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Review

Stereoselective Transformation from Conjugated Alkynone to
Nonconjugated (Z)- 3-Iodo-3-alken-1-one. Its Mechanism Study
and Application in Organic Synthesis

Fen-Tair Luo
Institute of Chemistry, Academia Sinica, Nankang, Taipei, Taiwan, Republic of China

Treatment of conjugated alkynone with sodium iodide, chlorotrimethylsi-
lane, and water in acetonitrile gave deconjugated (2)-3 -iodo-3-alken-1-one
in good yield and with high stereoselectivity (> 95%). Mechanistic study
showed that hydrogen iodide, generated from sodium iodide, chloro-
trimethylsilane and water, underwent regioselective addition to the conju-
gated ynone, e.g. 3-decyn-2-one, to form conjugated (E)-4-iodo-3-decen-2-
one and (2)-4-iodo-3-decen-2-one. Then, chlorotrimethylsilane catalyzed
the deconjugation reaction to form deconjugated (2)-4-iodo-4-decen-2-one.
The application of the above deconjugation reaction was demonstrated by
the stereoselective synthesis of (£)-a-alkylidene-y-butyrolactone, a plant
growth regulator, and the palladium-catalyzed cross coupling reactions of
(2)-4-iodo-4-decen-2 -one with organozinc chlorides.

INTRODUCTION

Recently, we have reported a one-pot conversion of terminal alkynes into gem-disubstituted
-alkenes by using in situ generated hydrogen iodide from Nal/TMSCI/H,O in MeCN and fol-
lowed by the cross coupling with organozinc compounds in the presence of Pd(PPhs), (eq 1).!
This method could provide a simple and useful method for the preparation of various gem-disub-
stituted-alkenes as a monomer for the preparation of polymers. We attempted to run hydrocyana-
tion by using CuCN instead of Nal in MeCN. However, we only found that the terminal acetylene
could transform into cyanoalkyne in good yield under CuCN/TMSCI/H,O and in the presence of
catalytic amount of Nal in DMSO/MeCN (3:1) as shown in eq 2.2

1. NalTMSCIH 20
inMeCN R
R—=——H > >=CH2 (eq 1)
2.RZnCl R
5 mol %
Pd(PPh3)4

R, R' = alkyl or aryl.
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CuCN/TMSCIH20
L in DMSOMeCN
R————H - Nl R—=—CN (eq2)
R =alkyl or anyl.

We then attempted to run hydroiodination on the conjugated ynone system in order to syn-
thesize conjugated 3-iodo-2-alken-1-one, which was a useful type of substrate for cuprate reagent
in running 1,4-addition and the following iodide elimination to form 3-substituted-2-alken-1-
one.” However, we only isolated (Z)-3-iodo-3-alken-1-one in good yield and with high stereose-
lectivity (= 95%) as shown in eq 3.* Since the synthesis of stereoselective 3-halo-3-alken-1-ones
is still a synthetic challenge. As to our knowledge, no other method could generate (£)-3-iodo-3-
alken-1-one with three useful functional groups in one-pot.> This method is becoming more use-
ful since it could provide a simple way to form (Z)-3-iodo-3-alken-1-ol system after reduction
with NaBH, in MeOH.® Since, recently, Corey has demonstrated the synthetic utility of 2-haloal-
lyl carbinols by a number of transformations.” Suzuki also reported the asymmetric synthesis of
2-bromohomoallylic alcohols and their application in organic synthesis of using tartrate ester of
(2-bromoallyl)boronic acid.® Normant and his co-workers also used 2-iodohomoallylic alcohols
in their metalla-Claisen rearrangement study to prepare stereoselective cyclopropane deriva-
tives.” Furthermore, this one-pot reaction could generate three useful functional groups for fur-
ther transformations.

NalTMSCVH 20

inMeCN n—<Cs '
nCe—=—COR > eq3
\=/\/U\R (eq3)

R =alkyi, aryl, H.

Attempted to form deconjugated propynoic acid derivatives under the similar reaction con-
ditions only resulted the direct stereoselective hydroiodination products with (Z)-configuration in
good yields as shown in eq 4. Under the same reaction conditions, 5-phenyl-3-pentyn-2-one
only gave direct stereoselective hydroiodination product, no deconjugation was observed.

NalTMSCVH 20
inMeCN R H
R—=—COR' : - '>=S(R' (eq 4)
R = alkyl, aryl. (0]

R' = OH, OMe, NEt 2.

