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Summary: Substituted tetrahydropyrans are formed in 
high yield by condensation of 2 mol of aldehyde with 
molybdenum r-allyls. A [ CpM~(NO)(~~-allyl)(soIvent)]+- 
BF,- complex is a versatile reagent that provides a con- 
venient route to certain tetrahydropyrans. This moder- 
ately stable q3-allyl reagent is conveniently generated by 
silver-induced hatide removal from CpMo(NO)(X)($-allyl) 
complexes. The formation of single isomers of 4-fluoro 
2,6-disubstituted tetrahydropyrans is a mild reaction, re- 
quiring 6-12 h for completion at room temperature. 
Spectroscopic evidence suggests intermediate formation 
of a [CpMo(NO)(allyl)(q'-RCHO)]+BF,- complex. 

The formation of 4-halo-substituted tetrahydropyrans 
(THP) is a common side reaction of conventional Prins 
reactions in aqueous media.' Modification of the Prins 
reaction with use of substantially anhydrous media led to 
the development of 3-alkyl-4-halotetrahydropyran syn- 
thesis from the condensation of a-olefins with paraform- 
aldehyde and hydrogen halidex2 

RCHzCH=CHz + X H 2 0  + HX - qR + Hz0 

X 

X = CI, BI 

More recently 4-halo-substituted THP's have been ob- 
served as byproducts in the synthesis of homoallyl alcohols 
via allyl silane^^^^ and allylhalo~tannane~ reagents. The 
formation of substituted tetrahydropyrans via allyl- 
stannanation reagents has been extensively studied by 
Tagl ia~in i ,~  who has developed a general method for 4- 
halo-substituted THP synthesis using aliphatic aldehydes. 
He has also shown that incremental addition of different 
aldehydes generates unsymmetrical THP's: 

'r%" (1) RCHO 

(2) RCHO 
BUXzSn-CH2CHICH2 - 

X 

X - CI. BI 

Taddei et aL3 noted, during the preparation of homoallyl 
alcohols from the reaction of aldehydes with allyltri- 
methylsilane, that when AlCl, or ABr3 is used as the Lewis 

(1) (a) LeBel, N. A.; Liesemer, R. N.; Mehmedbasich, E. J. Org. Chem. 
1963, 28, 615. (b) Heslinga, L.; von Gorkom, M. Recl. Trau. Chim. 
Pays-Bas 1966,85, 293. (c) Baker, J. W. J. Chem. SOC. 1944. 296. (d) 
Hanschke. E. Chem. Eer. 1955.88. 1048. - - .  - - - -  ~~.~~..~~... 

(2) Strafi, P.  R .  J OrgChem. 1969, 34, 479. 
(3) (a) Taddei, M.; Coppi, L.; Mordini, A. Tetrahedron Lett. 1987,28, 

969. (b) Taddei, M.; Coppi, L.; Ricci, A. Tetrahedron Lett. 1987,28,973. 
(4) Chan, T. H.; Wei, Z. Y.; Li, J. S.; Wong, D. Tetrahedron Lett. 1987, 

28, 3441. 
(5) (a) Tagliavini, G.; Boaretto, A.; Marton, D.; Gambaro, A. I n o g .  

Chim. Acta 1983, 77, L153. (b) J .  Organomet. Chem. 1983,254,293. (c) 
J .  Organomet. Chem. 1984, 260, 255. (d) Tagliavini, G.; Boaretto, A.; 
Furliani, D.; Marton, D.; Cambaro, A. J. Organomet. Chem. 1986, 299, 
157. 

0276-7333/90/2309-3182$02Q50/0 

acid, the reaction generates high yields of 4-halo-substi- 
tuted THP's with only trace amounts of homoallyl alco- 
hols. Subsequent studies showed that consecutive addition 
of different aldehydes generated unsymmetrically 2,6- 
substituted tetrahydropyrans as well.3 

Our investigation of substituted tetrahydropyran for- 
mation via condensation of 2 mol of aldehyde with mo- 
lybdenum a-allyls suggests that the [CpMo(N0)(v3-al- 
lyl) (S)]' solvent0 complex has potential as a versatile 
reagent in THP synthesis. 

