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Pentacoordinate 1,2-oxastibetarigsa—d, which are formal [2+ 2]-cycloadducts of the reactions of
stibonium ylides with carbonyl compounds, were successfully synthesized by the reactions of the
corresponding bromo-2-hydroxyalkylstiboranes with NaH. The crystal structurgé4aodind 14c were
established by X-ray crystallographic analyses, showing their distorted trigonal bipyramidal structures
and smaller €&Sbh—0O angles of the four-membered ring around antimony than th®-60 angle of
pentacoordinate 1,2-oxaphospheta@n&he'H, 1°C, and'®F NMR spectra ofl4a—d are consistent with

the trigonal bipyramidal structure in the solution state. Althoidb did not decompose at all at 22C

in o-xylened, the thermolyses of 3-phenyl-1,2-oxastibetddewere carried out at 228C in o-xylene-

dio and at 14C°C in acetonitrileds to give the corresponding oxira@8 with retention of configuration

and cyclic stibinite25. The formation of28 is explained by apical-equatorial ligand coupling around
antimony via a polar transition state, which is more favorable than olefin formation. In contrast, the
thermolyses ofl4cin the presence of LiBr and LiBRlgave oxirane29 with inversion of configuration

and the olefi30, respectively. The formation &9 and30is considered to proceed via anti-betaine-

type intermediate and hexacoordinate 1,2-oxastibeta8B6deespectively. Selective formation @8, 29,

and 30 in the thermolyses ot4c which is regarded as an intermediate in the reaction af-phenyl-
substituted stibonium ylide with a carbonyl compound, showed that the change of the reaction conditions
controls the reactivity of a 1,2-oxastibetane compound.

Introduction SCHEME 1

The Wittig reaction, the reaction of a phosphonium ylide with R38+b—6HR' . O:<R" . 405 . R;:<R
a carbonyl compound giving an olefin, is one of the most Ph RPh oY Ph o H
important organic transformationsin contrast to the Wittig o nnound afforded the corresponding olefin as the sole
reaction, the reaction of a stibonium ylide with a carbonyl 4, \ct3 whereas a semistabilized stibonium ylide, which has
compou_nd prowdes_the corresponding olefin and/or oxirane, 5 pheny! group on the-carbon of the antimony atom, afforded
depending on the ylides and the substrates (Scherdtlg. )5, the olefin and the oxirarfeA nonstabilized stibonium ylide

reaction of a stabilized stibonium ylide, which has a carbonyl pe4ring no substituents was reacted with benzophenone to give
group at the-position of the antimony atom, with a carbonyl aldehyde via an oxirarse.

(1) (@) Maryanoff, B. E.; Reitz, A. BChem Rev. 1989 89, 863. (b) (3) (a) Chen, C.; Huang, Y.-Z.; Shen, Y.; Liao, Meteroat. Chem199Q
Edmonds, M.; Abell, A. I'Modern Carbonyl OlefinationTakeda, T., Ed.; 1, 49. (b) Liao, Y.; Huang, Y.-Z.; Zhang, L.-J.; Chen, Z Chem Res.(S
Wiley-VCH: Weinheim, Germany, 2004; pp-17. 199Q 388. (c) Matano, YJ. Chem Soc, Perkin Trans. 11994 2703.

(2) Lloyd, D.; Gosney, I.; Ormiston, R. AChem. Soc. Re 1987, 16, (4) Huang, Y.-Z.; Liao, Y.; Chen, CJ. Chem. So¢.Chem. Commun.
45, 199Q 85.
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SCHEME 2 CHART 1. Examples of Spectroscopically Observed and
+ - N . Isolated Pentacoordinate 1,2-Oxaphosphetanes
n-BuzSb-CHR R Meassicl R
. , "‘BU3§bI EhSht "‘B“:is_bi cr F30)<CF3 O FsC. CF
H _78°C O Ar -78°C  MesSiO Ar H 0 O ©i(o
0=( Me—p p_ P p_R?
-
Ar R = CO,Me, Ar = p-CICgH, Me/c') CF4 n-Bu/c‘) Ph CI) R
CF3 CHzCHzPh R!

Extensive investigations on the mechanism of the Wittig 1 2
reaction have been carried out, and pentacoordinate 1,2-
oxaphosphetanes have been accepted as an intermediate by
NMR studies® In contrast, mechanistic studies on the reactions
of a stibonium ylide with a carbonyl compound have been much

3:R'=CF3 R2=H
4:R'=Ph,R2=H
5:R' = CF3 R?=CO,Me

SCHEME 32

less explored despite a variety of reactivities, and there has been 3 CFs PO R0 FiC CFs  FaC CFa

no report of the isolation of an intermediate such as a @i(? LiL i v CE(C')_)VCF @E(‘,) @i(?
pentacoordinate 1,2-oxastibetane andaati-betaine. Indeed, - SPTAT = Sb—" g 3y T SSb-CHg ¢ Ar’s|b<>CH2
there has been only one report of the trapping reaction of a cl Ar Ar Ar 2
betaine intermediate with chlorotrimethylsilane &8 °C 6 .70 BD 9°
(Scheme 250 Another report used the results of theoretical ::';:'SEF’;’CGH“ ﬁ;}},é‘; 124@’ 1343

calculations on the reaction mechanism to suggest different b:R=Ph

formation routes for the olefin and the oxirafi€he olefin was a Reagents and conditions: (YBUTECHLI (1.2 equiv), THE —78°C
assur_ned to be_ formed_ t_)y way of a pentacoordlr)ate 12-4, min; (i) n-BuLi (1.2 equiv), THF,~78°C, 10 min; (iii)'(F30)2'c=o or
oxastibetane as in the Wittig reaction, whereas the oxirane Wasph(rC)C=0 (excess), THF—78 °C to rt; (iv) HsO".

assumed to be formed by the backside attack of oxide anion on

the a-carbon atom of aanti-betaine intermediate as in the case

of the Corey-Chaykovsky reaction, which is the reaction of a

sulfonium ylide with a carbonyl compound to give an oxirafie.
We previously reported the oxirane formation reaction of

highly coordinate 1,2-oxachalcogenetafeashich are formal

[2 + 2]-cycloadducts of chalcogenonium ylides with carbonyl

group on the phosphorus atom and/or the carbon atom at the
4-position!® Another method is to introduce a bidentate ligand
on the phosphorus atom such as the-Bjghenylylene group!

We previously reported the synthesis of isolable pentacoordinate
1,2-oxaphosphetane®-5,12 which are thermally stable and
tolerant to moisture, by taking advantage of the Martin ligkind.

compounds, and proposed the possibility of involvement of such The introduction of the Martin ligand has been found to stabilize

1,2-oxachalcogenetanes in the Cor&haykovsky reaction.

the pentacoordinate 1,2-oxaphosphetanes effectively.
We previously reported the synthesis and thermolysis of

These results encouraged us to explore the reactivities of
pentacoordinate 1,2-oxastibetanes, which are antimony anaJP€ntacoordinate 3-phenyl-1,2-oxastibetanes bearing the Martin
logues of 1,2-oxaphosphetanes and 1,2-oxachalcogenetanes, tigand as a preliminary communicatiéf.in this report, we
elucidate the relationship between 1,2-oxastibetanes and thedescribe the syntheses, structures, and thermolyses of pentaco-
reaction mechanism of olefin and/or oxirane formation in the ordinate 1,2-oxastibetanes in detail as well as the reaction
reactions of a stibonium ylide with a carbonyl compound. mechanism for the thermolyses.

Pentacoordinate 1,2-oxastibetanes were considered to be
thermally labile and unstable to moisture, as is the case of mostResults and Discussion

pentacoorg.inate 1,2-oxaphhosphhetanes. AltEOUQh”m?S&lOf the SynthesesPentacoordinate 1,2-oxastibetanes were synthe-
pentacoordinate 1,2-oxaphosphetanes are thermally labile, sevg;, o by stepwise methods. Successive treatment of chlorostibo-

eral examples such dsand?2 have been synthesized by taking
advantage of some stabilizing groups (Chart®®One of the

rane6 bearing the Martin ligand, which was prepared similarly
to a reported proceduté,with lithium butyltelluromethylide

successful methods for stabilization of a pentacoordinate 1,2-(1.2 equiv),n-BuLi (1.2 equiv), hexafluoroacetone (denoted as
oxaphosphetane is to introduce an electron-withdrawing group 4=z hereafter) (excess), and aqueoussSHgave the corre-

such as an electron-deficient alkoxy group and trifluoromethyl

(5) Henry, M. C.; Wittig, G.J. Am Chem Soc 196Q 82, 563.

(6) (a) Vedejs, E.; Snoble, K. A. J. Am Chem Soc 1973 95, 5778.
(b) Vedejs, E.; Meier, G. P.; Snoble, K. A.J.Am Chem Soc 1981, 103
2823.

(7) Naito, T.; Nagase, S.; Yamataka, H.Am Chem Soc 1994 116,
10080.

(8) (a) Johnson, A. W.; LaCount, R. B. Am. Chem. Sod 961, 83,
417. (b) Corey, E. J.; Chaykovsky, M. Am. Chem. Sod 962 84, 3782.
(c) Aubg J. InComprehensie Organic SynthesiSelectiity, Strategyand
Efficiency in Modern Synthetic Chemistiyrost, B. M., Fleming, I., Eds.;
Pergamon: Oxford, UK, 1991; pp 81842.

(9) () Ohno, F.; Kawashima, T.; Okazaki, R Am Chem Soc 1996
118 697. (b) Kawashima, T.; Ohno, F.; Okazaki, R.; Ikeda, H.; Inagaki, S.
J. Am Chem Soc 1996 118 12455. (c) Ohno, F.; Kawashima, T.; Okazaki,
R.Chem Commun1997, 1671. (d) Ohno, F.; Kawashima, T.; Okazaki, R.
Chem Commun 2001, 463. (e) Kano, N.; Takahashi, T.; Kawashima, T.
Tetrahedron Lett2002 43, 6775.

(10) Ramirez, F.; Smith, C. P.; Pilot, J. .Am Chem Soc 1968 90,
6726.

(11) Vedejs, E.; Marth, CTetrahedron Lett1987, 28, 3445.
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sponding 2-hydroxyalkylstiboran&a (11%) together with
diaryl(methyl)stiborane8 (10%) and bis(stibonyl)methan@
(18%) (Scheme 3% A similar reaction with excess trifluoro-
acetophenone instead of HFA gavb (10%), 8 (5%), and9
(18%). Intramolecular hydrogen bonds between the hydroxy
group and the oxygen atom of the Martin ligand were observed
in the IR spectra offa and 7b (v = 3073 and 3068 cr,

(12) (a) Kawashima, T.; Kato, K.; Okazaki, R.Am Chem Soc 1992
114, 4008. (b) Kawashima, T.; Kato, K.; Okazaki, Rngew Chem, Int.
Ed. Engl. 1993 32, 869.

(13) Perozzi, E. F.; Michalak, R. S.; Figuly, G. D.; Stevenson, W. H.,
Ill; Dess, D. B.; Ross, M. R.; Martin, J. Q. Org. Chem 1981 46, 1049.

(14) Uchiyama, Y.; Kano, N.; Kawashima, J. Am. Chem. So2003
125 13346.

(15) (a) Akiba, K.-y.; Fujikawa, H.; Sunaguchi, Y.; Yamamoto, X.
Am. Chem. Socl1987 109 1245. (b) Yamamoto, Y.; Fujikawa, H.;
Fujishima, H.; Akiba, K.-y.J. Am. Chem. Sod 989 111, 2276.

