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Abstract: Reduction of LisMnCly with magnesium in THF afforded a fairly active manganese species

which readily initiated radical cyclization of 2-iodoethanal allylic acetals at room temperature. The
corresponding 2-bromoethanal acetals also provided the same cyclized products upon treatment with the
activated manganese reagent at reflux in THF. This reagent can also be used to induce tandem radicai
cyclizations, and the 5-exo/6-endo and 5-exof/6-exo modes are both available to give the products
with trans-stcreochemistry with regard to ring-junction. Further, the intramolecular type of sequential
generation and utilization of radical and anionic specics with this reagent have also been studied. © 1999 Elsevier

Science Ltd. All rights reserved.
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recent research indicates that certain types of manganese-mediated reactions have great synthetic potential in
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the construction of cyclic compounds, which have even been widely used in the synthesis of naturai
compounds.2 Lately, some research work has shown that the reductive metal Mn(0) in combination with
TMSCI and PbCl, could also act as a radical initiator to promote multi-component coupling reactions.3 At the
same time, we have reported an effective method for the preparation of indoline, dihydrobenzofuran and 2-
alkoxytetrahydrofuran derivatives by means of tributylmanganate(II) which have also been considered to be a
reductive radical initiator.# To date, numerous radical reactions have been reported and employed routinely by

synthetic organic chemists.5-0 In addition, transition metal specieSZb”] and samarium(II) iodide8 have also

been used in the construction of heteroatom ring compounds via a radical process. Herein, we disclose in
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e
cyclization? of 2-haloethanal acetals. This new method provides an alternative route to reach the same aim as

4 . 1N
the above reagents. 'Y
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A new manganese reagent was obtained upon reduction of the weli soluble ate-complex LiyMnCly with
magnesium turnings activated by 1,2-dibromoethane. 1,2-Dibromoethane (5.0 mmol) was added to a
suspension of magnesium!! (40 mmol) in THF (4 mL). Exothermic reaction took place. After being stirred
for another 5 min, THF and the produced MgBry were removed with a syringe and the resulting magnesium
turnings were washed by THF (3 x 4 mL).12 Then, a pale yellow-green solution of LizMnCl413 (15 mmol),
derived from MnCly (15 mmol) and LiCl (30 mmol), in THF (40 mL) was added to the above magnesium
turnings. The mixture was stirred for 24 h at room temperature. The original pale yellow-green color
gradually turned dark, affording a extremely divided black powder14.15 which was partially soluble in THF.

Hence, a clear dark supernatant manganese in THF (5.0 mL, ~1.8 mmol) was added with a syringe to a
solution of 2-iodoethanal acetal 1a (1.0 mmol) in THF (2 0 mL) at 25 °C under argon atmosphere. After
stirriﬂg the mixture for 6 h at 25 °C, the res t‘rg mixture was quenched with sat. NH4Ci extracied wiih

anhydrous NapSQOy, and concentrated. Silica gel column chromatography provided a cyclized product 2ain
70% yield as a mixture of two stereoisomers (1:1) (Scheme 1).

Scheme 1

LipgMnCly + Mg —— » Mn(0)* + MgCl,

?/\—,’/’\/\ Mn(0)* O"\)\/-\/
. — |
n-BuO/\/ : THF, 25 °C n-BuON 70%
1ia ﬂa

The representative results of the reaction of various acetals and the others with low-valent manganese are
shown in Table 1. 2-Haloethanal acetal derivatives were prepared by the reactions of allylic or 2-propynylic
alcohols with butyl vinyl ether in the presence of N-iodosuccinimide or N-bromosuccinimide in
dichloromethane.4b,16  The derivatives which have the allenyl moiety were synthesized from the
corrcspondmg allenyl alcohols which could be attained according to the pubhshcd method.17 This new
c

comments are worth noting. (1) In the case of the substrates (1a, 1b, 1e,1f, and 1g) which have a terminal
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with n-BusMnMgBr which provides alkenyl-substituted tetrahydrofuran products exclusively in the case of
the substrates which have disubstituted or trisubstituted alkenic moicties.#0 We are tempted to assume that a
hydrogen abstraction of the intermediary carbon radical is the major pathway in the reaction with Mn(0),
whereas recombination with n-BuMn(I) followed by B-elimination of Mn—H producing an alkeny! substituent
becomes the main route in the reaction with n-BU3MnMQBr. (2) The bromo acetals (1b, 1¢ (X=Br), and

1e) reacted with Mn(0) smoothly as well as the iodo acetals and provided comparable yields of the desired
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Table 1. The Active Manganese Mediated Cyclization Reactions®

Entry Starting material Product Yield

n-CsHyy n-CsHy

n/\/ O/( ;(( = :3 72%_:;
- = 61%
n-Buo"'l\/ X b ﬂl\) " 2b '

b

n-BuO
o~ HD  X=t 85%°
O\?h )I\/H X = Br 8031(:)
2
n—BuO/K/x 1¢ n-BuO 2¢ N

M 5 j\/\ﬁf 65% c)
\o/~Br nBUO o "Q

w
3
o2
f ol
‘}

~ Br
O/K/
4 | ‘ o ano/b)
nBuo” B o~ T

5 ANy 7 60%
""CRH17 1f n-CgHi7 2f
Q/\///V\ 7
6 l\ P | 4 e O\V/Lm . 62% ®
et n-CgH47 9
H'CgH17
0N oY
. I 1h A A, 35%%
nBuO” >l n-BuO
Bu B
= u
~ V/./ O/(
L 1i 4 N o)
8  nBuO” nBuo™ 68%
Ph Ph
/l .n..‘//’ J
9 o N 70%"

