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Studies on High|y Stereoselective TABLE 1. Preparation of 3-(Methoxycarbonyl)-1,2-allen-4-ols
. L2 - 1.2 equiv Nal
Addition —Elimination Reactions of o 12 aquiv SnCly CO,Me
3-(Methoxycarbonyl)-1,2-allen-4-ols with MX. An MeOLm=" + ReHo — o0 ::</ on
Efficient Synthesis of ; ) t-0°C-rt R
3-(Methoxycarbonyl)-2-halo-1,3%)-dienes 3
Yougian Deng, Xin Jin, and Shengming Ma* Entry R time (h) yield of8 (%)
. . 1 CoHs 30 59 @a)
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of alka-2,3-dienylamines can afford 2-amido-1,3-dienes highly
stereoselectively X95/5)6 Hammond and Shen reported an

X R efficient synthesis of 1,1-difluoro-2-aryl or vinyl-substituted
COMe /1y R x= R 3-silyl-1,3-diene&from 2,3-butadienyl bromides via palladium-
M&LH WMH catalyzed cross-coupling reactions with aryl halides or boronic
OH ™ Gfiux MeO,C ( )MeOZC acids and terminal alkynes. We also found a highly regio- and
R stereoselective protocol for the synthesis @)2-alkadienoatés
R =alkyl, aryl X =1, Br, Cl R'= alkyl, aryl, vinyl, alkynyl via the Pd(0)-catalyzed reaction of aryl halides with 3,4-

) alkadienoates. 2,3-Allenylic trimethylsilyl ether can react with
3-(Methoxycarbonyl)-2-halo-1,2f-dienes were prepared Ticl|, forming 2-chloro-1,3-butadiendsRearrangement of
highly stereoselectively viax@'-type additior-elimination tertiary a-allenic carbamates may afford @carbamoyl-4,4-
reactions of 3-(methoxycarbonyl)-1,2-allen-4-ols with MX.  disubstituted 1,3-dien@svith poor stereoselectivity. Recently,
These products may easily undergo Negishi or Sonogashiraalcaide et al. reported a novel stereoselective synthesis of 1,2,3-
coupling reactions to yield a series of stereodefined polysub- trisubstitued 1,3-diené&through [3,3]-sigmatropic rearrange-
stituted E)-1,3-dienes. ments ina-allenic methanesulfonates. The reactions of 2-(tri-

methylsilyl)-2,3-allenols with lithium aluminum hydride afforded

] _ _ _ _ 2-(trimethylsilyl)-1,3-butadienéswith rather poor stereoselec-
Stereoselective synthesis of conjugated 1,3-dienes is of currentjyity. We have observed that the reaction of 1-aryl-2,3-allenols

interest since they are very important intermediates in organic ity lithium halides in HOAc affords 1-aryl-3-halo-1,3-diefes
synthesig. It was observed that the reactions of the esters of  the absence of any Pd catalyst; however, no reaction was
2,3-allenols in the presence 0f35d(0) catl)talysts with hard gpserved with 1-alkyl or perfluoroalkyl-2,3-allenols. We wish
carbonucleophiles such as MyZn** and Cd° reagents may 5 report here a highly stereoslectiva,ZStype addition-

afford l,3:dienes with poor stereoselectivity. Recentlicksall elimination reaction of MX and 3-(alkoxycarbonyl)-1,2-allen-
and Horvdh reported a Pd-catalyzed reaction @fallenic 4-ols with an alkyl or aryl group at the 4-position.
acetates with LiBr to afford @ 2E)-2-bromo-1,3-dienésin Synthesis of Starting Materials.3-(Methoxycarbonyl)-1,2-

good yields with good stereoselectivity §6). The carbonylation  gjjen-4-ols3 are easily available from a modified one-step high-
of allenyl methyl carbonates in GBH in the presence of de yielding reaction of 3-(methoxycarbonyl) propargyl bromigié
(EPQ)_L; may _y|eId methyl 2-(methoxyc§irbonyl)-1,3-d|en_es in aldehyde, and SnG/Nall4 in DMPUS (Table 1).