MECHANISM

When we treated 1 equiv of 3-decyn-2-one with anhydrous HI, generated in situ by the ad-
dition of 1 equiv of TMSCI to 1 equiv of Nal in 1 M solution of MeCN and followed by the addi-
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tion of 0.5 equiv of H,0, (E)-4-iodo-3-decen-2-one and (Z)-4-iodo-3-decen-2-one'! could be gen-
erated in 2-4 h and in 54% and 37% yields, respectively. Only trace amount (< 5%) of deconju-
gated (Z)-4-iodo-4 -decen-2-one was detected by its crude "H-NMR spectral analysis. The prod-
ucts ratio did not change even prolonging the reaction time to 72 h. Without adding TMSCl in the
reaction, only starting material was recovered. No great changes in the product yields were ob-
served when we added 1 equlv of 1,4-benzoquinone prior to run the above reaction. Besides, us-
ing hexane instead of MeCN as the reaction solvent, no reaction was occurred. These results may
rule out the possibility that the reaction involved aradical process. Water also played an important
role in the reaction. In the absence of H,0, the starting material could be recovered in about 80%
yield after 3 h at rt. Using excess of H,O (2 equiv), (E)- 4-iodo-3-decen-2-one and (Z2)-4-iodo-3-
decen-2-one become the major products while (Z)-4-iodo-4-decen-2-one could be isolated only
in trace amount (< 5%). However, when we used 1.1 equiv instead of 1 equiv of TMSCI to run the
above reaction, (Z)-4-iodo-4-decen-2-one could be isolated in 76% yield in 4 h at rt along with
only trace amount of (E)-4-iodo-3-decen-2-one and (Z)-4 -iodo-3-decen-2-one as detected by 'H-
NMR spectral analysis. Thus, a little bit of excess TMSCI play an important role in this reaction.
So, we can make our suggestion that (E)-4-iodo-3-decen-2-one and (Z)-4-i0do-3-decen-2-one
were the real intermediates in the reaction and they were formed first through direct regioselec-
tive hydroiodination to the carbon-carbon triple bond. We also observed that TMSCI could be
used as a catalyst to deconjugate B-bromo (or iodo) substituted a.,B-unsaturated acyclic ketone to
form the corresponding (Z)-B,y-unsaturated ketones in good yields and with > 98% stereoselec-
tivities as shown in eq 5.2 The deconjugation process can be monitored by 'H-NMR spectral
analysis as shown in Fig. 1.

0
n—Cs>:)L cat. TMSCl  n-CsHyy x O
5
R T = =
R = alkyl, aryl.
X=Br, |l

We also observed that while the reaction of (E)-4-iodo-3-decen-2-one with 1 equiv of
TMSCI can be finished in 1 h, under the same concentration and conditions the corresponding
(Z)-isomer can be deconjugated completely in 30 min. The 'H-NMR spectra clearly showed that
both isomers gave almost the same mixture of (Z)- and (E)-4-iodo-3-decen-2-one with a ratio of
about 1to 2in 3 to 5 min. After prolonging the reaction time, both isomers were isomerized com-
pletely to the same product in 30 min to 1 h. We then proposed the mechanism for this deconju-
gation process as follows: TMSCI acts as a Lewis acid to activate both (E)- and (Z)-enone to form
silyl enol ether allylic cation intermediates. This equilibrium of (Z)- and (E)-isomers can be
reached very fast when TMSCI was regenerated. TMSCI can also act as a Lewis acid to activate
both enones. At this stage, the chloride anion acts as a weak base to abstract one of the two allytic
protons to form HCI and the silyl dienol ether intermediate. Since the allylic protons in the (Z)-
isomer has less steric hindrance than that of the (E)-isomer, they are more easily to be accessed
than that in the (E)-isomer by the chloride anion. Thus, the process of deconjugation for the (Z)-
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isomer was faster than the (E)-isomer. Since the coexistence of HCI and the silyl dienol ether are
inevitable and the following kinetic protonation' of the silyl dienol ether with HCI to form the
deconjugated product and TMSCl is also very fast, we can not observe the expected silyl dienol
ether intermediate by 'H-NMR spectral analysis even at -40 °C. Since the chloride anion is a
weak base so that only when n-pentyl group and the iodo substituent are on the Syn position of the
C-C single bond to allow the proton abstraction. The following double bond migration and pro-
tonation should give (Z)-configuration in the deconjugated product (Scheme I).