' AN
n-Buo"J\/' 1j wBuON 2j

a) The reaction was performed at 25 °C (X=I) or 70 °C (X=Br). b) Diastereomeric ratio = 1/1.
¢) E/Z = 45/55. d) Diastereomeric ratio could not be determined. e) Diastereomeric ratio =
52/48.
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the radical in lecularly. Quenching the reaction mixture with DO afforded a mixture of deuterated alkene

(2¢-d) and 2c¢ (2c-d:2c = 35:65). (4) The bromo group in the aromatic ring proved to be completely
tolerated in this kind of transformation (Entry 3). (5) The reaction of 2-iodoethanal butyl homoallyl ether 1h
with Mn(0) provided 2h in only 35% yield in a 6-exo pattern. (6) The allenyl moiety is as effective as olefinic
linkage to trap the radical intramolecularly (Entries 8 and 9). In these cases, only the favorable S-exo
products were acquired. The resulting vinyl radical intermediates have higher reactivity and easily pick up a
hydrogen from the solvent.18,19,20 Additionally, the cyclization of allenyl derivatives has a chemically
valuable feature, namely, that the resulting ring has a double bond substituent in a predetermined position.

ordin ng nnlv trans-

Moreover, this kind of substrate shows high stereoselectivity between C(4) and C(5), a

1 ULy L1 48]

prndnmq 21

The reagent Mn(0) also reacted with the most reactive substrates such as allylic bromides or a-
bromoesters at 25 °C. In contrast, a simpie secondary iodide such as 2-iodotridecane was recovered
unchanged upon treatment with Mn(0) at 25 °C even for 12 h. The cyclization of N,N-diallyl-2-iodoaniline
with Mn(0) was not so effective. For instance, treatment of 2-iodoaniline 3 (1.0 mmol) with Mn(0) (5 mL,
~1.8 mmol ) in THF at reflux for 6 h afforded an indoline derivative 4 in only 45% yield along with reduced
N,N-diallylaniline (15%). However, the allylic amine derivatives 5 provided pyrrolidine derivatives 6 in
much better yields (6a, 60% or 6b, 70%) (Scheme 2) compared to the reaction with n-Bu3MnMgBr which

afforded the desired product 6a or 6b in only 7% or 35%, respectively, and the starting allylic amines
ound could be formed via E2
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R—N »  R—N

\/\i THF, RT,12h Y

5a: R=Ph 6a: R =Ph

5b:R=Ts 6h:R=Ts

Next, Mn(0)-catalyzed reaction of acetals 1a was examined. Treatment of a solution of 1a (1.0 mmol) in
THF (5 mL) with butylmagnesium bromide (1.0 M THF solution, 2 mL, 2 mmol) in the presence of Mn(0)
(0.4 mL of a clear dark supernatant, ~0.15 mmol) gave 7 which was identical with a sample prepared by the
reaction of 1a with n-BuzMnMgBr.

Based on these facts, we are tempted to assume the following reaction mechanism. Single-electron
transfer from Mn(0) to 2-iodoethanal acetals would give an anion radical which provides a radical 8 after
departure of iodide. 5-Exo mode cyclization could afford a carbon radical 9 which abstracts a hydrogen
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In light of the findings cited above, we tried to carry out the same reaction with a more complex substrate
like 10. The reaction proceeded smoothly under the standard mild conditions, and the compounds 12 and
1322 were obtained in 38% and 25% isolated vield, respectively. Upon careful Jones oxidation,23 we were

quite surprised to find that, in addition to monocyclic lactone 15, the main product 14 was a bicyclic lac
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a product of 5-(3):0/6-@71&'02 dem radical cyclizations (Scheme 4 ). Both products obtained have hi
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with the resuit of the reaction of e (Tabie i. Entry 4). Treatment of 1e with Mn(0) provided the cyciized
products 2e showing cis-stereochemistry with regard to the ring junction. Thus, we have achieved methods

to prepare both cis-fused and trans-fused 7-oxa-8-oxobicyclo[4.3.0]nonane.
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<< were 1solated in 74% combined

yield in a ratio about 2 to 3. Jones oxidation gave a bicyclic lactone 19 in 27% isolated yield with a

and Mn(0) in THF at room temperature for 12 h, compounds 17 and 18

stereoisomeric ratio about 1.66:1 and monocyclic lactone 20 in 40% isolated yield as a single diastereoisomer.
It is obvious that the bicyclic lactone is formed via a successive 5-exo and 6-exo process (Scheme 5). The
vinyl radical thus formed might abstract a hydrogen more easily, giving the monocyclized product 18
compared to the methyl radical 11 in the case of substrate 10.

Scheme 5

16 mh W]
g3 -
D““’( + D--l“\ 740/°
e il \ n-BuC combined yield
17 18
2 3 n xids

Jones Oxidation

B —

Fortunately, this intermolecular radical 1,4-addition to o,B-unsaturated ester could be achieved by carrying out
the reaction in the coexistence of a proton source such as methanol (Scheme 6). The critical role of methanol
might be in the facile and quick trapping of the manganese enolate 24,29 which is produced by a second

single-electron transfer from Mn(0) or Mn(I) to 23.
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S0 o8 Mn(0)* M
>
,i 1 O  THF,CHOH (2 equiv), RT, 12h  n-BuO OEt
n-BuQ” ' ° /
. 25 O
21 | ‘ 60%
T (62/38)
N OFt 0\ A\

T g — [ )\ — ] >
n—BuO)\.

