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The nitrogen-based nucleophile generated from azodicarboxylate and triphenylphosphine displayed an excellent reactivity toward carbonyl
compounds to generate a variety of different final products depending on the substituent pattern on the carbonyl carbon. From the structures
of these adducts, a straightforward mechanistic interpretation for the formation of different products is provided.

The Mitsunobu reaction is a versatile synthetic method synthesis of vinyl hydrazines from simple ketones under
mainly involved in the transformation of -@OH to C—X Mitsunonu condition$.

bond (X= 0O, N, S, C) with either inversion or retention of In the reaction between alcohbland2 to form 3 under
stereochemistry In general, the outcome of this reaction is typical Mitsunobu conditions, unexpected transformatidns (
very reliable and straightforward, but unexpected results wereto 4 and 5) were observed by Miller and Kolasa (Scheme
often observed probably due to the side reactions that involve1).?

the oxidation of the substrate alcohol to carbonyl compounds

followed by their subsequent reactidMotwithstanding the _

participation of the carbonyls in the Mitsunobu reaction, the Scheme 1
reaction between carbonyls and the nucleophilic species Ph OMe
known as the MorrisorBrunn—Huisgen betairfegenerated Troe. OB _}=<O
from RROCN=NCQR and PR} has not been studied oH N , Troey OB FPOCT N
thoroughly. Only recently Liu and co-workers reported the (k H\ CO,i-Pr
[ CO,Me PPha, ICOzi—PI’ CO,Me 4 (20%)
(1) Reviews: (a) Mitsunobu, Gsynthesisl981, 1. (b) Hughes, D. L. 1 ) NN H
Org. Prep. Proced. Int1996,28, 127. Mechanistic studies (c) Hughes, D. EPro,C 3(43%)  piprosC. N
L. Org. React.1992,42, 335. (d) Camp, D.; Jenkins, I..D. Org. Chem. N™ COzPr
1989,54, 3045. (e) Camp, D.; Jenkins, |. D.Org. Chem1989,54, 3049. F’h\/l\co Me
(f) Wilson, S. R.; Perez, J.; Pasternak, A.Am. Chem. S0d.993,115, 2
1994. (g) Hughes, D. L.; Reamer, R. A.Org. Chem1996,61, 2967. (h) 5 (11%)

Watanabe, T.; Gridnev, I. D.; Imamoto, Chirality 200Q 12, 346. (i) Ahn,
C.; Correia, R.; DeShong, B. Org. Chem2002,67, 1751. (j) McNulty,
J.; Capretta, A.; Laritchev, V.; Dyck, J.; Robertson, AAhgew. Chem.,
:;m'ngéjg',Z(F)O&ﬁz'd‘los}' k) Dinsfmore ’(\:A._ J.; Mtte)rcer, S.®rg. Lett.%())OT4, ] In their report, a mechanistic rationale was provided on
: . For the development of new Mitsunobu reagents, see: sunoda ; _ ;
T lto, S.J. Synth. Org. Chem. JpA997,50, 631. the basis of an unusual sequence of bond-forming processes
(2) (@) Kolasa, T.; Miller, M. J.J. Org. Chem 1987, 52, 4978. (b)

Kurihara, T.; Sugizaki, M.; Kime, |.; Wada, M.; Mitsunobu, Bull. Chem. (4) (@) Liu, Y.; Xu, C.; Liu, L. Synthesis2003, 1335. For other
Soc. Jpnl1981,54, 2107. vinylhydrazine dicarboxylates synthesis, see: (b) Kabalka, G. W.; Guchhait,
(3) Satish Kumar, N.; Praveen Kumar, K.; Pavan Kumar, K. V. P.; S. K.Org. Lett.2003,5, 4129. (c) Lee, C. B.; Newman, R. J. J.; Taylor, D.
Kommana, P.; Vittal, J. J.; Kumara Swamy, K. .Org. Chem2004,69, R.J. Chem. Soc., Perkin Trans1976, 1161. (d) Bloch, J. Qetrahedron