high yields with rather poor stereoselectiVityhe carbonylation Addition —Elimination Reactions of 3-(Methoxycarbonyl)-
1,2-allen-4-ols with MX. Our initial work began with the
reaction of 3-(methoxycarbonyl)-1,2-heptadien-8ohith Nal.
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TABLE 2. Reaction of 3-(Methoxycarbonyl)-1,2-heptadien-4-ol
with Nal

CO,Me solvent CaHz-n
+ Nal —_— —
OH temp.
I'I-CSH7 MeOZC
3b 4ba
entry  solvent  Nal (equiv) tempgC) time (h) yield of4dba (%)
1 CH;COOH 1.2 reflux 1 trace
2  AcO 1.2 110 1 41
3 HI 80 3 trace
4  TFA?2 1.2 reflux 1 61
5 TFA 2.0 reflux 1 73
6 TFA 4.0 reflux 1 68
7 TFA 2.0 rt 24 32
aTFA = CRCOOH.
SCHEME 1
CaHr-n DIBAL-H _
Meo,d M toluene / 78 °C HOHZC\/H
73% NOE
4ba 5ba

TABLE 3. Reaction of 3-(Methoxycarbonyl)-1,2-heptadien-4-ol
with MX

CO,Me TFA X CaHpn
+ MX e —
OH reflux
n-CsH; MeO,C
3b 4b
Entry MX (equiv) time (h) yield (%)
1 Nal (2.0) 1 73 4ba)
2 Lil-3H20 (2.0) 1 58 4ba)
3 Kl (2.0) 1 44 @ba)
4 LiBr-H,0 (2.0) 2 76 4bb)
5 KBr (2.0) 3 58 @bb)
6 LiCl+H20 (4.0) 3 55 4bc)
7 NaCl (4.0) 14 tracedpc)

Some typical results are summarized in Table 2. Among the
solvents tested, TFA (Table 2, entry 4) is the best, while HOAc,
Ac20, or HI (Table 2, entries-13) are all inferior. A higher-
yielding reaction was observed when the reaction was conducte
in TFA under reflux (compare Table 2, entries 5 and 7). Best
results were obtained with the use of 2 equiv of Nal (compare
Table 2, entries 46). In conclusion, the reaction may afford
methyl 2-(1-iodovinyl)hex-2%)-enoatetbain 73% yield when

the reaction was conducted with 2 equiv of Nal in TFA under
reflux (Table 2, entry 5)'H NMR spectra of the crude product
indicated the formation of only one stereocisomer. The stereo-
chemistry was established by the NOESY analysBhat which

was formed by the reduction dba with DIBAL-H in toluene

in 73% vyield (Scheme 1).

On the basis of these results, othersources were tested
(Table 3). It was obvious that Nal afforded better results than
Lil -3H,O and KI (Table 3, entries-13). As for Br- and CI
sources, LiBtH,O and LiCFH,0O are better (Table 3, entries
4-7). By applying the standard reaction conditions, the corre-
sponding methyl 2-(tbromovinyl)hex-2¢)-enoate4bb and
methyl 2-(1-chlorovinyl)hex-2g)-enoate4bc can be prepared
in 76 and 55% vyields, respectively (Table 3, entries 5 and 6).
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TABLE 4. Reactions of 3-(Methoxycarbonyl)-1,2-allen-4-ols with
MX

COMe solvent R
+ MX —
OH reflux H
R MeO,C
3 4
entry R solvent  MX (equiv) time (h) vyield of (%)

1 GHs(3d) TFA  Nal (2.0) 1 50 4aa)

2 GCHs(3a) TFA  LiBr-HO (2.0) 2 56 4ab)

3 GHs(3a) TFA  LiICI‘H0(4.0) 3 39 4a9

4 n-CgH7(3b) TFA  Nal (2.0) 1 73 4ba)

5 n-CsH7(3b) TFA  LiBr-H)O (2.0) 2 76 4bb)

6 n-C3H;(3b) TFA  LIiCI‘H,O0(4.0) 6 55 gbo)

7 i-CsH7z(30) TFA  Nal (2.0) 2 53 4ca)

8 i-C3Hz(30) TFA  LiBr-H»O (2.0) 1 64 4chb)