22 23 24 OMnL,

In conclusion;

Many kinds of 2-haloethanal acetal derivatives with a radical acceptor in a proper position undergo
cyclization reactions smoothly under very mild conditions with a new active Mn(0) reagent. This reagent can
also be applied to induce tandem radical cyclizations, and in this case, the 5-exo/6-endo and 5-exo/6-exo
mode cyclizations are both available to give the products with trans-stereochemistry with regard to the ring-
Junction. Further, the results of an intramolecular type of sequential generation and utilization of radical and

anionic species with this reagent would provide an alternative route to synthesize functionalized latone when
methannl ic renlaced hy ather elactranhilac
EAEWLARGLLINVE XD Luylmuu v AV N SLNT Y klwu\l‘l‘lll\-{ﬂ.

Experimental

Distillation of the products was performed by the use of Kugelrohr (Biichi), and boiling points are
indicated by air-bath temperature without correction. 'H NMR and 13C NMR spectra were taken on a Varian
GEMINI 300 spectrometer, CDCIi3 was used as a solvent, and chemical shifts are given in 8 with
tetramethyisilane as an internal standard. IR specira were determined on a JASCO IR-810 spectromeier. The
analyses were carried out at the Elemental Analysis Center of Kyoto U niversity.

Tetrahydrofuran (THF) was freshly distilled from sodium benzophenone ketyl before use. Anhydrous

maneanese(Il) chloride nurchased from Aldrich was heated at 160 °C for 2h nrior to use. All reactions were

..... HRILSCA L) LINOLICC priliast .‘....vu e al 20D L0 POt B, Al CaULi

carried out in dry argon atmosphere.

Generation of the Low-Valent Manganese.  Magnesium turnings were activiated by treatment
with a solution of 1,2-dibromoethane in THF, followed by washing with THF (3x4 mL). Then, a pale
yellow-green solution of LipMnClyg (15 mmol), derived from MnCl; (15 mmol) and LiCl (30 mmol), in THF
(40 mL) was added to the above magnesium turnings. The mixture was stirred for 24 h at room
temperature.26 The original pale yellow-green color turned dark. This resulting, extremely divided black
powder14»15 was partially soluble in THF and the clear dark supernatant manganese in THF27 was
transferred with a syringe when using.

"l‘nn{n, I Drenondinn for tha Mangcamaco/M_ Madiatad COCvuslizatinn Raoactinn The
_Yl.! Lal 1 1uULTuuic 1vul LT lvialIgaliTOT|V)TivItUIGLTU L yUIILauivili nvvavuiviie i kW
supernatant manganese in THF (SmL, ~1.8mmol) was added with a syring, a solution of substrate 1a (1.0

S e to
mmol) in THF (2.0 mL) at 25 °C under argon atmosphere. The progress of the reaction was monitored by

TLC (hexane/ethyl acetate = 20/1). When the starting material was no longer present (c.a. 6h), the resulting

[=]
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mixture was quenched with sat. NH4Cl, extracted with ethyl acetate (3 x 10 mL), and the combined organic
layers were washed with NaCl solution, dried over anhydrous Na»SOy4, and concentrated to dryness. Silica
gel column chromatography provided the cyclized product 2-Butoxy-4- butyltetrahydrofuran (2a, 1:1 Mixture

[ PP ..A_-,_

of Stereoisomers) in 70% yieid: Bp: 100 °C (3 torr); IR (neat) 2910, 2860, 1459, 1379, 1347, 1263, 1239,
1191, 1097, 1021, 931, 734 ecm~1; 'H NMR (CDCi3) 6 0.85 (t, / = 7.2 Hz, 3H), (.88 (1, / = 7.5 Hz,
2L 1 1Q 1 €L feen 1T1LIN A NA 37 fovv ALIN 2 24 74 T — £ A QAL THY 2 A1 /¢ T — QA a2 1LY
Jii) 1.10—1.00U (111, 1111}, &£.UN—4L.L17 \ML, £11), J.0% U J = U.U, 7.U 1L, 111}, D7) (L, v — O.°r 114, 111),
3.64 (dt, J = 6.6, 9.6 Hz, 1H), 3.90 (t, J = 7.5 Hz, 1H), 5.06 (m, 1H); 13¢ NMR (CDCl3) & 13.73,
13.87, 19.26, 22.67, 30.78, 31.77, 32. 65 38.54, 39.02, 67.38, 71.81, 104.56. Found: C, 71.68; H,
12.35%. Caled for C12H2409: C, 71.95; H, 12.08%.

2-Butoxy-4-(4-bromophenyl)[2H]methylenetetrahydrofuran (2d, E/Z = 45/55 mixture of
stereoisomers): IR (neat) 2954, 2924, 2862, 1731, 1663, 1586, 1489, 1459, 1423, 1406, 1378, 1334,
1182, 1146, 1097, 1074, 1036, 1007, 926, 861 cm—1; 1H NMR (CDCl3) 6 0.89 (t, J = 7.5 Hz, 3H), 1.33
(tq, J = 7.2, 7.5 Hz, 2H), 1.52 (tt, J = 7.2, 8.1 Hz, 2H), 2.64-2.92 (m, 2H), 3.37-3.45 (m, 1H),
3.65-3.72 (m, 1H), 4.46-4.61 (m, 2H), 5.19 (d, J = 4.8 Hz, 0.44H), 5.31 (d, J = 4.5 Hz, 0.56H), 6.28

