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H), 7.99 (s, 1 H), and 8.13 ppm (s, 1 H); °C NMR 24.51, 51.60,
52.12, 59.10, 119.26, 119.33, 119.62, 120.00, 120.17, 120.33, 126.42,
128.04, 132.26, 136.83, 138.34, 138.58, 176.43, 177.62; IR (KBr)
3400 (br, s), 3380 (m), 3210 (m), 3047 (m), 2942 (w), 1680 (vs),
1440 (vs), 1285 (vs), 1140 (s) cm™'; MS (CI) 421 (P, 1), 323 (5),
295 (16), 294 (13), 114 (12), 112 (71), 111 (12), 55 (12), 43 (100);
MS (CI) caled for CyoHy NyO4 (P + H) 421.1530, found 421.1541.

Reaction of 20, The procedure of Regitz!® was used to prepare
10-diaza-9-anthrone (20) from 9-anthrone and p-toluenesulfonyl
azide!” in 90% yield. Bright red 20 (mp >300 °C) has 'H NMR
$7.33(d,2H,J =8Hz), 741 (t,2 H, J = 8 Hz), 7.70 (t, 2 H,
J = 8 Hz), and 8.54 ppm (d, 2 H, J = 8 Hz).

A solution of 20 (126 mg, 0.594 mmol) and NMM (68 mg, 0.613
mmol) in 7 mL of pyridine was reduced in the usual manner with
15 mg of 10% Pd/C catalyst. After 1 h of vigorous stirring with
H,, and 5 h of additional stirring, the mixture was worked up in
the usual manner. The deazotized cycloadduct 21 was estimated
by NMR to have been formed in 45% yield, along with N-
methylsuccinimide and 9-anthrone. An essentially quantitative
yield of 21 was formed when this procedure was carried out by
stepwise reduction-cycloaddition. The product 21 was identical
with material prepared by direct reaction of anthrone with NMM,
as recently described.?

Reaction of 22. The procedure of Clar was used to prepare
10-methylene-9-anthrone!® (22) from 9-anthrone and aqueous
formaldehyde. Compound 22 was obtained in 91% yield as
colorless crystals: mp 146.5-147 °C (lit.!® mp 145-147.5 °C); 'H
NMR 66.34 (s,2H), 7.54 (t,2H,J = 7THz),765(t,2H,J =
8 Hz), 8.01 (d, 2 H, J = 8 Hz), and 8.35 ppm (d, 2 H, J = 7 Hz).

(16) Regitz, M. Chem. Ber. 1964, 97, 2742.

(17) Doering, W. v. E;; DePuy, C. H. J. Am. Chem. Soc. 1953, 75, 5955.
(18) Clar, E. Chem. Ber. 1936, 69, 1687.

(19) Heymann, H.; Trowbridge, L. J. Am. Chem. Soc. 1950, 72, 84.

A mixture of 22 (212 mg, 1.02 mmol), NMM (126 mg, 1.14
mmol), and 10 mg of 10% Pd/C in 10 mL of pyridine was hy-
drogenated for 40 min, stirred an additional 30 min, and then
worked up in the usual manner. Analysis of the crude residue
by NMR showed no absorptions anticipated for cycloadduct;
instead, major amounts of N-methylsuccinimide and 10-
methyl-9-anthrone (23) were formed. The latter was identical
with 23 that had been independently prepared by methylation
of anthrone and also by reduction of 22: 10-methyl-9-anthrone
(23) has mp 64-66 °C (lit.!® mp 64.5-66.5 °C); 'H NMR 4 1.59
(d,3H,J=75Hz),430(q, 1 H,J=75Hz),744 (t,2H,J =
7.5 Hz), 7.50 (d, 2 H, J = 7.5 Hz), 7.62 (t, 2 H, J = 7.5 Hz), and
8.31 ppm (d, 2 H, J = 7.5 Hz).

Double Retro-Aldol Reaction of 4 in MeOD. A solution of
321 mg (1.0 mmol) of cycloadduct 4 in a solvent consisting of 7
mL each of MeOD and THF was treated with 1 mL of iso-
propylamine. After 24 h at room temperature, the solution was
separated from the yellow needles of anthrquinone which had
precipitated, and the solvent was removed under vacuum, with
care to retain the relatively volatile N-methylsuccinimide. The
'H NMR spectrum of the residue showed a singlet at 3.00 ppm
(N-Me; relative area = 3) and a broadened triplet-like absorption
at 2.72 ppm (relative area = 2.1, compared to 4.0 for the un-
deuterated N-methylsuccinimide methylene absorption), signifying
formation of the dideuterio compound with high efficiency.
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Although pentaalkylstiboranes have long been known, their applications in organic synthesis have not been
exploited. It has been found that quaternary stibonium salts (n-BugSbCH,E]*X" (E = Ph, CH=CH,, CH=
CHCO,Et, CO,Et, CN; X = Br, I, BPh,) on treatment with RLi (R = n-Bu, ¢-Bu, Ph) afford pentaalkylstiboranes,
n-BuySh(R)CH,E, which react with aromatic aldehydes to give, after subsequent hydrolysis, homobenzylic alcohols,
homoallylic alcohols, ethyl 5-aryl-5-hydroxypent-2-enoates, ethyl 8-aryl-3-hydroxypropionates, and 8-aryl-8-
hydroxypropionitriles, respectively, in good to excellent yields. The reaction is chemoselective for aldehydes.

Introduction

Few reports! concerning the application of organo-
antimony compounds in organic synthesis have appeared
in the literature. Henry and Wittig? claimed that tri-
phenylstibonium methylide, prepared from methyltri-
phenylstibonium iodide and phenyllithium, reacted with
benzophenone to form acetaldehyde. However, Doleshall
et al.? later reported a quite different result: that reaction
of methyltriphenylstibonium iodide or tetraphenylborate
with phenyllithium followed by introduction of benzo-
phenone into the reaction mixtures gave a pentaorganyl-

*This paper is the 85th report of the synthetic application of
elementoorganic compounds of group 15 and 16.

0022-3263/91/1956-1381$02.50/0

stiborane, methyltetraphenylstiborane, and unreacted
benzophenone. On the other hand, Wittig and Laib* re-
ported that Me,Sh(CH,Ph),Br reacted with PhLi to yield
Me,SbCH(CH,Ph)Ph, a product hypothesized to result
from the rearrangement of an antimony ylide. The only
successful Wittig-type process reported for an antimony
ylide was the reaction of triphenylstibonium tetra-
phenylcyclopentadienylide, formed from triphenylstibine

(1) Freedman, L. D.; Doak, G. O. J. Organomet. Chem. 1988, 351, 26
and the references therein.

(2) Henry, M. C.; Wittig, G. J. Am. Chem. Soc. 1960, 82, 563.

(3) Doleshall, G.; Nesmeyanov, N. A.; Reutov, O. A. J. Organomet.
Chem. 1971, 30, 369.

