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Abstract

Free radical hydrostannation of (—)-menthyl ( E)-2,3-diphenylpropenoate (1) leads to a mixture of
four adducts: two threo diastereoisomers (approx. 90%) and two erythro diastereoisomers (approx.
10%). Whereas threo diastereoisomers 2 (38%) and 3 (51.2%) could be isolated by column chromatog-
raphy and fractional recrystallization, erythro diastereoisomers 4 and 4’ (6.5% and 4.3%) could not be
separated. Bromodestannylation of 2 and 3 yielded two diastereoisomers in each case, 9-10 and 1112,
respectively, which were isolated and charactenized by spectroscopic methods. The reduction of bromo
esters 9-12 with lithium aluminium hydrnide gave (R)<—)- and (§)-( +)-2,3-diphenyl propanols 13 and
14 of known absolute configuration. Working back from the stereochemustry of 13 and 14 and taking
mnto account the NMR data, the stereochemistry of their precursors was assigned. Full 'H, *C, and
119gh NMR data are given.

Introduction

In previous studies on the addition of organotin hydrides to open-chain and
cyclic activated olefins, we reported that these additions take place with a high
degree of stereoselectivity [1]. Recently, and making use of Karplus type relation-
ships, the relative configurations and preferred conformations of a series of
organotin adducts have been reported [2).

The results obtained from studies carried out with the aim of determining the
absolute configurations of the adducts obtained in the addition of trimethyltin
hydride to (—)-menthyl (E)-2,3-diphenylpropenoate are reported.

Correspondence to: Dr. J.C. Podesta, Laboratorio de Quimica Orgénica, Departamento de Quimica e
Ingenieria Quimica, Universidad Nacional del Sur, Avenida Alem 1253, 8000 Bahia Blanca, Argentina.
* Dedicated to Professor Wilhelm Paul Neumann on his 65th birthday.
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Taking into account the fact that these optically active functionally substituted
organotin compounds can be selectively transformed in a series of organic com-
pounds [3,4], these results should be of interest for organic chemists engaged in
stereoselective synthesis research.

Results and discussion

The addition under free radical conditions of trimethyltin hydride to (—)-
menthyl (E)-2,3-diphenylpropenoate (1), leads to a mixture of the four di-
astereoisomers expected according to Scheme 1. The analysis of !'?Sn NMR of the
crude product shows it to consist of a mixture of four diastereomers, two of them
in higher proportion (38% and 51.2%).

Although separation of diastereomers by column chromatography (silica-gel 60)
is not really efficient, this method enabled us to separate the stereoisomers
obtained in higher yield (2 and 3, Scheme 1) from those obtained in lower yield (4
and 4', Scheme 1). Stereoisomers 2 and 3 were then obtained by fractional
recrystallization in ethanol from the mixture obtained in the chromatography (see
Experimental section). On the other hand, although the mixture of stereoisomers
obtained in lower yield (4 and 4’) could not be separated by this method, we were
able to obtain mixtures enriched in each diastereoisomer which enabled us to
obtain the NMR characteristics of each diastereoisomer. The main spectroscopic

Ph>c=c<Ph + Me,SnH 25
H COO(—)Men
1
Ph O
Me3Sn/'\‘/“\O(—)Men 2 (38%)
Ph
Ph O
I
Me;Sn I O(—)Men 3 (51.2%)
Ph
Ph O

Me,Sn I O(—)Men
Ph
4 and 4’ (6.5% and 4.3%)
Ph O

H
Me3Sn/'\‘)j\O(—)Men

Ph

Scheme 1 Diastereomers obtained in the addition of tnmethyltin hydride to (—)-menthyl (E)-2,3-di-
phenylpropenoate (1)
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Me Sn Me;Sn
H Ph H
O(—)Men
Ph H H Ph
Ph COO(-)Men
1 (threo) 11 (erythro)

Fig. 1. Preferred conformations of threo and erythro compounds 2—-4 (only one stereoisomer of each is
shown).

characteristics of the compounds and some derivatives are summarized in Tables 1
and 2.

The stereochemistry of diastereoisomers 2 and 3 was assigned as follows. In the
13C NMR, the observed >J(Sn—-C-C=0) coupling constants for compounds 2 and 3
were 7.6 and 8.9 Hz, respectively (Table 1). These values, according to our
previous work [2], correspond to a dihedral angle close to 60°C. Similarly, values of
3J(Sn—C~C-Ph) coupling constants for compounds 2 and 3 were 50.2 and 44.5 Hz,
respectively, which correspond to a dihedral angle close to 180°C. 'H NMR spectra
(Table 2) show that the 3J/(H,H) coupling constants of the protons attached to C-2
and C-3 are 12 Hz (compound 2) and 10.7 Hz (compound 3), indicating a dihedral
angle of approx. 180° between them. The 3/(Sn-C-C-H) coupling constants for
compounds 2 (36.0 Hz) and 3 (43.7 Hz) suggest [2] a dihedral angle of approx. 60°.
Taking these values into account, it is possible to attribute a threo configuration,
i.e., 2R3R)- and (25,35)- (Fig. 1, I) to both diastereoisomers.