(s, 0.56H), 6.33 (s, 0.44H), 6.95-7.44 (m, 4H); 13C NMR (CDCl3) & 13.72(x2), 19.22(x2), 31.59(x2),

277 O A1 NO LT NO L7 1 & £ "TA TN 777 1N° |ﬂ 1NA Y7 110 18 19N 28 17N 81 170 A
37.63, 41.UY, 6/.U8, 6/.15, O/.74, 1VU./ /1, 1V2.17, 1US.27, 115.15, 12U.33, 39, 120.55, 129.45,
129 87 121 84 121 A4 11610 123K 44 12088 1403 HRMS Caled for CizcH1aOA~RBr M. 3100568

-t £ » 1.1 .J_'I', | g l.U‘r, AJU JI’ LW Ty L7000y ATV.JV AARNITAW g NIV AR \/13!‘ lyv‘ulv Ay ~F ANT TSIy
312.0549. Found: m/z 310.0566, 312.0569.

2-Allyl-4-butyl-3-octyltetrahydrofuran (2f, mixture of stereoisomers, isomeric ratio could
not be determined): Bp: 187-189 °C (0.5 torr); IR (neat) 2922, 2850, 1467, 1460, 1378, 1037, 990,
911, 720 cm~1; 1H NMR (CDCl3) 8 0.86 (m, 6H), 1.16-1.40 (m, 20H), 1.73-2.33 (m, 4H), 3.28-4.05
(m, 3H), 5.01-5.09 (m, 2H), 5.76-5.91 (m, 1H); 13C NMR (CDCl3) & 13.94, 13.96, 22.55, 22.81,
26.41, 27.15, 28.00, 29.20, 29.43, 29.78, 30.56, 31.78, 39.89, 41 38 46.13, 71.86, 82.60, 116.60,
135.63. Found: C, 81. 6; H, 12.80%. Calcd for CjgH3¢0: C, 81.36; H, 12.94%.

3-Butyi-4-octyitetrahydrofuran (2g, 1:1 mixture of stereoisomers) faster moving band (Rf
= 0.45, hexane/ethyl acetate = 20/1): Bp: 116 °C (1 torr); IR (neat) 2952, 2920, 2850 cm~1; 1H
NMR (CDCl3) 8 0.86-0.92 (m, 6H), 1.21-1.34 (m, 20H), 1.45-1.60 (m, 1H), 1.68-1.80 (m, l..), 3.38
(dd, J = 7.5, 7.5 Hz, 2n) 3.9 (dd, J = 6.9, 8.4 Hz, 2H); 13C NMR (CDCl3) § 13.90, 13.98, 22.55,

22.82, 28.41, 29.19, 29.43, 29.79, 30.61, 31.78, 32.82, 33.14, 45 56, 45. 58_ 73.87(x2). Found: C

30.03; H, 13.45%. Calcd for C1gH3202: C, 79.93; H, 13.41%. slower moving band (Rf = 0.43,
hexane/ethyl acetate = 20/1): Bp: 116 °C (1 torr); IR (neat) 2952, 2920, 2850 em—1; I'H NMR
(CDCl3) 8 0.88 (t, J = 6.9 Hz, 3H), 0.91 (t, J = 6.6 Hz, 3H), 1.20-1.40 (m, 20H), 2.06-2.18 (m, 2H),
3.50 (dd, J = 6.0, 8.1 Hz, 2H), 3.85 (dd, J = 6.6, 8.1 Hz, 2H); 13C NMR (CDCl3) § 13.96, 13.99,
22.57, 22.84, 26.64, 26.96, 28.44, 29.20, 29.48, 29.81, 30.66, 31.79, 41.95, 41.97, 72.44(x2). Found:
C, 80.03; H, 13.45%. Calcd for CygH3207: C, 79.93; H, 13.41%.

i

Butoxy-4 metnyuetranyuropyran (2h, mixiure of stereoisomers, isom

b
i R PIPEGN, W ~ AMNTL NIQRL YTQN 1
a). Dp IUL—IU) \_, \I tOIT ), ll\ \llﬁzdt) 4710, 4000V, 2 /7V, 1

351, 1258, 1164, 1141, 1075, 1003, 988, 973, 915, 886 cm—1; 1H NMR (CDCl3) 8 0.88 (t, J
6 Hz, 3H), 1.01-1.79 (m, 9H), 3.34-3.44 (m, 2H), 3.82 (dt, J = 6.6, 9.6

I =6
3y, v VWU Khdsy SRR ), i, i, FIxj, 225 i, &11)

, 42, 117 Hz, IH), 4.29 (dd, J = 2.4, 9.3 Hz, 1H); 13C NMR (CDCl3) § 13.77,

19 18 217”’, 29 28 31.80, 33.68, 39.96, 65.22, 68.53, 101.88. Found: C, 69.42; H, 11.41%. Calcd for
C1oH?2002: C, 69.72; H, 11.70%.
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2-Butoxy-5-butyl-4-vinyltetrahydrofuran (2i, 1:1 mixture of stereoisomers) faster moving
band (Rg = 0.43, hexane/ethyl acetate = 20/1): Bp: 123-125 "C (0.5 torr); IR (neat) 2928, 2858,
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1643, 1467, 1380, 1341, 1300, 1156, 1099, 1034, 996, 914, 882, 669 cm—1; 1H NMR (CDCl3) 8 0.89 (t,
J =75 Hz, 6H), 1.23-1.70 (m, 11H), 2.23-2.37 (m, 2H), 3.36 (dt, J = 6.6, 9.6 Hz, 1H), 3.62-3.70 (m,