(4) Wittig, G.; Laib, H. Liebigs Ann. Chem. 1953, 580, 57.

© 1991 American Chemical Society



1382 J. Org. Chem., Vol. 56, No. 4, 1991

and diazotetraphenylcyclopentadiene, and arylaldehydes
to form fulvenes.?

Earlier, we reported a series of the trialkylstibine-me-
diated reactions® and the reduction of some organic com-
pounds by tertiary stibines.” Almost all of these reports
focused on the reactivity of tertiary stibines and antimony
ylides. To our knowledge, scant attention has been paid
to the use of pentaalkylstiboranes in organic synthesis,®
although many, such as pentaethyl-,* pentabutyl-,? pen-
taallyl-,% pentacyclopropyl-,® pentaaryl-,% and alkyl-
tetraphenylstiborane,® have long been known. We have
noticed that antimony has a greater tendency to form
pentaalkyl derivatives than do phosphorus and arsenic.
Our aim was thus to explore the scope of the reactivities
of pentaalkylstiboranes (A5-stibanes).? We report here the
first examples of the reactions of pentaalkylstiboranes and
carbonyl compounds.

Results and Discussions

In a preliminary communication,!® we reported the
strong-base-mediated reactions of carbonyl compounds and
benzyltrialkylstibonium bromides 1. Reactions mediated
by alkyllithiums gave homobenzylic alcohols, while those
mediated by lithium diisopropylamide (LDA) gave mix-
tures of alkenes and epoxides.

Furthermore, we have found that many quaternary
stibonium salts 1a-5, after treatment with alkyl- or phe-
nyllithium, reacted with aromatic aldehydes to give the
corresponding alcohol derivatives (eq 1) rather than al-
kenes!! or epoxides,!? the products expected by analogy
with the reaction of, for example, phosphorus ylides.

1. R'Li; 2. RCHO
e

[n-Bu,SbC HQE] *X 3.Hg0

1-5

E = Ph, X = Br (18); E13SbCH,Ph * Br™ (1b)

E = CH==CHy, X = Br (2a); X = I (2b)

E = CH==CHCO,Et, X = Br (38); X = BPh, (3b)
E = CO,Me, X = Br (4a); X = BPh, (4b)

E = CO,EL, X = BPh, (4¢)

E=CN, X = Br (5).

ol

RCHCH,E + n-BusSbX (1)
6-10 1

E = Ph (6)

E=CH==CHy, (7

E = CH==CHCO,E! (8)
E =CO;R" (8)

E =CN (10),

Stibonium bromides la-5 were readily prepared from
trialkylstibines and alkyl bromides at room temperature.
Anion exchange, by treatment of the bromides with
NaBPh,, gave the corresponding crystalline tetraphenyl-
borates.

(5) Freeman, B. H.; Lloyd, D.; Singer, M. 1. Tetrahedron Lett. 1972,

343.

(6) Chen, C.; Huang, Y. Z.; Shen, Y. C.; Liao, Y. Heteroat. Chem. 1990,
1, 49 and references therein.

(7) Chen, C.; Huang, Y. Z.; Zhu, F. H,; Liao, Y. J. Organomet. Chem.
1989, 378, 147.

(8) Hellwinkle, D. Top. Curr. Chem. 1988, 109, 1-63.

(9) (a) Takashi, Y. J. Organomet. Chem. 1967, 8, 225. (b) Nesmeya-
nov, A. N.; Borisov, A. E,; Kizim, N. G. Jzv. Acad. Nauk, SSSR, Ser.
Khim. 1974, 1672; Chem. Abstr. 1974, 81, 1056529. (c) Nesmeyanov, A.
N.; Borisov, A. E.; Novikova, N. V. Tetrahedron Lett. 1960, 23. (d)
Cowley, J. H.; Mills, J. L.; Loehr, T. M.; Long, T. V., IL. J. Am. Chem.
:59;;; ;g7 1, 93, 2150. (e) Wittig, G.; Clauss, K. Liebigs Ann. Chem. 1952,
19 9((%O)S;'Iuang, Y. Z; Liao, Y.; Chen, C. J. Chem. Soc., Chem. Commun.
(11) Maercker, A. Org. React. 1965, 14, 270.

(12) Johnson, A. W.; Martin, J. 0. Chem. Ind. (London) 1965, 1726.
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Table I. Synthesis of Homobenzylic Alcohols 6

entry RCH=0 R’Li product yield (%)?

1 PhCHO n-BuLi 6a 96

2 PhCHO t-BuLi 6a 95

3 PhCHO PhLi 6a 95

4 PhCHO n-BuLi 6a 92b

5 4-CIC¢H,CHO n-BuLi 6b 98

6 PhCH=CHCHO t-BuLi 6c 7

7 4-CH,C;H,CHO PhLi 6d 86

8 =

O_CHO PhLi ée 89
N

¢Based on aldehyde. ®[Et;SbCH,Ph]*Br~ (1b) was used in place
of [n-Bu;SbCH,Ph]*Br- (1a).

Table I1. Synthesis of Homoallylic Alcohols 7

T (°C)/t yield
entry RR*C=0 R’Li (h) product (%)

1 PhCHO t-BuLi -78-rt/3* T7a 90
2 PhCHO n-Buli -78-rt/2 T7a 91
3 PhCHO PhLi  -40-rt/2 7a 90°
4  4-CICgH,CHO n-BuLi -78-rt/2 7b 92
5 4-CH,CH,CHO PhLi -78-rt/2 Tc 86
6 PhCH=CHCHO PhLi -40-rt/3 7d 68
7  citral PhLi  -78-rt/2 Te 72
8 Q_CHO n-BuLi -78-rt/2  7f 78
9 PhCOCH,4 PhLi  -78-rt/6  nd? 0

3 Based on aldehyde. ®n-Bu;Sb(CH,CH=CH,)*I- (2b) was used
for this entry. In other entries, n-BusSb(CH,CH=CH,)*Br~ (2a)
was used. °rt = room temperature. ¢nd = not detected.

Scheme I
n-BusSHCH,Ph*Br~  22%e ) Bu,SbCH,Ph ==

1a Li*Br~
12

s+ s~ Ph

(n-BuSbr o oCH  ]Br"
\‘U¢
12

Although some quaternary stibonium salts with elec-
tron-withdrawing substituents condensed directly with
carbonyl compounds when heated,!* benzyltri-n-butyl-
stibonium bromide (1a) did not react with carbonyl com-
pounds in the absence of alkyl- or phenyllithium, even at
150 °C. A novel RLi-promoted condensation of 1a and
aromatic aldehydes did occur, however, and afforded ho-
mobenzylic alcohols. Neither benzophenone nor aceto-
phenone reacted undet the same conditions. Aliphatic
aldehydes afforded complicated products. The results are
shown in Table 1.

