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Vinyl diazophosphonates can be stereoselectively synthesized and, depending upon their substitution pattern, undergo intramolecular C—H
insertion reactions or sulfonium ylide rearrangements when exposed to Rhy(OAc),.

Despite the important role that phosphonates play in
synthetic and medicinal chemistry,"? vinyldiazophospho-
nates have received relatively little attention from the chem-
ical synthesis community.®> We believe that this has been at
least partly due to the inability of simple vinyl and allyl
phosphonates to undergo diazo transfer chemistry (Scheme 1).
From an interest in utilizing vinyldiazophosphonates as
precursors to more elaborate structures, we became fasci-
nated by the possibility that phosphonocrotonates might
enable us to overcome the diazo transfer limitation. Our
initial results in this area are described here.

After finding that the parent diethylphosphonocroto-
nate 4 does not undergo selective diazo transfer chemistry
when treated with p-acetamidobenzenesulfonyl azide (ABSA)
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and base,* we turned to the corresponding substituted
variants.

Scheme 1. Diazophosphonates from Diazotransfer?
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The 2002 report by Solberghe and Marko of the stereo-
selective synthesis of a number of monoalkyl substituted
phosphonocrotonates from the anionic alkylation of phos-
phonocrotonate 4 was critical to the success of this work.’
As indicated in Table 1, by subjecting 4 to LIHMDS and
primary alkyl halides and triflates, we were able to generate

(5) Solberghe, G. F.; Marko, 1. E. Tetrahedron Lett. 2002, 43, 5061—
5065.



Table 1. Vinyl Diazophosphonate Synthesis

LiHMDS, THF R ABSA. DB R N
Meozc/\“/\P(O)(OEt)z AX MeOQCJX\P(O)(OEt)Q %’ MeOQC)T\szJB\P(O)(OEt)Q
entry RX R phosphonocrotonate  yield diazo yield
1 CHl CHs 5 75% 12 60%
2 CH4CHl CH4CH 6 33% 13 75%
3 CHyCH,CH,l CH4CH,CH, 7 35% 14 78%
4 (CHg),CHCH,l  (CHg),CHCH, 8 20% 15 74%
5  PhCH,CH,OTI PhCH,CH, 9 50% 16 75%
6 ZAToTt AN 10 46% 17 76%
7 TBSOJVOTf TBSO % 11 50% 18 83%

monoalkylated phosphonocrotonates 5—11. Although the
yields for the alkylation reactions generally fell in the low
to moderate range, the relatively facile separation of 5—11
from the major byproduct of the reaction, the correspond-
ing dialkylated phosphonocrotonates, made these trans-
formations synthetically useful. Of additional note is that
phosphonocrotonates 5—11 were isolated exclusively as
the E-enoate isomer having the alkyl substituent a to the
ester. Having ready access to 5—11, we were prepared to
examine their conversion to the corresponding vinyl diazo
substrates. We were delighted to find this conversion to be
uneventful under standard diazo transfer conditions (DBU
and ABSA, Table 1).°

With the requisite diazo substrates in hand, we next ex-
plored their reactivity. From our interest in the synthesis of
quaternary substituted indolines from the coupling of
2-thioindoles with vinyl diazoesters,” we initially examined
the coupling of thioindole 19 with methyl-substituted phos-
phonate 12. The addition of 12 to a solution of 19 and Rh»-
(OAc), at rt resulted in the formation of vicinal quaternary-

Scheme 2. Diazophosphonate—Thioindole Coupling
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substituted indoline 20 in 87% isolated yield as a single
diastereomer (Scheme 2). As we have described previously
for the diazoester couplings,’ we believe that the reaction to
20 proceeds via sulfonium ylide intermediate 21 and a
subsequent [3,3] sigmatropic rearrangement. We were
impressed that the diazophosphonate coupling of 12 com-
pares favorably with the related diazoester reaction with
respect to yield and selectivity.

Scheme 3. Competitive C—H Insertion of 13
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In contrast to the results with 12, when ethyl-substituted
diazophosphonate 13 was exposed to Rhy(OAc)4and indole
19 we not only isolated the desired quaternary substituted
indoline 22 but also a significant quantity of cyclopentenyl
phosphonate 23 that presumably resulted from a compe-
titive intramolecular C—H insertion reaction (Scheme 3).
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Lett. 2001, 3, 2407.

