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Abstrat - Reductions by deuterium over Pd/C were carried out on a series of
dihydrofuran compounds. A stereoselective cis hydrogenation is observed in
all cases. The stereochemistry of the dideuteriated products was determined
by NOE measurements. According to the steric hindrance of the substituents,
deuterium entry is found on the o face or the B face of dihydrofuran ring.
The formation of mono- or trideuteriated products may occur from an exchange
reaction between adsorbed hydrogenated and semi-hydrogenated species. An
unexpected reverse kinetic isotope effect at C4 is observed, showing a very
low vibrationnal energy of atomic hydrogen dissolved in the metal lattice.

INTRODUCTION
Our search for determining comparative parameters for exchange rates and barriers to rotation in
phenyl dihydro- and tetrahydrofuran products,1 leads us to synthesize the deuteriated compounds 2a

or 2.
cH CH, H cH, b H
3 c- X
H + D2 or HZ Pd/C YH
CH,
1 22X=Y=D
2X=D,Y=H
Scheme 1 2dX=Y=H

Effectively, this study requires accurate 1H NR line-width or line-shape measurements for the
two ortho-methyl groups but these groups and the Hda proton (X in scheme 1) have chemical shifts
which are very close. However replacement of this proton by deuterium in 2a or 2c should allow an
easy analysis of the methyl signals. The reduction of the dihydrofuran compound 1 with deuterium
was carried out on Pd/C and the product 2a was obtained as the major product of the reaction, in
addition to 5% of 2c. Therefore, in this case, the approach of 1 to the surface of the catalyst
occurs only by the a face, opposite to the bulky aromatic group. Moreover, there is no evidence
for isotopic exchange as predicted by the Polanyi and Horiuti mech:‘mism2 (e.g. exchange of H3a
which could invert the methyl group configuration). This work shows the influence of the size of
the substituents on the selectivity of this reduction. The kinetic isotope effects of deuterium on
C4 and on CS will be discussed.

RESULTS

As shown in Table 1, variation in the steric hindrance of the substituents on the dihydrofuran
ring leads to entry of the deuterium from the o face (cis to R) or from the 8 face (cis to Ar). The
stereochemistry of the reaction was studied by 1H NMR at 250 Mz or 500 MHz and mass spectroscopy.
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Each of the dideuteriated products of a- or b-type, gives for its Sa or 58 proton a characteristic
doublet with a classical a~isotope shift of about -0.02 to -0.025 ppm, owing to the geminal deute-
rium3. Decoupling experiments, analysis of coupling constants and nuclear Overhauser effect measu-
rements were used to determine the position o or 8 of the two remaining H4 and HS protons. As an
example, for 2a, the rotation of the aromatic ring at-70°C was slow enough that selective irradia-
tion of the two ortho-methyl groups was possible without any noticeable saturation transfer between
themd. The NOE values allow the distinction between the syn (2.39 ppm) and the amti5 (2.19 ppm)
methyl groups (fig. 1a), as well as the unambiguous determination of the 8 position of the two pro-
tons H4 and H5 in 2a. The null effect observed at room temperature for H2a by irradiation of the
CH3 doublet at 0.66 ppm (fig. 1b) proved a predominant axial character for these two substituents
H2o and 013-38.

+15%

2.19 ppm a) b)

fig. 1 - NOE in the molecule 2a (CDCIS solution)
a) measured at -70°C on the aromatic methyl sroups
b) measured at room temperature, on the 3B8-methyl group

