H22N205: C, 76.28; H, 6.40; N, 8.09. Found: C, 76.13; H,
6.48; N, 8.02.

Ethyl 3-(N-benzyl-N-phenylamino)-2-thiophenecarboxylate (25)

Yield 2.38 g (55 %). Mp = 88-89°C. IR (CClyg): 1700, 1590. IH-NMR: 6 7.39 (d, 1H, J = 5.1); 7.33-7.13 (m,
7H); 6.96 (d, 1H, J = 5.1); 6.75-6.66 (m, 3H); 4.98 (s, 2H); 4.67 (s, 2H); 4.34 (q, 2H, J = 7.1); 1.37 (1, 3H,
7.1). Anal Calcd for C21H21NO3S: C, 71.77; H, 6.02; N, 3.99. Found: C, 71.72; H, 5.82; N, 4.00.

SYNTHESIS of a-DIAZO-3-KETOPHOSPHONATES (6a-e,g), (19) and (27)

General Procedure: To a stirred solution of dimethyl methylphosphonate (3.5 g, 28.2 mmol) in anhydrous
THF (70 mL) cooled at -80°C, was added dropwise, under nitrogen, 17.6 mL (28.2 mmol) of n-butyllithium 1.6
M in hexanes. The mixture was kept for 45 mn at -60 °C and then a solution of amino ester 11a-e,g, 1726 and
25 (14.1 mmol) in anhydrous THF (30 mL) was added slowly. The reaction mixture was allowed to react at
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60 mL}, the organic layers were washed with brine, dried,
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aqueous phase was extracted with ethy etate

r‘\

filtered and concentrated in vacuo to afford crude B-ketophosphonate which was purified by chromatography
eluting with ethyl acetate-methanol 60:40 (12a,e), ethyl acetate (12b,c,d,g and 26) or pentane-ethyl acetate
20:80 (18). The yields were in the range 82-90 % except for 12e (66 %) and 26 (75 %). Compounds 12a-e,g,
18 and 26 obtained after this purification contained variable amounts of residual dimethyl methylphosphonate
and were characterized by their IR spectra (vco: 1690-1665cm-1) and by their lH-NMR spectra (CH2P: & 3.63-
3.58 ppm [3.35 ppm for 12g] with 2Jyp = 22.5-21.8 Hz and PO(OCH3)2: & 3.79-3.72 ppm with 3Jgp = 11.2
Hz).

The intermediate [3-ketophosphonates 12a-e,g, 18 and 26 were then submitted to the diazo-transfer reaction: to
a mixture of B-ketophosphonate (10 mmol) and potassium carbonate (1.72 g, 12.5 mmol) in acetonitrile (40 mL)
cooled in a water-ice bath, under nitrogen, was added dropwise with stirring a solution of tosyl azide37.38 (2.46
g, 12.5 mmol) in acetonitrile (30 mL). The cooling bath was removed and the mixture was stirred at room
temperature. The disappearance of (3-ketophosphonates was monitored by TLC. After 2-4 h, potassium carbonate
was filtered off and acetonitrile was evaporated in vacuo to afford crude a-diazo-f3-ketophosphonate which was

cmifiad hy rheamatnaranhy aluting writh athvl anatata (Ka h) nantano_athyul ano l ta AN-AD (Ko A)
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acetone 40:60 (6e), pentane-ethyl acetate 20:80 (6g,19) and pentane-ethyl acetate 60:40 (27).
Dimethyi I-diazo-2-oxo-2-(2-(piperidinomethyijphenyijetiyiphosphonaie (6aj
Yield 2.81 g (80 %). Oil. IR (CHCl3): 2120, 1645, 1290, 1055, 1040. H-NMR: 8 7.40-7.20 (m, 4H); 3.88 (d,
6H, 3Jyp = 11.9); 3.49 (s, 2H); 2.40-2.20 (m, 4H); 1.60-1.30 (m, 6H). 13C-NMR: & 190.0 (d, 2Jcp = 7.8);
138.4; 137.6 (d, 3Jcp = 4.9); 130.5; 130.1; 127.0; 126.0; 63.5 (d, Hcp = 219.9); 60.8; 54.5; 54.3 (d, 2Jcp =
6.2); 25.9; 24.2. Anal Calcd for C16H22N304P: C, 54.70; H, 6.31; N, 11.96. Found: C, 54.89; H, 6.42; N,

11.71.
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63.9 (d, 1cp = 219.6); 55.0; 53.9 (d, ZJcp = 6.1); 39.1. Anal Caled for C1gH20N304P: C, 57.91; H, 5.40; N,

11.25. Found: C, 57.96; H, 5.38; N, 11.29.

Dimethyl 1-diazo-2-(2-(N-benzyl-N-phenylaminomethyl)phenyl)-2-oxoethylphosphonate (6¢c)

Yield 3.64 g (81 %). Mp = 80-81°C. IR (CHCl3): 2110, 1625, 1290, 1060-1030. !H-NMR: & 7.41-7.10 {(m,

11H); 6.74-6.67 (m, 3H); 4.69 (s, 2H); 4.62 (s, 2H); 3.75 (d, 6H, 3Jup = 11.3). 13C-NMR: & 189.1 (d, 2cp

=9.3); 148.4; 138.2; 137.7; 135.8 (d, 3Jcp = 3.3); 131.1; 129.2; 128.6; 128.3; 126.9; 126.8; 126.7; 117.4;
113.1; 64.3 (d, Lcp = 220.7); 54.8; 54.0 (d, 2Jcp = 6.1); 52.4, Anal Calcd for C24H24N304P: C, 64.14: H

_____ (1 Qi AV 244124i83V45 0 L, 0414 1,

5.38; N, 9.35. Found: C, 64.22; H, 5.35; N, 9.40.