On the other hand, >*C NMR spectra (Table 1) show that the >/(Sn-C-C=0)
coupling constant is 76.3 Hz for both ¢ompounds 4 and 4’, indicating a dihedral
angle close to 180°. The small values of 3/(Sn—-C-C-Ph) coupling constants for
compounds 4 (8.0 Hz) and 4’ (not observed), suggest a dihedral angle of approx.
60° between the trimethyl stannyl group and the phenyl group attached to C-2.

'H NMR spectra (Table 2) show that the 3J(H,H) coupling constants for the
protons attached to C-2 and C-3 are 13.4 Hz for compound 4, and 13.3 Hz for
compound 4’, indicating that the dihedral angle between these protons should be
close to 180°. The 3J(Sn—-C-C-H) coupling constants for compounds 4 (43.0 Hz)
and 4’ (42.6 Hz) suggest a dihedral angle of approx. 60°. These values strongly
suggest that compounds 4 and 4’ have the erythro configuration, i.e., (25,3R)- and
(2R,35)- (Fig. 1, ID).

In order to obtain additional information on their stereochemical features,
diastereoisomers 2, 3 and also the mixtures enriched in both 4 and 4’, were made
to react with Me,;SnCl according to Scheme 2.

These reactions proceeded smoothly to give quantitative yields of exchange
products in the case of adducts 2 and 3. On the other hand, the mixtures of
adducts 4 and 4’ did not react with trimethyltin chloride.

The study of the '*C and 'H NMR spectra of compounds 5 and 6 (Tables 1 and
2), by correlation between coupling constants and dihedral angles as was done for
compounds 2 and 3, lead us to the conclusion that the preferred conformation for
these compounds is as shown in Fig. 2.

Additional support for conformation III (Fig. 2) was obtained from the ''°Sn
NMR spectra (Table 2), which show high-frequency shifts of approx. 27 ppm for
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Me,SnCl
MeZClS-x/'ﬁ)kO( —)Men + Me,Sn
Ph O

Me,Sn (~)Men
Ph

Br
2 CC124 MezBrSn)ﬁ/“\ O(—)Men + MeBr
Me,SnCl
Me2ClSn O(—)Men + Me,Sn
Ph O

I
Me,;Sn —)Men
Ph
3 Br, MO
ocL, MezBrSn (—-)Men + MeBr

Me;SnCl

(4+4") Ph Ph
Brz

| I
o Br— CH—CH —COO(- )Men
4
(diastereoisomers mixture)

Scheme 2. Methyl /chlorine exchange reactions with trimethyltin chloride and bromodestannylation of
adducts 2, 3, and (4+4').

compound 5, and 33 ppm for compound 6, with respect to their corresponding
starting adducts 2 and 3, respectively. These shifts indicate the existence of
intramolecular coordination between the tin atom and the C=0 of the ester group.
Coordination renders the two methyl groups on tin non-equivalent, and this is
shown by the appearance of two signals in the *C NMR spectra (Table 1) of 5 and
6, with L7(Sn—C) values which differ by up to about 50 Hz. In the proton spectra,
the two methyl resonances are also split (Table 2).

In previous studies, we were able to obtain [1c] and characterize [2] the erythro
derivative of methyl 2,3-diphenyl-3-(chlorodimethylstannyl)propanoate, i.e., the

Me,ClISn
Ph COO(~)Men
H Ph
H

m

Fig. 2 Preferred conformations for compounds 5 and 6 (one stereoisomer is shown).
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Me,ClISn Me,ClSn Me,ClISn
Ph H MeOOC Ph H COOMe
H Ph H Ph H Ph
COOMe H Ph
v v VI

Fig. 3 Possible conformations for erythro methyl 2,3-diphenyl-3-(chlorodimethylstannyl)propanoates
(one enantiomer of each is shown).

methyl ester instead of the (—)-menthyl ester. The NMR characteristics of this
compound clearly indicate that the more preferred conformation was close to IV
(Fig. 3).

There is no intramolecular coordination in this stereoisomer, due to the fact
that in the erythro configuration such a coordination would force both phenyl
groups to take up a highly unfavourable gauche conformation [2] (conformations V
and VI, Fig. 3).