In some cases, a small amount (<8%) of the C4-monodeuteriated products is formed (c-type with
Dda or e-type with D4B). These species are detected by two small signals in the 1H NMR spectrum at
lower field (+ 0.02 ppm) with respect to the HS doublets corresponding to the dideuteriated pro-
ducts. The amount of these compounds is evaluated by analysis of the isotopic cluster of a charac-
teristic ion (the molecular ion when possible) in mass spectroscopy. In the reduction of 1, 3, 7,
13 and 19, the absence of the 48,5p-dideuteriated products (b-type) allows a straightforward NMR
analysis of the H5a signals in the monodeuteriated products. Decoupling experiments and comparison
of J values show that these monodeuteriated products are of c-type (with D4a). The amount of these
monodeuteriated products is slightiy solvent dependent. For 3, NMR integration indicates 4 to 5%
of 4c when the reduction is performed in benzene or hexane and 7% in ethanol. A special mention is
required for the reduction of 19. In hexane, 10% of 20c and 7% of a trideuteriated product (proba-
bly Dda, D5a, DSB as determined by mass and NMR spectroscopy) are formed in addition to 20a. In
all other cases, the proportion of these trideuteriated products was 0 to 2%. In absolute ethanol
or methanol, a small amount (13% and 17% respectively) of the 4g,58-dideuteriated nroduct 20b is
also found.

This formation of C4-monodeuteriated compounds indicates an important difference in kinetic-iso-
tope effects for deuterium entry at C5 and C4 (scheme 2). An evaluation of these effects is pos-
sible by using a mixture H2 + D2 (50 : 50) followed by analysis by mass spectroscopy and 250 or
500 Mz 1H NMR : this was done with 3 and 19. In the case of 19, the 250 Miz NMR spectra showed
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Table 1. Influence of the substitution on the stereochemistry of the dideuteriated products.

Ar PR PR

Mes : H : CHg(B) 1 2a : 1003 © 2b: 0%
Mes ° H ' H 3 4a : 1003 ‘4 0%
Mes : H : (Hz(a) 5 6a : 96% : 6b : 4%
Mes : QHy @ GHy(8) 7 8a : 1003 . 8b: 0%
Mes } Gl | H 9 10a : 56% S 10b ;444
Mes : CH; : CHy(a) n 12a : 41% : 12b : 59%
Pho: H : GH(8) 13 14a : 1003 : 14b: 0%
Ph 0 H [ H 15 16a : 92% . 16b: 8%
Pho: H @ Giy(a) 17 18a :  80% : 18b : 20%
Ph : CHy : GHy(8) 19 20a : 100% . 20b : 03
Ph iyl H 21 22a ;443 . 22b : S6%
Pho: Gl Giy(a) 23 24a : 15% : 24b : 85%
Ph : iPr : G (8) 25 26a : 669 . 26b : 344
Ph iiPri H 27 28a @ 24% ©28b : 76%
Ph : <Pr : CHS((:) 29 30a : 10% : 30b : 90%

Mes = ((}13) C6H2- ; Ph = CH

3 65
013(8) is cis with Ar ; Gls(a) is cis with R.

; iPr = ((}13)2(}{-

clearly the presence of only three species : 20a, 20c and 20d. In mass spectroscopy, the analysis
of the isotopic cluster of the (M-15) peak at 11eV led to the following composition : 26% do, 51%
dl’ 21% dz, and 2% d}‘ Correction, for the formation of d1 and dS products in the deuteriation
gives the values used for the calculation of the kinetic isotope effects (table 2). A similar
analysis of the reduction products of 3 gave the composition : 16% do’ 48% d1, 35% d2 and 1% d3.
The 500 Miz NMR spectra confirmed the presence of the three species 4a, 4c and 4d, possibly with
a small amount of a C5-monodeuteriated compound (5 to 10%). These results show that the substitu-
tion of H, by D, produces a rate depression at C5 and an inverse effect on C4. The kinetic-isotope
effects are calculated (table 2) as the ratio kH/kD for C5 (I products with two H on C5/I products
with one D on CS) and as kD/kH for C4 (inverse effect) (I products with one D on C4/I products with
two H on C4).