9 i-C3H7(30) TFA  LIiCI-H,O0 (4.0) 2 394co
10 nCsH11(3d) TFA  Nal (2.0 1 75 4da)
11  n-CsH11(3d) TFA  LiBr-HO (2.0) 35 67 4db)
12 n-CsH11(3d) TFA  LIiCI‘H:O (4.0) 4 47 4do)
13 PhBe TFA  Nal (2.0) 1 0 leg?
14 PhBe TFA  LiBr-HO0 (2.0) 1 44 geb)
15 PhBe TFA  LiCI-HO (4.0) 4 26 feg
16 PhRe HOAc Nal (2.0) 2 404ed
17 PhBe HOAc LiBr-H,0(2.0) 3 44 geb)
18 PhBe HOAc LiCI-H;O (4.0) 4 304e9
19 p-CHsCeHa(3f) HOAc Nal (2.0) 1 73 4fa)
20 p-CH3CeH4(3f) HOAc LiBr-H,O (2.0) 1 62 4fb)
21 p-CHzCeHa(3f) HOAc LiCI-H,O(4.0) 1 59 gfc)

2No 4eawas formed when the reaction was conducted in TFA.

With the optimized conditions in hand, the scope of this
reaction was explored with some of the typical results being
summarized in Table 4. It may be concluded from Table 4 that
R can be not only an aryl group but also an alkyl group, which
was different from our previous repddWhen R is an alkyl
group, the reaction can occur smoothly to afford the products
in moderate to good yields in TFA (Table 4, entries1R); it
should be noted that when R is the phenyl group, the product
4eacannot be afforded in TFA (Table 4, entry 13). After some
screening, it was found that when HOAc was uséela was
produced in 40% yield (entry 16, Table 4). HOAc is also suitable
for other similar reactions (Table 4, entries-1&l). It was
obvious that the aryl group bearing an electron-donating group
afforded the products in higher yields (compare Table 4, entries

f6-21).

Synthetic Application. The synthetic potentials of the
addition—elimination productgl are demonstrated by transfor-
mations of the representative proddbia (Scheme 2). Treatment
of 4ba with terminal alkynes gave corresponding Sonogashira
coupling® products (i.e., the stereodefined conjugated dienynes
6ba (87%),6bb (64%), andsbc (69%)). The Negishi couplirg
reaction of4ba with phenyl, 1E)-hexenyl, orn-butyl zinc

(16) For the seminal report of the Sonogashira coupling reaction, see:
(a) Sonogashira, K.; Tohda, Y.; Hagihara, Tétrahedron Lett1975 4467.

For some the most recent examples, see: (d)hiéter, A.; Pullmann, T.;
Plenio, H.Angew. Chem., Int. EQ2003 42, 1056. (c) Tykwinski, R. R.
Angew. Chem., Int. EQ003 42, 1566. (d) Gelman, D.; Buchwald, S. L.
Angew. Chem., Int. Ed2003 42, 5993. (e) Sakai, N.; Annaka, K,
Konakahara, TOrg. Lett.2004 6, 1527. (f) Ma, S.; Ren, H.; Wei, Ql.
Am. Chem. SoQ003 125, 4817. (g) Lu, Z.; Ma, SJ. Org. Chem2006
71, 2655.

(17) For the seminal report of Negishi coupling reactions, see: Negishi,
E.; King, A. O.; Okudado, NJ. Org. Chem1977, 42, 1821. For a review,
see: Negishi, E.; Liu, F. IMetal-Catalyzed Cross-Coupling Reactions
Stang, P., Diederich, F., Eds.; VCH: Weinheim, Germany, 1998;-pt71