(16) Hiiro, T.; Atarashi, Y.; Kambe, N.; Fujiwara, S.; Ogawa, A.; Ryu,
I.; Sonoda, NOrganometallics199Q 9, 1355.
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SCHEME 4
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a: quant. a: 86%

b: quant. b: 77%

c:57% c: 98%

d: 72% d: 90%

Ar = 4-+-BuCgHy, a: R = H, R',R2 = CF5, b: R = H, R' R2 = CF3,Ph,
c:R=Ph, R'=Ph, R2=CF3 d:R=Ph, R'=CF3 R2=Ph

aReagents and conditions: (i) PheMgClI (1.2 equiv), E40, 0°C, 2
h; (i) LITMP (2.2 equiv), benzene, rt, 12 h; (iii) P{€E)C=0 (2.2 equiv),
rt, 30 min; (iv) HO™; (v) column chromatography (SED (vi) Brz (2.0
equiv), CHC4, rt, 1 h; (vii) NaH (4.0 equiv), THF, rt, 2 h; (viii) BO.
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(SiOy) to afford 7c (40%) and7d (28%). The stereochemistry
of 7cand7d was deduced from the relative stereochemistry of
the finally obtained 1,2-oxastibetane, whose structure was
determined by X-ray crystallographic analysis (see below).

Treatment of 2-hydroxyalkylstiboranega and 7b with
bromine (1.2 equiv) in CHGlresulted in quantitative formation
of the corresponding bromo(2-hydroxyalkyl)stiborad8sand
13b, respectively (Scheme %317 4-Bromotert-butylbenzene
was detected bjH NMR spectroscopy and GC-MS. Aromatic
electrophilic substitution took place at tigso-position of the
aryl group attached to the antimony to give bromo(2-hydroxy-
alkyl)stiboraned.3aand13b, as in the formation of chlorostibo-
rane6.1® The substitution of the aryl group instead of the alkyl
group is in marked contrast to the reaction of diaryl(methyl)-
bismuthane bearing the Martin ligand with sulfuryl chloride and
bromine giving diarylchloro- and diarylboromobismuthane, re-
spectively*® Similarly to the syntheses df3aand13b, 7c and
7d were converted to bromo(2-hydroxyalkyl)stiborant3c
(57%) and13d (72%), respectively.

Treatment of bromo(2-hydroxyalkyl)stiborark3a 13b, 13¢
and13d with excess NaH in THF provided the corresponding
1,2-oxastibetane$4a (86%), 14b (77%), 14c (98%), andl4d
(90%), respectively (Scheme 5). AlthoudHda and 14c were
stable in air14band14d were somewhat unstable to moisture.
In contrast to 1,2-oxastibetang&4aandl14c 14bandl4dcame
to equilibrium in CDC} with hydroxystiborane45b and 15d,
respectively, which were observed in thid and 1°F NMR
spectra. The equilibrium ratios df4b to 15b in CDCl; were
1.8:1 at room temperature and 18:1 at € suggesting that
the dehydration o15b tends to proceed at higher temperature.

respectively). We propose a reaction mechanism for the forma- thege results indicated that the number and relative configu-

tion of 7a, 7b, 8, and9: Chlorostiborané is first substituted
nucleophilically by butyltelluromethylide to give butyltelluro-
methylstiborane1l0 (Scheme 4), which undergoes -TEi
exchange witm-BuLi to give lithium stibonylmethylidel 1.16
Addition reaction of stibonylmethylidd1 with the ketones
followed by protonation gav@a or 7b, whereas its hydrolysis
and its addition to chlorostiboraregave undesired producss
and9, respectively.

Synthesis of (2-hydroxy-1-phenylalkyl)stiboran&sand7d
required a new synthetic method different from that used for
the syntheses ofa and 7b because the corresponding lithium
butyltellurobenzylide was not available. Benzylstiborat
which was easily prepared by the reaction of chlorostibofane
with benzylmagnesium chloride (1.2 equiv) in 72% yield, was

ration of electron-withdrawing trifluoromethyl groups at the
4-position of 1,2-oxastibetane are important for the stability to
water.

All the products6—9 and12—14 were characterized b\H,
13C, and % NMR spectroscopy, FAB-MS, and elemental
analyses. The stereochemistry of 1,2-oxastibeth#e was
determined by X-ray crystallographic analysis (Figure 1). In
contrast, 14b and 14d could not be isolated due to their
instability to moisture and the equilibrium withbb and 15d,
respectively. Their stereochemistry at the 3-position of the 1,2-
oxastibetane ring was inferred by analogy with spectral data
for the 1,2-oxathietanes and comparison with thosd4xf°P
The yields of 1,2-oxastibetarietb and14d were estimated by

reacted successively with lithium tetramethylpiperidide (denoted “*F NMR spectroscopy.
as LiTMP hereafter) (2.2 equiv) in benzene at room temperature  Another synthetic route to the pentacoordinate 1,2-oxastibe-

for 12 h, trifluoroacetophenone (2.2 equiv), and aqueousIH
(Scheme 5). A mixture of the diastereomers of 2-hydroxyalkyl-
stiboranegcand7d was separated by column chromatography

tane is a direct reaction of a stibonium ylide with a ketone.
Benzylstiborand 2 was allowed to react with bromine to afford
benzylbromostiboran&6 (98%). Treatment ofLl6 with silver

FIGURE 1. ORTEP drawings of 1,2-oxaphosphetahg@eft) and 1,2-oxastibetand<la (center) andL4c (right) with thermal ellipsoid plots (50%

probability). Hydrogen atoms are omitted for clarity.
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SCHEME 6 2
F3C_CF3 F3C_ CF3
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A - /Sb
Ar Ar Cl) CF3
CF
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aReagents and conditions: (i) B(1.2 equiv), CHG, rt, 0.5 h; (ii)
AgOTf (1.2 equiv), THF, rt, 4 h; (iii) LITMP (2.0 equiv), THF-78°C, 4
h; (iv) (CF3)2C=0 (excess).

TABLE 1. Crystallographic Data of 3, 14a, and 14c

3 1l4a l4c
formula GoH11F120:P G3H19F1202Sb GaaH2gF90,Sb
FwW 530.25 677.13 761.31
cryst System triclinic triclinic monoclinic
alA 13.246(8) 10.691(3) 18.148(3)
b/A 14.373(8) 12.257(4) 9.737(2)
c/A 22.504(10) 19.324(7) 36.418(7)
o/deg 74.13(2) 102.894(6) 90
pldeg 82.51(2) 90.004(5) 98.600(8)
yldeg 87.62(2) 91.278(5) 90
VIA3 4086(4) 2468(2) 3176.6(17)
space group P1 P1 C2lc
z 8 4 8
Dcaledgcnm?t 1.724 1.823 1.590
R1(l > 20(1))  0.0820 0.0619 0.1016
WR2 (all data) 0.1489 0.0672 0.1799
GOF 1.069 1.097 1.427

triflate gave benzylstibonium triflaté7 (Scheme 6). Addition
of LITMP (2.0 equiv) to benzylstibonium triflaté7 at —78 °C

in THF followed by bubbling of HFA (excess) afforded

3-phenyl-1,2-oxastibetariglein 2% yield. The crude material

contained mainly the benzylbutylstiborane and butyl(2-hydroxy-

alkyl)stiborane that were formed by the attackeBuLi, which
was used to prepare LITMP, dtv or stibonium ylide18 and
14e respectively.

X-ray Crystallographic Analyses. Single crystals of 1,2-
oxaphosphetan8 and 1,2-oxastibetane®4a and 14c were

obtained by recrystallization from hexane. X-ray crystallographic

analyses 08, 143 andl4cwere performed to clarify the crystal
structures and the relative configurations. The unit celBof

contains four independent molecules, which have similar

conformations around the phosphorus atom, and thdt4af
contains two independent molecules. ORTEP drawings(ohe
of four molecules)14a (one of two molecules), andl4c are

Uchiyama et al.

TABLE 2. Selected Bond Lengths (A) and Angles (deg) of 3, 14a,
and 14c

3(Pn=P) 14a(Pn= Sh) 14c(Pn= Sb)
Pn1-01 1.779(2) 2.075(2) 2.059(5)
Pn1-02 1.722(2) 2.024(2) 2.039(5)
Pn1-C1 1.827(3) 2.118(3) 2.132(7)
Pn1-C3 1.805(3) 2.080(3) 2.103(8)
Pn1-C4 1.814(3) 2.086(3) 2.110(7)
C1-C2 1.541(4) 1.543(4) 1.587(10)
01-C2 1.408(3) 1.406(4) 1.437(8)
01-Pn1-02 168.5(1) 166.17(9) 165.4(2)
01-Pn1-C1 76.5(1) 68.2(1) 69.8(2)
01-Pn1-C3 93.4(1) 95.7(1) 99.4(3)
01-Pn1-C4 94.4(1) 97.5(1) 97.9(2)
02-Pn1-Cl 92.9(1) 101.4(1) 97.4(2)
02-Pn1-C3 88.9(1) 82.1(1) 81.3(3)
02—-Pn1-C4 94.6(1) 95.3(1) 94.7(2)
C1-Pn1-C3 124.9(1) 122.7(1) 122.9(3)
C1-Pn1-C4 117.2(1) 115.7(1) 120.4(3)
C3-Pn1-C4 117.5(1) 121.0(1) 116.5(3)
Pn1-C1-C2 89.3(2) 89.7(2) 89.0(4)
Pn1-01-C2 95.7(2) 95.4(2) 96.3(4)
C1-C2-01 98.4(2) 105.7(3) 104.9(5)

common structural feature of hypervalent compounds containing
a four-membered ring§214 The C1Sb1-C4 bond angle of
14c¢[120.4(3F] is somewhat wider than that G#a[115.7(1Y]
because of the steric repulsion between the phenyl group at the
3-position of the 1,2-oxastibetane ring and thiedt-butylphenyl
group on the antimony atom df4c Judging from the torsion
angles of Sh+C1-C2-01 [8.6(3} for 14a and 1.1(5) for

144 and the sum of the interior angles of the 1,2-oxastibetane
ring [359.0 for 14aand 360.0 for 144, the 1,2-oxastibetane
ring of 14cis almost planar, while that df4aslightly deviates
from planarity.

The C1-Sb1-01 [68.2(1}] angle of14ais smaller than the
corresponding angles [76.5¢1pf 3, indicating that the structure
of 14ais more distorted from the ideal TBP structure than that
of 3. The large distortion ofl4a results from the longer
pnictogen PrO and Pr-C bond lengths ofl4a (Pn = Sh)
than those o8 (Pn= P) corresponding to the atomic radius of
the central atom (P:1.10 A, Sb:1.41 B).

NMR Studies. In the 'H NMR spectra of 1,2-oxastibetanes
1l4a—d, signals due to the ortho protons of the Martin ligand
relative to the antimony atom were observed at a lower field
(0 8.02-8.21) than those of other aryl protons, as observed
with other hypervalent compounds with a TBP structure bearing
the Martin ligand®1214In the 1% NMR spectral4a—d showed
a pair of quartets due to the €groups of the Martin ligand.
These spectral features dda—d are consistent with the TBP
structures in the crystalline state.