Table 2. Kinetic isotope effects

d d, (C4) d, (C5) d, ky/k,(C4) ky/k; (CS)

©3® 168 : 488 : -- 1358 : S5 i 1.8
©3% D168 : 408 : 8% 1388 : 3.2 i 1.3
D191 268 : 49 1 -- :21%: 2.7 i 3.6

a) two alternative values, according to the hypothesis of
the amount of the C5-monodeuteriated product.
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DISCUSSION

The reaction is an obvious case of a steric-approach controlé’7 in the eZs-addition of hydrogen

to a double bond, without any evidence for the reverse reactions of the Polanyi and Horiuti mecha-
nismz’7 . In the following discussion, the bulky aromatic group is assumed to be equatorial and, as
a result of the envelope conformation of the dihydrofuran ring, R' is equatorial in position 3a or
axial in position 38 (fig.2a, 2b).

Ph

R'B

R'a
Ar

Pd

a) b)

fig. 2 - the envelope conformation of the 2,3-dihydrofuran compounds and their absorption
a) by the o face with R # ZPr
b} by the B face
c) by the a face with R = ¢Pr (compound 27)

The influence of a methyl group on the stereochemistry of the reaction is observed to be very
different according to its position on C2 or C3 (table 1). As an example, with 3 (Ar = mesityl) the
deuterium entry occurs only from the o face whereas very different amounts of the o and 8 dideute-
riated products are obtained when a methyl group is introduced at the 2a position (9) or at the 3a
position (5). This may be explained by the orientation of the methyl groups, which is axial at 2a
but equatorial at 3a. Similar variations are observed by adding a second methyl group (11 compared
to 5 or 9). In general, the presence of a 38-methyl group leads to deuterium entry from the o face,
as observed for 7, 13 and 19. In the case of 19, the formation of the isomer 20b is detected when
alcohols are used as solvents (13 to 17%) : this may be explained by hydrogen bonding with the
solvent on the less hindered o face of the dihydrofuran. Thus, the approach of deuterium by the 8
face is made more competitive (fig. 3).

CZHS" 0 ~H m}

.
.

CGHS fig. 3 - Steric hindrance of the a-face of 19 by hydrogen
bonding with ethanol.

sy

The situation is probably different for 25, 27, 29 with R = {Pr. As a result of a similar steric
hindrance of the phenyl and isopropyl groups, a facile conformational interconversion of the dihy-
drofuran ring may occur and so neither of these substituents is locked in an axial position (fig.
2c).

The formation of the monodeuteriated products of c-type is probably an indication of initial
attack of deuterium at C4. The resulting monoadsorbed species are stabilized by the neighbouring
heteroatom®?22 10, The structure of this intermediate does not allow for epimerisation” or isotopic
exchange at C3. Only two reactions are then possible, the first leading to starting material, the
second to the czs-dihydrogenated product (Scheme 2).

The reverse kinetic-isotope effect observed at C4 (table 2 )} is an unexpected result for a pri-
mary kinetic effectn. A possible explanation may be found in the small vibrational energy of H or
D atoms dissoved in the metal lattice (the atomic hydrogens are not tightly bonded to the metal).
The difference between the vibrational energies of the two dissolved species (... Hor ...D) is
small compared to the difference between the transition states where C-H and C-D bonds are partially
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formed. Thus with a late transition state, the activation energy would be greater for C-H than for

C-D bond fgmation (fig. 4).

A

fig. 4 - Change of the zero-point energy as

an interpretation of the unexpected

7l inverse C4-isotope effect.

I/Zh(vm' o’ The loosely bonded hydrogen have low
frequency vibrations. These frequen-
cies increase in the transition

Ea (C4-H) state as C-H covalent bond formation

occurs.

Ea (C4-1)

y

A 4

+ Pd.. X 5
Ar, H -—
Ar + Pd....X

Scheme 2 (X = Hor D)

Concerning the formation of a small amount of a trideuteriated product, it may result from an
exchange reaction as shown in fig. 5, which would lead to an equivalent amount of the trideuteria-
ted and the C4-monodeuteriated product. The latter product is assumed to be formed by two indepen-
dent pathways : the '"mormal™ pathway described above which results in the reverse kinetic isotope
effect on C4 (concentration of the H impurities on C5) and the "bimolecular” pathway illustrated
im fig. 5.