SCHEME 2
—R
2 equiv R
5 mol% PdCl,(PPhs), I
10 mol% Cul, 1.5 equiv Et,NH
mol7 Cu equiv Elp C3H7-n
/ CH4CN, 1t =Y
MeOZC
I GaHyn R = Ph (6ba), yield = 87%
— R = n-Bu (6bb), yield = 64%
MeO,C :%
OH OH
4ba 2 equiv
5 mol% PdCl,(PPhs),
10 mol% Cul ‘ |
C3H7-n
DMSO, Et;N, rt, 69% —
H
M602C
6bc
4 equiv. PhZnBr Ph GiHyn
5 mol% Pd(PPhs), A&(
H
THF, 0°C - 1t, 94%  Me0:L
6bd
n-C4H9
— Cy4Hg-n
= 4Hg
| 4 equiv ZnBr _— o
-n
CaHy-n 5 mol% Pd(PPhs), e
—
H
- 0, - 0,
MeO,C THF,-78°C-1t, 78%  Me0,C
6be
4ba 4 equiv n-C4HgZnBr
in DMF Bu-n ¢ .H,n
5 mol% Pd(PPhg), _
THF, it, 51%  MeOC
6bf

bromides gave the coupling produd@bd (86%), 6be (80%),
and6bf (51%), respectively.

In conclusion, we have developed @a2Stype addition-
elimination reaction of 3-(methoxycarbonyl)-1,2-allen-4-ols with
MX forming 3-(methoxycarbonyl)-2-halo-1,3)-dienes highly
stereoselectively in moderate yields, providing an efficient route
for the synthesis of a series of polysubstitutéd+{,3-dienes.
Further studies including the scope and synthetic applica-
tion of this type of reaction are being carried out in our
laboratory.

Experimental Section

Synthesis of 3-(Methoxycarbonyl)-1,2-allen-4-ols. 3-(Meth-
oxycarbonyl)-1,2-hexadien-4-ol (3a). Typical Proceduré® To a
solution of 3-(methoxycarbonyl)propargyl bromide (3.4806 g,
19.7 mmolj2 in 30 mL of DMPU were added Sng(4.6011 g,
24.2 mmol) and Nal (3.6107 g, 24.1 mmol) at room temperature.
The resulting yellow slurry was stirred in the absence of light (the
reaction tube was wrapped with a black plastic bag) for 6 h. A
solution of propionaldehyde (0.9281 g, 16.0 mmol) in 10 mL of
DMPU was then added dropwise over 15 min &0 The orange
reaction mixture was allowed to warm up to room temperature and
stirred in the dark for an additional 24 h. The reaction was cooled
to 0 °C, diluted with E$O, and quenched with 30 mL of saturated
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NMR (400 MHz, CDC}) 6 5.20 (d,J = 2.0 Hz, 2H), 4.32-4.24
(m, 1H), 3.70 (s, 3H), 3.202.94 (bs, 1H), 1.661.57 (m, 2H),
0.89 (t,J = 7.4 Hz, 3H);13C NMR (100 MHz, CDC}): ¢ 212.4,
167.3, 102.6, 80.5, 70.4, 52.1, 28.2, 10.0; M8Z: 156 (M,
0.12), 127 (100); IR (neat, cm#): 3490, 2965, 1964, 1935, 1713,
1266. HRMS calcd for gH;,NaO; (Mt + Na): 179.0679, found:
179.0676.

Addition —Elimination Reactions of 3-(Methoxycarbonyl)-1,2-
allen-4-ols with MX. Preparation of Methyl 2-(1'-lodovinyl)-
pent-2(Z)-enoate (4aa). Typical ProcedureTo a mixture of Nal
(151.1 mg, 1.0 mmol) anBa (77.0 mg, 0.49 mmol) was added
1.0 mL of TFA at room temperature. After the addition, the reaction
was refluxed at 80C with stirring for 1 h. After the reaction was
complete as monitored by TLC, it was cooled to room temperature
and slowly quenched by 10 mL of water followed by neutralization
with NaHCG,; until no gas was released. The mixture was extracted
with diethyl ether (3x 25 mL) and washed with a saturated aqueous
solution of NaS,0; and brine. The organic layer was dried over
anhydrous Ng50O,. Evaporation and column chromatography on
silica gel (36-60 °C petroleum ether/diethyl ether 30:1) afforded
4aa (65.4 mg, 50%): liquidH NMR (300 MHz, CDC}) ¢ 6.75
(t, J= 7.8 Hz, 1H), 6.08 (dJ = 1.1 Hz, 1H), 6.03 (dJ = 1.1 Hz,
1H), 3.77 (s, 3H), 2.292.18 (m, 2H), 1.06 (tJ = 7.7 Hz, 3H);
13C NMR (75 MHz, CDC}): 6 165.3, 146.6, 135.7, 131.2, 96.3,
52.1, 22.8, 12.3; MSn{/2): 267 (M" + 1, 100); IR (neat, cm?):
2962, 1722, 1603, 1434, 1243. HRMS calcd faHGIO, (M™):
265.9798, found: 265.9790.