This moderately stable v3-allyl reagent is conveniently 
generated in situ by silver-induced halide removal from 
CpMo(NO)(X) (v3-allyl) complexes. If the solvent is not 
rigorously dried, water coordinates in the position from 
which halide was removed and the aqua complex, in reality, 
is usually the actual reagent. The formation of 4-fluoro 
2,6-disubstituted tetrahydropyrans is a mild reaction re- 
quiring 6-12 h for completion a t  room temperature, with 
isolated yields ranging between 70 and 80%. 

The reactions of [ CpMo( NO) (~~-2-methallyl) (S)]' are 
particularly informative. When the aromatic aldehydes 
p-anisaldehyde and benzaldehyde are used, the formation 
of the 4-fluoro-substituted THP's is highly stereoselective, 
yielding a single 4-fluoro 4-methyl2,6-diaryl THP isomer. 
An X-ray crystal structure of 4-fluoro-4-methyl-2,6-bis(4- 
methoxypheny1)tetrahydropyran (1) shows an all-cis con- 
figuration with the methyl and two 4-methoxyphenyl 
groups in the equatorial positions. This conformation is 
retained in solution, as evident from the 'H NMR spec- 
trum by analysis of the H-H and H-F couplings of the 
THP ring protons and the axial fluorineS6 JHF = 40 Hz 
for the protons on C-36) clearly indicates an axial fluorine 
at  C-4. The large J" value for the C-2(6) and C-3(5) 
protons also indicates that the hydrogen on C-2(6) is axial. 
Likewise, analysis of the 'H NMR spectrum of 4-fluoro- 
4-methyl-2,6-diphenyltetrahydropyran (2) reveals an all-cis 
configuration with the methyl and two phenyl groups 
equatorial. When cinnamaldehyde is used, the reaction 
yields predominately (93%) one isomer of 4-fluoro-4- 
methyl-2,6-distyryltetrahydropyran (3), which is also the 
all-cis isomer. 

R P -C6H5, - C & - X H j ,  
-CH=CH-C& 

We also found that the unsymmetrically substituted 
4-fluoro-4-methyl-2-(4-methoxyphenyl)-6-phenyltetra- 
hydropyran (4) was produced in good yield by addition of 
a 1:l mixture of the two aromatic aldehydes. The for- 
mation of this THP is also highly stereoselective, with the 
only observed isomer of 4 being the all-cis isomer. Fur- 
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formation of the six-membered ring. The stereoselectivity 
a t  the 4-fluoro-substituted carbon may be a result of se- 
lective BF4- addition from one side of the $-olefin inter- 
mediate. This most probably would be trans attack but 
could also involve coordination of BF, to the metal before 
formation of the C-F bond. 

Unlike the tetrahydropyran syntheses via allylstannanes 
and allylsilanes, the ability to resolve the chiral center by 
introduction of the neomenthyl group on the cyclo- 
pentadienyl 1igand'O allows the potential to produce non- 
racemic samples of unsymmetrically substituted tetra- 
hydropyrans. We are currently investigating the potential 
of this reaction in asymmetric syntheses. 

Experimental Section 
Preparation of 4-Fluoro-4-methyl-2,6-bis(4-methoxy- 

pheny1)tetrahydropyran (1). A typical procedure for the 
preparation of the substituted THP's is described for the prep- 
aration of 1. A CHzClz solution (35 mL) of 0.1800 g (0.483 mmol) 
of CpMo(NO)(I)(s3-methallyl) was stirred for 2 h with 0.1050 g 
(0.539 mmol) of AgBF,. The resulting suspension was centrifuged, 
and the orange solution was decanted onto molecular sieves (2 
A). A 2-fold excess of p-anisaldehyde (0.195 g, 1.84 mmol) was 
added, and the solution was stirred overnight. 