H : D s Pal‘""D “ D
—H — x _— ’
7 §/‘ Y4 % D*zf i pH »

—Se Q7 P

fig. 5 - Simultaneous formation of the trideuteriated and C-4 monodeuteriated products.

(Il
\
13

EXPERIMENTAL AND NMR DATA

The NMR spectra were recorded on Bruker WM 250 or W 500 Spectrometers (Centre de Spectrochi-
mie de 1'Université Pierre et Marie Curie, Paris) on 0.1 to 0.2 M solutions in (DCl, (TS as inter-
nal reference) (s, singlet ; d, doublet ; t, triplet ; qt, quartet ; gp, quintuplet™; hx, hexuplet ;
hp heptuplet ; m, massif).

c The values fHx{Hy} represent the nuclear Overhauser effects (NOE) observed on Hx by irradiation
of Hy.

The 2,3-dihydrofuran coupounds were synthetized by the previously nublished me(:l'nods1 ’13. All
the natural hydrogenated products were prepared as analytic, chromatographic and N'R references,

4a, Sa~dideuterio 3R-methyl 2B-mesityl tetrahydrofuran, Za.
NMR at-70°C (8, ppm) : 6.8 (H3', HS', s) ; 5.21 (H2x, d, 7.4 Hz) ; 4.12 (HS8, d, =7 Hz) ; 2.65
(H3a, hx) ; 2.39 (CH,-2' eyn, s) ; 2.24 (CH.-4', s) ; 2.19 (QH,-6' anti, s} ; 1.69 (HAB, =m) ;
0.65 (CH,.-38, d, 7.33Hz). In the natural p ct 2d, H5c and appeared at 3,73 pom and 2.25 ppm,
The NOE ;{esults, measured at-70°C or at room temperature are given in fig.1 .

In the monodeuteriated product 2c (= 5%) HSa proton is at 3.72 ppm (HSa, = t, 7.6 and 8.3 Hz).
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da, Su-dideuterio 28-mesityl tetrahydrofuran, 4a.
NR (5, ppm) : 6.8 (H3', HS', s) ; 5.14 (H2a, dd, 6.4 and 9.7 Hz) ; 4.07 (H58, d, =7 Hz) ; 2.33
(CH,-2' and 6', s) ; 2.21 ((H.-4', s) ; 2.1 (H3x and H48, m) ; 1.83 (H38, m). In the natural pro-
duct 4d, HSa is at § = 3.92 ppPm and Ha in the massif at 2.1 ppm.

The monodeuteriated product 4c (5%) gives a signal at 3.92 ppm (H5«, dd, 5.6 and 8.1 Hz).

4a, Sa~dideuterio 3a-methyl 2B-mesityl tetrahydrofuran, 6a.

NR (8, ppm) : 6.80 (H3' and H5', s) ; 4.76 (H2a, 4, 9.5 Hz)} ; 4.06 (HS8, d, =7 Hz) ; 2.40 (H38,
m) ;3 2.35 (CH,-2' and 6', s} ; 2.25 ((}*13-4' and H4B) ; 1.02 {(H,-3a, d, 6.5 Hz). In the natural
product 6d, Hga and H4a are at 3.93 ppmand 1.71 ppm. In the prgduct obtained by deuteriation, we
observe a complex signal near 3.92 ppm (9%) corresponding to the monodeuteriated product 6c and
the sterecisomeric dideuteriated product 6b. This last product 6b was evaluated by integration of
the signal of H4a at 1.70 ppm (4%).

da, So~dideuterio 2a, 3B~dimethyl 28-meaityl tetrahydrofuran 8a.

