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phenyl-3-buten-2-one (3a), and their unfluorinated analogues 1b and 3b has been performed with
some growing microorganisms.  Differences in the electronic and steric properties of the

trifluoromethyl and methy! residues result in differcnt chcmo- and stereoselectivities in the microbial

reduction of nhenvibutenones 3a and K1) while cyclohexanones 1a and 1h chn“v;wl ctﬂrsth cimilar
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stercoselectivities. A new protocol based on '*C NMR spectra of 2-phenylpropionic acid csters has
been used to assign the absolute configuration of the obtained secondary alcohols.
© 1998 Elsevier Science Ltd. All rights reserved.

The unique polar and electrostatic properties of the fluorine atom differ consistently from those of the
hydrogen atom' so that it becomes apparent how the trifluoromethyl and methyl groups possess quite different
electronic characteristics.” > For instance, the electron density in the ortho and para positions of a phenyl ring
is increased by a methyl and decreased by a trifluoromethyl, respectively, and the lipophilicity of methyl and
trifluoromethyl differ significantly (cus = 0.50; e = 1.07).°

From the steric point of view, while the substitution of a single fluorine for a hydrogen atom induces only
small steric perturbation relative to the parent hydrocarbon,” the trifluoromethyl is mmonly recognised as
hardly comparable to the methyl. Physicochemical studies points to a size close to the iso-propyl® and
ren\arlzavlw cmaller than the rorf -hitvul 9 hit different canchicinne have cametimae hean nhtained hy nQing
remarkably smaller than the rers-butyl,” but different conclusions have sometimes been obtained by using
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in crystals” and at the same time it tends to behave like a ferr-alkyl in the Kinetic resolution of some
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While 1t is somehow arbitrary to separate electronic and steric effects in defining the ability of the
tnfiuoromethyi group to direct the regio- and stereoseiectivities of chemical and microbiai processes, the gross
diversity of the trifluoromethyl and methyl groups has often resulted in effectively controlling transformation
selectivities. For instance, the a-hydroxylation of ethyl B-trifluoromethylbutyrate and the carbonyl reduction of
ethyl o-oxo-B-trifluoromethylbutyrate both occurred with nearly complete stereoselection.” Moreover, only
the carbonyl group in position 2 of 1,1,1-trifluoro-2,4-pentanedione was reduced by baker’s yeast' and
opposite enantioselectivities'® were observed in the reduction of acetophenone and its 2,2, 2-trifluoro analogue
by (-)-DIP-Chloride™,” Mosher’s reagent,"® Nasipuri's reagent,”” CBS catalyst/BH:,” CBS
catalyst/catecholborane '
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reduced s-mﬁuoromemylcycxonexanone ia and (r }-1,1, i-trifluoro-4-phenyi-3-buten-
parent unfluorinated analogues 1b and 3b with some growing microorganisms and we report here the obtained
results. Cyclohexanones 1a,b have been chosen as substrates due to the fact that while the reduction of various
ketones with the trifluoromethyl bound directly to the carbonyl group has been compared with the reduction of
their unfluorinated analogues by using several reagents, to the best of our knowledge no similar study has been
performed with B-trifluoromethyl substituted ketones. Phenylbutenones 3a,b have been investigated as they
allowed assessment of the directing ability of the trifluoromethyl relative to the methyl both in chemo- and
stereoselection (formation of unsaturated alcohols 4 vs. saturated alcohols 5 and formation of (R) vs. (§5)
enantiomers, respectively).

Results and Discussion

Microbial transformations. The reduction of cyclohexanones 1a,b (Scheme 1) and of benzalacetones 3a,b
(Scheme 2) has been tried with growing cultures of several microorganisms and those affording fair amounts of
alcohols 2, 4, and § with medium to high enantioselection are listed in Tables | and 2 where the
diastereoisomer and enantiomer ratio of obtained products are also reported.

The two enantiomers of cyclohexanones 1a,b were both accepted as substrates by the microorganisms®

S
and trifluoromethylated ketone 1a was reduced faster than mmhy! analggl elbh Itis ‘anrPQfan to observe that
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were reduced by the different microbes with strictly similar face selectivities thus showing
that, differently from the reduction rate, the reduction face selectivity i1s aimosi insensiiive io the presence of
fluorine. Specifically, Hansenula anomala and Saccharomyces cerevisiae delivered the hydride preferentially
from the Re face of the carbonyl groups of 1a,b and the formation of alcohols 2a,b having the (15) absolute
configuration was favoured. An opposite face selectivity (and stereochemistry at the alcoholic stereogenic
centre of prevailing products) was shown by Strepromyces (°53 and Geotrichum candidum. Stereoselectivities
of 64% for the Re face, by Saccharomyces cerevisiae, and of 60% for the Si face, by Geotrichum candidum,
were obtained (Table 1, runs 6 and 14, respectively) even if the face stereodifferentiating residue, namely the
trifluoromethyl group, is P to the reacting carbonyl site.