Removal of the solvent left a red-brown oil, from which the 
desired product was extracted with a 1:l mixture of CH2C12 and 
pentane. The extracts were filtered through an alumina plug. 
Removal of the solvents yielded a yellow oil that was a mixture 
of the product THP and p-anisaldehyde. The excess aldehyde 
was removed either by pulling a vacuum overnight or purifying 
by preparative TLC (silica, CH2C12, Rf(l)  -0.3). The desired 
product was isolated as a pale yellow solid (0.1229 g, 77%). 
Crystals suitable for an X-ray analysis of 1 were grown from a 
CHzC12/hexane solution (mp 77 "C). A crystal that measured 
0.25 X 0.25 X 0.13 mm was used. Diffraction measurements were 
made on a Rigaku AFC5S fully automated diffractometer using 
graphite-monochromated Cu Ka radiation (A = 1.541 78 A). 
Preliminary indications of the unit cell based on 25 randomly 
selected reflections revealed a monoclinc cell with the following 
lattice parameters: a = 17.060 (1) A, b = 5.0918 (3) A, c = 20.630 
(1) A, and 6 = 95.848 (5)". The space group, on the basis of the 
observed systematic extinctions, was assigned as R 1 / n ,  Z = 4, 
with one molecule of composition Cd2303F forming the asym- 
metric unit. The volume was 1782.6 (2) A3, and the calculated 
density was 1.23 g/cm3. There were 3004 reflections collected 
with 28 I 120O; of those reflections 1394 (46%) with I 1  340 
were observed. Full-matrix refinement of the non-hydrogen atoms 
and isotropic refinement of the hydrogens that were located in 
the difference Fourier resulted in R = 0.049 and R, = 0.061. Anal. 
Calcd for CmHaF03: C, 72.71; H, 7.02. Found: C, 72.80; H, 7.07. 
'H NMR (500 MHz, 25 "C, CDClJ: 6 7.33 and 6.86 (d, both 4 
H, 2 -C&- groups, J = 8.9 Hz), 4.85 (dd, 2 H, & @ ) u p  J = 11.9, 
1.5 Hz), 3.78 (e, 6 H, 2 OCHsb POUPS), 2.10 (ddd, 2 H, H3(5hr JHH 
= 14.2, 1.5 Hz, JHF = 9.5 Hz), 1.68 (ddd, 2 H, H3(5)=, JHH = 14.2, 
11.9 Hz, J H F  = 39.9 Hz), 1.42 (d, 3 H, CH3,, J H F  = 21.8 Hz). 
' 3C(1HI~~  NMR (125.8 MHz, 25 "C, CDC13): 6 158.95, 134.55, 
127.10, 113.71 (9, -C&-), 93.15 (d, C,, J C F  = 166.4 Hz), 74.86 
(8 ,  C2(6)), 55.25 (S, OCHS~), 44.04 (d, C3(5), JCF = 20.5 Hz), 27.54 
(d, CHb, J c F  = 24.1 Hz). 

Prepara t ion  of 4-Fluoro-4-methyl-2,6-diphenyltetra- 
hydropyran (2)  and 4-Hydroxy-4-methyl-2,6-diphenyltetra- 
hydropyran (5A,B). The 2,6-diphenyl-substituted tetrahydro- 
pyrans were prepared analogously to 1, with benzaldehyde sub- 
stituted for p-anisaldehyde at  the appropriate step. The crude 
product consisted of anywhere from exclusively 2 to a 1:l:l mixture 
of 2 and the 4-hydroxy THP's 5A,B. The 4-flUOrO THP was 
separated from the 4-hydroxy THP's via preparative TLC (silica, 
CH2C12, Ri(2) -0.8-0.9, Ri(5) -0.1-0.3). The 4-fluoro-substituted 
THP 2 was isolated as a pale yellow solid. Crystallization from 
CH2C12/hexane mixtures at  -15 "C yielded colorless crystals 
melting at 94-98 "C. Anal. Calcd for CI8HlsFO (2): C, 79.97; 
H, 7.08. Found: C, 79.86; H, 7.08. 'H NMR for 2 (490 MHz, 30 
"C, CDC13): 6 7.46-7.25 (mult, 10 H, 2 -CBH, groups), 4.95 (dd, 
2 H, H2(6)=, J = 11.8, 1.5 Hz), 2.18 (ddd, 2 H, H3(5)eg, JHH = 13.9, 

thermore, 4 is formed as 75% of the THP product mixture 
with the remainder being 1 and 2 as impurities; hence, 
this indicates a preference for formation of the unsym- 
metrical THP above that expected from statistics. Only 
the reaction of benzaldehyde with [CpMo(NO)(~~-meth- 
allyl)]+ produced substantial amounts of non-fluorinated 
THP products. This condensation could generate up to 
70% of the two 4-hydroxy-substituted THP stereoisomers 
5A,B in a 1:l ratio. The absence of fluorine in 5 was 
evident in the 'H NMR spectrum, which showed a marked 
reduction in the number of resonances owing to the ab- 
sence of H-F coupling to H3=, Hsq, and the methyl group 
on (2-4. The magnitude of J" between the C-2 and C-3 
hydrogens indicated that the phenyl groups were equato- 
rial, analogous to the case for the 4-fluoro-substituted 
derivatives. Thus, the two stereoisomers differ in the 
configuration at  (2-4. 