2H), 4.94-5.12 (m, 3H), 5.73 (ddd, J = 8.1, 9.9, 17.4 Hz, 1H); 13c NMR (CDCl3) & 13.72, 13.88,
19.26, 22.68, 28.41, 31.80, 32.99, 39.84, 49.14, 67.28, 81.56, 103.42, 115.72, 139. 19 Found: C,
74.22; H, 11.34%. Calcd for C14H609: C, 74.28; H, 11.58%. siower moving band (R¢ = 6.49,
havanafoathwul anatatn — FARI1) Do 1792 17K °4Y (N K tnre)e TD Faanat) MOIA QLN 165AA I/I(( 1270
HTAGHTU/TUILY1I GlTLaiC — &U/iil) up. 149—140 W \V.J W11, 1N \llcal) &F7o, L0UVU, 10994, 19400, 10/,
1349, 1321, 1187, 1161, 1087, 1032, 993, 914, 661 cm“]' IHN R (CDCl3) 6 0.89 (t, J = 7.2 Hz, 6H),

1.27-1.62 (m, 10H), 1.80 (ddd, J = 4.8, 11.7, 11.7 Hz, 1H), 2()4{(_1(1, = 6.9, 12.6 Hz, 1H), 2.71 (m,
1H), 3.31 (dt, J = 6.3, 9.6 Hz, 1H), 3.62-3.70 (m, 2H), 4.96-5.10 (m, 3H), 5.65 (ddd, J = 8.4, 10.2,
17.1 Hz, 1H); 13C NMR (CDCl3) & 13.75, 13.90, 19.32, 22.61, 28.44, 31.76, 35.36, 40.32, 47.51,
66.63, 84.48, 103.21, 115.97, 138.87. Found: C, 74.22; H, 11.34%. Calcd for Cy4H2602: C, 74.28; H,

11.58%.

2-Butoxy-5-phenyl-4-vinyltetrahydrofuran (2j, 1:1 mixture of stereoisomers) faster moving

band (Rf =0.41, hexane/ethyl acetate = 20/1): Bp: 175 °C (0.5 torr); IR (neat) 3064, 3030, 2954,

2868, 1642, 1453, 1350, 1333, 1191, 1098, 1003, 916, 753, 697, 665 cm"] IH NMR (CDCl3) 6 0.92 (1,
3

I — 717911 2L 1 20 /4 F o 1 77T0O 1T, NI 1 &2 1 £ Y TT I _ 2N 70 13 " L¥..
J = j.a i, ornj, 1.50 (iq, 4 1.2, 1.6 0OZ, 2r1), 1.55—1.65 (mm, 2n . = 5.0, /.6, 15.2 nz,
IHY. 250 ¢ddd. J =54 00 120 Hz 1HY 282 /dde F =84 84 A Hz 1H) 244 (dt J = 66. 08

Jo &ed\J MMM, J STy TN, Ldun 7 RR&y lll,’ PRS2 B UL, J .77y, 077y U 104, 1A1), 7.77T77 \UL, J ., 7.
Hz, 1H), 3.77 (dt, J = 6.9, 9.6 Hz, 1H), 4.68 (d, J = 8.4 Hz, 1H), 4.90 (d, J = 17.1 Hz, 1H), 4.99 (d, J

= 10.2 Hz, 1H), 5.33 (dd, J = 3.3, 5.7 Hz, 1H), 5.84 (ddd, J = 8.1, 10.2, 17.1 Hz, 1H), 7.24-7.35 (m,
5H); 13C NMR (CDCly) 8 13.76, 19.26, 31.74, 39.76, 52.00, 67.68, 83.55, 103.92, 116.44, 126.45,
127.73, 128.34, 137.84, 140.34. Found: C, 77.71; H, 9.20%. Calcd for C1gH72207: C, 78.01; H, 9.00%.
slower moving band (Rg = 0.39, hexane/ethyl acetate = 20/1): Bp: 175 ‘C (0.5 torr); IR (neat)
3028, 2954, 2928, 2866, 1644, 1493, 1455, 1443, 1351, 1322, 1183, 1097, 1056, 1028, 982, 939, 913,
888, 752, 698, 660 cm—1; 1H NMR (CDCl3) § 097 (t, J = 7.5 Hz, 3H), 1.44 (tq, J = 7.2, 7.5 Hz, 2H),
1.60-1.70 (m, 2H), 2.04 (ddd, J = 5.1, 12.3, 17.4 Hz, 1H), 2.22 (dd, J = 6.6, 12.6 Hz, 1H), 3.00 (m,

1H), 3.46 (dt, J = 6.6, 9.3 Hz, 1H), 3.89 (dt, J = 6.6, 9.6 Hz, 1H), 4.64 (d, J = 9.3 Hz, 1H), 4.96 (d, J

= 17.1 Hz, 1H), 5.03 (d, J = 10.5 Hz, 1H), 5.20 (d, J = 5.1 Hz, 1H), 5.75 (ddd, J = 7.8, 10.5, 17.1 Hz,
1LY 794 7 20 7 SN, 137 WnaD AT\ 8 1209 10125 21 714 AN 1S SN AN £72Q Q£ Q9 102 N
111, £.20—7.537 {ill, 5n); -~ INIVIRN (CUI13) 0 13,64, 17.35, 31./0, 4U.335, SU.LV, §/.50, 6U.72, 1UJ./V,
11694 17678 172788 1928 724 13/A K1 14172 Found- O 7771-H Q200 (Caled for Ci1-HAADA- O

1%, 3 L&V IV, LuiJJdy LAU.L5Ty 1IUUL, 41TFL1 00 L VBLUL Ny 7707 1y dly ZaVU /U, SQIVG LVL L QR2g 730 /e Sy
78.01; H, 9.00%.