The lack of reaction between the mixtures of diastereoisomers (4 and 4') and
trimethyltinchloride (Scheme 2), could be connected by the impossibility of reach-
ing exchange products stabilized by intramolecular coordination.

A direct chemical illustration was obtained from the study of the reactions of
adducts 2, 3, and the mixtures of 4 and 4’, with bromine in a 1:1 molar ratio,
according to Scheme 2. In previous studies [5], we have shown that the formation
of bromodealkylation products by this type of adduct when treated with bromine in
a 1:1 ratio, is due to the ease of formation of intramolecularly coordinated
B-halodialkylstannyl derivatives. The results indicate that whereas adducts 2 and 3
react with bromine to give the intramolecularly coordinated 8-bromodimethylstan-
nyl, derivatives 7 and 8, and the mixtures of 4 + 4’ lead exclusively to a mixture of
bromodestannylation products. The NMR characteristics of compounds 7 and 8
are listed in Tables 1 and 2. Additional confirmation of the existence of in-
tramolecular coordination in compounds 5-8 can be obtained from their IR
spectra and 'H NMR data. Thus, comparing the IR data for each pair 2/5,2/17,
3/6 and 3/7, it can be seen that the carbonyl stretching frequencies of the chloro-
and bromodimethylstannyl esters 5-7 (Table 7), appear at a lower frequency from
those of the corresponding starting trimethylstannyl esters 2 and 3. The '"H NMR
ester signals (H-y) of compounds 5-7 (Table 2) are downfield from the corre-
sponding signals for the trimethylstannyl esters 2 and 3 (compare for example 2,
H-y 4.59 ppm). These values indicate that in the case of chloro- and bromodimeth-
ylstannyl esters 5—8 there is coordination between the carbonyl group of the ester
and the Sn atom; this is known to reduce the carbonyl stretching frequency and to
have a deshielding effect on the (—)-menthoxy group proton H-y [1b]. This
carbonyl coordination to tin must be intramolecular since the carbonyl stretching
frequency remains nearly the same for the pure compound as for a solution.

These results not only confirm our previous report [5], but also support our
assumption that adducts 4 and 4’ do not undergo methyl/ chlorine exchange with
trimethyltin chloride because the products of such exchange cannot be stabilized
by intramolecular coordination.

The absolute configuration of adducts 2 and 3 was established by chemical
correlation according to Scheme 3.
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Ph O Ph O
Me,Sn (—)Men + Br, (or Me;SnCl) — XMe,Sn O(—)Men
Ph Ph
2 X =CI(5)
lZBrz/CCl4 e, X = Br (7)
Ph O
%
/'\‘)\0( Men + Br/\(n\o(—-)Men
Ph
h 65%) 10 (35%)
| LiAIH, |
?HZOH
PhCH; l;'H 13

(R)-(—)-2,3-diphenylpropanol

Me;Sn O(—~)Men + Br, (or Me;SnCl) — XMe,Sn y” "O(—)Men
&

i
Ph Ph
3 X =Cl (6)
X = Br (8)
J{zswccu Br,/CCl,
Ph O l Ph O
Br/\i)ko( —)Men + BrMO(—)Men
1 P a) 2 F (33%)
| LiAIH, }

(|3H20H

PhCH, l“’ h 14

(8)-(+)-2,3-diphenylpropanol

Scheme 3. Reaction sequences for obtaining the absolute configuration of adducts 2 and 3.
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Table 3
'H NMR characteristics of compounds 9-12 ¢

Ph Ph ﬁ

| |
Br—CH,—CH,—C—0

No. H, H, 3J(H,, Hp) H, Other signals
9 4.33 5.48 11.7 4.73 0.61-0.87 (m, 10H); 0.99 (m, 1H); 1.30-1 49
@ (d (m) (m, 2H); 1.53-1.69 (m, 3H); 1.76 (m, 1H);
2.00 (m, 1H); 6.99-7.16 (m, 10H)
10 435 5.46 11.7 4.38 0.29 (d, 3H, *J = 6.8); 0.57-0.94 (m, 8H);
(d) (d) (m) 1.08-1 34 (m, 4H); 1.43 (m, 1H); 1.49-1.60
(m, 2H); 7 28-7 41 (m, 8H); 7.51-7.54 (m, 2H)
11 442 5.59 116 4.74 0.48 (d, 3H, 37 = 6.9); 0.68 (d, 3H, *J = 6.9);
(d) (d) (m) 0.85-1.14 (m, SH); 1.35-1.53 (m, 4H), 1.65
(m, 2H); 2.11 (m, 1H); 7.07-7.24 (m, 10H)
12 445 5.54 11.6 4.44 0.36 (d, 3H, *J = 6 9), 0.62-0.90 (m, 8H);
) (d) (m) 1.08-1.40 (m, 6H); 1.56 (m, 1H); 7.30-7.44

(m, 6H); 7.54-7.57 (m, 4H)

¢ In CDCly; & values in ppm versus TMS; "J values in Hz. Multiplicity: d stands for doublet and m for
muliplet.