When q3-allyl was used instead of the 2-methallyl ligand, 
the reaction with 2 mol of benzaldehyde produced only the 
isomer of 4-fluoro-2,6-diphenyltetrahydropyran (6) that 
has the fluorine equatorial along with the phenyl sub- 
stituents. This reversal of stereochemistry at  C-4 for the 
q3-allyl reaction may result from thermodynamic prefer- 
ences; however, it may arise from the conformation of the 
allyl ligand in the starting material [CpMo(NO)(t13-allyl)]+. 
For the 2-methyl-substituted allyl complex, the allyl ligand 
is predominately in the endo conformation owing to the 
steric interaction between the Cp ring and the methyl 
group. This is a reversal of the observation when the 
q3-allyl ligand is used. I t  has been shown that the exo 
conformation is the predominant species in an equilibrium 
mixture of the CpMo(NO)(CO) (v3-allyl) cation (Kexolendo 
= 3.8 in acetone).' 

An attractive mechanism for the formation of the tet- 
rahydropyrans involves coordination of the aldehyde to 
the organometallic Lewis acid [CpMo(NO)(q3-meth- 
allyl)]BF4 to form [CpM~(NO)(q~-rnethallyl)(~~-RCHO)]- 
BF,. When the progress of the reaction with p-anis- 
aldehyde was monitored by 'H NMR spectroscopy (CD- 
C13), the spectrum showed a bound aldehyde peak at  6 9.49 
throughout the reaction. This modest upfield shift sug- 
gests an 7'-aldehyde analogous to [CpFe(CO),(?'-iso- 
butyraldehyde)]+, where B(HC0) is 9.58 ppm.8 In metal 
s2-aldehyde complexes, the aldehyde protons experience 
a much larger upfield shift in the 'H NMR spectra. For 
example, in the cationic [CpRe(NO)(PPh3)(q2-OCH2)]+, 
the aldehyde protons resonate a t  6 4.93 and 4.38.9 

An q'-allyl ligand would be expected to be in equilibrium 
with the more stable $-allyl. The open site created by the 
formation of the &allyl group would allow the coordina- 
tion of a second aldehyde. Attack by the 7'-allyl ligand 
on an activated aldehyde would ensue, forming a C-C bond 
and yielding a coordinated homoallylic alcoholate bound 
through oxygen and an q2-o1efin.l0 This activated double 
bond could then be attacked by fluoride. The details of 
the incorporation of the second molecule of aldehyde into 
the resulting molybdenum alkyl are obscure. 

The high stereoselectivity observed for the formation 
of C-2 and C-6 is presumably a consequence of the pre- 
ferred equatorial position of the bulky R groups during the 

(7) Faller, J. W.; Shvo, Y.; Chao, K.-H.; Murray, H. H. J. Organornet. 
Chern. 1982,226, 261. 
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J. Organornet. Chem. 1980, 187,253. 

(9) Gladysz, J. A,; Buhro, W. E.; Georgiou, S.; Fernandez, J. M.; 
Patton, A. T.; Strouse, C. E. Organometallics 1986, 5,  956. 

(10) These steps have precedent in the reaction of substituted 
CpM0(N0)(~~~allyl)(CI) with aldehydes: Faller, J.  W.; Linebarrier, D. L. 
J. Am. Chem. SOC. 1989, 1 1 1 ,  1937. Faller, J. W.; John, J. A,; Mazzieri, 
M. R. Tetrahedron Let t .  1989,313, 1769. 
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4.56 (d, 2 H, Hz(6)=, J = 11.7 Hz), 2.44 (ddd, 2 H, H3(5)eq, J" = 
12.3, 5.0 Hz, J H F  = 2.8 Hz), 1.82 (app quintet, 2 H, H3(5)ar, J = 
11.5 Hz). ' 3C{ 'H]~~  NMR (125.8 MHz, 25 "C, CDC13): 8 141.33, 
128.31, 127.63, 125.79 (s, -CsH5), 89.39 (d, C4, JCF = 177.9 Hz), 
77.74 (s, Cqj),  40.22 (d, C3(5), JCF = 17.6 Hz). 