Lithium reagents such as n-BuLi, ¢-BuLi, and PhLi
promoted the reaction effectively. An alkyllithium is not
only a strong base but also a strong nucleophile. The
antimony atom of the stibonium salt is an electrophile with
a large atom radius, so the alkyllithium can attack anti-
mony atom preferentially and displace the anion X-, in-
stead of abstracting a proton and forming an antimony
ylide, as occurs in the case of the phosphonium or arsonium
analogues. A pentaalkylstiborane (12) thus may be formed,
as shown in Scheme . This species may become polarized
in the presence of Li* to form 12/, which by nucleophilic
addition to aldehydes can afford, after hydrolysis, homo-
benzylic alcohol.

In fact, when benzyltri-n-butylstibonium bromide (1a)
was treated with n-BulLi, we did isolate an intermediate,

(13) Chen, C.; Shen, Y. C.; Huang, Y. Z. Tetrahedron Lett. 1988, 1395.
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Table ITI. Synthesis of Ethyl
5-Aryl-5-hydroxypent-2-enoates 8

entry R time (h) product yield (%)*
1 CeHs 4 8a 81
2 4-CIC¢H, 2 8b 98
3 4'Br06H4 2 8c 95
4 4-FC¢H, 4 8d 55
5 4-CH,C.H, 4 Se 90
6 4-NO,C¢H, 2 8f 65

%Based on aldehyde.

Table IV. Synthesis of 8-Hydroxypropionic Esters 9

time yield
entry R!RXC=0 (h) product (%)°
1 PhCHO 2 PhCH(OH)- 96¢
CH,CO,Me (9a)
2 PhCHO 2 PhCH(OH)- 97
CH,CO,Et (9b)
3 4-CIC;H,CHO 2 p-CIC;H,CH(OH)- 95

CH,CO,Et (9¢c)

4 4'CHQCGH" 2 p-CHaCeH4CH(OH)' 93
CHO CH,CO,Et (9d)

5 4-CH,0C:H,- 4  p-CH;0CH,CH(OH)- 93
CHO CH,CO,Et (%)

6 PhCOCH, 6  PhC(CHy)(OH)- 0

CH,CO,Et (9f)

9Based on aldehyde. ®n-Bu;Sb(CH,CO,Me)*BPh,” was used instead
of n-BusSb(CO,Et)*BPh,.

n-Bu,SbCH,Ph (12), which was stable only under nitrogen
but which could be characterized by mass spectrometry.
If the reaction was stopped at this stage (-78 °C) and was
allowed to reach room temperature, addition of benz-
aldehyde still gave the product alcohol. Thus, it appears
that pentaalkylstiborane 12 is a likely intermediate.
Allyltri-n-butylstibonium bromide (2a), under the me-
diation of phenyl- or alkyllithium, reacted with aromatic
aldehydes to give homoallylic alcohols 7 in good to ex-
cellent yields. The same products could also be prepared
by tri-n-butylstibine-promoted reaction of carbonyl com-
pounds with allyl bromide at 80~110 °C.'* The former
reaction also may involve a pentaalkylstiborane interme-
diate such as 12. The results are shown in Table II.
Of great interest is the n-BuLi-mediated synthesis of
ethyl 5-aryl-5-hydroxypent-2-enoates 8 in high yields from
stibonium salt 3b and aldehydes (eq 1). The results are
shown in Table III. These compounds are usually pre-
pared via the Reformatsky reaction and are often obtained
in only low yields.'* Our procedure seems to be a prom-
ising alternative method for preparing these compounds.
[(Methoxycarbonyl)methyl]tributylstibonium bromide
(4a), after treatment with n-BulLi in tetrahydrofuran at
-18 °C, reacted with benzaldehyde to give in good yield,
after hydrolysis, a mixture of methyl B-phenyl-g-
hydroxypropionate (9a) (65%) and methyl 3-phenyl-
acrylate (13) (35%). Under similar conditions, the cor-
responding stibonium tetraphenylborate 4b gave 9a in very
high yield (97%) and no detectable 13. Thus, the anion
affects the course of the reaction significantly (eq 2).

n-BuySbCH,COMe* X~ oot PROHO
4 -78°C
™
PhCHCH,CO;Me + PhCH==CHCO,Me (2)
% 13
X=Br(dn) 65% 35%
X = BPh, (4b) 97% 0%

(14) English, J.; Gregory, J. D. J. Am. Chem. Soc. 1947, 69, 2123.
(15) Yu, L.; Fu, G. X,; Liao, Y.; Xu, C. W.; Huang, Y. Z. Org. Mass
Spectrom. In press.
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Scheme II
n-Bu

|
[n-BusSbCHCO,R]* X~ (n-Bu,SbCH,CO,R] ==
4 14

n-BuLi
—
-78

.
O~ Sb-n-Bu,

8% 8 RCHO
[n-BusSbe « «CH,COR] ———s~ R'CHCHCO;R

14 15
+LiX
n-Bu SbX (11)
H0

oL’ OH
H0
R'CHCH,CO;R ——= RCHCH,CO.R 9 + n-Bu SbOH
16 9 17
Scheme III
X
[1-BusSbCH,COAI* X ™ == n-Buasb\ ==
B CH2C02R
4,(A)
. +_ 1. R'CHO
[1BusSbX ~CH,CO,R] 2w Li “CH,CO,R + n-BuySbX oY
c 18 1 '

Stibonium salt 4¢ reacted with aromatic aldehydes to
give ethyl 8-aryl-8-hydroxypropionates 9 in excellent yield.
The reaction was also chemoselective for aldehydes: ke-
tones did not react under the same conditions. The results
are shown in Table IV.

B-Hydroxycarboxylic esters are useful in organic syn-
thesis and are usually prepared via the Reformatsky re-
action.’® The approach described here is a novel alter-
native method for the synthesis of these compounds.

We hypothesize that this alkyllithium-mediated reaction
proceeds by a pathway different from that of Wittig re-
actions. It may also involve a pentaalkylstiborane inter-
mediate (14) as shown in Scheme II. Species 14 could be
polarized as in 14’ by the influence of the electron-with-
drawing alkoxycarbonyl group. The anion formed from
the cleavage of the antimony-carbon bond of intermediate
14 could then attack the aldehyde to form intermediate
15. Hydrolysis of 15 would give rise to 9. Alternatively,
reaction of 15 with LiX could lead to the stable stibonium
salt 11 and intermediate 16, the latter yielding 9 on hy-
drolysis.

The effects of the counter ion are unclear. When the
anion of the stibonium salt is bromide, the n-BuLi-me-
diated reaction afforded some of the olefin derivatives.
Olefin formation may proceed by a pathway involving an
antimony ylide.l® When the anion is tetraphenylborate,
the strong electrophilicity of the cation and the steric
hindrance of %nion may permit the reaction to proceed
exclusively by nucleophilic attack of alkyllithium on an-
timony, so the reaction gives the 8-hydroxypropionic ester
as the sole product.