When the single crystals of 3-phenyl-1,2-oxastibetade
were dissolved in CDG]J the solution initially showed only one

shown in Figure 1. Their crystallographic data, selected bond Set of signals, ab —79.3 (s, 3F)~76.8 (q,%Jrr = 8.2 Hz, 3F),

lengths, and angles are summarized in Tables 1 and 2.
The X-ray crystallographic analysesbfaand14g similarly

and—74.3 (9,"JrF = 8.2 Hz, 3F) in thé"*F NMR spectra. After
the sample was allowed to stand at room temperature for 1 h,

to that of3, showed their distorted trigonal bipyramidal (TBP) @& new set of signals at —78.0 (s, 3F),~75.5 (0,*Jrr = 9.4

structures with two oxygen atoms at the apical positions and HZ, 3F), and—74.4 (q,“Jer = 9.4 Hz, 3F) together with the
three carbon atoms at the equatorial positions in the crystalline 0figinal signals were observed in th& NMR spectra. The
state. The relative configuration of the phenyl group at the integral ratio (the new peaks:the original peaksl:4) subse-

3-position of14c is cis to both the 4ert-butylphenyl group

and the phenyl group at the 4-position of the 1,2-oxastibetane

ring.
The O1-Sb1-02 bond angles of both4a[166.2(1}] and

quently remained unchanged at room temperature. Intthe

(17) Chen, X.; Ohdoi, K.; Yamamoto, Y.; Akiba, K.-@rganometallics
1993 12, 1857.
(18) Emsley, J. IIMhe Elements3rd ed.; Oxford University Press: New

14c[165.4(2)] deviated from linearity. Such a deviation is a  York, 1998; pp 22-23, 152-153.
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SCHEME 7 SCHEME 82
FsC. CF3 F3C. CF3 CF5 CF3 O CF3
CF
EiP 2 0, B 3
”‘slb Ph Slb Ph FiC_CF3 CF3 CF3 CF3 CFy
Arzé \CFs Ar““c') .CFs (jf(cl) p 2 23 24 26
Ph Ph Ar,P‘n -
14¢ Ar = 4-tBUCEH, 14¢' OJ<8£3 FaC_ CF3 FsC_ CF3 FiC_CFs
3 o o (0]
i i 3:Pn=P, / / ! JVCFB
CHART 2. Examples of the Compounds that Epimerize: Ar=CgHs A ’P\\o + sb+ Ar,s‘b
1,2-Oxagermetanide 19 (left) and 1,2-Oxathietane 20 (right) 143:2?—:48-2’&0 ’ ' Ar OH
FaC, CFs FaC, CFs o 22 25 15a
d{c\)_ tBu @Xc\) Ph aFVP condition: 500°C, 1 x 1071 Torr, N; flow.
Ge .
Ph” éﬁFs "/Cl)iph TABLE 3. Results of FVP of 1,2-Oxaphosphetane 3 and
CF3 Ph 1,2-Oxastibetane 14a
K*, 18-crown-6 - o
19 20 yields (%)
recovery 21 22 23 24 25 26 15a
NMR_ spectra, the chemical shift due to the ortho proton of the 3(Pn="P) 0 55 85 5§ 0 o0 o 0
Martin ligand @y 8.41) of the newly generated compound was  14a(Pn= Sb) 45 4 0 0 15 13 1 6

observed at a lower field than that d#c (0 8.19). The large
inequality of the two quartets in tHéF NMR spectra and the . . .

downfield shift of the ortho proton in thtH NMR spectra of CS)]??EQAE 9. Formation Mechanisms of Oxirane 24 by FVP
the new compound are consistent with the epif¥g without

a change of configuration at the 3- and 4-positions of the 1,2-

mechanism A

) ; < o o . FaC, CF
oxastibetane ring, which is in equilibrium witidcin solution éﬁ( ®
. 0 o)
(Scheme 7). Another candidate for the newly generated com- ob /\ :CF3
pound is the pseudorotamer bearing a carbon atom of the four- Ar’é)ﬂ<CF3 CFs
membered ring at the apical position, which was observed in 1aa CF3 24
pentacoordinate 1,2-azaphosphetidines and some pentacoordi-
nate 1,2-oxaphosphetan@g®though it is excluded by incon- mechanism B
sistency with the downfield shift of the ortho proton in the F4C, CF5 FiC, CF3 24
NMR spectra. Pentacoordinate 1,2-oxagermetadigfé and o) @3(0 1 /
. . | | o .
tetracoordinate 1,2-oxathietan2(®® also showed such an SKY — sh T — oJ<CF3
i i ; - Al Ar'g CF,
equilibrium with the epimers under thermal conditions (Chart O—ICF3 %J<CF3
2). These epimerization reactions are considered to proceed via 14a ©Fs CFs \ OH
pseudorotation. mechanism C oH
Flash Vacuum Pyrolysis (FVP) of 1,2-Oxastibetane 14a F.C. OF F.C. CF FiC™ bRy °
. R . 3 3 3 3 3
and Its Reaction Mechanism.Thermolyses of 1,2-oxastibet- o ©i<o 27
anes were attempted to obtain some experimental information S SpA 24
about the mechanism of the reactions of a stibonium ylide with Af’('):|<CF3 A'EC 5 o
a carbonyl compound because the pentacoordinate 1,2-oxasti- 14a CFs FaC
betanes were expected to be intermediates in the olefin formation
reaction. However, neithet4a nor 14b decomposed iro- its FVP under similar conditions. The products of the FVP of
xylenedso upon heating, even at 22C. Their thermal stability  14awere olefin21 (4%), oxirane24 (15%), cyclic stibinite25
contrasted with the thermolysis of 1,2-oxaphosphetaria (13%), hexafluorocumyl alcoh@6 (1%), and hydroxystiborane

toluenedg at 200°C for 11 h giving olefin21 (65%) and cyclic  15a(6%). It is interesting that the FVP of 1,2-oxastibetdda
phosphinat@2 (65%) with recovery o8 (35%)*2Flash vacuum  gave oxirane24 and cyclic stibinite25, whereas that of 1,2-
pyrolyse$? of 14a and 3 were carried out at a much higher  oxaphosphetar@gave neither oxiran24 nor the corresponding

temperature. All products were detected'ByNMR, 1% NMR, cyclic phosphinite at all. Hydroxystiborariéa was probably
and GC-MS and their yields were determined Bff NMR obtained by hydrolysis of4a

spectroscopy. Upon heating at 580 with nitrogen flow for 6 There are three possibilities for the formation mechanism of
h, 3 decomposed entirely (Scheme 8 and Table 3). The oxirane24: the ligand coupling reaction through the formal
decomposition products a8 were olefin 21 (55%), cyclic apical-equatorial coupling (mechanism A), the radical mecha-
phosphinate22 (85%), and hexafluoroaceton23 (5%). In nism (mechanism B), and the intramolecular attack of the oxide

contrast, 1,2-oxastibetarigla was recovered in 45% yield in  anion of ananti-betaine intermediate on the carbon atom
attached to the antimony atom (mechanism C) (Scheme 9). The

19519)35Ka%%sshima, T.; Soda, T.; Okazaki, Ragew. Chemint. Ed. Engl Sb—0 (314 kJ/mol) and ShC (215 kJ/mol) bond energies are
(20) K’ojima,ls.; Sugino, M.; Matsukawa, S.; Nakamoto, M.; Akiba, K.- Sma”er than the PQ (407 kJ/mol) and_PC (264 kJ/mol) bond

y. J. Am. Chem. So@002 124, 7674. energies? respectively, and homolytic cleavage could occur
(21) Kawashima, T.; Nishiwaki, Y.; Okazaki, R. OrganometChem easily. But, if the reaction proceeded through the radical pathway

1995 499 143. as in the case of 1,2-oxatelluretaii¢he corresponding alcohol

(22) (a) Yamamoto, Y.; Akiba, K.-y. InChemistry of Hyperalent . .
CompoundsAkiba, K.-y., Ed.; Wiley: New York, 1998; Chapter 9, pp 27 should be obtained by hydrogen abstraction. The absence

279-294. (b) Akiba, K.-y.Pure Appl Chem 1996 68, 837. of the formation o027 suggests th&24 is unlikely to be formed
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TABLE 4. Thermolyses of 3-Phenyl-1,2-oxastibetane 14c under Various Conditions

conditions yields (%)

entry solvent tempC time/h additive l4c 25 28 29 30 31 32

1 o-xylenedio 220 17 none 5 89 90 0 0 5 5

2 o-xyleneds 140 48 none 98 2 2 0 0 0 0

3 CDsCN 140 9 none 98 2 2 0 0 0 0

4 CDsCN 140 48 none 52 48 46 0 0 0 0

5 CDsCN 140 112.5 none 19 80 80 0 0 1 1

6 CDsCN 140 10 LiBr 12 88 10 71 0 0 0

7 CDsCN 140 10 Lil 56 44 18 19 0 0 0

8 CDsCN 140 43 (-Bu)sNBr 68 32 13 18 2 0 0

9 CDsCN 140 43 0-Bu)NI 61 39 33 <1 <1 0 0

10 CD:CN 140 10 LiBPh-3DME 10 <1 <1 <1 85 0 0

SCHEME 10 SCHEME 11
FiC,_ CF3 FiC, CF3 FaC_ CF3
FaC, CFs Ar Ph 00— CF, b NCFa Ph Ph
@i(o 25 28 29 14c Ph Ph 28
Slb Ph conditions Ar = 4-t-BuCgHy
Ar” C')IoF3 Ph  Ph Q b BU . )
Ph >:< *E C& + © of 29 than that of tetrabutylammonium salts despite the short
14c FsiC& o H ° Ph reaction time. In contrast, the thermolysisl@fcalone gave no

Ar = 4-+BuCgHy 30 a1 a2 29 (entry 5). These results indicate that both lithium cation and

bromide anion are important for the formation of oxira2@

by the radical reaction though mechanism B cannot be ruled with inversion of configuration in the thermolyses bic

out completely due to the low total yields of identified products.
Furthermore, the reaction is unlikely to proceed viaaanti-

The thermolysis ofl4cin the presence ofh{Bu);NBr or (n-
Bu)sNI provided a trace amount of olefiB0, which was not

betaine (mechanism C), because the polar state is highly unstablebtained at all in the reactions with LiBr and Lil (entries ).

in the gas phase even though the-8bbond ofl4ais more
polar than the PO bond of3. Thus, we think that the oxirane

Interestingly, olefin30 was obtained in good yield (85%) in
the thermolysis ofl4c in the presence of LiBRR3DME

is formed via mechanism A, although it cannot be determined complex (entry 10). The counterpart®®, compounds bearing

unambiguously.
Thermolyses of 1,2-oxastibetane 14d@.hermolyses of 1,2-
oxastibetanel4c bearing a phenyl group on the 3-position of

both antimony and the Martin ligand such 2 could not be
obtained as compounds identified by NMR spectroscopy and
mass spectrometry.

the 1,2-oxastibetane ring were investigated to determine the Plausible Mechanism for the Formation of Oxiranes 28
stereochemistry of the oxirane formation reactions of a penta- and 29. The formation of oxirane28 with retention of
coordinate 1,2-oxastibetane and to get some information aboutconfiguration is explained by the formal apieaquatorial
the reaction mechanism. The results are summarized in Schemdigand coupling on the antimony atom because the stereochem-

10 and Table 4. Thermolysis d#cin o-xylened;o at 220°C
for 17 h gave the corresponding oxira2®(90%) with retention
of relative configuration and stibing5 (89%) in high yields
(entry 1). Neither oxiran®9 with inversion of configuration
nor olefin 30 were formed at all, whereas trace amounts of
rearranged ketond1 and tert-butylbenzene32 were formed.
Relative thermal instability of4cand the simple results of the
thermolysis are in contrast to the FVP of 1,2-oxastibetbdee
Furthermore, the reaction rates for the thermolysis4afdepend
on the solvents used. Upon heating at 2@0for 48 h, 48% of
1l4cwas converted in CECN to give 28 (46%), whereas only
2% of 14c was converted im-xylened;o to give 28 (2%)

istry was retained in the formation 28 from 14calone (Scheme
11). The apicatequatorial ligand coupling is symmetry forbid-
den and the apicalapical or equatoriatequatorial coupling is
symmetry allowed, according to the Woodwaitdoffmann
rule?® In a theoretical calculation on the reaction pathway of
the H elimination of a series of PnH{Pn= P, As, Sb, and Bi)
species, PnH(Pn= P, As, and Sb) undergo the equatotial
equatorial ligand coupling, whereas pentahydrobismuthane
undergoes polar apicakquatorial ligand coupling? Although

the apicat-equatorial ligand coupling reactions of stiboranes
14cin thermal conditions are considered to be unfavorable, such
a ligand coupling may occur if the reaction proceeds via a polar

(entries 2 and 4). These results show that a polar solventtransition state similar to that expected by the theoretical

accelerates the thermolysis ddc and that28 forms faster in
CD3CN than ino-xylenes.