Preparation of 4-Fluoro-4-methyl-2-(4-methoxyphenyl)- 
6-phenyltetrahydropyran (4). The nonsymmetric tetra- 
hydropyran was prepared analogously to the symmetrically 
substituted THP's, except that a 1:l mixture of p-anisaldehyde 
and benzaldehyde was used at the appropriate step. Purification 
generated a pale yellow solid that was predominately 4 (75%), 
with minor amounts of the symmetric THPs  1 and 2 as impurities. 
The desired nonsymmetric THP was separated via preparative 
TLC (silica, CH2ClZ, R,(4) -0.5). The product crystallized from 
EtzO as a colorless solid melting at  93-95 "C. Anal. Calcd for 
C1&InFO,: C, 75.72; H, 7.36. Found: C, 75.82; H, 7.35. 'H NMR 
(500 MHz, 25 "C, CDC13): 6 7.42-7.22 and 6.87 (mult, 9 H, 4 3 3 6 )  
and -C&- groups), 4.91 (dd, 1 H, H,, J = 11.8, 2.3 Hz), 4.87 
(dd, 1 H, HZ=, J = 11.8, 2.3 Hz), 3.78 (s, 3 H, OCHsb), 2.14 (ddt, 
1 H, H,, J" = 14.3, 2.3 Hz, JHF = 9.7 Hz), 2.11 (ddt, 1 H, H,, 
J" = 14.2, 2.3 Hz, J H F  = 9.7 Hz), 1.69 (ddd, 1 H, H5=, JHH = 
14.3, 11.8 Hz, JHF = 39.6 Hz), 1.68 (ddd, 1 H, H3=, J" = 14.2, 
11.8 Hz, J H F  = 39.6 Hz), 1.42 (d, 3 H, CH3a, JHF = 21.1 Hz). 
1 3 C ( ' H ] ~ ~  NMR (125.8 MHz, 25 "C, CDC13): 6 159.06, 134.56, 
128.34,127.41, 127.14, 125.82, 113.81 (s, CeH4- and C&5 POUPS), 
93.14 (d, Cq, J c F  = 165.9 Hz), 75.24 and 74.86 (s, C2 and C6), 55.28 

Hz), 27.53 (d, CHb, JCF = 24.6 Hz). 
(s, OCH3b), 44.20 and 44.05 (d, C3 and C,, JcF = 18.0 Hz and 18.4 

Prepara t ion  of 4-Fluoro-4-methyl-2,6-distyryltetra- 
hydropyran (3). The distyryltetrahydropyran was prepared by 
analogously substituting trans-cinnamaldehyde at  the appropriate 
step, with the exception that the reaction time was reduced to 
5 h. Purification yielded the desired THP 3 (54%) as a pale yeUow 
oil that was unstable toward polymerization at room temperature. 
The 'H NMR spectrum (500 MHz, 25 "C, CDC13) shows the 
presence of two isomers in a 13:l ratio: major isomer (93%), 6 
7.40-7.20 (mult, 10 H, 2 -C6H5 groups), 6.67 (d, 2 H, 8-styryl, J 
= 16.1 Hz), 6.25 (dd, 2 H, a-styryl, J = 16.1, 6.3 Hz), 4.48 (dd, 
2 H, H2(6)=, J = 11.7, 6.3 Hz), 2.01 (dd, 2 H, H3(5)eq, J" = 14.0 
Hz, J H F  = 9.8 Hz), 1.57 (ddd, 2 H, H3(5)=, J" = 14.0, 11.7 Hz, 

(7%), 8 4.09 (dd, Hm,  J = 11.4,6.0 Hz). ' 3 C ( ' H ) ~ ~  NMR (125.8 
J H F  = 39.2 Hz), 1.44 (d, 3 H, CHh, JtiF = 21.6 Hz); minor isomer 

MHz, 25 "C, CDC13): 6 136.83, 130.94, 129.51, 128.54, 127.66, 
126.53 (s, styryl carbons), 92.62 (d, Clr JCF = 166.4 Hz), 73.47 (s, 

Hz). 
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c2(6)), 42.02 (d, C3(5), JCF = 20.5 Hz), 27.60 (d, CH3,, JCF = 24.1 

Table I. Induced Upfield Shifts Observed for THP 
Hydrogens (in ppmP 

hn. Hq, &ax CHB, 
Isomer 5A 

with no lsr 4.59 1.98 1.77 1.57 
with lsr 3.60 -0.03 -0.60 -0.43 
A6 0.99 2.01 2.37 2.00 

Isomer 5B 
with no lsr 4.91 1.88 1.68 1.32 
with Isr 3.54 0.48 0.78 0.19 
A6 1.43 1.40 0.90 1.13 

a Isr = lanthanide shift reagent. 