NMR (8, ppm) : 6.80 (H3' and HS', s) ; 3.90 (M58, d, 7.6 Hz) ; 2.71 (H3a, qt, 7 Hz, JH3cH4B< 1 Hz);
2.25, 2.36 and 2,21 (Qi,-2', 4" and 6') ; 1.60 (H4R, d, 6.5 Hz) ; 1.46 ((H.-2a, s) ; 0.67 (CH3-38,
d, 6.8 Hz). In the nat&ral product, HSa is very close to HS8. On the othe? hand, Héa is at 2730
ppm between two aromatic methyl groups and shows the coupling constant JH3aH4a = 7.1 Hz. This si-
gnal is completely cancelled in the deuteriated product and the remaining coupling constant JH3H4<
1 Hz shows that H3 and H4 are trans and bi-equatorial in the dideuteriated product.

4o, Sa~dideuterio- and 48, 5B-dideuterio 2a-methyl 28-mesityl tetrahydrofuran, 10a.and 10b.

NMR of the two mixed isomers (8, ppm) : 6.79 (H3' and H5', s) ; 3.88 (HSo, d, 7.4 Hz, 44% of 10b) ;
3.45 (HSB, d, 6 Hz, 56% of 10a) ; 2.45 (CH,-2' and 6', s) ; 2.26 (H3c and H38, m) ; 2.21 (QH.-47,
s) ; 1.87 (H4a, m) and 1.81 (H48, m) ; 1.53 {CH;-2a, s). The two signals of Hda (10b, a larg® si-
gnal) and H48 (10a, a narrow signal) are not co:?xpletely resolved at 250 MHz but are well assigned
by selective deCoupling of HSa and HSE and belong to distinct molecules. NOE : fHSa{CH.-2a} = +6% ;
fHSB{CHS-Zu} = 0% ; ﬂlS‘,S'{CHS—Z',é'} = +26% ; fHScz{(}IS-Z‘,ﬁ'} = +14 ; fHSB{CHS-Z',(S".}s = +9%.

4a, Sa~dideuterio and 48, §8~dideuterio 2ua,3a-dimethyl 2B-mesityl tetrahydrofuran, 122 and 12b.

N'R of the two mixed isomers (8, ppm) : 6.79 (H3' and H5', s) ; 3.83 (HS5a, d, 7.3 Hz , 59% of 12b);
3.59 (H58, d, 8.4 Hz, 41% of 12a) ; 2.74 (H38, m) ; 2.43 (CH,-2' and 6', s} ; 2.20 (CH,-4', s) ;
1.85 (H4B, m) ; 1.52 (CH ~2a,7s) ; 1.47 (Hdo, m) ; 1.10 (CH 23w, d, 7.2 Hz}. A double $rradiation
of Hda (or H4B) gives a gelective decoupling of HS5a {(or HS58). NCE : M’,S'{G{S-z’,ﬁ'} = +25% ;
ﬂ*lSB{(}ls-Z',G']‘ = +21% ﬂiSa{(‘Hs'-Z',G'} = +2% ; fHS(!{CH:S-IZa} = +5% ; ﬂiSB{G{3~2u} = +1%.

4a, Sa~dideuterio 3B-methyl 2B-phenyl tetrahydrofuran, 14a.

NR (6, pom) : 7.2 (CH, m) ; 4.89 (H2a, d, 6.4 Hz) ;74,10 (HSB, d, 7.6 Hz) ; 2.46 (H3a,=hx, 6-7
Hz) ; 1.65 (H48,=t) ; 0756 (013-3&, d, 7 Hz). In the naturalproduct 14d, two other signals are
observed at 3.86 ppm (HSz) and”2.11 ppm (H4o). The monodeuteriated product 14c gives a little si-
gnal (3-4%) at 3.86 ppm (=t, 6.8 and 8 Hz). NOE : ﬂ!Za{C6H JEEIEY S I fHSS{Cg{;} = +5% fHdB(C6HS} =
0% ; ﬂ*l48{(}{3-38} = 8.5% ; fHSB{Gl3~3B} = +3% ; fHZu{CHs-Sa} = 0%.