Dimethyl 1-diazo-2-(2-(N-benzyl-N-methylaminomethyl)phenyl)-2-oxoethylphosphonate (6d)

Yield 3.21 g (83 %). Oil. IR (CHCl3): 2110, 1640, 1280, 1030. H-NMR: 6 7.49-7.23 (m, 9H); 3.80 (d, 6H,
2H) i3c

3jup = 12.0); 3.66 (s, 2H); 3.51 (s, 2H); 2.10 (s, 3H). 13C-NMR: & 189.5 (d, 2Jcp = 8.6); 138.5; 138.4;
137.2 (d, 3Jcp = 4.0); 130.62; 130.57; 128.9; 128.3; 127.12; 127.09; 126.5; 63.8 (d, Jecp = 217.9); 61.9;
59.3; 54.0 (d, 2Jcp = 6.0); 41.8. Anal Calcd for CjgH23N304P: C, 58.91; H, 5.72; N, 10.85. Found: C,
58.47; H, 5.62; N, 10.60.

Dimethyl 1-diazo-2-(2-(N,N-diethylaminomethyl)phenyl)-2-oxoethylphosphonate (6e)

r

Yield 2.98 g (88 %). Oil. IR (CHCl3): 2110, 1640, 1280, 1045. 1H-NMR: & 7.37-7.26 (m, 4H); 3.76 (d, 6H,

i iA8). &1 1 220V

3Jyup = 11.09); 3.61 (s, 2H); 2.46 (q, 4H,J = 7.1); 0.95 (q, 6H,J = 7. 1) 13C.NMR*: 6 189.6 (d, 2Jcp = 7.8
s 8 : Y
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53 09, H, 6.53; N, 12.38. Found: C, 53.50; H,
6.51; N, 12.34.
Dimethyl 1-diazo-2-(2-(N-benzyl-N-phenylaminomethyl)pyridin-3-yl)-2-oxoethylphosphonate
(6g)

Yield 3.18 g (73 %). Mp = 115-117°C. IR (CHCl3): 2120, 1630, 1260, 1060-1030. 1H-NMR: § 8.65 (dd, 1H,

J=48,)=14); 756 (dd, 1H,J = 7.7, J = 1.4); 7.31-7.05 (m, 8H); 6.75-6.65 (m, 3H); 4.76 (s, 2H); 4.64
(s, 2H); 3.83 (d, 6H, 3Jyp = 11.8). 13C-NMR: & 187.3 (d, 2Jcp = 8.8); 159.0; 150.8; 147.5; 138.3; 134.3;
27.2; 126.9;: 121.6; 118.1:

131.8 (d, 3Jcp = 4.6); 129.3; 128.6; 12 126.9; 121.6; 118.1; 114.1; 64.2 (d, Ucp = 223.5); 56.4; 56.0;
54.1 (d, 2Jcp = 6.1). Anal Caled for C23H33N304P: C, 61.33; H, 5.15; N, 12.44. Found: C, 60.93; H, 5.16;

Dimethyl 1I-diazo-2-(2-(dimethoxymethyl)phenylj-2-oxoethylphosphonate (19)

Yield 2.95 g (90 %). Mp = 37-38°C. IR (CHCl3): 2120, 1640, 1270, 1055. 1H-NMR: & 7.65 (dd, 1H, J = 7.6,
= 1.4); 7.52-7.33 (m, 3H); 5.63 (s, 1H); 3.86 (d, 6H, 3Jyp = 12.0); 3.36 (s, 6H). 13C-NMR: & 189.3 (d,

2Jcp = 8.4); 136.3 (d, 3Jcp = 4.2); 136.2; 130.3; 128.4; 127.4; 126.2; 101.0; 64.2 (d, Lcp = 217.3); 54.0 (d,

2Jcp = 5.9); 53.7. Anal Caled for C13H;7N206P: C, 47.57; H, 5.22; N, 8.53. Found: C, 48.12; H, 5.28; N,

8.77.

Dimethyl 1-diazo-2-(3-(N-benzyl-N-phenylaminomethyl)thiophen-2-yl)-2-oxoethylphospho-
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5.0); 7.35-7.10 (m, 7H); 7.03 (d, 1H, J = 5.0); 6.74-6.62 (m, 3H); 4.86 (s, 2H); 4.62 (s, 2H); 3.86 (d, 6H,
3Jp = 12.0). 13C-NMR: 6 178.5 (d, 2Jcp = 8.6); 149.9; 148.5; 138.3; 131.6 (d, 3Jcp = 4.8); 129.6; 129.33;
129.26; 128.6; 127.0; 126.6; 117.1; 112.5; 62.4 (d, 1Jcp = 229.1); 54.8; 54.1 (d, 2cp = 6.0); 51.1. Anal
Caled for C2oH2oN304PS: C, 58.02; H, 4.87; N, 9.23. Found: C, 57.99; H, 4.91; N, 9.19.
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SYNTHESIS of a-DIAZO-B-KETOESTER (6f)