1880. 1969,25, 619.
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Scheme 2 Table 1. Reactions of Mitsunobu Reagent withKetoesters
o ) and a-Diketones
OH A CO-Pr
N Hk n=N entry  ketone (1) product (2) yield (%)
COzMe COMe oo, _
Ph Fh 6 PPhs 0 OR
L. )H]/OME ’N,N=<O 10a(R=i-Pr) 90
RO,C YR =
ll 2 9a O Ph>ﬁrOMe 10a'(R=Bn) 71
Oi-Pr .
+ __COgiPr . COaPr °
o7 LNt Pk N BN o OR
B L N—CO-Pr «—| O _N—-COzPr | Ph&’i‘coﬂ'” 3 oMo N=( 10b (R=i-Pr) 86
MeOzC?io &OZMe §) CcOaMe 4 )Jﬁ( ROLMNAO oye  106'(R=Bn) 83
Ph +PPhy ob 0
+ PPhs 7 o)
Of-Pr
Cyclization Qi-Pr Elimination o ;\l=<
N:g 5 5 OMe iprojcNy 0 ome  10c 93
FPro,c—N MeO. 0
PhR<COZMe U e MeO. o]
8 0 OR
6 9 N=( 10d R=iPr) 72
7 )JY ROQC’N>ﬂO( 10d’ (R = Bn) 55
. . . . . . 0
in combination with spectroscopic evidence to support the od 0
identity of products4 and5. Intrigued by this observation, o oiPr "
we systematically studied the reactivity of the Morrison )J\n/\ T T
Brunn—Huisgen betaine toward carbonyl compounds pos- 2 I iPrO,C Ny O 56
sessing different electronic and steric environments. Herein Se 106 o 0
we wish to report the general reactivity profile of this betaine _ 11 (30%)
leading to different end products and the associated mecha- 0 P N oipr
nistic rationale. , 0 AN
2 0 o)
We suspected that the unexpected proddietsd5 should ° ,,,OH f i 1of 7
. . . . W H
be derived from a common intermediate that contains the of glo

ketone oxidation state at tlecarbon to the ester functional-
ity. As shown in Scheme 2, the starting alcoiavas first 2 All reactions were carried out in THF (0.5 M) with azodicarboxylate
oxidized under the conditions to the corresponding ketone (-2 84ulv) and PRA(LS equiv) at room temperature.

6, which then underwent a nucleophilic addition by a nitrogen

nucleophile generated from azodicarboxylate and triphen- 53,4100 from the reaction by DIAD or DBAD together with
ylphosphine (PPj to give a penultimate intermediafeThe  ppp, in 86% and 83% vields, respectively. Additional ester
influence exerted by the substituents/will then determine functionality on the substrate did not interfere with the
its fate, thereby leading to either an intramolecula2 S reaction, thereforec afforded10cin 93% yield.a-Diketone
process to givé® (not4) or an E2-like eliminatiohprocess g4 reacted only with one carbonyl group even in the presence

to giveS. Therefore, we decided to employketoesters and o excess reagents to provided and10d in 72% and 55%
a-diketones as the substrates to examine the addition reaction

of the Mitsunobu reagent to the activated carbégybup.
Gratifyingly, a clean conversion of-ketoester®a—c and
o-diketone9d—f was observed to give a 1:1 adduct between
substrates and azodicarboxylate when treated with diisopro-
pyl azodicarboxylate (DIAD) and PR(iTable 1). Substrate
9a afforded a single product in 90% yield (entry 1). Based
on the spectroscopic characteristics of this compound as well
as the mechanistic consideration depicted in Scheme 2, we
assigned the compound &6a, the structure of which was
confirmed by X-ray diffraction analysis (Figure 1). Dibenzyl
azodicarboxylate (DBAD) and PRave a similar product
10a’ (71%) differing only by the alkyl group on the
azodicarboxylate (entry 2). Methyl pyruva®bd gave 10b’