Nearly the same enantiomeric excesses were obtained for both the frans and the cis diastereoisomers of

cyclohexanols 2a and 2b.*

Scheme 1
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Table 1
Run Micro- Substrate Fermentation Conversion (15)-2 : (1R)-2" % trans 2 % cis 2
organism time (h) %) (15,35) - (IR3R)  (183R) : (1R35)
| Hansenula  1a 0.5 49 79 : 21 52 (79 :21) 48 (79 :21)
2 anomala 1.0 78 7921 50 (77 :23) 50 (81:19)
3 CBSLIO 15 93 78 - 22 50 (77 23) 50 (81 19)
4 Hansenula 10 49 70 71 53 (78 - 22) 47 (80 - 20)
- anomala i “ v e fo s CUANTE A NI e
5 CBS 110 7.0 90 78 ;22 50 (77 :23) 50 (49 :21)
6 Saccharomyces 1a 0.5 60 82:18 68 (81:19) 32 (85:15)
7 cervisiae 1.0 9] 80 - 20 56 (791 21) 44 (82 - 17)
NCYC 739 : ’ ' !
8 Saccharomyces 1b 2.0 61 85:15 65 (86 14) 35 (84 :16)
Q cervisiqae 70 c ) S FON . AN
9 NCYC 739 7.0 83 81:19 54 (82:18) 46 (80 :20)
10 Streptomyces 1a 7.0 63 3466 45 (23 :77) 55 (43 : 57)
11 652 24.0 94 36 - 64 45 (2773 55 (43 :57)
12 Streptomyces 1b  24.0 52 24 :76 40 (20 : 80) 60 (27 :73)
13 53 48.0 89 29 71 49 (26 - 74) 51 (31.67)
14 Geotrichum 33 20 86 20 : 80 56 (30:70) 44 (8:92)
candidum
CBS 233.76
15 Geotr’ic]/mm 1b 7.0 47 25:75 59 (22:78) 41 (30 :70)
CBS 233.76

a AL Cn o S by m s
11

() Determined through the ratio of the ketone and alcohol peaks in GLC of organic extract of fermentations. (7) Ratio
between the alcohols 2 having the (1.5,3R and 35) and (1R,35 and 3R) absolute configuration.

This shows that the differences in the electronic and steric properties of the trifluoromethyl and methyl residues
were not particularly influential as far as enantioselectivity in product formation is concerned. The highest
enantiomeric excesses in the formation of cis-3-trifluoromethylcyclohexanol 2a were given by Geotrichum
candidum and Saccharomyces cerevisiae which afforded the alcohols having the (1R3S5) absolute
configuration and its (15,3R) enantiomer in 84% and 70% e.e., respectively. As to the frans 3-
trifluoromethylcyclohexanol 2a, the (15,35) isomer was obtained in 72% e.c. by action of Succharomyces
cerevisiae.

Phenylbutenone 3b and its trifluorinated analogue 3a showed quite different patterns of reactivity
towards the four microorganisms reported in Table 2. The crude fermentation extracts of phenylbutenone 3b
reduction contained variable amounts of 4-phenyl-2-butanone (6b) and of 4-phenyl-2-butanol (5b) and the

Scheme 2.
ﬁ microorganism OH . (i)H . OH . ?H
- : :
ph” X" Nex, Ph7” X7 Nex;  PhT X Nexs PR N Yoxs PhT T Noxs
sab (S)-4a (R)-4a (S)-5a (R)-5a
a X=F (R)-4b (S)-4b (R)-5b (S)-5b
b X=H
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Table 2.
Run Microorganism®  Substrate Products
% satur. ketone 6 % unsatur. alcohol 4 % satur. alcohol §
(9 ®) () (k)
1 Geotrichum 3a nd’ 73 (97:3) 27 (98 :2)
7 candidum 3L n d.b-ﬂ nd"«“ n_d_‘“"
CBS 233.76 '
3 Hansemfla 3a nd' 10 (48 : 52) 90 (57 - 43)
4 anvmala 3b 29 nd’ 71 (2:98)
CBS 110
5 ‘S'accha/fomyce.s' 3a nd®? 38 (26 :74) 62 (18 : 82)
6 Lerviac 3b 92 nd' 8 (66 : 34)
NCYC 739 ( )
7 Kloechera 3a nd" 57 (17 :83) 43 (63:37)
8 saturnus 3b 38 nd’ 62 (12 :88)