To a stirred solution of tertiobutyl acetate (3.91 mL, 28.9 mmol) in anhydrous THF (40 mL) kept at -70 to - 80°C
was added dropwise a 2 M solution of lithium disopropylamide in heptane/THF/ethylbenzene (14.5 mL). The
temperature was kept at - 60°C for 45 mn. The aminoester 11¢ (2.5 g, 7.2 mmol) in anhydrous THF (20 mL)
and DMSO (20 mL) was then added at - 60°C. The cooling bath was removed, the reaction mixture was stirred at
room temperature for 30 mn and was then quenched with a saturated ammonium chloride solution (150 mL). The

queous phase was extracted with ethyl acetate (5 x 60 mL), the organic layers were washed with brine, dried
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afford 12f: Yield 1.82 g (61 %). Mp = 88- 8 °C. IR (CHCl3): 1725, 1675, 1595. 1H-NMR: 6 7.80 (d, 1H,J =
7.2); 7.50-7.09 (m, 10H); 6.71-6.60 {m, 3H); 5.00 (s, 2H); 4.64 (s, 2H): 3.87 (s, 2H); 1.41 (s, 9H).
Compound 12f (1.82 g) was then submitted to the diazo-transfer reaction in a similar manner as described above
for the 3-ketophosphonates 12a-e,g. Pure a-diazo-3-ketoester 6f was obtained by chromatography eluting
with pentane-ethyl ether 95:5.

Tertiobutyl 2-diazo-3-(2-(N-benzyl-N-phenylaminomethyl)phenyl)-3-oxopropionate (6f)
Yield 1.61 g (83 %). Oil. IR (CHCl3): 2140, 1705, 1590. IH-NMR: & 7.82-7.11 (m, 11H); 6.74-6.67 (m, 3H);
4.66 (s, 2H); 4.56 (s, 2H); 1.34 (s, 9H). 13C-NMR: & 188.5; 159.7; 148.6; 138.1; 137.5; 136.6; 130.2; 129.1;

128.5; 127.2; 127.1; 126.8; 126.5; 117.2; 112.9; 83.1; 78.2; 54.1; 52.0; 28.0. Anal Caled for C27H2N303: C,
TUAS I L 1L N Q&Y Laund: F 7220- T £A25.- N O 20
3,45, 13, V.19, 1Y, 7.J3&. POUNGE L, /3.97; 1y, 0.a3; 1Y, 7.57

THERMOLYSIS OF a-DIAZO-3-KETO COMPOUNDS (6a-g), 19 and 27

General Procedure: To the a-diazo-f3-keto compound 6a-g, 19 or 27 (500 mg), anhydrous benzene (15
mL) was added and was then evaporated in vacuo. Compounds 6a-g, 19 or 27 were then dissolved in
anhydrous toluene (50 mL) and the solution was refluxed under nitrogen until the disappearance of a-diazo-$3-

keto compound was completed as judged by TLC. After evaporation of toluene in vacuo, the residue was

pumﬁpd or allowed to react with methanol in the presence of Amhprlvqf® 15 res

Thermolysis of 6a: Time of decomposition, 2.5 h. Purification of the residue by chromatography on silica gel
yielded 9a after elution with ethyl acetate.

4-Dimethylphosphono-1-piperidino-1H-2-benzopyran (9a)

Yield 193 mg (42 %). Mp = 93-95°C. IR (CHCIl3) : 1600, 1565, 1485, 1445, 1250, 1100, 1055, 1025. 1H-
RMN: & 7.59 (d, 1H, 3Jyp = 9.4); 7.50-7.40 (m, 1H); 7.40-7.20 (m, 3H); 6.08 (s, 1H); 3.75 (d, 3H, 3Jyp =

11.4); 3.72 (d, 3H, 3Jyp = 11.4); 2.90-2.55 (m, 4H); 1.60-1.40 (m, 6H). 13C-RMN : § 159.0 (d, 2Jcp = 21.7);
128.7; 128.1 (d, 2Jcp = 7.8); 127.3; 126.9 (d, Jcp = 3.2); 126.8 (d, 3cp = 10.8); 122.8 (d, Ucp = 2.5); 98.5
(d, Ucp = 200.6); 95.5; 52.2 (d, 2Jcp = 4.8); 52.1 (d, 2Jcp = .8) 48.0; 26.0; 24.4. Anal Calcd for
C16H22NO4P: C, 59.44; H, 6.86; N, 4.33; P, 9.58. Found: C, 59.77; H, 6.96; N, 4.41; P, 9.60.

Thermolysis of 6b: Time of decomposition, 2.5 h. Purification of the residue by chromatography on silica gel
yielded 9b after elution with pentane~ethy1 acetate 30:70.
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1i€1Q 501 g /0 70). Vi = OUT00 . IR \wiivi3). 10VV, 1JUJ, 1504, 15%JJ, N N TSy Auind, AL
DANT. £ T QD T LN (v 111 wiith o Anihlat at 7 8Q 3T = O KY. 277 {4 I 3T..5 =11 A 275 (4 3Tun
RIVLIIN, O /.74-(.0V (lll, 1111 Wil a UUuvict at (.00, “JHP — 7.UJ, 9./ ( 4, J11, "JHY — 11.9), J.71J 4y JiL, "Jp



ZJCP 77) 1277 126.3 (d, “Jcp = 1. 4) 126.2 (d, 3Jcp =10. 8) 123.5 (d 4Jcp =2. 5) 120.9; 116.8; 98 8
(d, Ucp = 200.7); 89.7; 52.3 (d, 2Jcp = 4.9); 52.2 (d, 2Jcp = 5.0); 32.8. Anal Calcd for C1gH2gNO4P: C,
62.61; H, 5.84; N, 4.06; P, 8.97. Found: C, 62.62; H, 5.77; N, 4.01; P, 8.81.
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yielded 9c¢ after elution with pentane-ethyl acetate 30:70.
I-(N-Benzyl-N-phenylamino)-4-dimethylphosphono-1H-2-benzopyran (9c)