N-phenyl-3-methylpyrrolidine (6a): Bp: 127-130 °C (0.1 torr); IR (neat) 2954, 2922, 2888, 2866,
2824, 1600, 1510, 1504, 1483, 1365, 1185, 991, 744, 690 cm~1; 'H NMR (CDCl3) 8 1.10(d, J = 6.9
Hz, 3H), 1.61 (ddt, J = 8.1, 8.4, 12.3 Hz, 1H), 2.06-2.15 (m, 1H), 2.36 (tq, J = 6.9, 8.4 Hz, 1H), 2.84
(dd, J = 7.8, 7.8 Hz, 1H), 2.23-3.38 (m, 2H), 342 (dd. J = 7.5, 9.0 Hz, 1H), 6.52 (d, J = 7.8 Hz, 1H),
6.63 (t, J = 7.5 Hz, 1H), 7.17-7.23 (m, 2H); 13C NMR (CDCl3) & 18.31, 33.16, 33.43, 47.34, 54.84,
111.39, 115.23, 129.17, 148.01. Found: C, 81.80; H, 9.41%. Calcd for C{1H5N: C, 81.94; H, 9.38%.

N-tosyl-3-methylpyrrolidine (6b): Mp: 66.0-67.5 °C; IR (nujol) 2850, 1337, 1302, 1163, 1092,
1040, 764, 659 cm—!; 1H NMR (CDCl3) § 0.87 (d, J = 6.9 Hz, 3H), 1.31 (ddt, J = 8.1, 8.4, 123 Hz,
1H), 1.86 (ddt, J = 4.8, 6.9, 12.3 Hz, 1H), 2.07 (itq, J = 6.9, 6.9, 6.9 Hz, 1H), 2.39 (s, 3H), 2.70 (dd,
J =78,9.6 Hz, 1H), 3.18 (ddd, J = 7.5, 8.1, 9.6 Hz, 1H), 3.29 (ddd, J = 4.2, 8.1, 9.6 Hz, IH), 3.38
(dd J =72, 9.6 Hz, 1H), 7.28 (d, J = 8.1 Hz, 2H), 7.67 (d, J = 8.1 Hz, 2H); 13C NMR (CDCI3) &
17.46, 21.35, 33.08, 33.14, 47.49, 54.65, 127.52, 129.62, 134.01, 143.31. Found: C, 59.98; H, 7.07%

Caled for C|2H[7NO5S: C, 60.21; H, 7.17%.

trans -7-Oxabicyclo[4.3.0]nonan-8-one (14): IR (neat) 2932, 2864, 1745, 1449, 1426, 1299,

1255, 1212, 1189, 1172, 1130, 1114, 1091, 1076, 1028, 932, 876 cm~1; 'H NMR (CDCl3) & 1.12-2.52
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(m, 11H), 3.75 (dt, J = 3.9, 10.5 Hz, 1H); 13C NMR (CDCl3) § 23.94, 25.19, 28.22, 30.07, 35.77,
44.70, 85.17, 176.78. HRMS, Calcd for CgH1209: M, 140.0837. Found: m/z 140.0839.

| ‘]
EL'{

4H), 2.65 (dd, J = 7.5, 16.8 Hz, 1H), 4.06 (dt, J = 54, 6.6 Hz u—I), 5 11—5.18 (m, ZH , 5 73—5.87 (m,
1H); 13C NMR (CDCl3) § 17.42, 35.02, 36.84, 37.81, 86.18, 118.74, 132.56, 176.48. HRMS, Calcd for
CgH1209: M, 140.0837. Found: m/z 140.0833

trans-3-Hexyl--2-methylene-7-oxabicyclo[4.3.0lnonan-8-one (19, 1.66:1 Mixture of
Stereoisomers): IR (neat) 2922, 2856, 1784, 1459, 1450, 1214, 1185, 1086, 1038, 1007, 986, 927, 894
cm~!; TH NMR (CDCl3) & 0.82-0.90 (m, 3H), 1.00-2.88 (m, 18H), 3.68 (ddd, J = 4.2, 10.5, 10.5 Hz,
0.62H), 3.84 (ddd, J = 4.5, 10.8, 10.8 Hz, 0.38H), 4.60-4.98 (m, 2H); 13¢c NMR (CDCl3) 3 13.90,
13.93, 22.46, 22.51, 26.38, 27.13, 27.59, 29.46, 29.91, 30.73, 31.34, 31.69(x2), 31.99, 32.14, 32.27,
32.73, 33.80, 34.60, 36.91, 44.22, 46.19, 85.41, 87.78, 104.52, 111.45, 147.45, 148.13, 176.17,
176.34. HRMS, Calcd for C15H24049: M, 236.1777. Found: m/z 236.1780. Found: C, 76.33; H,
10.38%. Calcd for Cy5H2407: C, 76.22; H, 10.24%.

trans-4-(3-Nonenyl)-3-vinyltetrahydro-2-furanone (20): IR (neat) 2918, 2850, 1779, 1460,
1448, 1424, 1273, 1204, 1150, 1084, 1062, 1042, 993, 968, 949, 922 cm~1; 1H NMR (CDCl3) § 0.84 (1,