Another possibility (Scheme III) has also been consid-
ered for this n-BuLi-mediated reaction. Compound 4 may
exist as a hybrid of three structures: salt form B, penta-
covalent form A, and ion pair form C. Compound 4in C
form could react with n-BuLi to give [(alkoxycarbonyl)-
methyl]lithium 18 and n-Bu,SbX 11. Species 18 could
then react with aldehyde to afford product 9. Although
we have no bond strength data that show that the Sb-X

(16) Shriner, R. L. Org. React. 1954, 1, 1.
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Table V. Synthesis of 5-Aryl-3-hydroxypropionitriles 10
product (yield, %)®
condtns: RCH(OH)- RCH=

entry RCHO time (h) CH,CN  CHCN
1 C¢H,CHO 2 10a (95) 19a (3)
2 4-CICeH,CHO 2 10b (92)  19b ()
3  4-CH,0CH,CHO 2 10c (85)  19¢ (12)
4  34-(CH;0),C6H,CHO 3 10d (80) 194 (18)
5  3,4-(CH;0,)CeH,CHO 3 10e (82) 19 (15)

2Based on aldehyde.

bond is weaker than the Sb—C bond, the fast atom bom-
bardment mass spectrum (FABMS) of 4 shows that
cleavage of the Sb—X bond appears to be more facile than
cleavage of the Sb—C bond. The presence of a strong base
peak for Bu;ShCH,CO,R* and the absence of a Bu;ShX*
peak suggest that form B makes the greatest contribution
to the hybrid. In fact, the FABMS of all the quaternary
stibonium salts Bu,;ShCH,E*X" 1a-5 showed Bu;SbCH,E*
as the base peak and no Bu,SbX™* peak.’® Obviously, a
strong nucleophile such as alkyl- or phenyllithium can
attack the antimony atom of the salt, displacing X and
forming a pentaalkylstiborane. Therefore, we hypothesize
that the reaction proceeds mainly through a pentaalkyl-
stiborane intermediate.

Finally, our method can also be applied to the synthesis
of B-aryl-B-hydroxypropionitriles 10, starting from (cya-
nomethyl)tributylstibonium bromide (5). Besides the
expected 8-hydroxypropionitriles 10, a,3-unsaturated ni-
triles were also produced as minor products. The latter
may have been formed by dehydration of 10. The results
are shown in Table V. We hypothesize that the inter-
mediate in this instance is also a pentaalkylstiborane.

In conclusion, quaternary stibonium salts n-
Bu;SbCH,E*X~ (E = Ph, CH=CH,, CH=CHCO,Et,
CO,Et, CN; X = Br, I, BPh,) on treatment with RLi (R
= n-Bu, t-Bu, Ph) afforded pentaalkylstiboranes n-
Bu;Sh(R)CH,E. These reacted with aromatic aldehydes
to give, after subsequent hydrolysis, homobenzylic alcohols,
homoallylic alcohols, ethyl 5-aryl-5-hydroxypent-5-enoates,
ethyl 8-aryl-8-hydroxypropionates, and 8-aryl--hydroxy-
propionitriles, respectively, in good to excellent yields.
This reaction allows the chemoselective functionalization
of aldehydes, since aromatic ketones are unreactive under
similar conditions.

Experimental Section

Proton magnetic resonance (‘H NMR) spectra were recorded
on a Varian 360L instrument in CCl, solution unless indicated
otherwise. Infrared spectra were recorded of neat liquid films
unless indicated otherwise. All reactions were carried out under
nitrogen. All solvents were dried by standard methods and re-
distilled before use. Boiling and melting points are uncorrected.
Tri-n-butylstibine,” triethylstibine,'® ethyl 4-bromgbut-2-enoate,'?
bromoacetonitrile,? and ethereal PhLi? were prepared according
to literature methods.

Preparation of Trialkylstibonium Halides. General
Procedure. Benzyltributylstibonium Bromide (1a). Tri-
butylstibine (590 mg, 2 mmol) and benzyl bromide (376 mg, 2.2
mmol) were stirred at room temperature for 8 h to afford la as
a solid. Compound la was washed with light petroleum ether
(0.5 mL) at —40 °C under N, and was dried under vacuum to give

(17) Seifter, J. J. Am. Chem. Soc. 1939, 61, 530.

" 8(18) Bamford, C. H.; Levi, D. L.; Newitt, D. M. J. Chem. Soc. 1946,
(19) Loffler, A. Helv. Chim. Acta 1970, 53, 403.
(20) Steinkope, W. Chem. Ber. 1905, 38, 2694,

54 (?;)5 7Gilman, H.; Zoellner, E. A.; Selby, W. M. J. Am. Chem. Soc. 1932,
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882 mg (95%) as a hygroscopic solid: 'H NMR 4 0.87 (t,9H, J
= 5 Hz), 1.03-2.10 (m, 12 H), 2.23-2.70 (m, 6 H), 4.03 (s, 2 H),
7.10 (m, 5 H); FABMS m/e (rel intensity) 383, 385 (100). Anal.
Caled for C,gHy,SbBr: C, 49.17; H, 7.38; Br, 17.22. Found: C,
48.78; H, 7.51; Br, 16.50.

Benzyltriethylstibonium bromide (1b): white solid after
washing with CCl,; mp 149-151 °C; 'H NMR (CDCl,) 6 1.36 (t,
9H,J=8Hz),243 (q,6 H,J = 8 Hz), 3.88 (s, 2 H), 7.33 (8, 5
H); FABMS m/z (rel intensity) 299, 301 (100). Anal. Caled for
C3HyBrSh: C, 41.09; H, 5.83; Br, 21.03. Found: C, 39.89; H,
5.90; Br, 20.59.

All other stibonium halides (2a-5) were generated from tri-n-
butylstibine and the appropriate halide in the manner described
above and were used in situ without further purification. Anion
exchange via NaBPh, gave the corresponding crystalline [(eth-
oxycarbonyl)allyl]tributylstibonium tetraphenylborate (3b),
[(methoxycarbonyl)methyl]tributylstibonium tetraphenylborate
(4b), and [(ethoxycarbonyl)methyl]tributylstibonium tetra-
phenylborate (4c).1522

3b: mp 120-122 °C; *H NMR (CDCl,) 6 0.70-1.50 (m, 30 H),
1.77(d, 2 H, J, = 9 Hz), 4.20 (q, 2 H, J, = 7.0 Hz), 5.67 (d, 1 H,
J3 = 16 Hz), 6.40 (dt, 1 H, J; = 16 Hz, J; = 9 Hz), 7.00 (m, 12
H), 7.50 (m, 8 H); IR (KCl) 1720 (s), 1640 (m), 1580 (m), 1480
(m) em™;; FABMS m/z (rel intensity) 405, 407 (100). Anal. Caled
for C,,HyBO,Sh: C, 69.54; H, 7.74. Found: C, 69.95; H, 7.78.