Yield 413 mg (88 %). Oil. IR (CHCI3): 1600, 1570, 1200, 1490, 1450, 1250, 1125, 1055, 1025, IH-RMN: &
7.57-6.88 (m, 16H); 4.43 (s, 2H); 3.70 (d, 3H, 3Jgp = 11.4); 3.56 (d, 3H, 3Jyp = 11.4). 13C-RMN: 5 158.1
(d, Ycp = 21.6); 146.8; 138.3; 129.2; 129.0; 128.3; 127.8 (d, 2Jcp = 7.7); 127.6; 127.1; 126.8; 126.7 (d,
4jcp = 1.4); 123.6 (d, 4Jcp = 2.4); 123.1 (d, 3Jcp = 10.8); 121.8; 119.3; 99.1 (d, YJcp = 200.0); 90.2; 52.2
(d, 2cp = 5.4); 52.1 (d, 2Icp = 5.4); 50.9. Anal Caled for C24H24NO4P: C, 68.40; H, 5.74; N, 3.32; P, 7.35.

Found: C, 67.86; H, 5.86; N, 3.30; P, 7.24.
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Thermolysis of 6d: Time of decomposition, 4 h. Purification of the residue by chromatography on silica gel
yielded 9d after elution with pentane-ethyl acetate 40:60.
1-(N-Benzyl-N-methylamino)-4-dimethylphosphono-1H-2-benzopyran (9d)
Yield 223 mg (48 %). Oil. IR (Neat): 1600, 1560, 1490, 1445, 1260, 1135, 1055, 1020. IH-RMN: & 7.65 (d,
1H, 3Jygp = 9.5); 7.46-7.26 (m, 9H); 6.22 (s, 1H); 3.90 (AB system, 1H, Jar = 16.0); 3.81 (AB system, 1H,
= 16.0); 3.76 (d, 3H, Jyp = 11.4); 3.73 (d, 3H, 3Jyp = 11.4); 2.32 (s, 3H). 13C-RMN: 8 158.9 (d, Zcp

= 21 8) 138.4; 128.9; 128.6; 128.4; 128.2; 128.1 (d, 2cp = 7.7); 127.3 (d, 2cp = 7.5); 127.0 (d, 3Jcp =
4 ) 27
1

10.9); 126.8 (d, 4Jcp = 1.4); 123.1 (d, 3Jcp = 2.4); 98.5 (d, Ucp = 200.6); 93.9; 56.0; 52.3 (d, ZJcp = 4.9);
5 0); 35.4. Anal Caled for Ci9H22NO4P: C, 63.50; H, 6.17; N, 3.90; P, 8.62. Found: C,

5 4,
;i N, 3.69; P, 8.51. * No better analysis could be obtained for carbon.

hermolysis of 6e: Time of decomposition, 2 h. Purification of the residue by chromatography on silica gel

- X <~

yielded 9e (yield 139 mg [30 %)) and then 13a (yield 46 mg [10 %)) after elution with ethyl acetate. Compound
13a could be obtained in a 42% yield according to the following procedure: after evaporation of toluene, a

solution of THF (10 mL) and 10% aqueous hydrochloric acid (1.5 mL) was added. The mixture was stirred for 3

h at room temperature. A saturated solution of aqueous sodium hydrogenocarbonate (10 mL) was then added.

The aqueous phase was extracted with ethyl acetate (3 x 25 mL), the organic layers were washed with brine,

dried, filtered and concentrated in vacuo. The residue which was purified by chromatography eluting with ethyl

acetate to afford 13a (159 mg). For spectral data of 13a, see below.
1-(N,N-Diethylamino)-4-dimethylphosphono-1H-2-benzopyran (9¢)

Yield 139 mg (30 %). Oil. IR (CHCI3): 1600, 1560, 1260, 1445, 1250, 1055, 1030. 'H-RMN: & 7.56 (d, 1H,

3Jup = 9.4); 7.43-7.20 (m, 4H); 6.30 (s, 1H); 3.74* (d, 6H, 3Jup = 11.4); 2.79 (q, 4H, J = 7.2); 1.06 (t, 6H,J
=7.2). 13C-RMN: 6 159.4 (d, 2J 21.6); 128.6; 128.3 (d, 2Jcp = 8.0); 127.2; 126.7 (d, 4Jcp = 1.3); 123.0

N TANAVAL i "LP L iJ]y 100y ALU.WD L\ a &t Adedjy A&2V

L
{d, 3Jcp = 2.5); 98.0 {d, Licp = 201.0); 93.8; 52.2*% {d, Zcp = 5.0); 42.2; 13.7. Anal for C16H22NO4P: No
correct analysis could be obtained for this compound. *Only one resonance was observed for the two methoxy
groups in the NMR spectra.
Thermolysis of 6f: Time of decomposition, 1.5 h. After evaporation of toluene, anhydrous methanol (25 mL)

} were added 1o the residue. The mixture was gentlv stirred for 4 h. The res
)W dded to the residue. 1he mixture was gently