Thermolyses ofl4cin the presence of LiBr and Lil as the
additive in C3CN at 140°C for 10 h provided28in 10% and

calculation on the reaction pathway of pentahydrobismuthane.
In the thermolyses af4q the transition state to give8 should
be more stabilized by the polar SB® bond, which is much
more polar than the ShH bond of the pentahydrostiborane.

18% yields, respectively (entries 6 and 7), which are better yields The clearly observed solvent effect in the thermolysisl4¢
than that in the absence of any additives (2%) (entry 3). Thesesupports that the reaction proceeded via a polar transition state
results suggested that the counteranions of lithium salts affect(Scheme 11).

the yields of28 in the thermolyses of4c

Use of LiBr and (-Bu),NBr as the additive in the thermolysis
of 14c gave better yields 029 than that of Lil and i§-Bu)sNI
(entries 6-9). The use of lithium salts gave much better yields

664 J. Org. Chem.Vol. 71, No. 2, 2006

The plausible mechanisms for the formation of oxira@8s
and 29 in the thermolyses ot4cin the presence of additives

(23) Moc, J.; Morokuma, KJ. Am. Chem. S0d.995 117, 11790.
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SCHEME 12
28
F4C, CF3 F4C, CF3 FsC_ CFa
0 0 - 0
©i<\ ph Nu-E (ﬁ\ ot _pn Nu T _Nu
sb —_— Sb — sbZ__uPh
Ar 1 CF Ar” CF Ar
o—N\'vrh3 o k) - Y%.CF;
Ph 207 Npp O Npp
14c EY A E* B
Ar = 4-+-BuCgH,4
FsC, CFg FaC, CF3
: >(') P 29 : i(')_ E 25
— Sb — 29 + Sb —_—
Al w A — NuE
Nu B Nu
PR/ 0,
C FC E D

are summarized in Scheme 12. A Lewis acid, such as the lithium

cation, coordinates to the oxygen of the-8b bond ofl4cto
give a polar transition statd, which easily gives oxiran28

by ligand coupling at antimony. A nucleophile such as the
bromide ion attacks the antimony atom Af and the Sb-O
bond cleaves to affor®8. Both the catior-oxygen interaction

and the attack on antimony by the nucleophile promote cleavage

of the Sb-O bond. After the GC bond rotation to form
intermediateC, attack of the oxide anion o on the carbon
atom next to the antimony and elimination of stiborBtgives
oxirane29. Elimination of the salt, NuE, frorD yields stibine

25. Therefore, the thermolysis dfdc to give oxirane28 was
accelerated in the presence of LiBr or Lil compared with that
without salts under similar conditions. In contrast, the yields of
oxirane28 decreased in the thermolyseslgfcin the presence

of ammonium salts and LiBRIBDME, because the interaction

between the antimony and the counteranion is more predominan

than the E---O interaction and the polar transition stafe
which leads toB, is destabilized. Both the&-+O interaction

and the nucleophilic attack of the nucleophile on the antimony

atom are important for the formation of oxira@26. The ratio
of 29 to 28 is higher in the presence of a lithium salt than an

ammonium salt as the additive. Furthermore, the ratio is higher

in the thermolysis with LiBr than with Lil. The former fact is
explained by noting that SO bond cleavage proceeds more
easily because there is the'ti-O interaction. The latter fact
is explained by noting that the reverse reactiorBofo A is

JOC Article

SCHEME 13
FaC, CF4 FaC, CF4
0 LiBPh do Ph Ph
i 4 |~ Ph
Sb Ph /Sb/ Ph — >:<
Ar 1 CF Ar” 1 F.C H
o—“s O4...CF3 3
Ph " Ph
14c Ar=4-tBuCgH, 33 30
SCHEME 14
F2C. CF,
FaC_CF3 0
Sb-Ar
LH(1.5eq) Ph  Ph ? Ar
7€ ——M + 7 BboAr 04
PhCN, 140°C F€ H o Ar-st
30 (87%) 34 (30%) O.
FoC™ CF,
LiH | Ar=4-+BuCgH,
35 (58%)
F4C, CF3 FaC_ CF3 Hz0
o Lo o Lt
e 'Ph - _Ar
. —_ sbZ"_Ph
A1z CFs Ar
Ar Ph O+ ...CF3
7c-Li 3 Ph

IH and®F NMR spectroscopy. The FAB-MS of the reaction
mixture showed a peak awz 573, which is attributable to a
fragment ion of the antimony compoundg&bPhAr: R = the
Martin ligand, Ar= 4-t-BuCsH,). This result strongly suggests
that a phenyl group was transferred from tetraphenylborate onto
the antimony atom ofl4c to generate the corresponding
hexacoordinate phenyl-1,2-oxastibetar8@ewhich gave olefin
30 (Scheme 13). The formation of olef80 would proceed via
cleavage of the SbC and C-O bonds of the 1,2-oxastibetane
fing. Transformation of the equatorial &ponds ofl4cto the
weaker hypervalent bonds of a hexacoordinate comp@d
would enable the olefin formation reaction. A similar hexaco-
ordinate antimony intermediate has been postulated in the
formation of an olefin bearing an electron-withdrawing group
from ana-stiboranylcarbanion and benzaldehyde, while hexa-
coordinate species bearing a 1,2-oxastibetane ring have never
been observetf.?

Formation of Hexacoordinate 1,2-Oxastibetanides and
Their Reactivity. To clarify whether the hexacoordinate species
gives the corresponding olefin or not, hexacoordinate 1,2-

retarded because of the poor leaving ability of the bromide anion 0xastibetanides were synthesized by other methods. The 2-hy-

compared with the iodide anion. Thus, both lithium cation and
bromide anion play important roles in the formation of oxirane
29 with inversion of configuration.

Plausible Mechanism for the Formation of Olefin 30.
Formation of olefin30 in the thermolyses ofl4c with (n-
Bu)4NBr and f-Bu)sNI and the lack of formation in thermolyses
with LiBr and Lil indicate the importance of the character of
the cation of the additives for the formation3d. Because the
tetrabutylammonium ion is inert toward oxygen compared with
lithium ion, the olefin formation is independent of both the
cation—oxygen interaction and the Si©® bond cleavage.
Moreover, the high yield 080 in the thermolysis ofi4c with
LiBPh,-3DME should be mentioned. In this case, thé-tiO
interaction is not effective for the formation 80 because the
lithium cation should interact with DME, which is included in
commercially available LiBPA As mentioned above, other
products containing antimony and the Martin ligand were

droxyalkylstiborane7c was heated with 1.5 equiv of LiH at
140 °C for 6 h to give olefin 30 (87%) together with
hydroxystiborane34 (30%) and bis(stiboranyl)oxide5 (58%)
(Scheme 14). Therefore, we considered that ol&thand
hydroxystiborane4 were obtained by decomposition of hexa-
coordinate 1,2-oxastibetani@® that was generated fromc-

Li (Scheme 14). Formation of only one isomer 86 was
detected by*°F NMR spectroscopy of the reaction solution at
0 —73.6 (s, 3F),—76.4 (9,*Jr = 8.5 Hz, 3F), and-77.0 (q,
4Jrr = 8.5 Hz, 3F), showing that there was only one isomer,

(24) Kojima, S.; Takagi, R.; Akiba, K.-yd. Am Chem Soc 1997, 119,

(25) (a) Matsukawa, S.; Kojima, S.; Kajiyama, K.; Yamamoto, Y.; Akiba,
K.-y.; Re, S.; Nagase, SJ. Am. Chem. Soc2002 124, 13154. (b)
Kawashima, T.; Watanabe, K.; Okazaki, Retrahedron Lett1997 38,
551. (¢) Kojima, S.; Akiba, K.-yTetrahedron Lett1997 38, 547. (d)
Kojima, S.; Kawaguchi, K.; Akiba, K.-yTetrahedron Lett1997, 38, 7753.
(e) Bojin, M. L.; Barkallah, S.; Evans, S. A.,.Jk. Am Chem Soc 1996

obtained as a complex mixture and could not be identified by 118 1549.
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SCHEME 15 decreases the thermal stability of the 1,2-oxastibetanes. When
F4C. CFa FiC. CF, the oxirane is formed, either the apieaquatorial ligand
_ Oi(o Lit 16} coupling of the 1,2-oxastibetane or the decomposition @fraia
14c —PNL spPh on 140°C | 30(72%) + 7 Ssb—ph betaine intermediate would take place. The X-ray analyses
THF Al ;I PhCN A b revealed that the endocyclic€Sb—O angles around the
Are N CF3 antimony atoms of 1,2-oxastibetant4a and 14c are smaller
r=4-+-BuCgH, 33 Ph 37 . L .
than the endocyclic EP—0 angle of3, resulting in the easier
LiH ‘ HzO* ll ligand coupling reaction around the antimony atoms than the
1,2-oxaphosphetanes, giving the oxirane with retention of
FiC_ CF3 FaC, CF3 X ) >\ '
5 HO ©i(o configuration. In contrast, when the olefin is obtained, the
( :( ! <Ph I reaction must proceed via the hexacoordinate 1,2-oxastibetanide.
_ Sb-Ph o . )
Ar’ & P CFs3 Ar” ><o Taking into consideration the results of the thermolyses of the
2

pentacoordinate 1,2-oxastibetanes, they can be regarded as
potential intermediates in the reaction of a stibonium ylide with

. . o a carbonyl compound.
though the stereochemistry is not clear. Considering that the

oxygen atom of the four-membered ring is located at the
opposite side of the oxygen atom of the Martin ligand in the
most stable isomer of hexacoordinate 1,2-oxaphosphetaitfdes,  1,1-Bis[4-tert-butyl)phenyl]-3,3-bis(trifluoromethyl)-1-(2-tri-

the oxygen atoms d36 are presumed to be located similarly. fluoromethyl-2-hydroxy-3,3,3-trifluoropropyl)-3 H-2,1-benzox-
Elimination of olefin30 from 36 and successive hydrolysis of ~ astibole (7a). To a solution of 1,1-bis[4t¢rt-butyl)phenyl]-1-
the counterpart should give hydroxystiboragd, and its chloro-3,3-bis(trifluoromethyl)-d-2,1-benzoxastiboles) (381 mg,

: . ot . 0.573 mmol) in THF (10 mL) was added-a#8°C a THF solution
dehydrative dimerization should gi&5. Compounds34 and (5 mL) of lithium butyltelluromethylide, which was prepared from

35are in equmbnum, and attempted separation3dfand 35 bis(butyltelluro)methane (269 mg, 0.701 mmol) anBuLi (0.50
by gel permeation chromatography was unsuccessful. mL, 0.77 mmol) at—78 °C for 10 min. After the reaction mixture
Moreover, the reaction of pentacoordinate 1,2-oxastibetanewas stirred for 10 minp-BuLi (0.50 mL, 0.77 mmol) was added
14c with PhLi in THF at 0°C provided the mixture (3:1) of  to it at—78°C and the reaction mixture was further stirred for 10
two diastereomers o83, which were detected b¥F NMR min. HFA gas, which was generated by dehydration of Hi#AO
spectroscopy (Scheme 15). Exchange of the solvent of the(2.0 mL, 14 mmol), was bubbled to the reaction solution-a8
reaction mixture from THF to PhCN and successive thermolysis ‘C for 2 h, and the solution was warmed slowly to room
gave olefin 30 and lithium stibonyloxide37, which was  temperature. The mixture was treated with aqueousQland
protonated and dimerized with dehydration to g The FAB- extracted with BEXO. The extracts were washed with®and brine