J = 6.9 Hz, 3H), 1.15-1.35 (m, 6H), 1.58=1.78 (m, 2H), 1.93 (q, J = 6.9 Hz, 2H), 2.01-2.25 (m, 2H),
2.40 (dd, J = 10.2, 17.1 Hz, 1H), 2.65 (dd, J = 8.1, 17.1 Hz, 1H), 2.75 (tt, J = 8.1, 8.4 Hz, 1H), 4.12
(dt, J = 3.6, 8.4 Hz, 1H), 5.11-5.18 (m, 2H), 5.27-5.47 (m, 2H), 5.68 (ddd, J = 7.8, 10.2, 17.1 Hz,
1H); 13C NMR (CDCI3) § 13.88, 22.35, 28.55, 29.00, 31.22, 32.34, 35.50, 35.34, 46.20, 83.91, 118.06,
128.24, 132.06, 135.74, 175.82. HRMS, Calcd for C|5Hp409: M, 236.1777. Found : mfz 236.1765.

Typlcai Procedure for the Manganese(0)-Mediated Cyclization Reaction of 21. The

pernatant mdnganese in THF (JmL ~1.8mmol) was added with a syringe io a solution of substrate 21 (i.0
I
J

Py i & PRy oy
and methanol (2.5minol) in THF (5.0 mL) at 25 "C under argon atmosphere. The progress of the

;m

Mmoi

reaction was monitored by TLC (hexane/ethyl acetate = 10/1). When all of the starting material were
consumed (c.a ]7h\ the resultine mixture was guenched with sat. NH4Cl. extracted with ethvl acet

sumed (c.a. 12h), the resulting mixture was qu h sat. NH4Cl, extracted with ethyl aceta
10 mL), and the combined organic lavers were washed with NaCl solution, dried over anhydrou

and concentrated to dryness. Silica gel column chromatography provided the cyclized product 2-Butoxy-4-
ethoxycarbonylmethyltetrahydrofuran (25, 1.65:1 Mixture of Stereoisomers) in 60% yield. Bp: 170 °C (0.5
torr); IR (neat) 2930, 2870, 1737, 1370, 1350, 1310, 1229, 1166, 1068, 1019, 933 cm~1; 1H NMR
(CDCl3) 8 0.87 (t, J = 7.2 Hz, 3H), 1.21 (t, J = 7.2 Hz, 3H), 1.26-1.38 (m, 2H), 1.45-1.62 (m, 3H),
2.02-2.82 (m, 4H), 3.32 (dt, J = 6.6 Hz, 9.3 Hz, 1H), 3.47-3.52 (m, 1H), 3.57-3.66 (m, 1H), 4.00-4.12
(m, 3H), 5.06 (d, J = 5.1 Hz, 0.38H), 5.07 (d, J = 5.4 Hz, 0.62H); 13C NMR (CDCl3) 8 13.69, 14.05,
19.20, 19.23, 31.65, 31.69, 33.56, 33.91, 38.20, 38.48(x2), 38.75, 60.31, 60 37, 66.98, 67.18, 71.45,

1 17m 5 Ca

71.54, 103.73, 104.11, 172.45, 172.72. Found: C, 62.85; H, 9.63%. Calicd for C1pH2904: C, 62.58; H,
~ A M

:[:.

i 1. S - 1 poy s 74 a0 ancil Ao s S s Lo
%. The cyclized compound 25 was easily trans xycarbonyimeihyl-2- e by
Jones Oxidation in 85% yield. Bp: >200 "C (0.5 torr); IR (neat) 2974, 2912, 1779, 1719, 1420, 1375,

N [
1333, 1299, 1259, 1162, 1096, 1017 cm=!; 1H NMR (CDCl3) § 1.22 (t, J = 7
7.8, 17.7 Hz, 1H), 2.48 (dd, J = 6.6, 8.7 Hz, 2H), 2.69 (dd, J = 8.4, 17.7 Hz, 1H), 2.94 (hepte-, J
Hz, 1H), 3.97 (dd, J = 6.6, 9.3 Hz, 1H), 4.12 (q, J = 7.2 Hz, 2H), 4.48 (dd, J=172,93 Hz, 1H); 13C
NMR (CDCl3) 8 13.98, 31.75, 33.87, 37.17, 60.88, 72.57, 171.12, 176.42. HRMS, Calcd for CgH|704:
M, 172.0735. Found: m/z 172.0727.

ziq'

Physical data for 2b, 2¢, 2e, 4 and 7 were identical with those which have been described in a



vf tql /Tﬂ[rnhn/lrnn 55 ‘/]9 9

ang )
Cdang et al /felranedron b

literature.4b

Acknowledgment: This work was supported by Grant-in Aid for Scientific Research (No. 09450341)

from the Ministry of Education, Science, Sports and Culture, Government of Japan. We are grateful to

Lo [P, )

Professor Kazuhiko Takai at uxayama Umversxry for nelplul discussion.

O 00

References and Notes
(a) Nermant, K. F.; Cahiez, G. In Modern Synthetic Methods;, Schefford, R., Ed.; Salle and
Savenlander: Frankfurt, 1983, vol. 3. (b) Cahiez, G. Butylmanganese Chloride and Related Reagenis
in Encyclopedia of Reagents for Organic Synthesis; Paquette, L., Ed.; Wiley: Chichester, 1995. (c)
(‘abm“l G. Mmr ommse( I) Chloride in Encyclopedia of Reagents for Organic Synthesis; Paquette, L.,

G
(t:) Rleke R. D.; Kim, S-H.; Wu, X. M. J. Org. Ches

NICAL, IR,

(a) Smder, B. BA Che.m. Rev. 1996, 96, 339. (b) Igbal, J.; Bhatia, B.; Nayyar, N. K. Chem. Rev.
1994, 94, 519.