DUilE UL 1L 1he resin

and Amherlvst® 15 racin
QIINE O LR A .
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was filtered off and rinsed through with methanol. Methanol was then evaporated in vacuo. Purification of the

residue by chromatography on silica gel yielded 14b after elution with pentane-ethyl ether 97:3.
I-Methoxy-4-tertiobutyloxycarbonyl-1H-2-benzopyran (14b)

Yield 155 mg (52 %). Oil. IR (Neat): 1700, 1610, 1485, 1450. IH-RMN: 6 8.32 (bd, 1H, J = 7.8); 7.68 (s,

1H); 7.42 (ddd, 1H,J =78,J =73, =1.6); 7.30 (ddd, 1H,J =7.5,1 =7.3,J = 1.3); 7.22 (dd, 1H, J = 7.5,

J= 16) 6.00 (s, 1H); 3.56 (s, 3H); 1.57 (s, 9H). 13C-RMN: 5 164.8; 152.6; 129.6; 127.1; 126.7; 126.4:
125.8; 124.2; 109.7; 100.2; 80.7; 55.8; 28.3. Anal Caled for C5Hg04: C, 68.69; H, 6.92. Found: C, 68.87;
H A£04

Thermolysis of 6g: Time of decomposition, 2 h. Purification of the residue by chromatography on silica gel

yielded 9g after elution with pentane-ethyl acetate 20:80.
8-(N-Benzyl-N-phenylamino)-5-dimethylphosphono-8H-pyrano/3,4-b]pyridine (9g)

Yield 378 mg (75 %). Oil. IR (CHCI3): 1595, 1555, 1490, 1450, 1250, 1130, 1050, 1025. TH-RMN: & 8.49

(dd, 1H, J = 1.6, J = 4.7); 7.72 (dd, 1H, J = 1.6, J = 8.1); 7.58 (d, 1H, 3Jyp = 9.1); 7.27-7.03 (m, 11H);
A5 A0 (m 1H):- 447 (d 1TH AR cygtem Jan = 165):- 425 (d TH AR cyctam JT.n — 14 8)- 240 {4 W
Ve ZarTNF U \Llly LALJy THTVH \My Lidy £2AJS O OMUIily JAN ANFeud ]y “Tuadod \My Lily, £2A2 D]DI.ULI.I, JA” — AUJJ,y, J.UT U, JI11,
3oy = 11 AV IG5 £A I 3Taers — 11 A) 130 DNMN- S 1EQ 7 (A 2Vnes — D1 1) 1AQ L. 1AL 7. 1AAQ (A 3V _
JHP — 11.5%7, J.JJ U, Jlly, “JHpP — 11.%), LTRUVLING U 10000 Uy, V(P & 4101, 1%0.0, 190./, 1990 U, CJ(CP —
10.9); 138.0; 130.9 (d, 3Jcp = 2.4); 129.0; 128.2; 127.1; 126.8; 124.8 (d, 2Jcp = 7.3); 124.2 ; 121.9; 119.0;

97.3 (d, 1Jcp = 201.1); 90.6; 52.3 (d, 2Jcp = 5.6); 52.2 (d, 2Jcp = 5.5); 51.2. Anal Calcd for
C23H23N204P,1H20%*: C, 62.72; H, 5.72; N, 6.36; P, 7.03. Found: C, 62.89; H, 5.47; N, 6.32; P, 6.80.
*Identical microanalyses were obtained with samples of 9g prepared by independent experiments.

Thea; ol rete naf 10 Tima nf Aanamnacitinn 85 8 h Derifinatinn nf tha ragidiia hy ahenmntaseamher an ailina aal
eIk Si5 On 150 11 O GECOmMPOSsiiion, 5.0 . rufiniCaudn Of ui€ resique oy Ciiromaiograpny On Siica géi

ERSTITI I T RS- ORI TUUCSIE T I IR SRRV I S Y { el sl BTN

yieiaed <1 aner emnon wiiln euiyi aCelaie and uen v after elution with acenone—emyl 1€ DU OV

1,3-Dimethoxy-4-dimethylphosphono-1H-2-benzopyran (20)
Yield 398 mg (87 %). Oil. IR (Neat): 1600, 1570, 1490, 1310, 1255, 1075, 1040, 1025. 'H-RMN: & 7.77 (d,
1H, J = 8.0); 7.38-7.11 (m, 3H); 6.05 (s, 1H); 4.00 (s, 3H); 3.75 (d, 3H, 3Jyp = 11.5); 3.71 (d, 3H, 3Jyp =
11.4); 3.62 (s, 3H). 13C-RMN: & 163.6 (d, 2Jcp = 13.1); 130.6 (d, 2Jcp = 7.7); 129.7; 125.1 (d, 4Icp = 1.0);
124.6; 124.2 d, 3Jcp = 9.9); 124.2 (d, 4Icp = 2.0); 103.3; 76.0 (d, Ucp = 206.7); 56.7; 55.9; 52.2 (d, 2Jcp =
5.1); 52.0 (d, 2Jcp = 5.3). Anal Caled for C13Hy706P: C, 52.00; H, 5.71; P, 10.32. Found: C, 51.90; H, 5.72;
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10.6); 3.76 (s,
135.1 (d, 3Jcp = 2. 8) 130.3; 126.9; 124.0; 86. 2 (d 1Jcp = 159.8); 80.3 (d 2Jcp 74) 597 56.9 (d Jcp =
13.0); 54.6 (d, 2Jcp = 7.1); 54.2 (d, 2Jcp = 7.0). Anal Caled for Cy13H170¢P: C, 52.00; H, 5.71; P, 10.32.
Found: C, 52.12; H, 5.76; P, 9.94,