. . and dried with MgSQ@ After removal of the solvent, the residue
MS of the reaction mixture showed peaksréz 1163 and 573, was separated by wet column chromatography (WCC) 4{SiO

which are attributable to38 + H]* and the fragment ion of  hexane/CHCI, = 4/1) and HPLC (CHG) to give7a (60 mg, 0.074
ReSbPhAr, respectively. Hydrolysis 88 provided 2-hydroxy-  mmol, 13%), 1,1-bis[4t€rt-butylphenyl)]-1-methyl-3,3-bis(trifluo-
alkylstiborane39in good yield and the reaction 80 with LiH romethyl)-3-2,1-benzoxastiboledf (36 mg, 0.056 mmol, 10%),
gave 33, which was detected by NMR spectroscopy, and big 1,1-bis[4-ert-butyl)phenyl]-3,3-bis(trifluoromethyl)43-
quantitatively. These results suggest the intermediacy of a 2,1-benzoxastibolymethane ) (175 mg, 0.136 mmol, 24%].
hexacoordinate 1,2-oxastibetanide, though the stereochemistry/& colorless crystals (EtOH), mp 26@01°C dec;*H NMR (500

except at the 3- and 4-positions of the oxastibetane ring is notMHz, CDCl) 6 1.34 (s, 18H), 2.90 (s, 2H), 7.44 (&l = 7.3
clear (Scheme 15). Hz, 1H), 7.48-7.50 (m, 5H), 7.56 (BJ.y = 8.3 Hz, 4H), 7.63 (t,

33y = 7.3 Hz, 1H), 7.91 (br BJyn = 7.3 Hz, 1H), 8.59 (br s, 1H,
OH); 13C{*H} NMR (126 MHz, CDC}) 6 29.4 (s,CH,), 31.1 (s,
Conclusion CHs), 34.9 (s), 74.8 (septJce = 30 Hz), 78.3 (sept?Jce = 29
Hz), 123.4 (q,9cr = 289 Hz), 123.6 (qLcr = 291 Hz), 126.4
We have described the syntheses, structures, and thermolyse&), 126.9 (s), 128.3 (br s), 129.7 (s), 130.4 (s), 132.2 (s), 134.5
of the pentacoordinate 1,2-oxastibetanes with and without a(s), 134.8 (s), 137.3 (s), 154.4 (3fF NMR (254 Hz, CDCJ) o
phenyl group at the 3-position on the 1,2-oxastibetane ring, —78.4 (s, 6F),~75.0 (s, 6F); MS (FABywWz 811 (M + H*, 50),
which are considered as formal [2 2]-cycloadducts of the ~ 57 (100%); IR (KBr, cm) 3081 (w), 2968 (w), 2871 (w), 1699
reaction of a stibonium ylide and a carbonyl compound. In fact, (S): 1590 (w), 1558 (w), 1507 (w), 1493 (w), 1464 (w), 1388 (w),
the reaction of the stibonium benzylide with HFA gave the 136,4 (s), 1271 (VS): 1189 (vs), 1144 (s), 1120 (), 1064 (w), 1011
. . . (m); IR (CHCE, cm™2) 3073 (W), 2966 (w), 2906 (W), 2871 (W),
corresponding pentacoordinate 1,2-oxastibetane. The 1,2-0xa sgq (s), 1493 (), 1464 (w), 1387 (), 1303 (w), 1275 (m), 1236
stibetane without a phenyl group at the 3-position did not () “1216 (vs), 1207 (m), 1193 (m), 1167 (W), 1144 (w), 1119
decompose even at 228C in o-xylenedio, whereas the () 1060 (w), 1010 (w). Anal. Calcd forgHsaF1,0,Sb: C, 48.85;
3-phenyl-1,2-oxastibetane decomposed under similar conditionsH, 4.10. Found: C, 48.92: H, 4.19.

to give the corresponding oxirane with retention of configuration  1,1-Bis[4-tert-butyl)phenyl]-1-(2-hydroxy-2-phenyl-3,3,3-tri-
as the sole product, in sharp contrast to the result of the fluoropropyl)-3,3-bis(trifluoromethyl)-3 H-2,1-benzoxastibole (7b).
thermolysis of the 1,2-oxaphosphetane bearing the Martin ligand. 7b: colorless crystals (EtOH), mp 26202°C dec;*H NMR (500
Thermolysis of the 3-phenyl-1,2-oxastibetane in the presence MHz, CDCL) 6 1.27 (s, 9H), 1.39 (s, 9H), 3.27 (8w = 12.5
of LiBr and LiBPhy-3DME gave selectively the oxirane with 12 1H), 3.36 (d?Juy = 12.5 Hz, 1H), 6.97.7.00 (m, 3H), 7.06
inversion of configuration and the corresponding olefin as the PV — W Veter 3 W st T W
main product, respectively. These results showed that 3-ph_enyI-Wr$itS()m’T;’?_"imél’ 2 Jonnston, H. Wi ! ok o6 o1, astin, T. W.;
1,2-oxastibetanes thermally decompose to give both the oxirane " 27 The yields of7a, 8, and9 were calculated assuming that 1 mol of
and the olefin and that the phenyl group at the 3-position 6 gives 1 mol of7aand8, and 0.5 mol of9, respectively.

39 (94%) 38

Experimental Section
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7.10 (M, 3H), 7.14 (dBJuy = 8.6 Hz,“Juy = 1.9 Hz, 2H), 7.34 (m, 3F),—74.6 (4, = 9.4 Hz, 3F),—73.6 (M, 3F); MS (FAB)
7.39 (m, 3H), 7.46-7.50 (M, 4H), 7.57 (td¥Jpy = 8.3 Hz, %y = m'z895 (M+ H*, 6), 629 (M- — CH,C(CF;)OH, 100%); IR (KBr,
1.1 Hz, 1H), 7.71 (br s, 1H, B), 7.92 (br d3Juy = 7.7 Hz, 1H); cm?) 3145 (w, OH), 3072 (m), 2965 (w), 2905 (w), 2870 (w),
13C{1H} NMR (126 MHz, CDC}) 6 31.1 (s), 31.2 (s), 32.0 (s, 1589 (W), 1552 (W), 1493 (W), 1455 (w), 1396 (w), 1386 (w), 1364
CHy), 34.7 (s), 34.9 (s), 74.9 (&Jcr = 29 Hz), 78.3 (sepllcr = (w), 1300 (w), 1266 (vs), 1226 (m), 1201 (m), 1183 (vs), 1166
29 Hz), 123.4 (qlJcr = 290 Hz), 124.0 (g = 290 Hz), 125.6  (m), 1134 (w), 1114 (m), 1078 (w). Anal. Calcd for
(s), 125.6 (e = 287 Hz), 125.9 (s), 126.2 (s), 126.7 (S), 127.6 CaHaoFsO,Sh: C, 59.01; H, 4.73. Found: C, 58.75; H, 4.84:
(s), 127.9 (s), 128.0 (s), 128.4 (s), 129.0 (s), 130.3 (s), 131.9 (s), colorless crystals (EtOH), mp 17475 °C dec;*H NMR (500
133.1 (s), 134.6 (s), 134.7 (s), 135.4 (s), 137.4 (s), 138.5 (s), 153.6MHz, CDCL) 6 1.23 (s, 9H), 1.34 (s, 9H), 4.54 (s, 1H), 6.58 (m,
(s), 153.8 (5)2%F NMR (254 Hz, CDC}) 6 —81.5 (s, 3F)~74.8 3H), 6.96-7.01 (m, 6H), 7.12 (t2yy = 7.3 Hz, 1H), 7.28-7.36
(9, 2Jer = 9.0 Hz, 3F),—74.1 (9,2 = 9.0 Hz, 3F); MS (FAB)  (m, 7H), 7.50 (t3Jy = 7.9 Hz, 1H), 7.79-7.83 (m, 4H), 7.97 (s,
m'z 819 (M + H*, 45), 629 (M — CH,C(CF;)OH, 100%); IR 1H, OH); 13C{'H} NMR (126 MHz, CDC}) ¢ 31.0 (s), 31.2 (s),
(KBr, cm1) 3068 (w), 2971 (m), 2907 (w), 2871 (w), 2832 (W), 34.6 (s), 34.8 (s), 62.9 (S), 77.8 (setdor = 29 Hz), 79.5 (q2Jcr
1589 (w), 1552 (w), 1492 (w), 1465 (w), 1449 (w), 1388 (w), 1364 = 27 Hz), 123.5 (qlJcr = 291 Hz), 124.3 (qiJce = 290 Hz),
(s), 1269 (s), 1223 (m), 1202 (m), 1176 (s), 1159 (vs), 1142 (m), 125.2 (q,\Jcr = 289 Hz), 125.3 (s), 125.4 (s), 125.48 (s), 125.55
1122 (w), 1105 (w), 1054 (m). Anal. Calcd forglsgFs0,Sb: C, (s), 127.1 (s), 127.6 (s), 127.8 (s), 128.7 (s), 129.3 (s), 130.1 (5),
55.70; H, 4.67. Found: C, 55.62; H, 4.68. 131.3 (s), 133.1 (s), 134.4 (s), 134.6 (s), 134.95 (s), 135.01 (s),
1-Benzyl-1,1-bis[4-ert-butyl)phenyl]-3,3-bis(trifluoromethyl)- 135.2 (s), 135.3 (s), 136.7 (s), 140.1 (s), 153.0 (s), 153.1:96);
3H-2,1-benzoxastibole (12)To magnesium turnings (70 mg, 2.9 NMR (470 Hz, CDC}) 6 —74.1 (q,%Jer = 9.4 Hz, 3F),—73.5 (s,
mmol) in EtO (5 mL) was added dropwise an ethereal solution (5 3F), —=73.1 (4,%Jsr = 9.4 Hz, 3F); MS (FAB)m'z 895 (M + H*,
mL) of benzyl chloride (0.31 mL, 2.7 mmol) ové& h under reflux 6), 629 (M — CH,C(CR3)OH, 100%); IR (KBr, cm?) 3429 (w,
and the mixture was stirred at room temperature for 1 h. To the OH), 3218 (w), 3069 (w), 3030 (w), 2965 (w), 2906 (w), 2871
reaction mixture was added an ethereal solution (15 mL) of (w), 1631 (w), 1590 (w), 1495 (w), 1464 (w), 1444 (w), 1387 (w),
chlorostiboranes (1.62 g, 2.44 mmol). After the reaction mixture 1363 (w), 1264 (w), 1239 (m), 1223 (m), 1203 (m), 1184 (m), 1141
was stirred at room temperature overnight, it was treated with (m), 1114 (m), 1061 (w), 1032 (w), 1010 (w). Anal. Calcd for
aqueous NECI and extracted with BO. The extracts were washed — CasHaFgO.Sb: C, 59.01; H, 4.73. Found: C, 58.84; H, 4.84.
with H,O, aqueous N&O;s, and brine and dried with MgSQOAfter 1-Bromo-1-[4-(ert-butyl)phenyl]-3,3-bis(trifluoromethyl)-1-
removal of the solvent, the residue was washed with hexane to (2-trifluoromethyl-2-hydroxy-3,3,3-trifluoropropyl)-3 H-2,1-ben-
give 12 (1.37 g, 78%) as a white solid.2 colorless crystals zoxastibole (13a)To a solution of 2-hydroxyalkylstiboranga (127
(hexane), mp 142143 °C dec;H NMR (500 MHz, CDC}) 6 mg, 0.156 mmol) in CHGI(5 mL) was added dropwise a solution
1.30 (s, 18H), 3.98 (s, 2H), 7.00 (br s, 5H), 7.08 {@n = 7.6 of bromine (0.04 mL, 0.8 mmol) in CHE(1 mL) at 0°C for 10
Hz, 1H), 7.26 (d3Juy = 8.4 Hz, 4H), 7.31 (d3Jyn = 8.4 Hz, 4H), min in the dark, and the mixture was stirred at room temperature
7.39 (t,33yy = 7.6 Hz, 1H), 7.57 (t3Jun = 7.6 Hz, 1H), 7.94 (br for 0.5 h. After removal of the solvent, the residue was washed
d, 3Jyn = 7.6 Hz, 1H);13C{*H} NMR (126 MHz, CDC}) 6 31.2 with hexane to givel3a (118 mg, 100%) as a white solid3a
(s), 34.7 (s), 35.2 (s), 78.6 (sepicr = 29 Hz), 125.5 (qlJcr = colorless crystals (hexane), mp 14145 °C dec;H NMR (500
283 Hz), 125.6 (s), 126.0 (s), 127.7 (s), 128.2 (s), 129.0 (s), 129.8 MHz, CDClk) 6 1.31 (s, 9H), 3.20 (BJyy = 13.7 Hz, 1H), 3.66
(s), 130.0 (s), 131.2 (s), 131.4 (s), 134.67 (s), 134.70 (s), 135.4 (s),(m, 1H), 6.48 (br s, 1H, @), 7.56 (d,3Jyy = 8.6 Hz, 2H), 7.73
138.6 (s), 153.2 (S}F NMR (470 MHz, CDC}) 6 —74.9 (s, 6F);  (td, 3Juy = 7.6 Hz,%J = 1.0 Hz, 1H), 7.78 (td3Jyy = 7.6 Hz,
MS (FAB) miz 721 (M + H*, 18), 629 (M- — PhCH, 100%). 4Jun = 1.0 Hz, 1H), 7.86 (br d3Juy = 7.6 Hz, 1H), 8.07 (d3Jun
Anal. Calcd for GgHs7/FOSb: C, 59.93; H, 5.17. Found C, 59.66; = 8.6 Hz, 2H), 8.45 (dd3Jyy = 7.6 Hz,*Jyy = 1.0 Hz, 1H);