(a) Takai, K.; Ueda. T.; Ikeda, N.; Moriwake, T. J. Org. Chem. 1996, 6/, 7990. (b) Takai, K.;
Ueda. T.; Kaihara, H; Sunami, Y.; Moriwake, T. J. Org. Chem. 1996, 61, 8728.

(a) Nakao, J.; Inoue, R.; Shinokubo, H.; Oshima, K. J. Org. Chem. 1997, 62, 6050, (b) Nakao, J.;
Inoue, R.; Shinokubo, H.; Oshima, K. Bull. Chem. Soc. Jpn. 1997, 70, 2039.

For leading references, see: (a) Hart, D. J. Science 1984, 223, 883. (b) Curran, D. P. Synthesis
1988, 417, 489. (c) Motherwell, W. B.; Crich, D. Free Radical Chain Reactions in Organic Synthesis,
Academic: New York, 1992. (d) Melikyan, Gagik G. Org. React. 1997, 49, 427.

(a) Sloan, C. P; Cuevas, J. C.; Quesnelle, C.; Snieckus, V. Tetrahedron Lett. 1988, 29, 4685. (b)
Wolff, S.; Hoffmann, H. M. R. Synthesis 1988, 760. (c) Boger, D. L.; Palanki, M. S. S. J. Am.
Chem. Soc. 1992, 114 , 9318. (d) Rao, A. V. R.; Gurjar, M. K.; Bose, D. S.; Devi, R. R. J. Org.
Chem. 1991, 56, 1320. (e) Boger, D. L.; Yun, W.; Teegarden, B. R. J. Org. Chem., 1992, 57,
2873. (f) Clive, D. L. J.; Etkin, N.; Joseph, T.; Lown, J. W. J. Org. Chem. 1993, 58, 2442. (g)
Boisvert, G.; Giasson, R. Tetrahedron Lert. 1992, 33, 6587. (h) Rai. R.; Collum, D. B.
Tetrahedron Lett. 1994, 35, 6221. (i) Itoh, T.; Ohara, H.; Emoto, S. Tetrahedron Lett. 1995, 36 ,
3531.

Palladium-catalyzed cyclization: (a) Larock R. C.; Stinn, D. E. Tetrahedron Lett. 1988, 29, 4687. (b)
Larock, R. C.; Babu, S. Tetrahedron Lett. 1987, 28, 5291. (c¢) Larock, R. C.; Stinn, D. E.
Tetrahedron Lett. 1989, 30, 2767. (d) Hegedus, L. S. Angew. Chem., Int. Ed. Engl. 1988,27,
1113. (e) Sakamoto, T.; Kondo, Y.; Yamanaka, H. Heterocycles 1988, 27, 2225. Nickel: (f) Mori,
M.; Kudo, S.; Ban, Y. J. Chem. Soc., Perkin Trans. 11978, 771. (g) Olivero, S.; Clinet, J. C.;
Dunach, E. Tetrahedron Lett. 1995, 36 ,4429. Cobalt: (h) Pattenden, G. Chem. Soc. Rev. 1988,
7,361. Zn-Mn: (i) Riguet, E.; Klement, I.; Reddy, C. K.; Cahiez, G.; Knochel, P. Tetrahedron Let:.
1996, 37, 5865. Zn-Ni: (j) Vaupel, A.; Knochel, P. J. Org. Chem. 1996, 61, 5743.

Curran, D. P.; Totleben, M. 1. J. Am. Chem. Soc. 1992, 14, 6050.

Hojo, M.; Yoshizawa, J.; Funahashi, Y.; Okada, R.; Nakayama, S.; Tateiwa, J.; Hosomi, A.
Heterocycles, in press.

A part of this paper was publicated in a communication; Tang, J.; Shinokubo, H.; Oshima, K. Synlett
1998, 1075.

. Metal granuies 1-3 mm purchased from Mitsuwa’s pure chemicals.
. The blank test without manganese species was performed as follows: The fully activated magnesium

1893-1904 1903



1904

13.
14.

15.

16.
17.
18.

19.
20.

21.
22.

24.
25.

t2
=)

J. Tang et al. / Tetrahedron 35 (1999) 1893-1904
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The presence of the manganese enolate could also be supported by the following reaction.

Scheme 7
0 Mn(0)* 0

| - 72% yield

0y ~

* NN TN ™~ / ™~

07 SPh MeOD (2 mmol), THF (1mL) B~ 0~ ~Ph 100%D

RT, 12h
0.5 mmol '

If the magnesium turnings were not fully activiated, this reductive reaction shoud not be initiated. In
such case, a small amount of 1,2-dibromoethane {ca. 3 mmo!) was added to the above suspension and

nd the details are as follows: supernatant (2 mlL) was transfered with a syringe to a flask under argon
atmosphere, and ql..cnc..ed it with standard hydrochloric acid (0.100 mmol/mlL, 10 mL) at 0 °C. The
excess hydrochloric acid was titrated by a standard sodium hydroxide (0.100 mmol/ml.) with phenol
phthalein as an indicator. Upon this method, the factor is about 0.29 mmol Mn{(0)/mL