701



Table 2. C—H Insertion Reactions of Vinyl Diazophosphonates

MeO,C
RCH, N, Rho(OAc), (5 mol %)
MeO,C~ X “P(O)OEt),  CH.Cly, 1t P(O)(OEt),
13-17 R’ R" 2327
entry R R R” cyclopentene dr yield (%)
1 CHs H H 23 67
2 CH3CH, Me H 24 5:1¢ 89
3  (CH;,CH CH, CH; 25 87
4  Bn Ph H 26 2:1° 78
5 allyl vinyl H 27 2:1¢ 82

“Determined by '"H NMR of the crude reaction mixture; * Deter-
mined by HPLC of the crude reaction mixture

The conversion to cyclopentene 23 could be improved
to 67% yield by simply carrying out the reaction in the
absence of thioindole 19 (Table 2, entry 1).

Scheme 4. Equilibration to trans-Phosphonates
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27 (R =vinyl, dr=2:1) 27 (R = vinyl, dr > 95:5)

While intramolecular C—H insertions of Rh carbenes
are well-known,® to the best of our knowledge very few of
these transformations have utilized vinyl diazo substrates
as precursors.”“® Additionally, very few C—H insertion
reactions of diazophosphonates have been reported.'® In
contrast, intermolecular C—H insertions of vinyl diazoe-
sters and O—H and N—H insertions of diazophosphonates
have been demonstrated to be powerful synthetic transforma-
tions."!~'? In light of this and because this transformation, if
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2003, /03, 2861-2903. (d) Taber, D. F.; Stiriba, S.-E. Chem.—Eur. J.
1998, 4, 990-992.
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24, 5453-5456.

(10) (a) Gois, P. M. P.; Candeias, N. R.; Afonso, C. A. M. J. Mol.
Catal. A: Chem. 2005, 227, 17-24. (b) Gois, P. M. P.; Afonso, C. A. M.
Eur. J. Org. Chem. 2003, 3798-3810. (c) Candeias, N. R.; Gois, P. M. P;
Afonso, C. A. M. Chem. Commun. 2005, 291-293. (d) Collomb, D.;
Chantegrel, B.; Deshayes, C. Tetrahedron 1996, 52, 10455-10472.

(11) For reviews see refs 8a—8c and: (a) Davies, H. M. L.; Walji,
A. M. Rhodium (IT)-Stabilized Carbenoids Containing Both Donor
and Acceptor Substituents. In Modern Rhodium-Catalyzed Organic
Reactions; Evans, P. A., Ed.; Wiley-VCH: Weinheim, 2005; pp 301—340.
(b) Taber, D. F.; Joshi, P. V. Cyclopentane Construction by Rhodium
(IT)-Mediated Intramolecular C—H Insertion. In Modern Rhodium-
Catalyzed Organic Reactions; Evans, P. A., Ed.; Wiley-VCH: Weinheim,
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general, would represent a powerful entry into structurally
rich cyclopentenyl phosphonates we opted to study its scope.
As illustrated in Table 2, alkyl, benzyl, and even homoallyl
diazophosphonates undergo C—H insertion reactions in high
yields to give the corresponding cyclopentenyl phosphonates
when exposed to catalytic Rhy(OAc),.

The mixture of cis- and trans-phosphonates 24, 26, and
27 were equilibrated to the trans diastereomer by simply
subjecting the mixture to DBU for 30 min (Scheme 4).

Scheme 5. Stereoselective C—H Insertion to 28
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Optically active phosphonocrotonate 18 also underwent
a C—H insertion reaction resulting in the generation of
cyclopentene 28 in 91% yield as a 3:2 mixture of diaste-
reomers (Scheme 5). We were pleased to find that the major
28 diastercomer existed as a single enantiomer. Based on
Taber’s precedent,'® we presume that the C—H insertion
reaction proceeded with retention of absolute configuration.

In summary, we have demonstrated both the synthesis
and the reactivity of vinyl diazophosphonates in C—H inser-
tions and sulfonium ylide transformations. Both reactions
deliver relatively complex substrates from simple starting
material. Our future efforts in this area will be focused
on examining the scope of vinyl diazophosphonate reactivity
and the application of the products from these efforts in the
synthesis of complex substrates including natural products.
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