(5) This type of cyclic structure was also generated from a different route;
see: Mukaiyama, T.; Atsumi, K.; Takeda, Them. Lett1976, 597. .
(6) Although an intramolecular proton abstraction is indicated, that does Figure 1. CompoundlOa.
not exclude the intermolecular process.
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Table 2. Reactions of Mitsunobu Reagent with Ketohes

entry ketones product yield (%)
1 )\/\/ko )\/\/“\ N NCO,i-Pr 86
13a COz/ Pr
2 N~ \COZI pr 69
13b COZI Pr
Ph
H
3 4 O = | \cozz Pr 74
12¢ 13¢c CO2-Pr
H
48
4 QO Q\N'N\COZBn
12d 13d  do,en

Figure 2. Compoundl0f. | |
H
5 o NNScoyier 7

yields. As expected, unsymmetricatdiketone9e reacted _A CO-Pr

on the less hindered carbonyl to yiel@eas well as an E2 12e H

elimination productL1in 30% yield8 At this point it is not 0 FPrO2Cs\Naco,ipr

clear what causes more facile elimination widacompared “ 81
to other substrates. A cyclie-diketone9f gave the adduct 7 O‘

10f uneventfully in 79% yield even in the presence of the 12f 13f

hydroxyl group. The single-crystal X-ray analysis confirms )\/\/k/k H

the regio- and stereochemical consequencéGff(Figure 8 N o S = ’N‘cozi-Pr 50
2). However, the stereochemistry at the newly formed Cozipr

quaternary center is the opposite to the expected configu-
ration based on the initial addition of the nitrogen nucleophile ¢
from the sterically less hindered face of the carbonyl group

followed by the inversion during the intramoleculag2s
type ring closure. This may be the result of thermodynamic 4, \COZ, e 83
equilibrium to place the sterically hindered carboxylate in c02/ Pr

\COZI Pr 54
002/ -Pr

the same orientation as the methylene bridge and not the
gem-dimethyl methylene bridge. This eventually allows for G*O
hydrogen bonding between the hydroxyl and the carboxylate. 11
Next, we examined the elimination versus the cyclization 12
selectivity with other types of ketoné#dditional selectivity
concern was the regioselectivity if elimination occurred from
the intermediate derived from unsymmetical ketoneseizd 0 N ~c021 Pr
selectivity of the resultant enamine-like double bond if the 12k $0gipr
substrates a“? not methyl ketones. . . a All reactions were carried out in THF (0.5 M) with 1.2 equiv of DIAD
Unsymmetrical acyclic ketones2a—b provided single and 1.5 equiv of PPhat room temperature.
regioisomersl3a—b in 86% and 69% vyield respectively
(Table 2) when treated with DIAD and Pfih THF, which
is the consequence of a regioselective E2-like elimination reaction conditions, 1,4-addition to the conjugated alkyne
of triphenylphosphine oxide by the proton abstraction from did not occur. Cyclic ketonek2d—f behave similarly to give
the sterically less hindered carbon in the corresponding the elimination productd3d—fin marginal to good yields
intermediate related td (entries 1 and 2). An alkyl alkynyl ~ (entries 4—7). Conjugated enon&3g—j showed a similar
ketone 12c provided E-isomer selectively (entry 3), the behavior to generate 1,3-dien&8g—j (entries 8—11) in a
stereochemistry of which was deduced from the NOE reasonable range of yields (583%):° Again, the probable

experiment of related compoun@ifnterestingly, under the ~ 1,4-addition products were not observed in this reaction.
Cyclic conjugated keton&2k, possessing only-protons to

(7) The spectroscopic data bdb are identical to those df3bin ref 2a, be eliminated, provided a conjugated 1,3-did3& in 65%
one of compounds assigned4gossessing methyl instead of benzyl group. ; ;

(8) The same type of compounds was synthesized from ethyl vinyl ketone yleld asa smgle product (entry 12)'
and azodicarboxylate via MoriteBaylis—Hillman reaction; see: Kamimura,
A.; Gunjigake, Y.; Mitsudera, H.; Yokoyama, $etrahedron. Lett1998, (9) CompoundL3i shows strong NOE between the methyl and a vinyl
39, 7323. proton, indicating the stereochemistry shown in the structure.