The reaction of adduct 2 with bromine in a 1:2 molar ratio of adduct / bromine
in carbon tetrachloride leads to a mixture of diastereoisomers 9 (65%) and 10
(35%). Under the same reaction conditions, adduct 3 yields a mixture of di-
astereoisomers 11 (67%) and 12 (33%). The 'H and *C NMR data of 8-bromoes-
ters 9-12 are summarized in Tables 3 and 4.

The configuration of ( —)-menthyl-3-bromo-2,2-diphenyl-propanoates 9-12 were
assigned as follows. The coupling constants for protons H-a and H-8 in these
stereoisomers lie between 11.6 and 11.7 Hz (Table 7). This indicates that the
preferred conformation for diastereoisomers 9-12 are those where H-a and H-8
are antiperiplanar (Fig. 4).

In conformations IX and X (erythro), the (—)-menthoxy group is affected by the
phenyl group, while in conformations VII and VIII (threo), this type of influence
does not exist. As a result the 'H NMR signals corresponding to protons H-y (of
the (—)-menthoxy group) in IX and X should appear at higher fields.

In Table 3, we can see that proton H-y in isomers 9 (4.74 ppm) and 11 (4.73
ppm) appears at lower fields than in isomers 10 (4.44 ppm) and 12 (4.38 ppm).

Taking into account these values we can assign threo configurations VII and
VIII to stereoisomers 9 and 11, and erythro configurations IX and X to stereoiso-
mers 10 and 12.

This is confirmed by the 'H NMR data reported in the literature for the methy!
[5] and ethyl [6] esters. The same results were obtained in the bromodestannylation
reactions of the B-halodimethylstannyl derivatives 5—-8 according to Scheme 3.

These results confirm our previous observations [5] that the reactions of esters
of this type with bromine in carbon tetrachloride proceed with a high degree of
retention of configuration at the carbon involved in the electrophilic substitution.
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Table 4
13C NMR characteristics of compounds 9-12

||
Br—CH CH—C 0—

No. C() (2 c(3) c1) a2 @3’ Other signals

9 171.07 47.23 6120 7555 13549  138.84  15.97, 20.47; 21.99; 23.42; 25.83;
31.44; 34.29; 40.79; 53.64; 127.68;
128.00; 128.18; 128.27; 128.33
10 169.84  46.84 60.16 75.02 136.91 14032  15.70; 20.54; 21.78; 23.11; 25.51;
31.12; 34.02; 40.08; 54.89; 127.58;
128.04; 128.47; 128.53; 128.60
11 171.04 4705 6120 7531 135.34 138.84  16.06; 20.83; 21.94; 23.17; 25.96;
31.35; 34.24; 40.22; 53.71; 127.68;
128.00; 128.20; 128.29; 128.36
12 169.88  46.80 60.69 7487 136.83 140.26  15.67; 20.76; 21.84; 22.94; 25.53;
31.22; 34.07; 40.02; 55 06; 127.87;
128.12; 128.37; 128.57, 128.61

“ In CDCl;; & values in ppm versus TMS.

The reduction with an excess of lithium aluminium hydride of esters 9-12
(Scheme 3), leads in the case of esters 9 and 10 to (R)-(—)-2,3-diphenylpropan-1-ol
(13), and to ($)-(+)-2,3-diphenylpropan-1-0l (14) [6] in the case of esters 11 and
12.

Working back from the stereochemistry of the propanols obtained (13 and 14),
it is possible to make the stereochemical assignments for their precursors. Thus the
absolute configurations of the bromoesters are (2R,3R) for compound 9, (25,3R)
for compound 10, (25,3S) for compound 11, and (2R,3S) for compound 12.
Therefore, the starting adducts, 2 and 3, are (—)-menthyl (2R,3R)- and (25,35)-
2,3-diphenyl-3-(trimethylstannyl)propanoate, respectively.

The removal of the chiral auxiliary group in adducts 2 and 3 by reduction with
lithium aluminium hydride (Scheme 4), leads to the corresponding enantiomers 15
and 16, respectively.

13C, 'H and ""°Sn NMR data for compounds 15 and 16 are summarized in
Tables 5 and 6.