H, 5.23. 13C{1H} NMR (126 MHz, CDC}) 6 31.0 (s,CH3), 35.0 (s), 43.0
1,1-Bis[4-tert-butyl)phenyl]-1-(2-hydroxy-1,2-diphenyl-3,3,3- (s, CHy), 74.9 (sept2Jcr = 31 Hz), 80.8 (sept?dcr = 30 Hz),
trifluoropropyl)-3,3-bis(trifluoromethyl)-3 H-2,1-benzoxasti- 122.7 (9,"3cr = 288 Hz), 122.8 (qiJcr = 288 Hz), 123.2 (br q,

boles (7c and 7d).To a solution of tetramethylpiperidine (0.39 Jcr= 288 Hz), 127.0 (s), 127.7 (s), 127.8 (s), 128.6 (s), 131.7 (s),
mL, 2.20 mmol) in benzene (5 mL) was addeduLi (1.50 mL, 133.5 (s), 133.8 (s), 135.0 (s), 135.8 (s), 156.41%);NMR (254
2.10 mmol) at room temperature and the mixture was stirred at Hz, CDCk) 6 —79.0 (br 0,*Jsr = 9.4 Hz, 3F),—77.9 (0,%Jrr =
room temperature for 0.5 h. To the reaction mixture was added a 9.4 Hz, 3F),—75.5 (br q,%Jrr = 9.4 Hz, 3F),—74.7 (0,0, =9.4
benzene solution (15 mL) of benzylstiborah2 (720 mg, 1.00 Hz, 3F); MS (FAB)m/z 757 (M + H*, 4), 677 (M" — Ar, 100%);
mmol) at room temperature. After the reaction mixture was stirred IR (KBr, cm™1) 3224 (w), 3077 (w), 2967 (w), 2872 (w), 1699 (s),
at room temperature for 12 h, a benzene solution (1 mL) of 1652 (w), 1558 (w), 1490 (w), 1463 (w), 1447 (w), 1397 (s), 1305
trifluoroacetophenone (390 mg, 2.24 mmol) was added to the (m), 1272 (vs), 1242 (s), 1195 (vs), 1148 (s), 1117 (m), 1059 (w),
reaction solution and the solution was stirred at room temperature 1050(w), 1007 (m); IR (CHG| cn?) 3274 (w), 3074 (w), 2968
for 0.5 h. The mixture was treated with aqueous ;8Hand (w), 1653 (w), 1558 (w), 1489 (w), 1463 (w), 1444 (w), 1396 (W),
extracted with CHGl The organic layer was washed with,® 1364 (w), 1304 (m), 1277 (m), 1237 (m), 1223 (s), 1215 (s), 1200
and brine and dried with MgSQAfter removal of the solvent, the  (s), 1147 (m), 1117 (w), 1050 (w), 1008 (w). Anal. Calcd for
residue was separated by WCC (hexane/GH€EIL/1) to give7c CasH20BrF120,Sh: C, 36.44; H, 2.66. Found: C, 36.66; H, 2.93.
(360 mg, 40%) andd (248 mg, 28%)7c. colorless crystals (EtOH/ 1-Bromo-1-[4-{ert-butyl)phenyl]-1-(2-hydroxy-2-phenyl-3,3,3-
CHCI; = 4/1), mp 251252 °C dec;*H NMR (500 MHz, CDC}) trifluoropropyl)-3,3-bis(trifluoromethyl)-3 H-2,1-benzoxasti-

0 1.16 (s, 9H), 1.42 (s, 9H), 4.37 (s, 1H), 6.50 fdn = 8.5 Hz, bole (13b). 13b colorless crystals (hexane), mp H4B45°C dec;
2H), 6.99-7.12 (m, 9H), 7.44 (br Ry = 7.3 Hz, 2H), 7.53 (dt,  *H NMR (500 MHz, CDC}) & 1.27 (s, 9H), 3.69 (B = 12.7
3Jyn = 7.3 Hz, 1H), 7.577.60 (m, 6H), 7.66 (ddJyy = 7.5 Hz, Hz, 1H), 3.82 (d2un = 12.7 Hz, 1H), 5.52 (br s, 1H, @), 7.03—

“Jyn = 1.0 Hz, 1H), 7.88 (br d3Jy = 7.5 Hz, 1H), 8.59 (s, 1H, 7.05 (m, 3H), 7.24 (d3Juy = 8.5 Hz, 2H), 7.46-7.48 (m, 2H),
OH); 13C{*H} NMR (126 MHz, CDC}) ¢ 31.0 (s), 31.3 (s), 34.6 7.57 (d,334y = 8.5 Hz, 2H), 7.69 (td3Jyy = 7.6 Hz,*Jyy = 1.2

(s), 34.9 (s), 64.9 (s), 77.6 (M), 78.1 &dcr = 27 Hz), 123.4 (q,  Hz, 1H), 7.73 (td2Jy = 7.6 Hz,%Juy = 1.2 Hz, 1H), 7.84 (br d,
Jcr = 291 Hz), 124.0 (qNcr = 290 Hz), 125.1 (s), 126.5 (&Jcr 8Jun = 7.6 Hz, 1H), 8.43 (ddBJyy = 7.6 Hz,“ Iy = 1.2 Hz, 1H);

= 289 Hz), 126.3 (s), 127.4 (s), 127.5 (s), 127.76 (s), 127.83 (s), 13C{H} NMR (126 MHz, CDC}) ¢ 31.0 (s,CH3), 34.8 (s), 49.3
128.1 (s), 130.3 (s), 130.6 (s), 130.8 (), 131.4 (s), 133.8 (s), 134.3(s, CH,), 75.8 (q,2Jcr = 30 Hz), 80.8 (sepllcr = 30 Hz), 122.9

(s), 134.5 (s), 134.8 (s), 135.3 (s), 135.4 (s), 136.1 (s), 136.6 (S), (0, Ncr = 289 Hz), 123.4 (qtJcr = 288 Hz), 124.9 (qXce = 287
137.3(s), 153.18 (s), 153.24 (8F NMR (470 Hz, CDC}) 6 —77.0  Hz), 126.5 (s), 126.6 (s), 126.9 (s), 127.5 (s), 128.1 (s), 129.0 (s),
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129.1 (s), 131.5 (s), 133.2 (s), 133.8 (s), 135.2 (s), 136.0 (s), 136.2(126 MHz, CDC}) 6 31.0 (s, CH), 35.2 (s), 50.0 (s, C}), 76.0

(s), 155.2 (s):1% NMR (254 MHz, CDC}) 6 —81.6 (s, 3F)~75.3
(@, “Jee = 9.1 Hz, 3F),—74.5 (br q,4J= = 9.1 Hz, 3F); IR (KB,
cm-1) 3411 (m), 3073 (w), 2964 (m), 2906 (W), 2870 (w), 1634
(W), 1587 (w), 1490 (w), 1463 (w), 1451 (w), 1396 (s), 1365 (W),

(sept,2Jce = 31 Hz), 82.1 (sept2Jcr = 30 Hz), 123.2 (Q1Jcr =

288 Hz), 123.3 (qlJcr = 288 Hz), 123.8 (qiJcr = 286 Hz), 124.0

(9, Uer = 286 Hz), 125.1 (s), 127.3 (s), 127.4 (s), 128.1 (s), 131.4
(s), 132.9 (s), 133.5 (s), 134.0 (s), 136.9 (s), 157.21)NMR

1305 (m), 1272 (vs), 1232 (s), 1214 (vs), 1192 (vs), 1166 (s), 1147 (470 MHz, CDC}) 6 —78.4 (0,Jer = 8.8 Hz, 3F),~77.5 (q,%J¢r

(s), 1120 (m), 1102 (w), 1074 (w), 1059 (w), 1050 (w), 1007 (w);
MS (FAB) m/z 765 (M + H™, 10), 513 (100%). Anal. Calcd for
CagHasF120,Sh: C, 43.89; H, 3.29. Found C, 43.81; H, 3.32.
1-Bromo-1-[4-(tert-butyl)phenyl]-1-(2-hydroxy-1,2-diphenyl-
3,3,3-trifluoropropyl)-3,3-bis(trifluoromethyl)-3 H-2,1-benzoxas-
tibole (13c).Major isomer ofL3c colorless crystals (hexane/CHCI
= 1/1), mp 199-200°C dec;*H NMR (500 MHz, CDC}) ¢ 1.17
(s, 9H), 5.47 (s, 1H), 6.47 (br s, 1H), 6:86.91 (m, 2H), 7.07
7.24 (m, 8H), 7.54 (br Ry = 7.1 Hz, 2H), 7.66-7.69 (M, 2H),
7.77-7.82 (m, 3H), 8.62 (d2J4y = 7.8 Hz, 1H);13C{H} NMR
(126 MHz, CDC}) 6 30.9 (s), 34.6 (S), 74.1 (S), 79.9 @jcr = 28
Hz), 80.5 (sept?Jce = 31 Hz), 122.7 (qlJcr = 289 Hz), 123.0 (q,
e = 289 Hz), 123.4 (qiJcr = 286 Hz), 125.5 (s), 125.8 (s),

= 8.8 Hz, 3F),—76.8 (q,Jrr = 8.5 Hz, 3F),—74.4 (9,Jrr = 8.5
Hz, 3F); MS (FAB)Wz 677 (M+ H*, 89), 57 (100%). Anal. Calcd
for CysHiF120,Sh: C, 40.80; H, 2.83. Found C, 40.82; H, 2.97.
1-[4-(tert-Butyl)phenyl]-4-phenyl-3,3,4-tris(trifluoromethyl)-

spiro{ 2,1-benzoxastibole-1(A),2' 4%-[1,2]oxastibetang (14b).
14b: *H NMR (270 MHz, CDC}) 6 1.27 (s, 9H), 4.58 (PIun =
13.0 Hz, 1H), 4.41 (d?Juy = 13.0 Hz, 1H), 7.29-8.00 (m, 12H),
8.12-8.14 (m, 1H);*°F NMR (254 MHz, CDC}) 6 —81.0 (s, 3F),
—76.9 (9,3 = 8.1 Hz, 3F),—74.2 (q,J+ = 8.1 Hz, 3F); MS
(FAB) m/z 685 (M + H*, 11), 513 (100%)15b: 'H NMR (270
MHz, CDCL) 6 1.34 (s, 9H), 4.18 (Bl = 13.2 Hz, 1H), 4.46
(d, Iy = 13.2 Hz, 1H), 7.29-8.00 (m, 12H), 8.038.10 (m, 1H);
19 NMR (254 MHz, CDC}) 6 —79.9 (9,*J+= 8.8 Hz, 3F),~76.7

126.4 (s), 127.0 (s), 127.4 (s), 127.9 (s), 128.2 (s), 128.3 (s), 128.5(q, “Jer = 8.4 Hz, 3F),~74.3 (q,Jr = 8.4 Hz, 3F).