One may think that using either HCI or HI in catalytic or stoichiometric amount may un-
dergo the same reaction process. However, we observed that none of them gave the same results
as we used TMSCl in the above deconjugation reaction. Both 10 mol % of HCI (37% aq. solu-
tion) and HI (47% aq. solution) reacted with (E)-4-iodo-3-decen-2-one to give predominantly a
mixture of C-C double bond isomerizd and conjugated products (53-93%, E/Z = 2/1) after 48 h at
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Fig. 1. 'H-NMR Spectra Changes with Time for TMSCI-Promoted Deconjugation of (E)- and (Z)-
4-lodo-3-decen-2-one to Form (Z)-4-lodo-4-decen-2-one
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Scheme I Plausible Mechanism for the TMSCl-Catalyzed Deconjugation of (Z)-4-iodo-4-

decen-2-one
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r>=YMe LIS r>=\/Me - Me
]
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rt. Used 1 equiv of HCI gave both (Z)-4-iodo- and (Z)-4-chloro-4-decen-2-one in 81% total yield
with 1 to 1 ratio after 72 h at rt. While using 1 equiv of HI gave 7 to 1 ratio of (Z)- and (E)-4-iodo-
4-decen-2-one with 77% total yield in both 9 and 96 h at rt.

We attempted to do the deconjugation by treating (E)-4-iodo-3-decen-2-one or (Z)-4-iodo-3
-decen-2-one with 1.1 equiv of TMSCI and 1 equiv of Nal and 0.5 equiv of H,O in MeCN. How-
ever, starting materials were recovered in 90% to 94% yields, respectively, and only trace amount
of (Z)-4 -iodo-4-decen-2-one was detected by 'H-NMR spectral analysis. This result can be ra-
tionalized that once the oxygen of the carbonyl group was protonated first by the fast in situ gen-
erated HI, further coordination of the carbonyl group by TMS group was becoming difficult. So
that. no further deconjugation process would be happened. When water was added in excess, the
deconjugation process will be terminated. Since both TMSI and TMSCI will form HI and HCI
very quickly when water was added in excess. The AM1 calculations from PC Spartan Plus pro-
gram showed that the heat of formation for (E)-4-iodo-3-decen-2-one, (Z)-4-iodo-3-decen-2-one,
and (2)-4-iodo-4-decen-2-one were -48.19, -46.92, and -49.62 kcal/mol, respectively. Thus, the
relative stability order is (Z)-4-iodo -4-decen-2-one > (E)-4-iodo-3-decen-2-one > (Z)-4-iodo-3-
decen-2-one. This may also support that the deconjugation process may be dominated by the
thermostability of the iodoenone isomers. Thus, we proposed the mechanism for this reaction as
follows: TMSI was formed from Nal and TMSCI, HI was then formed in the presence of H,O, re-
gioselective hydroiodination of conjugated 3-decyn-2-one would form conjugated (E)-4-iodo-3-
decen-2-one and (Z)-4-iodo-3-decen-2-one. Then, TMSCI catalyzed the deconjugation to form
deconjugated (Z)-4-iodo-4-decen-2-one (Scheme II).
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Scheme II Plausible Hydroiodination and Deconjugation Processes for 3-Decyn-2-one

TMSCI + Nal : ———>» TMSI + NaCl
TMSI +1/2 H20 —» H| +1/2 TMS-O-TMS
(@]
_ n—CgHy3
HI+n-C6CSCCOMe R
|
o]

O
n_CsHu,FA + cat. TMSC‘ —_— n—C5H11\=<)k
R R

TMSCI + Nal + 1/2 H20 + n-C6C SC-COMe ——»
@]
M5H11\=<l/lk + NaCi + 1/2 TMS-O-TMS
R