The analysis of the 'H and '*C NMR characteristics of enantiomers 15 and 16
(Tables 5 and 6), by correlation between coupling constants and dihedral angles as
previously, indicates that these enantiomers have threo configuration.

Ph Ph Ph Ph
Ph H, H, Ph H, COO(—-Men  (—)MenOOC H
Hg Br Br Hg Br Hg Hg Br
COO(—)Men COO(—)Men Ph Ph
VII (9) VIII (11) IX (10) X (12)

Fig. 4. Preferred conformations of stereoisomers 9-12
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Ph O
Ph
. Ether
Me3Sn - )MCD + L1A1H4 —_— CH 20H
Ph Me,Sn
2 Ph
15
Ph O
Ph
. Ether
Me;Sn —)Men + LiIAIH, —— CH,OH
Ph Me,Sn I
3 Ph
16
Scheme 4. Removal of the chiral auxiliary group of adducts 2 and 3.
Table 5
13C NMR characteristics of compounds 15-17 ¢
3’; 2’;
Me3Sn—gH gJH—(l','HZOH
No. Me-Sn CQ1) c2) c(3) C(2") C(3')  Othersignals
15 -889 68.09 51.14 37.78 14246 14436 123.47(14.0); 126.24; 127.04(28.9);
(323.00 (14.0) (7.6) (321.7) (559 (31.8) 127.93(10.2); 128.14
16 —8.88 68.04 51.16 3784 14254 14439 123.45(14.0); 126.18; 127.05(24.0);
G23.00 4.0 - (321.7)  (546) (31.8) 127.91; 128.10
17 ¢ -0.36 67.30  50.65 38.80 1425 144.43  124.19; 126.52; 127 33; 128.43;
(321.6) (61.0) (11.4) (3382) (114) (30.3) 128.57;128.86

@ 13C NMR n CDCl, (internal lock); & values in ppm, "J values in (Hz). * Not observed. ¢ Mixture of
enantiomers obtained through reduction of the mixture of (4+4') according to Scheme 6.

Table 6
'H and !'°Sn NMR characteristics of compounds 15-17 ¢

Me;Sn—CHz——CH,— CH,OH

No. Me-Sn CH, CH, ’J(H,,Hg)  Other signals 11980

15 0.04 3.52 291 12.1 3.81 (m, 3H); 6.83-7 15 (m, 10H) 6.67
(52.2) (m) (58.8)

16 0.04 3.54 291 121 3 82 (m, 3H); 6.85-7.15 (m, 10H) 6.98
(52.2) (m) (58.6)

17° —-0.36 3.54 284 12.2 3.69 (m, 3H); 7.03-7.39 (m, 10H) 7.94
(51.3) (m) -

4 1H NMR spectra in CDCl5; 8 values in ppm versus TMS; J in Hz; tin—carbon coupling constants in
parentheses; ''®Sn NMR 1n CDCl;; & values in ppm wversus Me,Sn. * From a diastereoisomers’
muxture. ¢ 2J(Sn,H) could not be calculated due to signals overlapping.
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Me;Sn Me;Sn
H CH,0H HOCH, H
Ph H H Ph
Ph Ph
15 16
Fig. 5 Preferred conformations for threo enantiomers 15 and 16.
Eth Eh
(4+4)) +LIAH, —= /'\/CH oH * 1 __CH,0H
Me,Sn Y 2 Me3Sn/‘Y 2
Ph Ph
17
Me;Sn
Ph H
H Ph
CH,OH

Scheme 5. Reduction of the mixture of diastereoisomers (4+4’) and preferred conformation of the
mixture of erythro enantiomers 17 (one enantiomer 1s shown)

Taking into account these data, the preferred conformation for the enan-
tiomeric propanols 15 and 16 should be as shown in Fig. 5.

The only NMR parameter in which enantiomers 15 and 16 differ is the '°Sn
chemical shift: 6.67 ppm for compound 15 and 6.98 ppm for enantiomer 16 (Table
6).

In order to confirm the threo nature of enantiomers 15 and 16, a mixture of
(—)-menthyl esters (4 + 4') was reduced with lithium aluminium hydride, accord-
ing to Scheme 5.

The 'H NMR spectrum of the mixture of enantiomer 17 (Table 5), shows that
the *J(H-C-C-H) coupling constant has a value of 12.2 Hz, indicating that the
dihedral angle between these protons is about 180°. The *C NMR spectrum of 17
(Table 6) shows that the 3/(Sn—C-C-C=0) coupling constant has a value of 61.0
Hz which is compatible with a dihedral angle of approx. 180°. The >/(Sn—-C-C-Ph)
coupling constant is 11.4 Hz, indicating an angle of about 60°. These data are
compatible with the erythro configuration shown in Scheme 7, thus confirming by
contrast the threo stereochemistry of enantiomers 15 and 16. The mixture of
enantiomers 17 gives only one '°Sn NMR resonance.