>

7h w l'n suostratcs 3. Afier this time conversion was complete and
e extract. ( ) The compound was less then 1% in the GLC analvsis of

mpoiic 1Cas UL L dlldl

(*) Grown microorganisms were incubated for 2
nrndnrt ratio was established h\ GLC of the crud

ac
thc crude fermentation extract. ( ) The substrate 3b was tr. ansformed into unidentified products.

presence of butenol 4b could not be detected (Scheme2). The product ratio changed in favour of the alcohol
5b at the expense of the ketone 6b on prolonging fermentation times. This suggests an easy microbial
saturation of the olefinic double bond of 3b, a behaviour already observed in the baker’s yeast reduction of 4-
(4-hydroxyphenyl)-2-butenone.” TIn contrast, extracts of trifluorobutenone 3a fermentation contained both the
unsaturated and saturated trifluoromethyl carbinols 4a and 5a and no saturated 1,1,1-trifluoro-4-phenyl-2-
butanone (6a) was present thus showing that the microbial reduction of the carbon-carbon double bond in
trifluorobutenone 3a was not as easy as in 3b.

Saccharomyces cerevisiae delivered the hydride preferentially from the S§i face of the
trifluoromethylated ketones and the formation of unsaturated and saturated alcohols 4a and Sa with the (R)
absolute configuration was favoured (Table 2, run 5). The same face selectivity was shown with the
unfluorinated analogue (run 6) and the (S) enantiomer of alcohol Sb was formed preferentially."* The
prevailing enantiomer of saturated alcohols 5a,b formed by Hansenula anomala and Kloechera saturnus had

config rations opposite to those ob .mﬂ with Saccharomyces cerevisiae and the best enantioselection was

o
Higliation PPOSE ) IO W Crecd! MUC

In conclusion, differences in the e!ectromc and steric properties of the trifluoromethyl and methyl
residues affected the chemo- and stereoselectivity of the microbial reduction of phenylbutenones 3a,b where
P o . - PUSM Iy S M I TS A Rt EEPARPIRIRY Tin ~Amiadon od slasla 6'.- nnnnnnnn ~F o
LNe aOrmdLion Sne s al Cblly voOuld Lo LNne cdivo lyl BIUUP L1 COIRTadt, WIIC LHC PIGSTHUT 01 16e p buUbUlUClll

was clearly inducing stereodifferentiation in the microbial reduction of the cyclohexanones 1a,b, the electronic
and steric differences between the trifluoromethyl and methyl substituents seems less influential in determining
different stereochemical outcomes in these reductions as cyciohexanois 2a and 2b were formed with strictly
similar stereoselectivities.

Assignment of relative and absolute configurations. The assignment of the relative stereochemistries in
cyclohexanols 2a,b followed from the magnitude of the coupling constants exhibited by H-1 and H-3.
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Scheme 3
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Specifically, in compounds (15,3R)- and (1R,35)-2a,b the substituents on C-1 and C-3 are c¢is diequatorially
located as both H-1 and H-3 present, inter alia, coupling constants ranging between 10.7 and 11.2 Hz and are
theretore axially disposed. In contrast, in the diastereoisomers 2a,b having the (15,35) and (1K.3R) absolute
configuration the substituents on C-1 and C-3 are frans disposed as H-3 is still in axial position (/= 10.1-11.2
Hz), but H-1 shows only smaller couplings (/ = 3.4-3.7 Hz) as expected for equatorial protons.