Reduction of Methyl 2-(1'-lodovinyl)hex-2(Z)-enoate (4ba).
DIBAL-H (1.4 mL, 1 M in toluene, 1.4 mmol) was added dropwise
to a solution of4ba (180.0 mg, 0.64 mmol) in toluene (3 mL) at
—78 °C. After complete conversion of the starting material as
monitored by TLC, the reaction mixture was quenched with 2 mL
of CH;OH and 5 mL of water. The organic layer was separated,
and the aqueous layer was extracted with diethyl ethex (35
mL). The combined organic layer was dried overp8i@,. Evapora-
tion and column chromatography on silica gel (petroleum ether/
ethyl acetate= 10:1) afforded 118.7 mg (73%) &ba: liquid; H
NMR (400 MHz, CDC}) 6 6.03 (d,J = 1.2 Hz, 1H), 5.99 (dJ =
1.2 Hz, 1H), 5.53 (tJ = 7.4 Hz, 1H), 4.15 (s, 2H), 2.132.00 (m,
3H), 1.45-1.34 (m, 2H), 0.90 (tJ = 7.2 Hz, 3H);3C NMR (100
MHz, CDCk): 6 142.4,129.9, 129.8, 102.5, 64.9, 30.7, 22.0, 13.8;
MS (m/z): 252 (M*, 4.26), 79 (100); IR (neat, cr): 3333, 2958,
2929, 2870, 1608, 1456, 1107, 900. HRMS calcd fgHGIO
(M*): 274.9903, found: 274.9914.

Synthetic Application of Methyl 2-(1'-lodovinyl)hex-2(Z)-
enoate (4ba). Methyl 2-(4Phenylbut-1'-en-3-yn-2'-yl)hex-2(E)-
enoate (6ba).A mixture of Pd(PP§),Cl, (6.8 mg, 5 mol %, 0.01
mmol), Cul (4.1 mg, 10 mol %, 0.02 mmol), /AnH (22.2 mg,
0.30 mmol), phenylacetylene (41.6 mg, 0.41 mmol), &imh
(55.9 mg, 0.20 mmol) in CECN (2 mL) was stirred at room
temperature over a period of 24 h under nitrogen. After complete
conversion of the starting materials as monitored by TLC, the
reaction mixture was diluted with 10 mL of 2 and quenched
with 5 mL of water. The organic layer was separated, and the
aqueous layer was extracted with diethyl ethex(25 mL). The
combined organic layer was dried overJS&,. Evaporation and
column chromatography on silica gel (petroleum ether/diethyl ether
= 30:1) affordedbba (44.1 mg, 87%): liquidiH NMR (400 MHz,
CDCl) 0 7.46-7.38 (m, 2H), 7.347.26 (m, 3H), 6.94 (tJ =
7.6 Hz, 1H), 5.85 (s, 1H), 5.39 (s, 1H), 3.79 (s, 3H), 2.32)(&;

7.3 Hz, 2H), 1.59-1.45 (m, 2H), 0.96 (tJ = 7.2 Hz, 3H);3C

aqueous NECI. The organic phase was separated, and the aqueousNMR (100 MHz, CDC}): ¢ 166.6, 145.8, 131.8, 131.6, 128.23,

phase was extracted withJex (4 x 30 mL). The combined organic
layer was washed with brine and dried over anhydrousSa
Evaporation and column chromatography on silica gel (petroleum
ether/ethyl acetate 5:1) afforded3a (1.4606 g, 59%): liquidiH

128.18, 126.7, 125.1, 123.0, 89.1, 88.7, 52.0, 31.4, 21.9, 13.8; MS
(M/2): 254 (M*, 62.02), 165 (100); IR (neat, cri): 2959, 1720,
1639, 1600, 1489, 1435, 1250, 1058. HRMS calcd faHgsNaO;

(M* + Na): 277.1199, found: 277.1196.
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