The stereochemical course of the hydrostannation of 1 can be explained well
using the principles described by Houk [7,8]. Thus, the trimethyistannyl radical will
add to the C-3 of alkene 1 at an angle close to 109°, This attack will take place on
the preferred syn conformations of the (—)-menthyl (E)-2,3-diphenylpropenoate
(1): s-trans,syn (Scheme 6, 1a) and s-cis,syn (Scheme 6, 1b). Then the hydride will
be transferred from another molecule of organotin hydride preferably to the least
hindered face of the carbon radical (Scheme 6).

The high diastereoselectivity observed (ratio of threo/erythro stereoisomers
8:3) is almost the same as that observed for the addition of trimethyltin hydride to
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s-trans,syn
1a
Ph Ph O Ph O
+ Me,SnH — Me;Sn/'\‘)kO(—)Men + Me;Sn)ﬁ)j\O(-—)Men
Ph . Ph Ph
Messn 2 (38%) dora

: Ph O Ph O
+ Me;SnH— Me;Sn/‘\HJ\O( —)Men + Messn)ﬁ/U\O( -)Men
Ph Ph
3(51.2%) 4or4’

Scheme 6. Stereochemistry of hydrostannation of the s-trans,syn and s-cis,syn conformations of
(~)-menthyl ( E)-2,3-diphenylpropenoate (1a and 1b) with trimethyltin hydrnide.

the methyl ester [1c]. This suggests that in these additions, the ester group might
mask one face of the unsaturation, and this masking is independent of the size of
the ester group whether or not it is chiral. As for the rather low asymmetric
induction observed, as shown by the ratios between stereoisomers 3 /2 (1.35) and
4/4’ (1.5), this might be due to differences in the population of the isomers in the
transition state. Thus, Houk [8] has found that for methyl acrylates the s-cis,syn
conformers are more stable than the s-trans,syn conformers, and this might also be

true for the s-cis and s-trans,syn (—)-menthyl 2,3-diphenylpropenoates as sug-
gested by our results.

Experimental

'Y, 1B3C and !'"Sn NMR spectra were determined with a Bruker AM300
instrument at Dortmund University (Germany). Infrared spectra were recorded
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with a Perkin—-Elmer 599B spectrophotometer. The melting points were deter-
mined on a Kofler hot stage and are uncorrected. Microanalyses were performed
at Dortmund University. All the solvents and reagents used were analytical reagent
grade. Trimethyltin hydride was obtained by reduction of trimethyltin chloride
with lithium aluminium hydride [9].

Synthesis of (—)-menthyl (E)-2,3-diphenylpropenoate (1)

We followed the method described by Gastaminza [10] for bulky esters. In a
round-bottom flask, provided with a reflux condenser with a nitrogen seal, were
placed 14.35 g (0.0918 mol) of (—)-menthol, 1.59 g (0.0656 at.g.) of Mg turnings,
and 50 ml of toluene. To this mixture, a solution of 2,3-diphenylpropenoyl
chloride, prepared from 14.7 g (0.0656 mol) of the acid and 23.4 g (0.197 mol) of
thionyl chloride [11] in toluene (26 ml) was added dropwise. The reaction mixture
was left overnight with vigorous stirring and then under reflux for 2 h. After
cooling, the Mg was decanted and the solvent was removed under reduced
pressure. The residue was dissolved in ether and washed with water, then with an
aqueous sodium hydrogen carbonate solution, and again with water. After drying
over sodium sulphate, the solvent was distilled off under reduced pressure.
Recrystallization of the residue in ethanol/water, yielded 19.2 g of 1 (0.053 mol,
80.7%), m.p. 78-79°C (Lit. [12] 81-82°C).

Reaction of (—)-menthyl (E)-2,3-diphenylpropenoate (1) with trimethyltin hydride:
synthesis of (—)-menthyl 2,3-diphenyl-3-(trimethylstannyl)propanoates (2, 3, 4 and
4’')

Compound 1 (10 g, 0.0276 mol) was treated for 4 h with trimethyltin hydride
(6.823 g, 0.0414 mol) under nitrogen at 65°C and with azobisisobutyronitrile
(AIBN) as a catalyst (this optimal time of reaction and the use of an adequate
excess of organotin hydride were indicated in earlier experiments involving moni-
toring of the reaction by taking samples at intervals and observing the disappear-
ance of the Sn—H absorption by IR, and by checking at the end of the reaction that
the 'H NMR spectrum of the reaction mixture no longer showed the presence of
unchanged olefin). Under these conditions the 'H NMR spectrum showed a
quantitative yield (based on starting olefin) of a mixture of diastereoisomeric
adducts 2 (38%), 3 (51.2%), 4 (6.5%) and 4’ (4.3%). The relative amount of each
diastereoisomer in the mixture was 38% (2), 51.2% (3), 6.5% (4), and 4.3% (4’), as
shown by the integration of the !'?Sn NMR spectrum.