4b: mp 152-4 °C; 'H NMR (CDCly) 5 0.83 (t, 9 H, J = 4.5 Hz),
0.95-1.76 (m, 18 H), 2.00 (s, 2 H), 3.57 (s, 3 H), 6.92 (m, 12 H),
7.45 (m, 8 H); IR (KCI) 1720 (s) cm™; FABMS m/z (rel intensity)
365 (100). Anal. Caled for CyHgBOoSh: C, 68.34; H, 7.65. Found:
C, 68.77; H, 7.92.

Synthesis of Homobenzylic Alcohols 6 and Homoallylic
Alcohols 7. Typical Procedure. Compound la (2.2 mmol) in
tetrahydrofuran (THF) (4 mL) was treated with n-BulLi (2.2 mmol,
in hexane) at 78 °C. After 0.5 h, benzaldehyde (212 mg, 2 mmol)
in THF (1 mL) was added dropwise, and the solution was allowed
to reach room temperature with continuous stirring. The reaction
mixture was then chromatographed on a 1:1 alumina-silica gel
column (petroleum ether/ethyl acetate, 4:1), giving 380 mg (96%)
of 1,2-diphenylethanol (6a): mp 63 °C (lit.2 mp 67 °C); 'H NMR
6200 (s,1H,0H),281(d,2H,J=62Hz),462(t,1H,J =
6.2 Hz), 7.10 (s, 5 H), 7.08 (s, 5 H); IR (KCI) 3400 (s) cm™.

1-(4-Chlorophenyl)-2-phenylethanol (6b): mp 49-50 °C
(lit.2* mp 52.5-53.5 °C); 'H NMR 6 2.13 (s, 1 H, OH), 2.81 (d, 2
H,J =6 Hz),4.66 (t,1 H, J = 6 Hz), 7.06 (s, 5 H), 7.15 (s, 4 H);
IR (KC1) 3360 (s) cm™; EIMS m/z (rel intensity) 232 (M*, 3).

1,4-Diphenylbut-1-en-3-ol (6¢): mp 62 °C (lit.2 mp 65-6 °C);
'H NMR 6 1.69 (s, 1 H), 2.81 (d, 2 H, J; = 6 Hz), 4.39 (dt, 1 H,
J, = 6 Hz, J, = 5 Hz), 6.15 (dd, 1 H, J; = 15.8 Hz, J, = 5 Hz),
6.56 (d, 1 H, J; = 15.8 Hz), 7.22 (br s, 10 H); IR (KCl) 3400 (vs)
eml; EIMS m/z (rel intensity) 223 (M* - 1, 2).

1-(4-Methylphenyl)-2-phenylethanol (6d): oil (lit.2® mp
107-8 °C); 'H NMR 4 1.80 (s, 1 H, OH), 2.30 (s, 3 H), 2.85 (d,
2H,J=6.2Hz),4.66 (t, 1 H, J = 6.2 Hz), 7.02 (s, 4 H), 7.07 (s,
5 H); IR 3300 (s) cm™.,

1-(2-Pyridyl)-2-phenylethanol (6e): mp 115-8 °C (lit.? mp
119-121 °C); 'TH NMR 4 2.96 (d, 2 H, J = 6 Hz), 3.80 (br s, 1 H),
4.80 (t,1 H, J = 6 Hz), 7.07 (s, 5 H), 7.40 (m, 2 H), 8.40 (m, 1
H); IR (KCI) 3350 (vs) cm™!; EIMS m/z (rel intensity) 200 (M*
+ 1, 62), 119 (M*, 3.4).

1-Phenylbut-3-en-1-0l (7a): oil (lit.% bp 228-9 °C); 'H NMR
62.32(dd,2H,J, =J,=6.3Hz),294 (brs, 1 H), 447 (t,1H,
J, = 6.3 Hz), 4.74-5.15 (m, 2 H), 5.32-6.02 (m, 1 H), 7.19 (s, §
H); IR 3350 (vs), 1640 (s) cm™.

1-(4-Chlorophenyl)but-3-en-1-0l (7b): oil; 'H NMR & 2.30
(dd,2H, J; =J,=7.0Hz), 250 (s, 1 H), 444 (t, 1 H, J, = 7.0

(22) (a) Huang, Y. Z,; Chen, C.; Shen, Y. C. J. Organomet. Chem. 1989,
366, 87. (b) Liao, Y.; Hunag, Y. Z.; Xu, C. W. Unpublished work.

(23) Kharasch, M. S.; Copper, J. H. J. Org. Chem. 19485, 10, 46.

(24) Feldstein, A.; Vanderwerf, C. A. J. Am. Chem. Soc. 1954, 76, 1626.

(25) Mikhailov, B. M.; Ter-Sarkisyan, G. S.; Tutorskaya, F. B. Izvest.
Akad. Nguk SSSR., Otdel. Khim. Nauk 1959, 831; Chem. Abstr. 1960,
54, 1416b.

(26) Tiffeneau, M.; Levy, J. Bull. Soc. Chim. 1931, 49, 1738; Chem.
Abstr. 1932, 26, 2422,

(27) Suzuki, I. Chem. Pharm. Bull. (Tokyo) 1956, 4, 211.

(28) Hilding, A. H.; Ross, W. A. J. Chem. Soc. 1954, 145.
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Hz), 4.72-5.19 (m, 2 H), 5.30-6.07 (m, 1 H), 7.15 (s, 4 H); IR 3320
(vs), 1640 (m) cm™. Anal. Calcd for C,oH,,ClO: C, 65.76; H, 6.07;
Cl, 19.41. Found: C, 65.54; H, 5.93; Cl, 19.80.

1-(4-Methylphenyl)but-3-en-1-0l (7¢): oil (1it.?® bp 194
°C/160 mmHg); 'H NMR & 2.10 (s, OH), 2.25 (s, 3 H), 2.35 (dd,
2H,dJ, =J, =6 Hz), 450 (t, 1 H, J, = 6 Hz), 4.70-5.20 (m, 2 H),
5.30-6.10 (m, 1 H), 7.03 (m, 4 H); IR 3400 (s), 1640 (s) cm™.

1-Phenylhexa-1,5(E)-dien-3-0l (7a): bp 105 °C/1 mmHg
(lit.* bp 110-1 °C/1 mmHg); 'H NMR § 2.21 (dd, 1 H, J, = J,
= 6.0 Hz), 2.80 (s, OH), 4.10 (dt, 1 H, J, = J3 = 6.0 Hz), 4.73-5.15
(m, 2 H), 5.35-6.00 (m, 1 H), 5.95 (dd, 1 H, J; = 6.0 Hz, J, = 16.0
Hz), 6.40 (d, 1 H, J, = 16.0 Hz), 7.10 (s, 5 H); IR 3350 (s), 1640
(m) em™.