N’ SCOL-Pr 75
C02/ -Pr

60
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Table 3. Reactions of Mitsunobu Reagent with Aldehydes

entry aldehyde product yield (%)
(IZOZI-Pr
FPIO,C. NH
1 /\M /\/\)\ ~CO,i-Pr
15a COZI Pr
COi-Pr
PrO,C. _NH
H NN y
/\M /\_/\)\ 46
—_— — -N
2 CyHyy O C3Hqf N “COgi-Pr
14b 15b  CO,i-Pr
(|302I—Pr
i-PrO,C /NH
° i M N
N
/\/go X ']l “CO,i-Pr 67
CO,i-P
14c 15¢ 2T
(|302i-Pr
i-PrO,C.
H 2 \N’NH
)\/\M )\/\)\)\ N %
4 0 N X hll‘ ~C0,i-Pr
14d 154 COaPr
COzr -Pr
i-PrO,C ,NH
7 CO2i—Pr 70
COzl -Pr

aReactions with DIAD (1.2 equiv) and PPl.5 equiv) in THF (0.5
M) at room temperature.With an excess DIAD and PRh

Scheme 3
+ i PPhy L OZPr -PrO,C. '
— CO2-Pr _ 21 +Pro; O2i-Pr
PhoR N 2= “NH N
NN
° u@\cozlzpr KN) COAPr iprose” Y cosr
R R
16
-PrO, G 15
=N
)} CouPr
PhsP 2

influenced the fate of the reactive intermediate generated
along the reaction. The selectivity between several possible
reaction manifolds is generally high, thereby providing one

major end product. This reaction is a useful synthetic tool

to prepare nitrogen-containing olefins. Especially, the reac-
tion of conjugated ketones should be an efficient method

for the synthesis of 1,3-dienes containing nitrogen substit-
uents.
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The reaction of aldehyddsta—e with Mitsunobu reagent
took another course of reaction to generaa—e, a 1:2
adduct of aldehydes with azodicarboxylate (Table 3). This

(10) For other methods for the preparation of 1,3-dienes, see: (a)
Barluenga, J.; Aznar, F.; Valdes, C.; Martin, F.; Garcia-Granda, S.; Martin,
E.J. Am. Chem. S0d993,15, 4403. (b) Enders, D.; Meyer, O.; Raabe, G.
Synthesid€992 1242. (c) Benedetti, F.; Pitacco, G.; ValentinTetrahedron
1979,35, 2293. (d) Barluenga, J.; Aznar, F.; Liz, R.; Cabal, MChem.
Soc., Chem. Commui985 20, 1375. (e) Barluenga, J.; Merino, |.; Palacios,

is presumably due to the reduced steric hindrance of theF. Tetrahedron Lett1990,31, 6713. (f) Veronese, A. C.; Morelli, C. F.;

putative intermediat&6, which generates a new intermediate
17 by extruding triphenylphosphine oxide, thereby allowing
for an addition of another nitrogen nucleophile (Schemg 3).
A similar adduct formation was observed by Liu and co-
workers when acetone was used as a carbonyl subdtrate.
In summary, we have examined and found a genera
reactivity profile of a variety of carbonyl compounds with

the nitrogen nucleophile derived from azodicarboxylate and
triphenylphosphine. The different steric and stereoelectronic
effects exerted by the substituents on the carbonyl group
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Basato, M.Tetrahedror2002,58, 9709. (g) Maas, G.; Mayer ByntheS|s
1991, 1209. (h) Mass, G.; Brunner, Bynthesid4995, 957 (i) Enders, D;
Hecker, P.; Meyer, OTetrahedrorTl996,52, 2909. (j) David, O.; Vanucci-
Bacque, CHeterocycle2004,62, 839.
(11) We appreciate the comment from one of the reviewers, suggesting

alternative mechanistic rationale for the formation of different produds (

11, 13, 15) from the common intermediat® due to the stability and

| reactivity difference caused by the substituent R ahd R
OR"

N=(
+17

R'0,C~Ny O
o
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— 10,11,13,15
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