4a, Sa~dideuterio and 48, 5f-dideuterio 28-phenyl tetrahydrofuran, 16a and 16b
NR (8, ppm) @ 7.2 - 7.4 (C(:H , m) 3 4.9 (H2a, t, 6.9 and 7.4 Hz) ; 4.08 (HS8, d, 7.2 Hz,=92% of
i6a) ; 3.92 (HSe, d, =7 Hz, =§% of 16b) ; 2.32 (H3c, m) ; 2.0 (H48 of 16a and Hda of 16b, m) ;
T.81 (H38, m). The signal HSa of the monodeuteriated product 16¢ is mixed to the doublet of the
same signal in 16b. In the signal of H38 (1.81 ppm), a counling constant JHD = 1-1.1 Hz is observed.
NCE : ﬂizu{CGHST: +10% ; fH3a{C6H5} = +7% fHSB{C()HS} = 13% ; fHdS{CGHS} = +12% ; fHSB{Cﬁﬂs} =
+6%.

In mass sgectrography, the MIKE spectrum of the natural product 16d shows only two signals at
z/e = 148(M'%) and 147 (1-1). A similar doublet is obtained with the deuteriated product at z/e =
150 and 149 and about 4% of monodeuteriated product is detected.

4o, Sa~-dideuterio and 48, 58-dideuterio 3o-methyl 2B-phenyl tetrahydrofuran, 18a and 18b .

NMR of the two mixed isomers (8, ppm) : 7.2.-7.4 (C Hs, m) ; 4.29 (H2a, d, 8.2 Hz) 5 4.09 (HSR, d,

7 Hz, 80% of 18a) ; 4.01 (HSa, d, 8.6 Hz, 20% of 188)°; 2.18 (H4B, t, 7.2 Hz, 80% of 18a) ; 2.06
(H38, hx, =7 Hz) ; 1.68 (Hda, =t. 20% of 18b) ; 1709 (CHy-3a, d, 6.5 Hz). NOE : fH2a{(H =30} = 16% 3
fHSB{(H,~3a} = 1,5% ; fHSa{(H,-3a} = +10% ; fH4B{CH,-3a}"= +9% ; fHd4o{CH,-3a} = +7% ; a{C H.}=17%
FHSBICAC) = +61; FHSBICH ) = +7 ; fHSa, Héa, HAB(CAH} = O%. The metRyl group is equatorial.

4a, Sa~dideuterto 2o, 38-dimethyl 28-phenyl tetrahydrofuran, 20a.

NMR at 250 MHz of the mixture 85% 20a and 15% 20c (§, vpm) T 7.3 (4H, CH_ ortho and meta, m) ;
7.2 (1H, C HS para, m) ; 4.12 (HSB, d, 8.4 Hz, overlapping a triplet at“4)14 pmm of 20c) ; 3.99
(HSa of 208,%t, 8.2 Hz) ; 2.20 (H3a, qt, 7.0 Hz) ; 1.56 (Gy~20 and H48, s and m) ; 0.69 (CH,-38,
d, 7 Hz). In the natural product 20d, Hda is at 2.09 ppm.

da, So~dideuterio and 48,5B-dideuterio 2a-methyl 2B-phenyl tetrahydrofuran, 22a and 22b.

NMR of the two mixed isomers (8, ppm) : 7.4 (2H, C.H. orthe, m) ; 7.31 (2H, CGH meta, m} 3 7.21
(H, C.H, para, m) ; 3.98 (HSa, d, 6.3 Hz, 56% of 32B) ; 3.85 gﬁs(e d, 7.8 HzY 343 of 222) ; 2.19
and 2.8 3o and H3B, m) ; 1.95 (Hda, m) » 1.76 (HAB, m) ; 1.53 ((Hy-2a,’s). NOE : fHSB{H ortho}
= +5% ; fHSa{ H ortho} = 0% ; ﬂiSB{(}ls-Za} = 1% ; ﬂiSa{(}{s-Zu} = 4%.

4q, Sa~dideuterio and 4B, 58~dideuterio- 2a,3u-dimethyl 2B-phenyl tetrahydrofuran, 24a and 24b.