The absolute configurations of 2b were assigned through comparison with authentic (15,3R)-2b and
(1R.3R)-2b obtained from NaBH, reduction of (R)-(+)-3-methylcyclohexanone (Aldrich). The absolute
configurations at the alcoholic stereogenic centres of 2a, 4a, and 5a,b were assigned by using (5)- and (R)-2-
phenylpropionic acids as derivatizing agents.”’ Esters derived from secondary alcohols and 2-phenylpropionic
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through HETCOR experiments, *C resonances being easily assigned by chemical shift criteria and C.F
coupling constants. Accurate inspection of “C NMR shifts in these esters showed that the shielding effect

Table 3.

cis-7a° trans-7a" 8a° 8b*

Ad¢ Ady Abe Ady Adc Ady Ade Ady

-0.24(C-6) -0.11 (Heq-6) -0.32(C-6) n.d. (He6) -1.10(C-4) -032 (H-4) -0.69 (C-4) -022 (H-4)
-0.08 (C-5) -0.08 (Hy-6) -0.32(C-5) n.d.(Hw6) -0.49(C-3) -0.11 (H-3) -0.12(C-3) -0.14 (H-3)
0.00 (C-1) 0.00 (H-1,-3,H,-5) +0.05 (C-1) +0.40 (Hx-3) +0.10 (C-1) +0.09 (F3-1) +0.28 (C-1) +0.08 (Hs-1)
+0.23 (C-2) +0.11 (Hey2) +0.31(C-3) +0.09 (Hoq-2)

+0.06 (C-3) +0.05 (H,-2) +0.39 (C-2)

()A5< H—b( H(S3R2R) = OC. H (IR3S.2'R); ()A5( u = Oc.u(s3s2R) - Oc. H(IR3R2R): ()Aﬁ( HF = Oc.HFer2s - Oc.

HF(25.2°5), ()A5< H = CH@s28) - OC H(@2r2'S)
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exerted by the phenyl ring of the acid part on the facing residue of the alcoholic portion affects not only proton
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phenylpropionic acid and butenols 4a,b and the chemical shift differences between corresponding
diastereotopic carbon and protons, in couples of esters are reported in Table 3. These data clearly indicate that
the phenyl ring of the estenfying acid shieids the facing carbons of the secondary aicohol (Ad.- values as high as
1.10 ppm have been observed),” the effects being consistent with those observed in proton spectra.

For the first time it has therefore been shown that a sensible and significative chemical shift difference
exists between the corresponding diastereotopic carbons in *C NMR spectra of pairs of diastereoisomeric 2-
phenylpropionic acid esters and these differences can be used to assign the absolute configuration at the
alcoholic stereogenic centre when the absolute configuration of the acid is known. The use of differences in
>C NMR spectra complements the well-established employment of differences in '"H NMR spectra.”” Other
pairs of diastereoisomeric esters will be studied to demonstrate that such a use is of general applicability. This
methodology can be particularly attractive whenever it is difficult to sort out the diagnostic chemical shifts in
complex proton spectra (as in esters 7a).

Acknowledgements. The European Union is gratefully acknowledged for financial support (Network
INTAS-95-95)

Experimental Section

NMR spectra were recorded on a Bruker AC 250 or ARX 400 spectrometer in CDCl3 solution with TMS as
internal standard for 'H and "*C and CFCl5 for 19F, chemical shifts are reported in ppm and J are in Hz. In the
'*C NMR signal assignment capital letters refer to the pattern resulting from directly bonded (C, H) couplings
and small letters to the one from (C, F) couplings. Flash chromatographies were performed with silica gel 60
Fas4 (60-200 pm, Merck). Columns used for GLC analyses: (A) 25 m x 0.25 mm i.d. fused silica capillary
column coated with OV-1 (d¢ = 0.25 pm), (B) 25 m x 0.25 mm i.d. fused silica capillary column coated with
DAcCTBSIil BCDX (df = 0.25 um), (C) 25 m x 0.25 mm id fused silica capillary column coated with
MEGADEX 1 (df = 0.25 um), (D) 2 m x 2 mm i.d. pyrex column packed with 5% LAC 728 on Chromosorb
W-DMCS. Apparata used for GLC analyses: Dani mod. 3800 for packed column, Dani mod. 6500 and 8610
tor capillary columns.