6,10-Dimethylundeca-1,5,9-trien-4-ol (7e): bp 85-7 °C/3—4
mmHg (lit.® bp 80-2 °C/1 mmHg); 'H NMR 5 1.23 (s, 1 H, OH),
1.59 (s, 3 H), 1.65 (s, 6 H), 1.90-2.40 (m, 6 H), 4.20 (m, 1 H),
4.66-6.10 (m, 5 H); IR 3350 (vs), 1660 (m), 1640 (m) cm™.

1-(2-Furfuryl)but-3-en-1-0l (7f): bp 98 °C/20 mmHg (lit.32
bp 87-93 °C/3 mmHg); 'H NMR 6 2.50 (dd, 2 H, J, = J, = 6.2
Hz), 2.55 (s, 1 H), 4.56 (t, L H, J = 6.0 Hz), 4.81-5.24 (m, 2 H),
5,38-5.98 (m, 1 H), 6.14 (m, 2 H), 7.24 (s, 1 H); IR 3320 (s), 1662
(m), 1640 (m) cm™.

Isolation of Intermediate 12. (To a solution of 1a (3 mmol)
in THF (4 mL) was added by syringe n-BuLi (3 mmol, 1.6 M in
pentane) at =78 °C under N,. After the mixture was stirred for
0.5 h, the solvent was removed by distillation and the residue was
distilled under vacuum to give 844 mg (64%) of 12: bp 72°C/1
mmHg; 'H NMR 4 0.90 (t, 12 H, J = 5 Hz), 1.15-1.90 (br s, 24
H), 2.83 (s, 2 H), 7.10 (s, 5 H); EIMS m/z (rel intensity) 383 (0.43),
381 (M* - Bu, 1.60), 351 (82.24), 349 (M* - CH,Ph, 84.94), 294
(5.50), 292 (Bu,zSh*, 6.30), 237 (1.01), 235 (Bu,Sb*, 1.83), 182
(28.86), 181 (18.70), 179 (29.68), 177 (15.30), 91 (PhCH,*, 100);
FABMS m/z (rel intensity) 351 (100), 349 (Bu,Sb*, 100), 294
(10.4), 292 (Bu,Sb*, 10.1), 181 (8.1), 179 (14.2), 177 (6.3). A
detectable molecular ion was not observed in the high resolution
mass spectrum.

Synthesis of Ethyl 5-Hydroxy-5-arylpent-2-enoates 8.
Typical Procedure. The reaction was carried out as above, using
stibonium tetraphenylborate 4¢ and benzaldehyde. The reaction
mixture was then chromatographed on a 1:1 alumina-silica gel
column (ethyl acetate). The eluant was evaporated, and to the
residue was added CCl,(10 mL). After 0.5 h, the white solid
suspended in solution was collected by filtration and was identified
as tetrabutylstibonium tetraphenylborate (11, R’ = n-Bu) (yield,
64%). The filtrate was concentrated to give 360 mg (81%) of
product 8a, which was purified by chromatography on silica gel
or by distillation. Compound 11: mp 184-6 °C; ‘H NMR (CDCl,)
50.88 (brs, 12 H), 1.05-1.65 (m, 24 H), 6.97 (m, 12 H), 7.51 (m,
8 H); IR (KCI) 1580 (s), 1480 (s), 705 (vs), 605 (s) cm™!; FABMS
m/z (rel intensity) 349 (100). Anal. Caled for C,HgBSh: C,
71.77; H, 8.43. Found: C, 71.93; H, 8.49.

Ethyl 5-hydroxy-5-phenylpent-2-enoate (8a): bp 148-151
°C/2 mmHg) (lit.!* bp 143-145.5 °C/1 mmHg); '"H NMR 4 1.13
(t, 3H, J; = 7.0 Hz), 2.40 (dd, 2 H, J, = J3 = 6.0 Hz), 3.43 (br
s, 1 H,0H), 3.95 (q, 2 H, J, = 7.0 Hz), 452 (t, 1 H, J, = 6.0 Hz),
5.65(d, 1 H, J, = 16 Hz), 6.69 (dt, 1 H, J; = 6.0 Hz, J, = 16 Hz),
7.12 (s, 5 H); IR 3400 (vs), 1710 (vs), 1650 (s) cm™; EIMS m/z
(rel intensity) 220 (M*, 1.89), 203 (26.64), 143 (49.9).

Ethyl 5-hydroxy-5-(4-chlorophenyl)pent-2-enoate (8b): oil,
'H NMR 4 1.26 (t,3 H, J, = 6.5 Hz), 2.50 (dd, 2 H, J, = J3 = 6.0
Hz), 3.65 (brs, 1 H, OH), 4.10 (g, 2 H, J, = 6.5 Hz), 463 (t, 1 H,
J, = 6.0 Hz), 5.79 (s, 1 H, J, = 16 Hz), 6.85 (dt, 1 H, J; = 6.5 Hz,
J, = 16 Hz), 7.28 (s, 4 H); IR 3400 (vs), 1710 (vs), 1650 (s) cm™;
EIMS m/z (rel intensity) 254 (M*, 22), 237 (100). Anal. Caled
for C,3H,Cl0;: C, 61.30; H, 5.94; Cl, 13.93. Found: C, 60.77;
H, 6.03; Cl, 14.27.

Ethyl 5-hydroxy-5-(4-bromophenyl)pent-2-enoate (8c): oil;
'HNMR 4 1.22 (t,3H,J, = 7.0 Hz), 247 (dd, 2 H, J, = J; = 6.0

(29) Kartaschew, A. J. Russ. Phys.-Chem. Soc. 1930, 62, 1883; Chem.
Abstr. 1931, 25, 3978,

(30) Nagarov, 1. N.; Kakhniashvili, A. 1. Sb. Statei Obshch. Khim.
1954, 2, 892; Chem. Abstr. 1955, 49, 6848,

(31) Venuto, P. B.; Day, A. R. J. Org. Chem. 1964, 29, 2735.

(32) Shur, A. M.; Matyushinskii, B. V. Uch. Zap.-Kishinev. Gas. Univ.
1953, 7, 91; Chem. Abstr. 1955, 49, 11618h.
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Hz), 3.62 (br s, 1 H, OH), 4.05 (q, 2H, J, = 7.0 Hz),461 (1 1 H,
J,=6.0Hz),5.76 (d,1 H,J, = 16 H2),6.74 (dt, 1 H, J, = 16 Hz,
Jy = 6.0 Hz),7.15 (d, 2 H, J; = 9.0 Hz), 7.45 (d, 2 H, J; = 9.0 Hz);
IR 3400 (vs), 1710 (vs), 1660 (s) cm™'; EIMS m/z (rel intensity)
301 (M* + 2, 3.2), 209 (M*, 3.7), 2.83 (91.5), 281 (86.7). Anal.
Caled for Cy3H,;BrOg: C, 52.19; H, 5.05; Br, 26.71. Found: C,
51.71; H, 4.87; Br, 27.32.