NMR of the two mixed isomers (8, ppm) : 7.41 (2H, C()HS ortho, m) ; 7.3 (2H, C_ K. meta, m) ; 7.2
(H, CH, para) ; 4.02 (HSa, d, 8.2 Hz, 87% of 24b)°;°3.9 (HSB8, d, 7.9 Hz, 13% OFf 24a) ; 2.3 (H38,
qt, 7.8 Bz) ; 1.99 (48, t, 7 Bz), 1.64 (Hda, m) 5 1.39 (CH-20, §) 5 1.11 (QHs-3d; d, 7.0 Haz).
NOE : fHSBIH ortho} = +8% ; fHSa{CHy-2a} = +6% ; fHSa{CH1,=38) = +43 ; AISH(CH;30} = +28.
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4aéﬁc—~dideuterio and 4B, §B~dideuterio 20~isopropyl 3B-methyl 2B-phenyl tetrahydrofuran, 26a and
26b. -

MR of the two mixed isomers (6, pom) : 7.18-7.35 (C He, m) ; 4.10 (H58, d, 8.2 Hz, 64% of isomer
26a) ; 3.86 (HSa, d, 7 Hz, 36% of isomer 26b) ; 2.92 (H3a, m) ; 2.24 (11-<Pr, hp, 6.8 Hz) ; 1.94
Taa, t, 6.5 Hz, 26b) ; 1.43 (H4B, t, 8.8 Fz, 26a) ; 1.0 and 0.70 (Me~iPr, two d, 6.8 Hz) ; 0.75
{Me-38, d, 6.8 Hz). NOE : fH4a,48,5a,58 {(H (¢P¥]7 at 1 and 0.70 ppm} = 0% ; fHAB(CH:,)-SB) = +7%
£Hd, Hso, HSB(CH,-38) = 0% ; FH3a(CH;, at T ppm} = +9%.

4a, Sa-dideuterio and 48, 58~dideuterio Zo~isopropyl 28-phenyl tetrahydrofuran, 28a and 28b.

NMR of the two mixed isomers (8§, ppm) : 7.28-7.40 (4H, CGHS ortho and meta, m) ; 7.21 (I, para ,
m) ; 3.90 (H5a, d, 7.4 Hz, 77% of 28b) ; 3.73 (M58, d, 7.9°Hz, 23% of Z8a) ; 2.07 and 2.21 (H3a

and H38, m) ; 2.0 (H-ZPr, hp, 6.5 Fz) ; 1.84 (Hda, m, 28b) ; 1.68 (H48, m, 28a) ; 0.80 and 0.90
(CH,-7Pr, d and d, 6.8 Hz). - -

The stereochemical assigmment of the two isomers 28a and 28b is well established by the regular
decrease of the amounts of 16a (92%)- 22a (44%)- 28a (23%) with the increasing hindrance of R {H,
Me, ZPr).

48, 88~dideuterio 3u-methyl 2a-igopropyl 2B~phenyl tetrahydrofuran, 30b.

The main product 30b (about 78%) is formed with 7-8% of 30a and the monodeuteriated derivatives
as by-products (=14%).
NR (8, ppm) : 7.2-7.4 (SH, CH., m) ; 3.94 (H5x, d, 8 Hz) ; 2.65 (H38, dd, 6.9 Hz and 2.1 Hz) ;
2.11 (B-iPr, hp, 6.9 Hz) ; 1.88°(Hda, dd, 8 and 2.1 Hz) ; 1.13 (CH.-3a, d, 6.9 Hz) ; 0.72 and 0.83
(H,-<Pr, d, and d, 6.9 Hz). In the natural product, HSR and H4B aépeared at 3.72 and 1.68 pom.

‘}he stereochemistry of this product is well deduced from inspection of the series 26b - 28b -
30b. As a matter of fact, the coupling JH38H4a = 2.1 Hz shows that these protons are trans and bie-
quatorial.
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