1.5 Hz, J H F  = 9.7 Hz), 1.71 (ddd, 2 H, H3(5)ar, J" = 13.9, 11.8 
Hz, JHF = 39.2 Hz), 1.45 (d, 3 H, CH&, JHF = 21.5 Hz). 13CI 'H)~~ 
NMR for 2 (125.8 MHz, 25 "C, CDCl,): 6 142.39,128.41, 127.47, 
125.82 (s, -C&5), 93.07 (d, c4, JCF = 166.2 Hz), 75.22 (S, C2(6)), 
44.21 (d, C3(,), JcF = 22.8 Hz), 27.53 (d, CHa, J c F  = 24.1 Hz). Anal. 
Calcd for C18H2002 (5): C, 80.56; H, 7.51. Found: C, 80.52; H, 
7.57. 'H NMR for 5A (490 MHz, 30 "C, CDCl,): 8 7.43-7.23 (mult, 
10 H, 2 -C& groups), 4.59 (d, 2 H, H2(6)ax, J = 11.9 Hz), 1.98 
(d, 2 H, H,(,) , J = 13.4 Hz), 1.77 (app t, 2 H, H3(5,ax, J = 12.5 
Hz), 1.57 (s, 3%, CH3,), 1.52 (br s, <1 H, -OH). l3CI1H}~~ NMR 
for 5A (125.8 MHz, 25 "C, CDC13): 6 142.26, 128.37, 127.54, 125.91 

CH,,). 'H NMR for 5B (490 MHz, 30 "C, CDCI,): 6 7.43-7.22 
(mult, 10 H, 2 -C6H5 groups), 4.97 (d, 2 H, H2(6)ax, J = 12.1 Hz), 
1.88 (d, 2 H, H3(5)e , J = 14.1 Hz), 1.68 (app t, 2 H, H3 J = 

NMR for 5B (125.8 MHz, 25 OC, CDCl,): 8 142.94, 128.34, 127.24, 

(s, CH,,). IR data (CHzClz): UOH at  3592 cm-'. 
Determination of Stereochemistry at C-4 for 4-Hydroxy- 

4-methyl-2,6-diphenyltetrahydropyran (5A,B). To a CDC1, 
solution of 5A,B was added in portions the lanthanide shift 
reagent Pr(C&l$,02)3. After each addition, the induced upfield 
shift was monitored by 'H NMR spectroscopy (490 MHz, 30 "C). 
The lanthanide-induced chemical shifts for each isomer are listed 
in Table I. 

Preparation of 4-Fluoro-2,6-diphenyltetrahydropyran (6). 
A solution of 0.6065 g (1.944 mmol) of CpMo(NO)(Br)(s3-allyl) 
dissolved in 35 mL of CHzClz was stirred for 2 h with 0.3847 g 
(1.976 mmol) of AgBF4. The resulting suspension was centrifuged, 
and the orange solution was decanted onto molecular sieves (2 
A). A 1.3-fold excess (0.56 g, 5.3 mmol) of benzaldehyde was added 
to the solution, and the mixture was stirred overnight at room 
temperature. Purification of the resulting brown suspension 
yielded 0.3613 g (73%) of product as a pale yellow solid. Crys- 
tallization of the product from CH2C12/hexane solutions at  -15 
OC yielded crystals of 6 melting at  85-89 'C. Anal. Calcd for 
C17H17F0 C, 79.66; H, 6.69. Found: C, 79.41; H, 6.74. 'H NMR 
(490 MHz, 30 OC, CDCI,): 6 7.44-7.25 (mult, 10 H, 2 -C6H5 
groups), 5.00 (dtt, 1 H, H4=, J" = 11.2, 5.0 Hz, JHF = 49.8 Hz), 

(s, -C&5), 77.45 (S, c2(6)) 76.74 (s, C4), 48.25 (S, c3(5)), 25.82 (S, 

13.0 Hz), 1.32 (s, 3(k, CH3a), 1.25 (br s, <1 H, -OH). Q C{'HIBB 

125.88 (S, -CsH5), 77.42 (9, 75.24 (S, c4), 46.53 (S, c3(5)), 31.61 