Thermolysis of 27: Time of decomposition, 2 h. After evaporation of toluene, anhydrous methanol (25 mL)
and Amberiyst® 15 resin (2.3 g) were added to the residue. The mixture was gently stirred for 6 h. The resin
was filtered off and rinsed through with methanol. Methanol was then evaporated in vacuo. Purification of the
residue by chromatography on silica gel yielded 29 after elution with pentane-ethyl acetate 10:90.
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d-dimethylphosphono-i-methoxy-1H-thieno[3,2-c/[pyran (29)
Yield 136 mg (45 %). Oil. IR (Neat): 1585, 1440, 1265, 1105, 1065, 1025. 1H-RMN: & 7.37 (d, 1H, 3Jgp =
9.0); 7.27 (d, 1H,J = 5.2); 6.96 (dd, 1H,J =5.2,] = 1.4); 6.37 (s, 1H); 3.78 (d, 3H, 3Jyp = 11.4); 3.76 (d,
3H, 3Jyp = 11.4); 3.50 (s, 3H). 13C-RMN: 8 151.8 (d, 2Jcp = 21.3); 130.0 (d, 2Icp = 4.5); 125.9 (d, 2Jcp =
9.5); 125.0; 124.2; 99.1; 98.9 (d, Ucp = 207.5); 54.9; 52.7 (d, 2Jcp = 4.8); 52.6 (d, 2Jcp = 4.8). Anal Calcd

for C1oH1305PS: C, 43.48; H, 4.74; P, 11.21; S, 11.61. Found: C, 43.32; H, 4.79; P, 10.53; S, 11.18.

SYNTHESIS OF 1H-2-BENZOPYRANS (13a,14a,15), 8H-PYRANOI|3,4-b]JPYRIDINE (13b)
AND ISOQUINOLINE (16) FROM AMINALS (9¢.g)

DRaastinn of 0n ar Go with watar: THER (20 mI ) and 1004 aniianiie hudenahloacin anld 2 T ) oo addad 40
RCaLUUL U1 FU U 7g willl waltr, 11040 WV Ty aliG 1v7/0 aueldus nyaroCiuori CiQ O ML) WESs aaded u
Qo (EAQ e 1 D ceca 1Y 0 O /EAQ = 1 2 1\ T ) o~

9¢ (040 mg, 1.3 mmolj or $g (545 mg, 1.3 mmol). The mixture was siirred for 3.5 h {c) 6h (g) at room

temperature. A saturated solution of aqueous sodium hydrogenocarbonate (20 mL) was then added. The aqueous

phase was extracted with ethyl acetate [3 x 50 mL (c)] or [10 x 40 mL (g)]. The organic layers were washed with

brine, dried, filtered and concentrated in vacuo. The residue which was purified by chromatography eluting with

pentane-ethyl acetate 20:80 to afford 13a or with ethyl acetate-methanol 95:5 to afford 13b.
4-Dimethylphosphono-1-hydroxy-1H-2-benzopyran (13a)

Yield 233 mg (70 %). Mp = 119-120°C. IR (CHCl3): 3240, 1610, 1570, 1490, 1450, 1250, 1130, 1060, 1030.

1H-RMN: § 7.53-7.26 (m, 5H); 6.47 (d, 1H,J = 6.0); 5.74 (d, 1H exchangeable with D20, J = 6.0); 3.75 (d,

,,,,,,, 411 Lalidilroalllc

3H, 3Jyp = 11.4); 3.73 (d, 3H, 3Jgp = 11.4). 13C-RMN: 3 155.9 (d, 2Jcp = 22.3); 129.5; 128.0 (d, 3Jcp =

1IN O 19777, 19£ 1 64 4T~ — 1 AV 198 8 (3 2T~ — " EXN. 192 A i1 Ar_kﬁn 4): 160.5 (d 11 Ann N,
iV,0), 1&/.7; 120.1 {4, "JCP = L.4), 1400 WO, UCP = 7.JJ;, 1£3.4 {Q, "JCP = <.4); 1UU.D \Q, *JCPp = 2UU.U);
93.8; 52.6 (d, 2Jcp = 5.0); 52.5 (d, 2Jcp = 5.0). Anal Calced for C11H1305P: C, 51.57; H, 5.11; P, 12.09.

Found: C, 51.46; H, 5.19; P, 11.74.

S5-Dimethylphosphono-8-hydroxy-8H-pyrano[3,4-b]pyridine (13b)
Yield 284 mg (85 %). Mp = 138-139°C. IR (CHCl3): 3200, 1600, 1555, 1440, 1250, 1135, 1055, 1015. !H-
RMN: 8 8.51 (dd, 1H,J = 4.9,J = 1.5); 7.93 (dd, 1H, J = 8.1, J = 1.4); 7.97 (1H exchangeable with D20);
7.54 (d, 1H, 3Jyp = 9.2); 7.37 (dd, 1H,J = 8.1, J = 4.9); 6.60 (s, 1H); 3.78 (d, 3H, 3Jyp = 11.4); 3.77 (d,
3H, 3Jup = 11.4). 13C-RMN: & 158.4 (d, 2cp = 21.3); 147.9; 146.5 (d, 3Jcp = 11.0); 131.9 (d, 3Jcp = 2.2);
124.6; 122.5 (4, 2

Fah+} 7 Faks) M Q - 5 Fad s} 81
Wy Ay, vir [=7 2% -y YL y STy y vV Jedsa iuy Vi iuoSuvndl
Alsamirad far tha s avath o grasima Aaal MNalad A O 1T _NN_D. i AL TN LY ATNH. W £ AZ. D 19 N4
VUDCLVEU LUL LHT WU HICTUIVAY BIUUPD. Ndldl Vallld 100 VJI1]Z2INUHED. L, 40,7V, I1, 4./VU, I\, V.90, I, 14.U4

ethoxy
Found: C, 46.57; H, 4.73; N, 5.37; P, 11.83.