(s), 131.6 (s), 132.1 (s), 132.6 (s), 133.9 (s), 134.3 (s), 134.6 (s),

134.8 (s), 135.8 (s), 154.6 (SJF NMR (470 Hz, CDCJ) 6 —77.69
to —77.68 (m, 3F),—74.08 (q,%Jsr = 9.9 Hz, 3F),—73.63 to
—73.60 (M, 3F); MS (FABYWz 842 (G4H3s*'BrFsO,Sh', 2), 186
(100%); IR (KBr, cntl) 3398 (s), 3352 (m), 3071 (m), 3028 (w),
2963 (w), 2906 (w), 2869 (w), 1635 (w), 1587 (w), 1493 (m), 1454
(w), 1441 (w), 1424 (w), 1397 (m), 1364 (m), 1350 (m), 1301 (m),
1286 (s), 1267 (vs), 1236 (vs), 1187 (vs), 1157 (vs), 1144 (vs),
1103 (vs), 1078 (m), 1061 (m). Anal. Calcd fog8,sBrFyO,Sh:
C, 48.49; H, 3.47. Found: C, 48.28; H, 3.64. Minor isomer of
13c 'H NMR (500 MHz, CDC}) ¢ 1.22 (s, 9H), 5.13 (s, 1H),
6.84-6.91 (m, 3H), 7.0#7.24 (m, 8H), 7.40 (br d?Jyy = 7.6
Hz, 1H), 7.54 (br d?Jyy = 7.1 Hz, 1H), 7.66-7.69 (m, 2H), 7.7#
7.82 (m, 3H), 8.62 (d2Jyny = 7.8 Hz, 1H);°F NMR (470 Hz,
CDCl) 6 —76.26 t0—76.25 (m, 3F);~74.64 (br s, 3F);-74.11 to
—74.05 (m, 3F).
1-Bromo-1-[4-(tert-butyl)phenyl]-1-(2-hydroxy-1,2-diphenyl-
3,3,3-trifluoropropyl)-3,3-bis(trifluoromethyl)-3 H-2,1-benzoxas-
tibole (13d). Major isomer ofL3d: colorless crystals (hexane/CHCI
= 5/1), mp 160-161.5°C dec;H NMR (500 MHz, CDC}) ¢
1.24 (s, 9H), 5.35 (s, 1H), 5.67 (br s, 1H), 6.91 (br, 1H), #10
7.13 (m, 5H), 7.19 (t2uy = 7.4 Hz, 1H), 7.3+7.39 (m, 3H),
7.43-7.46 (m, 1H), 7.477.64 (m, 3H), 7.647.79 (m, 4H);'°F
NMR (470 Hz, CDC}) 6 —75.1 (br s, 3F);~=74.6 (br s, 3F);-73.3
(brs, 3F); MS (FAB)YWz 842 (GH3*'BrisO,Sht, 1), 186 (100%);
IR (KBr, cm™%) 3324 (w), 3065 (w), 3039 (w), 2965 (w), 2871
(w), 1633 (w), 1585 (w), 1491 (w), 1449 (w), 1396 (w), 1302 (w),
1270 (m), 1241 (m), 1226 (m), 1184 (vs), 1142 (m), 1108 (m),
1076 (m), 1050 (m). Anal. Calcd forgH,sBriFsO,Sh: C, 48.49;
H, 3.47. Found: C, 48.58; H, 3.48. Minor isomerldd: 'H NMR
(500 MHz, CDC}) d 1.21 (s, 9H), 5.55 (s, 1H), 5.67 (br s, 1H),
6.91 (br, 1H), 7.16-7.13 (m, 5H), 7.19-7.39 (m, 4H), 7.43-7.46
(m, 1H), 7.477.64 (m, 3H), 7.647.79 (m, 4H);%F NMR (470
Hz, CDCk) 6 —74.4 (s, 3F)~74.1 (9,"J== 9.9 Hz, 3F),—72.34
to —72.35 (m, 3F).
1-[4-(tert-Butyl)phenyl]-3,3,4',4'-tetrakis(trifluoromethyl)-
spiro{ 2,1-benzoxastibole-1(8),2 45-[1,2]oxastibetané (14a).To
a suspension of NaH (48 mg, 1.2 mmol) in THF (1 mL) was added
a solution of bromo(2-hydroxyalkyl)stiboraria (250 mg, 0.33
mmol) in THF (6 mL) at room temperature and the mixture was
stirred for 2 h. After the reaction mixture was filtered through Celite,

1-[4-(tert-Butyl)phenyl]-3',4'-diphenyl-3,3,4-tris(trifluoro-
methyl)spiro{2,1-benzoxastibole-1(H),2'A%-[1,2]oxastibetané
(14c). 14c colorless crystals (hexane); mp 18890 °C dec;'H
NMR (500 MHz, CDC}) ¢ 1.30 (s, 9H), 6.09 (s, 1H), 6.65 (d,
8Jun = 7.5 Hz, 2H), 6.94 (t3Jyy = 7.4 Hz, 2H), 7.04 (t3uy =
7.5 Hz, 1H), 7.16-7.19 (m, 5H), 7.30 (br B4y = 6.4 Hz, 2H),
7.55 (d,3Juy = 8.4 Hz, 2H), 7.68 (t3Jun = 7.9 Hz, 1H), 7.74 (t,
BJHH = 7.1 Hz, 1H), 7.87 (br d?JHH =73 Hz, 1H), 8.19 (d,3JHH
= 7.4 Hz, 1H);3C{H} NMR (126 MHz, CDC}) 6 31.1 (s,CH3),
35.1 (s), 78.7 (sCH), 81.7 (q,2Jcr = 28 Hz), 82.1 (septilce =
30 Hz), 123.38 (giJcr = 288 Hz), 123.41 (qiJcr = 288 Hz),
124.5 (9,"Jcr = 288 Hz), 126.2 (s), 126.4 (s), 127.1 (s), 127.3 (8),
127.4 (s), 127.8 (s), 128.2 (s), 128.3 (s), 128.5 (s), 130.1 (s), 131.3
(s), 132.3 (s), 132.4 (s), 133.5 (s), 134.1 (s), 136.5 (s), 137.2 (s),
156.4 (s);**F NMR (470 MHz, CDC}) 6 —79.3 (s, 3F)~76.8 (q,
4Jee = 8.2 Hz, 3F),—74.3 (q,%J = 8.2 Hz, 3F); MS (FAB)m/z
761 (M+ H*, 8), 187 (100%). Anal. Calcd for £H2gFs0,Sh: C,
53.64; H, 3.71. Found C, 53.68; H, 3.89. X-ray crystallographic
analysis ofl4crevealed that 4tért-butyl)phenyl and two phenyl
groups of the 1,2-oxastibetane ring are cis to each off#t. H
NMR (500 MHz, CDC}) ¢ 1.34 (s, 9H), 6.34 (s, 1H), 6.55 (d,
3Jun = 7.2 Hz, 2H), 6.85 (t3Jun = 7.4 Hz, 2H), 6.93-7.20 (m,
3H), 7.30-7.31 (m, 4H), 7.587.66 (m, 3H), 7.73 (t3Jyp = 7.4
Hz, 1H), 8.01 (d3Jun = 7.3 Hz, 2H), 8.41 (d3Jy = 8.4 Hz, 1H);
1% NMR (470 MHz, CDC}) 6 —78.0 (s, 3F),—75.5 (q,*Jqn =
9.4 Hz, 3F),—74.4 (q,"Jun = 9.4 Hz, 3F).

1-[4-(tert-Butyl)phenyl]-3',4'-diphenyl-3,3,4-tris(trifluoro-
methyl)spiro{ 2,1-benzoxastibole-1(8),2'45-[1,2]oxastibetané
(14d). 14d colorless solidstH NMR (270 MHz, CDC}) ¢ 1.37
(s, 9H), 5.89 (s, 1H), 6.937.39 (m, 6H), 7.487.76 (m, 9H), 8.08
(d, 3Jun = 8.4 Hz, 2H), 8.21 (d3Juy = 7.5 Hz, 1H);°F NMR
(254 MHz, CDC}) 6 —76.8 (q,*Jrr = 7.9 Hz, 3F),—74.3 (9,
= 7.9 Hz, 3F),—72.5 (s, 3F); MS (FAByn/z 761 (M + H*, 8),
187 (100%).15d: *H NMR (270 MHz, CDC}) ¢ 1.29 (s, 9H),
5.95 (s, 1H), 6.857.30 (m, 6H), 7.347.57 (m, 9H), 7.95 (BJun
= 8.1 Hz, 2H), 8.29 (d3Jyn = 7.5 Hz, 1H);'%F NMR (470 MHz,
CDC|3) 0 —76.8 (q14\]FF = 8.2 Hz, 3F),_746 (q14~]FF = 8.2 Hz,
3F), —=73.2 (s, 3F).

1-Benzyl-1-bromo-1-[4-tert-butyl)phenyl]-3,3-bis(trifluoro-
methyl)-3H-2,1-benzoxastibole (16)To a solution of benzylstibo-
ranel2 (73 mg, 0.10 mmol) in CGl(4 mL) was added dropwise

THF was removed in vacuo, and the residue was separated bya solution of bromine (12 mL, 0.20 mmol) in CQIL mL) at 0°C

preparative gel permeation liquid chromatography (GPLC) (GHCI
to give 1,2-oxastibetané4a (86%) as a colorless solidl4a
colorless crystals (hexane); mp 14850 °C dec;H NMR (500
MHz, CDClk) 6 1.32 (s, 9H), 4.09 (BJyn = 14.1 Hz, 1H), 4.41
(d, 2Jyn = 14.1 Hz, 1H), 7.62 (BJyn = 8.3 Hz, 2H), 7.7+-7.74
(m, 2H), 7.89 (br d3Jyy = 7.0 Hz, 1H), 7.92 (d¥Juy = 8.3 Hz,
2H), 8.02 (dd3Juy = 7.0 Hz,*Jyn = 1.8 Hz, 1H);18C{H} NMR
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in the dark. After the mixture was stirred at room temperature for
30 min, the solvent was removed and the residue was washed with
hexane to givel6 (65 mg, 98%) as a colorless solith: colorless
crystals (hexane), mp 13233.5°C dec;'H NMR (500 MHz,
CDCl3) 6 1.27 (s, 9H), 4.13 (RJyn = 11.3 Hz, 1H), 4.28 (RIun

= 11.3 Hz, 1H), 7.187.20 (m, 3H), 7.257.27 (m, 2H), 7.37 (d,
3Jun = 8.5 Hz, 2H), 7.68-7.76 (m, 4H), 7.85 (br d3Jyy = 7.5



Pentacoordinate 1,2-Oxastibetanes

JOC Article

(FAB) m/z839 (M + H*, 3), 573 (100%); HRMS (FABjz calcd
NMR (126 MHz, CDC}) 6 31.0 (s), 34.8 (s), 47.8 (§H>), 80.6 for CaoH3sFeO2Sb [M + H*] 839.1532, found 839.1582. Minor
(sept,2Jcr = 30 Hz), 123.4 (qJcr = 289 Hz), 123.6 (qiJcr = isomer 0f39: 'H NMR (500 MHz, CDC}) 6 1.16 (s, 9H), 4.34 (s,
289 Hz), 126.0 (s), 127.4 (s), 127.5 (s), 128.5 (s), 130.0 (s), 130.1 1H), 6.50 (d3Jyn = 8.6 Hz, 1H), 6.98-7.12 (m, 8H), 7.157.18
(s), 131.0 (s), 131.3 (s), 132.1 (s), 132.7 (s), 134.5 (s), 135.5 (s), (m, 2H), 7.57.61 (m, 7H), 7.657.68 (m, 3H), 7.687.70 (m,
137.4 (s), 155.3 (s)F NMR (254 Hz, CDCY) 6 —75.7 (0,20 = 1H), 7.86-7.88 (m, 1H), 8.46 (s, 1H, OH}*F NMR (470 MHz,
8.9 Hz, 3F),—74.7 (q,2Je= = 8.9 Hz, 3F); MS (FAB)1z 668 (M CDCl) 6 —77.0to —76.9 (m, 3F)~74.3 to —74.5 (m, 3F)~73.6
+ H*, 5), 91 (100%). Anal. Calcd for £H,,BrFsOSb: C, 46.74; to —73.5 (m, 3F).