Column chromatography on silica gel 60 of the crude mixture, yielded 11.8 g of
a mixture of compounds 2 and 3, eluted with pentane, pentane / carbon tetrachlo-
ride (3:1 and 1:1) and carbon tetrachloride, and 1.48 g of a mixture of compounds
4 and 4’ in the fraction eluted with carbon tetrachloride / benzene (3:1 and 1:1).

Fractional recrystallization (ethanol) of the mixture eluted with the less polar
solvents, yielded succesively 4.0 g (0.0076 mol) of 2, m.p. 140-141°C; then 2.75 g
(0.0052 mol) of a mixture of 2 (25%) and 3 (75%), and finally diastereomer 3, 5.03
g (0.0095 mol), m.p. 105-107°C. The mixture of isomers 4 and 4’ obtained from the
chromatography could not be separated by fractional recrystallization. However,
mixtures obtained from the recrystallizations enriched in both 4 and 4’, were used
for structural analysis and for the study of chemical properties.
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Table 7

Some physical properties, IR data, and elemental analyses of the new compounds obtained

No IR“ Melting [alp € Elemental analyses:
v(C=0) point found (calc.) (%)
o’ C H

2 1716 140-141 -62.7 (¢, 0.71) 63.45 (63.77) 7.59 (7.65)

3 1718 105-107 —5.91(c, 0.83) 63.70 (63.77) 7.72(7.65)

5 1704 120-121 —95.34 (¢, 0.41) 59.23 (59.20) 6.90 (6.81)

6 1653 126-128 +34.87 (¢, 0.59) 59.19 (59.20) 6.83 (6.81)

7 1687 105-106 —83.33(c, 0.25) 54.83 (54.75) 6.25 (6.30)

8 1639 93-94 —20.57 (¢, 0.29) 54.85 (54.75) 6.38 (6.30)

9 1718 103-104 —41.92 (c, 0.63) 67.58 (67.71) 7.12(7.05)
10 1698 152-153 -107.54 (c, 0.69) 67.79 (67.71) 6.98 (7.05)
11 1718 -f —27.51 (¢, 0.39) 67.83 (67 71) 7.14 (7.05)
12 1698 197-198 ¢ +52.83 (¢, 0.75) 67.70 (67.71) 7.08 (7.05)
15 3380 ¢ 73-74 +41.22(c, 0.74) 57.80 (57.63) 6.36 (6.45)
16 3380 ¢ 73-74 —3974 (c, 0.15) 57.69 (57.63) 6.29 (6.45)

2 IR spectra as KBr pressed disc; » in cm™~!. b Recrystallized from ethanol except when otherwise
stated. ¢ In benzene, at 25°C, except when otherwise stated. ¢ From CCl 4 ¢ OH stretching vibration.
! Liquid, refractive index 1.5328 at 20°C.

'H, 3C and 'Sn NMR data of diastereoisomers 2, 3, 4 and 4’ are included in
Tables 1 and 2; other physical characteristics as well as elemental analyses (C,H)
are given in Table 7.

Chloro / alkyl exchange reactions: exchange between (—)menthyl (2R,3R)-2,3-di-
phenyl-3-(trimethylstannyl)propanoate (2) and trimethyltin chloride; synthesis of
( — )menthy!l (2R,3R )-2,3-diphenyl-3-(chlorodimethylstannyl)propanoate (5)

Adduct 2 (1.60 g, 0.00303 mol) was added to trimethyltin chloride (0.73 g,
0.00367 mol) under nitrogen. In order to obtain a homogenous mixture (both
compounds are solid), the mixture was heated to 50°C with stirring, and then left
at room temperature for 40 h. The 'H NMR spectrum showed a complete
reaction. The excess of trimethyltin chloride as well as the tetramethyitin formed
were distilled off under reduced pressure. The solid residue was recrystallized
from ethanol; m.p. 120-121°C (1.53 g, 0.00279 mol, 92%).

Under the same conditions, adduct 3 reacted with trimethyltin chloride to give
(—)menthyl (25,35)-2,3-diphenyl-3-(chlorodimethylstannyl)propanoate (6) with
91% vyield; m.p. 126-128°C (ethanol).