Reaction of 9¢ with methanol: To a solution of 9¢ (627 mg, 1.5 mmol) in anhydrous methanol (20 mL)
was added Amberlyst® 15 resin (2 g). The mixture was gently stirred for 12 h. The resin was filtered off and
rinsed through with methanol. Methanol was then evaporated in vacuo. Purification of the residue by

chraomataoranhv on cilica ool vieldad 14a after slution with nontana_sthvl acatata AN AN
\rluv‘ll“bvbl“t"‘»: /AL JilAwv s b\/l JAVA\-!W ATWES UL W\L WIMBLIVIL YY LWL y\r‘l'ml‘ \II“JL Uikl TTU.Uv
A Nlesenslessloelomnonmlensean 1 sesndlene | 2 SN JI NNy 11 A)
#'Ulmvlli_)’ IPRUSPRURU L ~IRELNUVA Yy~ 1T & ”U”zupj’u’l (F&l’7]

i :
7.56-7.22 (m, 5H); 6.06 (s, 1H); 3.76 (d, 3H, 3Jyp = 11.4); 3.74 (d, 3H, 3Jyp = 11.4);
RMN: & 154.9 (d, ZJcp = 21.8); 129.8; 127.7; 126.5; 126.3 (d, 4cp = 1.4); 125.9 (d, 2 cp = 7.2); 123.7 (d,
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4Jcp = 2.5); 102.0 (d, 1cp = 198.2); 99.8; 52.7; 52.4 (d, ZJcp = 5.0); 52.3 (d, Z2Jcp = 5.0). Anal Calcd for
C12H1505P: C, 53.34; H, 5.60; P, 11.46. Found: C, 52.93; H, 5.57; P, 10.88.

Reaction of 9¢ with thiophenol: To a solution of 9¢ (380 mg, 0.90 mmol) and thiophenol (0.5 mL, 5.4
mmol) in anhydrous methanol (30 mL) was added Amberlyst® 15 resin (2 g). The mixture was gently stirred for
1 h. The resin was filtered off and rinsed through with methanol. Methanol was then evaporated in vacuo.
Purification of the residue by chromatography on silica gel yielded 15 after elution with ethyl acetate.

4-Dimethylphosphono-1-phenylthio-1H-2-benzopyran (15)
Yield 276 mg (88 %). Qil. IR (CHCI3): 1600, 1580, 1445, 1250, 1125, 1055, 1030. 1H-RMN: § 7.51-7.41 (m,
I 7 287 12 (m 7H). & {s. 1H): 3.72 (d. 3H. 3Jup = 11.4): 3.71 (d. 3H 3Jup = 11.4). 13C.RMN: §
JEKR]y . JJITF AT\ i Jy \Oy Liafy Jof Wy JIly, TUHP & 1415, Jdid Uy Ui, TUHP — 11.59). N TANAVEIN, U

.1; 128.3; 128.0; 126.6 (d, 3Jcp = 10.4); 126.3 (d, 2cp =

7.2); 125.4 (d, 4Jcp = 1.4); 123.9 (d, 4Jcp = 2.3); 104.0 (d, HJcp = 196.6); 87.0; 52.5 (d, 2cp = 4.4); 52.4
(d, ZJcp = 4.5). Anal Caled for C17H1704PS: C, 58.61; H, 4.92; P, 8.89. Found: C, 58.34; H, 4.97; P, 8.54.

Reaction of 9¢ with ammonia: To a stirred solution of 9¢ (410 mg, 0.97 mmol) in anhydrous methanol (10

mT )} snnled in a watar_ice hath wag added drnwice 28 04 aauanue ammania (10 mI ) Tha mivthirs wac than

114 WANJINVAL 11l G VY LWL LW AL VY WD LAY LW T LN &w\J /U u\lu\:\l\lﬂ GIIANIEJ/EMG 1V 1112y A 1IN L1AAANARLAL N VY CAD kiiwll
el €m Dl tha tncnaenties hotng Lant sadas 10 0 M aaele o Ty Tt

\mrw 10L & 11, UIC WIIl Lal DCHLIY RCUL WIUCT 1V U, 11l llculmlul was t:VdeldI.t:u ‘” vacuo. 1ne Ivbluuc was

extracted with ethyl acetate. The organic layers were washed with brine, dried over sodium sulfate and evaporated
in vacuo. Purification of the residue by chromatography on silica gel yielded 16 after elution with ethyl acetate-
methanol 95:5.
4-Dimethylphosphonoisoquinoline (16)