H, 3.62. Found: C, 46.64; H, 3.77. Thermolysis of (2-Hydroxyalkyl)stiborane 7c in the Presence
1-Benzyl-1-[4-tert-butyl)phenyl]-3,3-bis(trifluoromethyl)-3 H- of LiH. To a solution of7c (89 mg, 0.10 mmol) in PhCN (1.0 mL)
2,1-benzoxastibonium Trifluoromethanesulfonate (17)A mix- was added LiH (2.3 mg, 0.29 mmol) at room temperature and the
ture of benzylbromostiboraris (410 mg, 0.615 mmol) and AgOTf  reaction mixture was stirred at room temperature for 0.5 h. The

(210 mg, 0.734 mmol) in THF (10 mL) was stirred at room mixture was stirred at 140C for 6 h. The solvent was removed

temperature for 2 h, and filtered through Celite. Removal of the under reduced pressure and the residue was separated by GPLC

solvent gavel7 (452 mg, 100%) as a colorless dll7: colorless (CHCly) to give olefin30 (56 mg, 87%) and a mixture (21 mg) of

oil; TH NMR (500 MHz, CDC}) 6 1.26 (s, 9H), 4.26 (R = 34 (30%) and35 (58%) as a white soliét A 1:2 mixture of 34

14.9 Hz, 1H), 4.54 (d2Jyy = 14.9 Hz, 1H), 7.23-7.27 (m, 3H), and 35 'H NMR (500 MHz, CDC}) 6 1.26 (s, 72H), 1.30 (s,

7.33 (d,33uy = 6.2 Hz, 2H), 7.44 (s, 4H), 7.79 @un = 7.2 Hz, 18H), 1.47 (s, 1H, OH), 7.23 (d,= 8.4 Hz, 16H), 7.347.39 (m,

1H), 7.83 (t,3J4y = 7.2 Hz, 1H), 7.91 (d3Jyy = 7.2 Hz, 1H), 5H), 7.51 (d,3Juny = 8.4 Hz, 4H), 7.58 (t3Juny = 8.1 Hz, 4H),

8.35 (d,3Jyny = 7.2 Hz, 1H);3C{H} NMR (126 MHz, CDC}) ¢ 7.62-7.66 (m, 18H), 7.88 (BJyn = 7.7 Hz, 4H), 8.01 (d3Jqy =

30.9 (s), 35.0 (s), 41.7 (£H,), 82.2 (sept?Jcr = 29 Hz), 119.3 8.4 Hz, 4H), 8.20 (d3Jyn = 7.2 Hz, 4H), 8.31 (d3Jyny = 7.1 Hz,

(9, Yok = 319 Hz, Tf), 123.0 (qlJcr = 288 Hz), 125.4 (s), 127.2  1H); 13C{*H} NMR (126 MHz, CDC}) ¢ 31.1 (s), 34.5 (s), 34.9

(s), 127.8 (s), 127.9 (s), 128.3 (s), 129.0 (s), 129.6 (s), 130.1 (s), (S), 79.5 (septlcr = 29 Hz), 123.9 (qNcr = 290 Hz), 126.0 (s),

132.7 (s), 133.5 (s), 133.8 (s), 134.8 (s), 138.3 (s), 156.898); 126.5 (s), 127.4 (s), 127.5 (s), 130.1 (s), 130.5 (s), 130.8 (s), 131.3

NMR (254 Hz, CDC}) 0 —77.2 (s, 3F)~75.6 (q,2Jer = 8.0 Hz, (s), 131.7 (s), 131.8 (s), 132.1 (s), 133.9 (s), 134.1 (s), 134.3 (S),

3F), —75.2 (9,2 = 8.0 Hz, 3F); MS (FAB)m/z 587 (M" — 134.4 (s), 134.7 (s), 137.8 (s), 138.4 (s), 154.1 (s), 155.1 (s). An

TfO, 21), 91 (100%). aliphatic carbon of th&-Bu group, two quaternary carbons of CF
1-[4-(tert-Butyl)phenyl]-3'-phenyl-3,3,4,4-tris(trifluorometh- group, and two aromatic carbons were not obsertfdYMR (254

yl)spiro{ 2,1-benzoxastibole-1(8),2'45-[1,2]oxastibetand (14e). Hz, CDCk) 6 —75.0 (s, 24F)~74.9 (s, 6F); FAB-MSwz 1275

To a solution of stibonium triflatel 7 (196 mg, 0.270 mmol) in (M + H* for 35), 646 (M" for 34).

THF (5 mL) was added at78 °C a THF solution (3 mL) of The Flash Vacuum Pyrolyses (FVP) of 3 and 14aA quartz

LiTMP, which was prepared from tetramethylpiperidine (0.18 mL, tube containing the starting materials (16 mg3obr 148 was

1.00 mmol) andh-BuLi (0.65 mL, 1.0 mmol) at-78 °C for 10 evacuated and the pressure was kept is 10! Torr under a

min. After the reaction mixture was further stirred for 10 min, HFA ~ gentle and constant stream of nitrogen gas throughout the pyrolysis.

gas, which was generated by dehydration of HBAO (1.5 mL, To assist sublimation of the starting materi@sind14a, the head

11 mmol), was bubbled to the reaction solution-&8 °C for 2 h, of the quartz tube was preheated with a ribbon heater at97

and the solution was warmed slowly to room temperature. The and 105-107°C, respectively, and the sublimed starting materials

mixture was treated with aqueous M and extracted with &O. were pyrolyzed by passing through the quartz tube filled with quartz

The extracts were washed with,® and brine and dried with fillings heated at 500C in the oven. The decomposed products

MgSQ,. After removal of the solvent, the residue was separated were accumulated in a trap cooled with liquid nitrogen. Heating

by GPLC (CHC}) and preparative thin-layer chromatography was continued fo6 h and the products in a trap were analyzed by

(PTLC) (SiG;, hexane/CHCl, = 1/1) to give a mixture containing ~ GC-MS and'*F NMR spectroscopy. The yields of the products

14e (4.2 mg, 2%).14e H NMR (270 MHz, CDC}) ¢ 6.06 (s, were summarized in Table 3.

1H), other aliphatic and aromatic signals could not be assigned; A Typical Procedure of the Thermolysis of 3-Phenyl-1,2-

19F NMR (254 Hz, CDCJ) 6 —71.9 (q,2Jr = 9.1 Hz, 3F),—74.3 oxastibetane (14c)ln an NMR tube was placed amxylened;o

(9, e = 8.1 Hz, 3F),—76.8 (9,2 = 8.9 Hz, 3F),—77.0 (q, (0.55 mL) solution of 1,2-oxastibetarigc (10 mg, 0.013 mmol).

2Jre = 8.6 Hz, 3F); MS (FAB)M/z 753 (M + H). After several freezepump-thaw cycles, the tube was evacuated
1-[4-(tert-Butyl)phenyl]-1-(2-hydroxy-1,2-diphenyl-3,3,3-tri- and sealed. The solution was heated at Z2@or 17 h while being

fluoropropyl)-1-phenyl-3,3-bis(trifluoromethyl)-3 H-2,1-benzox- monitored by *H and *F NMR spectroscopy. The reaction

astibole (39).To a solution ofl4c (11 mg, 0.014 mmol) in THF conditions and the yields are summarized in Table 4. The products

(0.5 mL) was added PhLi (2.28 M, 70, 0.016 mmol) at room of thg thermolys[s, qxiran@8 with retention of configuratior®

temperature and the mixture was stirred at room temperature for 11,3-dihydro-3,3-bis(trifluoromethyl)-1-(tert-butylphenyl)-1,2-ben-

h. The mixture was treated with aqueous JOHand extracted with zoxastibole25, olefin 30,2° and oxirane29 with inversion of relative

Et,0. The organic layer was washed with brine and dried with configuration® were identified with authentic sample25: color-

MgSO.. After removal of the solvent, the residue was separated less solid (hexane/CHEE 1/1), mp 138-139 °C dec;'H NMR

by PTLC (hexane/CHGE 1/1) to give a mixture of diastereomers (270 MHz, CDC}) 6 1.27 (s, 9H), 7.39 (s, 4H), 7.527.64 (m,

(20:1) of 39 (11 mg, 94%). Major isomer 039 H NMR (500 3H), 7.80 (d,*Juy = 7.3 Hz, 1H);**F NMR (254 Hz, CDCJ) ¢

MHz, CDCh) 6 1.42 (s, 9H), 4.38 (s, 1H), 6.59 (@ = 7.5 Hz, —77.2 (0,%)r = 8.9 Hz, 3F),~74.9 (q,%Jsr = 8.9 Hz, 3F); MS

2H), 6.98-7.12 (m, 8H), 7.157.18 (m, 2H), 7.427.44 (m, 2H),  (FAB) nVz496 (M"). Anal. Caled for GoH17F60Sb: C, 45.91; H,

7.51-7.61 (m, 7H), 7.69 (dBJyy = 7.5 Hz, 1H), 7.88 (br d3Jyy 3.45. Found: C, 45.78; H, 3.55.

=7.4Hz, 1H), 8.53 (s, 1H, B); 13C{'H} NMR (126 MHz, CDC}) Thermolysis of 1,2-Oxastibetane 14c in the Presence of PhLi.

0 31.3 (s), 34.5(s), 65.4 (s), 78.1 @Jcr = 27 Hz), 123.4 (q1Jcr To a solution ofl4c (11 mg, 0.014 mmol) in THF (0.5 mL) was

= 291 Hz), 123.6 (qlJcr = 289 Hz), 124.0 (qLcr = 290 Hz),

126.4 (s), 127.4 (s), 127.5 (s), 127.6 (s), 127.8 (s), 128.1 (s), 130.0 _ (28) Shanklin, J. R.; Johnson, C. R.; Ollinger, J.; Coates, RJ.Mm.

(s), 130.1 (s), 130.3 (s), 130.8 (s), 131.5 (s), 131.7 (s), 133.6 (s), Chem. Soc1973 95, 3429.

133.7 (s), 134.3 (s), 134.5 (s), 134.6 (s), 134.8 (s), 136.1 (s), 136.6 ., (29) Nader, B. S.; Cordova, J. A;; Reese, K. E.; Powell, CJ.LOrg.

Hz, 1H), 8.55 (dd3Juy = 7.5 Hz,*Jyy = 1.5 Hz, 1H);13C{H}

(s), 137.4 (s), 153.3 (s). A quaternary carbon du€{GFs;), was Chem 1994 58, 2898.
not observed.}*F NMR (470 Hz, CDCJ) 6 —77.1 to—77.0 (m,
3F), —74.6 (9,3 = 9.4 Hz, 3F),—73.6 to—73.5 (m, 3F); MS

(30) House, H. OJ. Am. Chem. Sod 955 77, 3070.
(31) The yields of30, 34, and35 were calculated assuming that 1 mol
of 7c gives 1 mol 0f30 and 34, and 0.5 mol of35, respectively.
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added PhLi (2.28 M, 7.L, 0.016 mmol) at room temperature  data and selected bond lengths and angle8,fada and14care

and the mixture was stirred for 1 h. After the solvent was exchanged summarized in Tables 1 and 2.

from THF to PhCN (0.5 mL), the reaction mixture was heated at
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techniques. All non-hydrogen atoms were refined anisotropically,
while hydrogen atoms were refined isotropically. There are four
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