Ethyl 5-hydroxy-5-(4-fluorophenyl)pent-2-enoate (8d): 'H
NMR §1.21 (t, 3 H, J,'= 7.0 H2), 2.45 (dd, 2 H, J;, = J; = 6.0
Hz), 3.46 (br s, OH), 4.04 (g, 2 H, J, = 7.0 Hz), 458 (t, 1 H, J,
= 6.0 Hz), 5.81 (d, 1 H, J, = 16.0 Hz), 6.72-7.20 (m, 5 H); IR 3400
(v8), 1710 (vs), 1655 (s) cm™}; EIMS m/z (rel intensity) 221 (3.88),
290 (3.38), 175 (6.10), 174 (6.70), 148 (18.22), 147 (9.79), 125 (100).
Anal. Caled for C;sH;sFOy: C, 65.54; H, 5.35. Found: C, 64.97;
H, 6.26.

Ethyl 5-hydroxy-5-(4-methylphenyl)pent-2-enoate (8e): oil;
1H NMR 6 1.21 (t, 3 H, J; = 7.0 Hz), 2.32 (s, 3 H), 2.44 (dd, 2
H, J, = J; = 6.0 Hz), .37 (br s, OH), 4.05 (q, 2 H, J;, = 7.0 Hz),
455 (t,1 H, J, = 6.0 Hz), 5.71 (d, 1 H, J, = 16.0 Hz), 6.73 (dt,
1H,J, = 16.0 Hz, J; = 6.0 Hz), 7.08 (5, 4 H); IR 3400 (vs), 1710
(vs), 1655 (s) cm™'; EIMS m/z (rel intensity) 234 (M*, 0.2), 217
(M* - OH, 2), 143 (9.4), 121 (100). Anal. Caled for C;(H;50q:
C, 71.77; H, 7.74. Found: C, 72.15; H, 7.90.

Ethyl 5-hydroxy-5-(4-nitrophenyl)pent-2-enoate (8f): 'H
NMR § (CDCl,) 1.26 (t, 3 H, J, =70 Hz), 264 (dd, 2 H, J, =
J, = 6.0 Hz), 3.04 (br s, 1 H, OH), 4.16 (q, 2 H, J, = 7.0 Hz), 4.94
(t, 1 H, J, = 6.0 Hz), 5.89 (d, 1 H, J, = 16 Hz), 6.98 (dt, L H, J,
= 6.0 Hz, J, = 16.0 Hz), 7.55 (d, 2 H, J; = 9.0 Hz), 8.28 (d, 2 H,
J5 = 9.0 Hz); IR (KCl) 3350 (vs), 1700 (vs), 1640 (s) cml; EIMS
m/z (rel intensity) 266 (M + 1, 39), 247 (M* - OH, 40), 114 (100).
Anal. Calcd for C,3H;sNO;: C, 58.86; H, 5.70; N, 5.28. Found:
C, 59.14; H, 5.73; N, 4.93.

Synthesis of 8-Hydroxy-S-arylpropionates 9 and -pro-
pionitriles 10. The compounds were prepared in a manner
analogous to those given above.

Ethyl 8-hydroxy-8-phenylpropionate (9b): bp 128 °C/4
Torr (lit.®® bp 136 °C/6 Torr); 'H NMR 6 1.26 (t, 3 H, J; = 6.2
Hz), 255 (d, 2 H, J, = 6 Hz), 3.46 (s, 1 H, OH), 4.12 (q, 2 H, J,
= 6.2 Hz), 5.00 (t, 1 H, J, = 6 Hz), 7.23 (m, 5 H); IR 3500 (vs),
1710 (vs) cm™.

Ethyl 8-hydroxy-8-(4-chlorophenyl)propionate (9¢): oil;®
'H NMR § 1.23 (t, 3 H, J; = 6.5 Hz), 2.56 (d, 2 H, J, = 6 Hz),
3.80 (s, 1 H, OH), 4.08 (q, 2 H, J, = 6.5 H2),5.03 (t,1H, J, =
6 Hz), 7.28 (s, 4 H); IR 8510 (vs), 1725 (vs) cm™,

Ethyl 8-hydroxy-8-(4-methylphenyl)propionate (9d): oil
(lit.® bp 142 °C/8 Torr); '"H NMR 4 1.20 (t, 3 H, J; = 6.5 Hz),
2.30 (s, 3 H), 2.53 (d, 2 H, J, = 6.5 Hz), 3.30 (s, 1 H), 4.04 (q, 2
H,J, = 6.5 Hz), 4.93 (t, 1 H, J, = 6.5 Hz), 7.06 (s, 5 H); IR 3500
(vs), 1725 (vs) cm™,

Ethyl 8-hydroxy-8-(4-methoxyphenyl)propionate (3e): oil
(1it.% bp 163 °C/7.5 Torr); 'H NMR 4 1.20 (t, 3 H, J, = 6.5 Hz),
2.54 (d, 2 H, J, = 6 Hz), 3.15 (br s, 1 H, OH), 3.73 (s, 3 H), 4.08
(q,2H,J;,=65Hz),494 (t,1H,J, =6Hz), 676 (d,1 H, Js
= 8 Hz), 7.23 (d, 2 H, J; = 8 Hz); IR 3450 (s), 1720 (vs) cm™,

Methyl 8-hydroxy-8-phenylpropionate (9a): bp 150 °C/15
Torr (lit.3 bp 158-161 °C/17-18 Torr); 'H NMR 6 2.52 (d, 2 H,
J = 6 Hz), 3.57 (s, 5 H), 493 (t, 1 H, J = 6 Hz), 7.17 (s, 5 H); IR
3450 (vs), 1720 (vs) em™.

8-Hydroxy-8-phenylpropionitrile (10a): bp 147-152 °C/1
mmHg (1it.® bp 154-5 °C/1 mmHg); 'H NMR (CDCl,) § 2.76 (d,
2H,J=6Hz),3.57 (s, 0H), 495 (t, 1 H, J = 6 Hz), 7.40 (8, 5
H); IR 3400 (vs), 2240 (w) em™.

8-Hydroxy-8-(4-chlorophenyl)propionitrile (10b):*" 'H
NMR §2.72(d,2H,J =6.Hz),3.44 (5,1 H),495(t,1H,J =
6 Hz), 7.45 (s, 4 H); IR 3450 (vs), 2240 (w) cm™,

B-Hydroxy-8-(4-methoxyphenyl)propionitrile (10c): oil
(1it.38 bp 173 °C/4 Torr); 'H NMR 4 2.68 (d, 2 H, J = 6.0 Hz),

(33) () Ayi, A. L; Condom, R.; Maria, P. C.; Wade, T. N.; Guedj, R.
Tetrahedron Lett. 1978, 4507. (b) Ayi, A.; Condom, R.; Wade, T. N,;
Maria, P. C.; Guedj, R. J. Fluorine Chem. 1979, 14, 437.