APPLICATIONS IN ORGANIC SYNTHESIS

Recently, the stereoselective synthesis of (Z)-a-alkylidene-y-butyrolactone has become at-
tractive since these compounds can be used as a plant growth regulator,'* or as an important inter-
mediate to the synthesis of obtusilactone isolated from Lindela obtusiloba, a cytotoxic natural
product."® Efficient methods for the preparation of lactones containing both saturated and unsatu-
rated five or six-membered rings have been considerable interest for synthetic organic chemists in
view of their recognized biological activities, for example, fungicidal, herbicidal, antibiotic, and
antitumor properties.'® Although several methods have been reported for the introduction of an
alkylidene group at the a-position of a y-butyrolactone,'” there is no general procedure being re-
ported in the literature for the stereoselective synthesis of the exocyclic double bond with the (2)-
configuration. Usually, synthetic procedures to the a-alkylidenelactones generally involve either
(a) conversion of an existing group at the a-position on a preformed lactone ring to the corre-
sponding a-methylene or a-alkylidene groupI7 or (b) formation of the c-methylene- or a-alky-
lidenelactone from acyclic precursors containing all of the desired functional groups via a ring
closure reaction."® We have found that reduction of (Z)-3-i0odo-3-alken-1-one with NaBH, in
MeOH at rt gave (Z)-3-iodo-3-alken-1-ol in good yield (> 90 %) with no loss of stereochemistry
as judged by 'H NMR spectral analyses. In the presence of Pd(PPhs), catalyst, EtsN, and CO in
toluene, intramolecular cyclization of (Z)-3-iodo-3 -alken-1-ol afforded (Z)-o-alkylidene-y-buty-
rolacton with or without substituent at the y-position in 18 h and in good yields as shown in Table
L. The stereochemistry of the exocyclic double bond was determined by 2D NOESY (phase sen-
sitive) 'H NMR spectral analyses. A stoichiometric amount of tributyltin hydride was found to be
a good reducing agent to replace triethylamine in the above reaction to shorten the reaction time
to about 2.5 h. Similar reaction conditions have been reported in the formylation of organic hal-
ides.*® The plausible mechanism of the reaction was shown in Scheme III. Thus, the oxidative
addition of (Z)-3-iodo-3-alken-1-ol with palladium(0) catalyst to yield vinylpalladium(II) iodide
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Table 1. Conversion of (Z)-3-iodo-3-alken-1-one into (Z)-a-alkylidene-y-butyrolactone

CO 0

Pdcat M CsH

nCsHi e NaBH4
g >~ 0
\=</L|\R MeOH to|uene,

25°C

50%C, 18h R
Entry R= Yield (%)
1 ' -H 67
2 -Me 62
3 -Et 63
4 -CsHii-n 68"
5 -Ph 72

OMe
6 66

OMe
OMe

7 _[(;3 56

* Z/E ratio was 97/3 as determined by 'H NMR spectral analysis.

complex, followed by the CO insertion into the palladium-carbon o bond, and reductive elimina-
tion induced by the alcohol to afford (Z)-a.-alkylidene-y-butyrolactone and regenerate the palla-
dium(0) catalyst. It is worth noting that reports of the preparation of a-alkylidenelactones with
high stereoselectivity and in high yield are scarce.’

We then undertook the palladium-catalyzed cross coupling reactions of (Z)-4-iodo-4-decen-
2-one with organozinc chlorides. The one-pot results obtained in the hydroiodination of 3-decyn-
2-one followed by cross coupling with these organozine chlorides are shown in Table 2. The

Scheme III Plausible Mechanism for Pd-Catalyzed CO Insertion and Cyclization

n—CsHq | OH n-CsHq4 PdLnl OH

P(O)L n + \=</k . \___4\__4
R

R

Et3N HI j l co
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n-C 5
HPdLnl  + O
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Table 2. One-Pot Conversion of 3 -Decyn-2-one into 4- Substituted-4-decen-2-one

n~C6H13.C C'O'CH TMSCI, HZO n-CSH11I ca{ Pd(PPh3)4n-C5H11 RO
THF, 250C \=<)k
25° C

Entry R Yield, % (2):(E)

1 Me- 72 1:1
2 n-Bu- 67 1:1
3 Ph-

83 1:1
+ r

79 20:1
5 Ph-C=C- 76 1:3
6 Me;SiC=C- 74 1:1

yields of products from the cross coupling reaction are high but with low stereoselectivities. We
observed that there was no change in the stereochemistry of the carbon-carbon double bond after
the intermediate (Z)-4-iodo-4-decen-2-one was stirred with 5 mol % of Pd(PPhs), in THF at rt for
12 h as judged by 'H NMR spectral analysis. Once phenylzinc chloride was added to the reaction
mixture, a 1:1 mixture of the E and Z stereoisomers of the product 4-phenyl-4-decen-2-one was
formed after 0.5 h at rt as determined by '"H NMR spectral analysis. This confirmed that the basic
organozinc compound causes the loss in the stereoselectivity of the cross coupling step. This loss
may result from coordination of the zinc cation with the carbonyl oxygen after transmetalation.
This coordination effect will accelerate the 3-elimination process to form an alleneone interme-
diate, as shown in Fig. 2. After non-stereoselective re-hydropalladation and reductive elimina-
tion, an (E)/(Z) mixture will be produced with low stereoselectivity. In the case of furylzinc chlo-
ride, we observed mainly retention of the stereochemistry of the carbon-carbon double bond in
the cross coupling process. This result may be due to coordination of the oxygen atom in the
furan ring with the zinc cation, which in the same way decreases the rate of the 3-elimination rela-
tive to reductive elimination."