General procedure for microbial reductions. Each microorganism was grown for the given time (see
below) at 30 °C in shaken Erlenmeyer flasks (300 cm’) containing the given culture medium (50 cm’). The
carbonyl compound 1 or 3 (in standard procedure 50 mg per flask) dissolved in ethanol (0.5 cm®) was added to
the grown culture and incubation was continued for the time reported in Tables | and 2. Each resulting
mixture was extracted twice with ethyl acetate, the combined organic phases were dried over sodium sulfate
and evaporated under reduced pressure. The composition of the crude residue was determined by GLC
analyses. Geotrichum candidum CBS 233.76 was grown for three days at 120 rev’' on a medium containing
glucose (50 g L), peptone (10 g L"), and yeast extract (10 g L) in deionized water and adjusted to pH 7
Hansenuia anomala CBS 110, Kloechera saturnus CBS 7661 and Saccharomyces cerevisiae NCYC 739
were grown for three days at 120 rev’' on a medium containing giucose (30 g L), mait extract (10 g 1."), and
yeast extract (10 g L) in deionized water and extracted to pH 7. Streptontyces CS3 was grown for one day at
120 rev’' on a medium containing glucose (30 g L"), mait extract (10 g L™"), and yeast extract (10 g L™") in
detonized water and extracted to pH 7.

s 2l s | . Ial 41

Gas-chromatographic analyses. 3-Trifluoromethylcyclohexanone Ia and 3-trifluoromethylcyclo-
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hexanols 2a: the fermentation extracts were analysed as foliows: column (D), 4 min at 100 °C, t'nen 4 °C
min" to 200 °C (order of elution: 1a, trans-2a, cis-2a), column (B), 1 min at 40 °C, then 20 °C min’ "to 95 °C,
2 min at 95 °C and finally 1.5 °C min™ to 130 °C [order of elution: (15,35)-2a, (1R,3R)-2a, (1R.35)-2a, and
(15,3R)-2a]; the esters 7a between 3-trifluoromethyicyciohexanois 2a and (R)-(-)-2-phenyipropionic acid were
analysed as follows: column (A), 1 min at 40 °C, then 20 °C min"' to 130 °C, 2 min at 130 °C and finally 2 °C

D AT 71 o33 22

* to 150 °C [order of elution: (1R, 3R2'R)-Ta, (15.38.2°R)-7a, (1R, 35,2’R)-Ta, (153R,2’R)-7a]. 3-
Methylcyclohexanone 1b and 3-methylcyclohexanols 2b: the fermentation extracts were analysed as follows:

s D 2o 3 1

column (D), 4 min at 90 °C, men 4 °C min" to 200 °C (order of elution: ib, rram 2b, cis-2b); column (B),
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remaining H); "’F NMR 8;: -74.90 (brd, J = 8.8 HL CF;-3). Cis-2a: '"H NMR 3y 3.60 (1H, tt, J = 10.7 and
4.2 Hz, H-1,,), 2.52 (1H, dtt, /= 8.8, 11.2, and 3.5 Hz, H-3.,), and 2.2-1.0 (9H, m, remaining H)1 °F NMR
Or: -74.86 (brd. ./ = 8.8 Hz, CF;-3). The estenhcation of the alcohols 2a with (KR)-(-)-2-phenylpropionic acid
was performed as described in ref. 27 and obtained compounds 7a were analysed by GLC and NMR ( H, E
BC). (18,382°R)-7Ta: '"H NMR 8y: 7.4-7.2 (SH, m, ArH), 5 15 (1H, brtt, J= 3.3 and 3.0 Hz, H-1.), 3.73 (1H,
brq, J = 6.8 Hz, H-2"), 2.21 (1H, dtt, J= 8.5, 12.1, and 3.4 Hz, H-3,), 2.01 (1H, brd, ./ = 13.9 Hz, H-2,,),
1.51 (3H., d, J = 6.8 Hz, Me-2"), and 2.10-1.10 (7H, m, remaining H); '°F NMR §;: -75.19 (brd, J = 8.5 Hz,
CFs-3); C NMR 8¢ 173.51 (S, C-17), 140.57 (S), 12863, 12736, 127.17 (D) (Ar C), 127.68 (Sq, Jor =
278.4 Hz, CF3-3), 66.28 (D, C-1), 45.76 (D, C-2"), 36 88 (Dgq, Joy = 27.0 Hz, C-3), 28.70 (T. C-6), 28.94
(Tq, Jor = 2.8 Hz, C-2), 24.13 (Tq, Jey = 2.8 Hz, C-4), 18.88 (T, C-5), and 17.94 (Q, C-3°). (1R3R2’R)-Ta:
'H NMR &y 7.4-7.2 (5H, m, ArH), 5.15 (1H, brtt, ./ = 3.3 and 3.0 Hz, H-1.,), 3.71 (1H, brq, J = 6.8 Hz, H-
2°). 192 (1H, brd, J = 13.9 Hz, H-2.,), 1.81 (1H, dtt, /= 8.4, 12.2, and 3.6 Hz, H-3,.). 1.51 (3H. d, /=638
Hz. Me-2"), and 2.1-1.1 (7H, m, remaining H); "’F NMR & -75.35 (brd, J = 8.4 Hz, CF:-3), "C NMR &
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(
(D, C-1), 45.76 (D, C-2°), 3 7.
24.13 (1q, Jor = 2.8 Hz, C-4), 19.20 (t, C-5), and
m, ArH), 4.69 (1H, tt, /=11 i i)
2. and H-2,,), 2.11 (1H, dtt,
1.30 (2H, m, H-5¢ and ri i.
'91: NMR &;: -74.84 (brd, J = 8.1 Hz, CF;-3); *C NMR &