Yield 179 mg (78 %). Mp = 42-43°C. IR (CHCl3): 1620, 1570, 1495, 1445, 1260, 1060, 1030. IH-RMN: &
9.42 (d, 1H, J = 2.3); 9.06 (d, 1H, 3Jyp = 9.4); 8.45 (bd, 1H, J = 8.6); 8.06 (bd, 1H, J = 8.1); 7.89-7.81 (m,
1H); 7.71 (d, 1H, J = 8.1,J = 1.0); 3.84 (d, 6H, 3Jyp = 11.3). 13C-RMN: 8 157.6 (d, 4Jcp = 2.4); 149.5 (d,
2Jcp = 12.1); 135.1 (d, 2Jcp = 9.3); 132.1 (d, Ucp = 1.0); 128.6 (d, 3Jcp = 1.4); 128.3; 128.1; 125.7 (d, 4Ucp

—AM: 1174 (A 1TAn = 1242 820 (A 2T~ = R RY Anal Oalad far O H. ANOD. O S8 70- H 5§10 N
= 4.4U), 11/7.4 Q, *UCP = 104.0), J&4.7 \G, SuCP = 3.3J. Anal LaiCa ior u11111¢11v31 %y JTGFU, Thy J.1U, 1Y,
FOA1. T 1INL T A, AN, I 2 1R 207 D 17 M
YL, 13.U0. I'ounda. L, 020.¥¥%, 11, J2.10, N, 2.¥/, I', 1£./VU,
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It is to be noticed that the RO-C(1)-0-C(3)=C(4)-Cy structural part of compound 14b is present in the
iridoid skeleton. For a review on iridoids, see: Boros, C.A.; Stermitz, F.R. J. Nat. Prod. 1990, 53,
1055-1147 and 1991, 54, 1173-1246.

The methyl 2-(dimethoxymethyl)benzoate 17 was prepared according to the following reference: Smith,
J.G.; Dibble, P.W. J. Org. Chem. 1983, 48, 5361-5362.

Rasmussen, P.B.; Bewadt, S. Synthesis, 1989, 114-117.
Mulzer, J.; Trauner, D.; Bats, J.W. Angew. Chem. Int. Ed. Encl 1996
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I'OI' me rearrangemem (6] ()XU'Illul'l'l yuuea lU['ﬂ'lCU Dy mlrdmmecuxdr reaction De[WBEIl a Keldl dIlu a
metallocarbene, see: a) Roscamp, EJ.; Johnson, J.R. J. Am. Chem. Soc. 1986, 108, 6062-6063. b)
Brogan, J.B.; Bauer, C.B.; Rogers, R.D.; Zercher, C.K. Tetrahedron Lett. 1996, 37, 5053-5056. c)
Brogan, J.B.; Zercher, C.K.; Bauer, C.B.; Rogers, R.D. J. Org. Chem. 1997, 62, 3902-3909.
Nilsen, B.P.; Undheim, K. Acta Chem. Scand. B 1976, 30, 619-623.

Deady, L.W.; Quazi, N.H. Synth. Commun. 1995, 25, 309-320.

The facile hydrolysis of the 5-dimethylphosphono-8-methoxy-8H-pyrano[3,4-b]pyridine into 13b
occured during work up in alkaline medium (which, in this case, is necessary to neutralize the

nyridinium calt) in nrecance nf water intraoduced in the madium hv the aminal ag ran he nrecumed from
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Treatment of the residue, obtained after thermolysis of 22, with methanol and acidic resin followed by
work up, afforded a mixture from which no methoxy- or hydroxyfuropyran derivatives could be isolated
or even detected.

The thermolysis (in refluxing toluene for 4h) of diazophosphonate 22 (1 g) obtained in a similar manner
as its analog 6g, afforded after chromatographic purification on silica gel 0.15 g (yield = 11 %, Mp =
61-63 °C) of amide 23 whose structure was supported by the following pertinent spectral data. IR
(CHCl3): 1650, 1590 cm-1. IH-RMN: (20 aromatic protons + 3 methylenes resonances); CH-PO(OMe);

inladnd® 4

at 8 4.23 (2Jyp = 21.6); CH-PO(OMe); at & 3.85 (3Jyp = 10.9) and at § 3.55 (3Jygp = 10.9). 13C-RMN:
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C=0 at § 166.7 (2Jcp = 2.8); CH-PO(OMe)2 at & 54.2 ((Jcp = 6.5) and & 53.1 (Jcp = 7.1); CH-
PO(OMe)z at 6 40.2 (Lcp = 144.7).

If diazophosphonate 2Z was thermolyzed in the presence of one equivalent of benzylphenylamine, the
same amide as 23 was obtained in a 45 % yield, the identity between both products being evidenced by
the similarity of their melting poins, IR and NMR spectra.

The structure of amide 31 (Mp = 173-174 °C) was supported by the following pertinent spectral data. IR
(CHCl3): 1650, 1590 cm-1. 'H-RMN: (20 aromatic protons + 3 methylenes resonances); CH-PO(OMe);
at §4.55 (2Jup = 21.9); CH-PO(OMe); at 8 3.93 (3Jyp = 10.9) and at 8 3.59 (3Jgp = 10.9). 13C-RMN:
C=0 at & 166.9 2Jcp = 2.4); CH-PO(OMe); at 8 54.5 (CJcp = 6.5) and & 53.1 lcp = 7.2); CH-
PO(OMe)s at & 44.2 (1jp = 144.4).
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The hemiacetal 30 appears to be unstable, presumably because in acidic medium its open tautomer (either
aldehyde-enol or diaidehyde) is preferred and can react to give unidentified products.

Regitz, M.; Hocker, J.; Liedhegener, A. Org. Synth. 1973, Coll. Vol. 5, 179.

For explosive hazard of diazo-transfer reagents, see: Bollinger, F.W.; Tuma, L.D. Synlett, 1996, 407-
413.