EXPERIMENTAL

(Z) 4-Iodo-4-decen-2-one

Put 1.1 to 1.5 equiv of oven dry sodium iodide and a stirring bar into a round-bottom flask
with one side arm. Seal the outlet of the side arm with double rubber septa and tighten it with cop-
per wire. Connect the other outlet of the flask with an adapter with stopcock and tighten the two
glasswares together with a stainless clamp. Connect the adapter to the high vacuum oil pump.
Make sure to put high vacuum grease at the joints. Use either a high temperature heat gun or a
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PhsP_ PPh
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Fig. 2. Coordination Effects in the Pd-Catalyzed Cross Coupling Reaction

micro-torch to heat sodium iodide and the flask. One may heat sodium iodide until it melt with-
out any bad results. One should also remove the water condensed on the upper inner wall of the
flask by heating it with heat gun or torch. While the flask is cooled under the vacuum, close the
stopcock and flush the flask with dry nitrogen with high purity. Use dry syringe to add dry ace-
tonitrile into the flask and start stirring.20 Use dry syringe to take 1.1 to 1.5 equiv of chloro-
trimethylsilane and add it to the middle of the flask. Keep stirring for another 20 minutes at rt.
Use dry syringe to take 0.5 equiv of water and add it into the middle of the flask. Keep stirring
for another 10 minutes at rt. Use dry syringe to take 1 equiv of 3-decyn-2-one and add it quickly
into the flask. There is no big difference to the reaction results if one add ynone dropwise or
quickly. After stirring for another 4 h, the reaction mixture was quenched with saturated sodium
thiosulfate and extracted with ether three times. The organic layer is dried over magnesium sul-
fate followed by filtration, concentration, and chromatography (silica gel, ethyl acetate/hexanes
= 8/1) to give (Z)-4-iodo-4-decen-2-one as a colorless oil (R¢ = 0.53 on Si60 F254, ethyl ace-
tate/hexanes = 4/1): '"H NMR (CDCls, TMS) § 0.90 (t, J = 7 Hz, 3 H), 1.28-1.45 (m, 6 H), 2.14 (q
with one singlet at § 2.18, J = 7 Hz, 5 H), 3.70 (s, 2 H), 5.67 (t, J = 7 Hz, 1 H) ppm; C-NMR
(CDCl;, TMS) 8 13.93, 22.34, 27.71, 29.26, 31.18, 36.51, 59.08, 95.89, 140.75, 204.89 ppm; IR
(neat) 2959 (m), 2930 (m), 1708 (s), 1630 (w), 1580 (w), 1455 (w), 1410 (w), 1353 (m), 1205 (m),
1150 (m) cm™; MS m/z 280 (M*) 209, 170, 153, 135, 109, 95, 81, 71, 67, S4; HRMS calcd for
C1oH 710 280.0325, found 280.0328; Anal. Calcd for C,cH710: C, 42.87; H, 6.11. Found: C,
42.92; H, 6.13.

(E)-4-Iodo-3-decen-2-one
' NMR (CDCls, TMS) 8 0.90 (t, /=7 Hz, 3 H), 1.2 - 1.6 (m, 8 H), 2.15 (s, 3 H), 3.05 (t, J =
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7Hz, 2H), 7.02 (s, 1 H) ppm; °C NMR (CDCls;, TMS) § 14.00, 22. 48,28.08,29.73,31.15, 31.51,
41.53, 130 83, 138.52, 195.22 ppm; IR (neat) 1691 (s), 1577 (s), 1350 (m), 1109 (m), 906 (s), 713
(m) cm™'; MS m/z 280 (M*), 153, 128, 111, 95.

(Z)-4-Iodo-3-decen-2-one

'HNMR (CDCls, TMS) 8 0.90 (t, J =7 Hz, 3 H), 1.2 - 1.6 (m, 8 H), 2.28 (s, 3 H), 2.67 t,J
=7 Hz, 2 H), 6.66 (s, 1 H) ppm; "C NMR (CDCls, TMS) § 13.44, 22.48, 27.94, 29.32, 31.47 (2
C's), 48.02, 117. 75 131.22, 196.06 ppm; IR (neat) 1692 (s), 1587 (s), 1355 (m), 1108 (m), 906

(s), 745 (m) cm’'; MS m/z 280 (M), 153, 128, 111, 95; HRMS calcd for CioH;710 280.0325,
found 280.0326.
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