Bromodestannylation reactions: reaction of ( —)menthyl (2R,3R )-2,3-diphenyl-3-(tri-
methylstannyl)propanoate (2) with bromine; synthesis of (—)menthyl (2R,3R)- and
(2R,3S)-2,3-diphenyl-3-bromopropanoates (9 and 10)

To a solution of 2 (3.20 g, 0.00607 mol) in carbon tetrachloride (15 ml) was
added dropwise, a solution of bromine in carbon tetrachloride (15.5 ml of a 0.8 M
solution, 0.0124 mol), with stirring, in the dark. After 4 h, the '"H NMR spectrum
showed a quantitative yield of a mixture of (- )menthyl (2R,3R)- (9) and (2R,35)-
2,3-diphenyl-3-bromopropanoates (10) in a ratio of 9/10 of 1.86. The solvent was
distilled off under reduced pressure. Fractional recrystallization of the solid
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residue, from ethanol, gave 1.26 g (0.0028 mol) of 9 (m.p. 103°C) and 0.71 g (0.0016
mol) of 10 (m.p. 152-153°C).

The same compounds in the same ratio were obtained from the reaction
between (-)menthyl (2R,2R)-23-diphenyl-3-(chlorodimethylstannyl)propanoate
(5) and (—)menthyl (2R,3R)-2,3-diphenyl-3-(bromodimethylstannyl)propanoate (7)
with bromine in a ratio of organotin compound /bromine of 1:1.

Under the same experimental conditions, 3, in a ratio of organotin /bromine of
1:2, and 6 or 8 in a ratio of organotin/bromine of 1:1, gave a quantitative yield of
a mixture of 11 (67%) and 12 (33%). Whereas 12 was obtained through fractional
recrystallization from carbon tetrachloride (m.p. 197-198°C), 11 could not be
recrystallized, yielding an oily product np, 1.5328 (69% of pure compound). The
spectroscopic characteristics of compounds 9-12, as well as elemental analyses and
other physical characteristics are given in Tables 3, 4 and 7.

Reduction of the B-bromoesters: reaction of (—)menthyl (2R,3R)-2,3-diphenyl-3-
bromopropanoate (9) with lithium aluminum hydride; synthesis of R(—)-2,3-diphen-
ylpropan-1-ol (13).

To a suspension of 0.164 g (0.0043 mol) of lithium aluminium hydride in
anhydrous ether (5 ml) was added slowly, a suspension of 9 (0.64 g, 0.00144 mol) in
30 ml of ether, and the mixture was heated under reflux for 6 h. Then, the mixture
was decomposed with a solution of hydrochloric acid (20%, 0.6 ml), the organic
layer was dried with magnesium sulphate and the solvent distilled off under
reduced pressure. Elimination of the (—)-menthol with the aid of a cool finger,
gave 0.73 g (80% yield) of alcohol 13, [a]} —82.6° in ether (c, 1.45).

Under the same experimental conditions, the bromoester 10 gave the same
alcohol (78% yield, [a]2) —84.86° in ether (c, 2.3).

The reduction of bromoesters 11 and 12 gave alcohol 14 in yields of approx.
80%, [@]¥ +81.5° in ether (c, 1.45); Lit. [6] +107.6° in the same solvent (c, 4.18).

Reduction of adducts 2, 3, 4 and 4’

The same procedure was used in all the reactions between B-trimethylstan-
nylpropanoates and lithium aluminium hydride. One experiment is described in
detail to illustrate the method.

Reaction of (— )menthyl (2R, 3R )-2,3-diphenyl-3-(trimethylstannyl)propanoate (2)
with lithium aluminium hydride; synthesis of (2R,3R)-2,3-diphenyl-3-(trimethylstan-
nyl)propan-1-ol (15). To a suspension of lithium aluminium hydride (0.305 g,
0.00803 mol) in 20 ml of anhydrous ether was added with stirring a solution of 2
(4.24 g, 0.00803 mol) in 28 ml of ether. The mixture was heated under reflux for 5
h under a nitrogen atmosphere. After cooling, the mixture was decomposed by the
addition of a saturated solution of ammonium chloride. The organic layer was
dried with calcium oxide and the solvent was distilled off under reduced pressure.
The (—)-menthol generated in the reaction was eliminated with the aid of a cool
finger (under reduced pressure). Recrystallization of the solid residue from
petroleum ether (30-60), gave 2.26 g (0.006 mol, 75%) of 15, m.p. 73-74°C, [a]®
+41.22° in benzene (¢, 0.74). The spectroscopic characteristics of compounds 15
and 16, as well as elemental analyses and the other physical properties are given in
Tables 5, 6, and 7.
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