(34) Mckenzie, A.; Martin, G. J. Chem. Soc. 1913, 103, 112.

(35) Kaiser, E. M.,; Hauser, C. R. J. Org. Chem. 1968, 33, 3402.

(36) Schiemenz, G. P.; Engelhard, H. Chem. Ber. 1961, 94, 578.

(37) Hamawa, H.; Sugasawa, T. Chem. Lett. 1982, 9, 1401

(38) Kazutoshi, T. Nippon Kagaku Kaishi 1973, 12, 2347.
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3.50 (br s, OH), 3.79 (s, 3 H), 4.93 (t, 1 H, J = 6.0 Hz), 6.90 (d,
2 H,J=8.5 Hz), 7.33 (d, 2 H, J = 8.5 Hz); IR 3400 (vs), 2260
(w) ecm™,
B-Hydroxy-8-(3,4-dimethoxyphenyl)propionitrile (10d):
oil; 'H NMR 6 2.65 (d, 2 H, J = 6 Hz), 3.30 (s, OH), 3.79 (s, 6 H),
4,86 (t,1 H, J = 6 Hz), 6.83 (m, 3 H); IR 3410 (vs), 2250 (w) cm™™.
The dehydration of 10d was shown to give 19d.
8-Hydroxy-8-[3,4-(methylenedioxy)phenyl]propionitrile
(10e): oil (1it.®® mp 80.5-81.0 °C); 'H NMR 6267 (d,2 H, J =
6 Hz), 3.65 (s, OH), 4.90 (t, 1 H, J = 6 Hz), 5.95 (s, 2 H), 6.80 (m,
2 H); IR 3400 (vs), 2260 (w) cm™,
trans-3-(3,4-Dimethoxyphenyl)propenenitrile (19d): mp

88-90 °C (lit.> mp 91-2 °C); 'H NMR 4 3.76 (s, 6 H), 5.56 (d,
1H, J = 16 Hz), 6.80 (m, 3 H, Ar H), 7.0 ( , 1H, J =16 Hz);
IR (KC) 2200 (m), 1615 (m) em™.

The physical constants of authentic 19a—e were in agreement
with those reported in the literature,%
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Enantioselective total synthesis of both enantiomers of pyrrolidine 197B (1), a new class of dendrobatid alkaloid,
is described. The synthesis begins with the C, symmetric S,S or R,R diepoxides 4, derived from (S,S)-1,2,5,6-
hexanetetraol (2) as a single common chiral synthon, and involves pyrrolidine formation via the cyclic sulfonates
to afford (+)- or (-)-1, respectively. The (+) and (-) enantiomers of 1 were converted to the corresponding N-benzoyl
derivatives (+)-27 and (-)-27, which were directly compared with 27 derived from natural 1 by HPLC using a
Chiralcel column. This comparison established the absolute stereochemistry of the natural enantiomer of pyrrolidine

197B as 28,58 [(+)-1].

Neotropical poison-dart frogs of the dendrobatid species
have been shown to contain more than 200 alkaloids.!
Many of these alkaloids occur in only trace amounts and
have been characterized by gas chromatography-mass
spectrometry techniques. Recently, such techniques led
to the identification of a new class of dendrobatid alkaloid,
trans-2-butyl-5-pentylpyrrolidine (1), named pyrrolidine
197B, in skin extracts of the Colombian populations of
Dendrobates histrionicus.? Interestingly, 1 has also been
detected in the alkaloidal venoms of fire ants of the genus
Solenopsis® and the old world ants of Monomorium.*®
Owing to the minute quantities of 1 available, however,
the absolute configuration has remained unknown, and no
physical and detailed spectral characteristics have been
reported.5

In continuation of our work on the synthesis of den-
drobatid alkaloids,” we have now developed a general
synthesis of optically active trans-2,5-dialkylated pyrrol-
idines and investigated its application to this alkaloid &0

(1) Daly, J. W.; Spande, T. F. In Alkaloids: Chemical and Biological
Perspectives; Pelletier, S. W., Ed.; Wiley-Interscience: New York, 1986;
Vol. 4, Chapter 1.

2 Daly,J W.; Spande, T. F.; Whittaker, N.; Highet, R. J.; Feigl, D.;
Nishimori, N.; Toku yama, T.; Myers, C.W.J. Nat Prod. 1986 49, 265

(3) Pedder, D.J; Fales, H. M,; Jaouni, T.; Blum, M.; MacConnell, J.
Crewe, R. M. Tetrahedron 1976, 32, 2275.

(4) Ritter, F. J.; Persoons, C. J. Neth. J. Zool. 1975, 25, 261.

(5) Jones, T. H.; Blum, M. S.; Fales, H. M. Tetrahedron !982 38, 1949,

(6) gor natural pyrrohdme 19"IB only mass spectra have been reported
in ref

(7) (a) Iida, H.; Watanabe, Y.; Kibayashi, C. J. Am. Chem. Soc. 1985,
107, 5534. Watanabe,Y lida, H Kibayashi, C. J. Org. Chem. 1989, 54
4088. (b) Yamazakl, N. Klbayashl,C J. Am. Chem. Soc. 1989, 111, 1396.

(8) For reviews of the synthesis of 2,5-dialkylpyrrolidine a.lka.londs, see:
(a) Jones, T. H.; Blum, M. S. In Alkaloids: Chemical and Biological
Perspectives; Pelletler, S. W,, Ed; Wiley-Interscience: New York, 1983;
Vol. 1, Chapter 2. (b) Attygalle, A B.; Morgan, E. D. Chem, Soc Rev.
1984, 13 245. (c) Massiot, G.; Delaude, C. In The Alkaloids; Brossi, A.,
Ed,; Academxc Press: New York, 1986; Vol. 27, Chapter 3. (d) Numata,
A,; Ibuka, T. In The Alkaloids; Brossi, A., Ed; Academic Press: New
York, 1987; Vol. 31, Chapter 6.
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In this paper we describe the enantioselective preparation
of both enantiomers of 1112 based on a stereodefined

(9) For a recent synthesis of racemic trans-2,5-dialkylpyrrolidine al-
kaloids, see: (a) Gessner, W.; Takahashi, K.; Brossi, A.; Kowalski, M.;
Kaliner, M. A. Helv. Chim. Acta 1987, 70, 2003. (b) Bacos, D.; Celerier,
J. P.; Marx, E.; Saliou, C.; Lhommet, G. Tetrahedron Lett. 1989, 30, 1081,
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(d) Backvall, J. E Schink, H. E.; Renko, Z. D. J. Org. Chem. 1990 55,
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(b) Marco, J. L. J. Heterocycl. Chem. 1986, 23, 1059. (c) Huang, P.Q;
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