Rt 1 A

8

-7a "HNMRSH 7472(5H

Hz, H-2"), 2.18 and 1.30 (ZH, m, ii-

34 Hz H-3),1.89 and 1.17 (2H, m, H- D,uq and H- bﬂ\) .88 and
m H
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8 a
8 71 q
5)-8a: ' NMR au; 7.4-7,2(1014 m, ArH), 6.

AN OH

Esters 8b from (5)-(+)-2-phenylpropionic acid and (E)-4-phenyl-3-buten-2-ol (4b).  The
esterification of racemic butenol 4b with (5)-(+)-2-phenylpropionic acid was performed as described in ref. 27
and obtained compounds 8b were analysed by 'H and *C NMR. (25.2°5)-8b: 'H NMR 38y: 7.4-7.1 (10H, m,
ArH), 6.31 (1H, brd, /= 15.8 Hz, H-4), 6.03 (1H, dd, ./ = 15.8 and 6.0 Hz, H-3), 5.53 (1H, m, H-2), 3.75
(1H, brq, J = 7.3 Hz, H-2), 1.52 (3H, d, J = 7.3 Hz, Me-2"), and 1.38 (3H, d, J = 6.6 Hz, Hi-1); "C NMR
8c: 173.66 (S, C-17), 14069, 136.36, (S) and 128.60, 128,46, 127.71, 127.62, 127.06, 126.47, (D) (Ar C),
130.74 (D, C-4), 128.60 (D, C-3), 70.81 (D. C-2), 45.76 (D. C-2"), 20.39 (Q, C-1), 18.48 (Q. C-3").
(2R.2°S)-8b: '"H NMR &y 7.4-7.1 (10H, m, ArH), 6.53 (1H, brd, J = 16.0 Hz, H-4), 6.17 (1H. dd. J = 16.0
and 6.7 Hz, H-3), 5.53 (IH, m, H-2), 3.74 (1H, brq, J = 7.3 Hz, H-2"), 1.52 (3H, d, J = 7.3 Hz, Me-2’), and
130 (3H, d, J = 6.5 Hz, Hs-1); C NMR &q: 173.76 (S, C-1"), 140.62, 136.36 (S) and 128.56, 127.87,
127.57, 127.06, 126 .55 (D) (Ar C), 131.43 (D, C-4), 128.72 (D, C-3), 71.21 (D, C-2), 45.73 (D, C-27), 20.11
(Q. C-1), 18.48 (Q, C-3").

Esters 9a from (S)-(+)-2-phenylpropionic acid and 1,1,1-trifluoro-4-phenyl-2-butanol (5a).
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C-2’, and C-3’ in couples of diastereoisomeric esters 7a (ASC <0.05 ppm) so that the preference for the
eclipsed conformation described above and depicted in Scheme 3 is further supported.

The effect is highly dependent on the phenyl-ring/shielded-carbon distance. For instance, in trans-7a the
ester moiety is axially disposed (namely the conformation of the alcoholic precursor frans-2a is retained in
the ester as in this compound too the alcoholic proton H-1 exhibits only smali coupling constants,
consistent with an equatorial position) so that the phenyl ring is quite near C-3 (~ 5.2 A; Scheme 3) which

thus shows a AR = =031 npom Diffe pnﬂu n\ cis-T7a the ester mnlphl 1s equatorial (nc nroven h\l ihP larop
tiiuo Ot VYO Q4 LA PP 11, AZ14iWiWwilb ViIW Wb \-l l b

coupling con,stant: shown by H-1 wh1ch mdlcate axial-axial mteractxons)., so that the phenyl ring is less
near C-3 (= 6.7 &) which consequently presents a lower Ad¢ (0.06 ppm).
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