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2-(4-Hydroxyalkyl)-1,3-dioxolanes (3a/3b, 5-7) undergo an
acid-catalyzed rearrangement to give 2-hydroxyethyl
alkanoic esters 8-11. The postulated mechanism, proceeding

via the benzylic carbenium ion B and the 1,3-dioxolan-2-
ylium cation C, is supported by the stereochemistry of the
reaction and the results of deuterium labeling experiments.

Introduction

In connection with the synthesis of estrophilic ligands of
the hexestrol series!!! with cisplatin as the toxic principle,
with a view to achieving a more selective treatment of ut-
erus and breast cancers,>~ 4 we studied the perchloric acid
catalyzed hydrogenolysis of a 4:1 syn/anti mixture (as race-
mates) of the epimeric 5-hydroxyacetals 3a/3b (the stereoch-
emical assignment of 3a/3b was based on 'H-NMR datal)).
The tertiary alcohols 3a/3b were prepared in 81% overall
yield by alkylation of deoxyanisoin (1) with the ethylene
glycol acetal of 3-bromopropanal and subsequent reaction
of the ketone 2 with ethylmagnesium bromide (Scheme 1).
Surprisingly, instead of reductive removal of the benzylic
hydroxy group to afford the expected deoxygenated acetal,
the diester 4 was formed. Thus, the question arose as to
how the oxidation of the acetal to an ester could have oc-
curred under reductive conditions. Perchloric acid was only
used in catalytic amounts and could be excluded as the oxi-
dizing agent. Moreover, only a single isomer of 4 was
formed stereoselectively from the diastereomeric mixture
3al3b. The explanation for this apparent enigma turned out
to be a redox reaction proceeding via cationic intermedi-
ates, which we have observed here for the first time in an
intramolecular reaction. We now report the results of our
mechanistic investigations and assess the generality of this
interesting new rearrangement.

Results and Discussion

The deoxygenation of 3al3b to give the ester 4 was pre-
sumed not to be caused by hydrogenation and in a first
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Scheme 1. Preparation of 5-hydroxydioxolanes 3a/3b and rearran-
gement to diester 4

series of experiments the diastercoisomers 3al/3b were
treated with perchloric acid in acetic acid in the absence of
palladium/charcoal and hydrogen. Indeed, the same prod-
uct 4 was obtained under these conditions, proving that the
hydroxyl group was not removed by hydrogenation. Fur-
thermore, it was found that acetic anhydride, which was
used as a co-solvent in the initial hydrogenation experi-
ments, was not required for the acylation. Therefore, the
acylation reaction must be initiated by nucleophilic attack
of acetic acid on an electrophilic oxygen species. Clearly,
this electrophile could be a dioxolan-2-ylium cation. The
existence and reactivity of such cations was postulated long
ago in the work of Meerwein et al.[917l and was later re-
viewed by Pittman, Jr., et al.[¥! Dioxolan-2-ylium cations
are usually generated by hydride abstraction from 1,3-diox-
olanes with trityl cations and form stable tetrafluorobo-
rates.[% In the present case, the hydride abstraction is postu-
lated to be an intramolecular process. A mechanistic path-
way accounting for the rearrangement is presented in
Scheme 2. Thus, protonation of the hydroxyl group of the
diastereomeric mixture 3a/3b to give A is followed by elim-
ination of water to afford the relatively stable tertiary
benzylic cation B. This carbenium ion then removes an
acidic proton from the dioxolane ring in a favorable six-
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membered cyclic transition state as shown in B to generate
the even more stable 1,3-dioxolan-2-ylium cation C.

HsCO

3al3b

OCHj

Scheme 2. Acid-catalyzed rearrangement of 5-hydroxydioxolanes
3a/3b to diester 4 via intermediates A—C

In the final step, the 1,3-dioxolan-2-ylium cation C is sta-
bilized by nucleophilic attack of acetic acid to form the di-
ester 4. Meerwein showed that dioxolan-2-ylium cations
can, in principle, react by the two pathways 1 and 2 shown
in Scheme 3.1 Highly reactive nucleophiles (e.g. cyanide or
ethoxylate ions) attack at the position of lowest electron
density to form the kinetic product. Less reactive nucleo-
philes (in the present case acetic acid or water, see below)
form the ring-opened thermodynamically controlled prod-
ucts such as 4.

R path 1
o><o Y-=CN -, CHsO - oﬁgo y-
J path 1 /
*_/
kinetic product path 2
Y~ =Cl-, H0

Y-CH2CH2-0O-CO-R

ath 2
P thermodynamic product

Scheme 3. Two pathways in the reaction of dioxolan-2-ylium ca-
tions with nucleophiles

Only one stereoisomer of structure 4 is obtained from the
mixture of syn and anti isomers 3a and 3b. Therefore, hy-

dride abstraction from the 1,3-dioxolane by a relatively
stable benzylic cation must occur stereoselectively from the
bottom side, as shown in B, to form the anti-dioxolan-2-
ylium cation C. This is then trapped by acetic acid to yield
the diester 4. Any intermolecular hydrogen transfer would
most probably not show the complete stereoselectivity ob-
served in the reaction as depicted in Scheme 2.

It was later found that the rearrangement also occurred
in the absence of acetic acid and in even better yields. The
reaction is most conveniently carried out using a solution
of the acetals 3a/3b in dichloromethane containing a few
drops of perchloric acid. Under these conditions, the mono-
ester 8 of ethylenediol is obtained in 87% yield after recrys-
tallization.

The generality of this intramolecular redox reaction was
further demonstrated by the acid-catalyzed transformation
of the related hexanol 5 and the pentanol 6 to afford the
corresponding esters 9 and 10 in 86% and 78% yields,
respectively (Scheme 4). The alcohol 5 was prepared in an
analogous manner to 3a/3b with the sole modification that
CeCl; was added to the Grignard reagent in order to avoid
the facile elimination of the tertiary hydroxyl group that
was observed in the reaction of ketone 2 with methylmag-
nesium bromide. Moreover, the stereoselectivity also in-
creased considerably so that only one stereoisomer of 5
could be isolated from this reaction. However, as in the case
of the ethyl compounds 3a/3b,%! an assignment of the rela-
tive stereochemistry of the tertiary alcohol was not readily
achievable on the basis of NMR data. Fortunately, X-ray
analysis of the crystalline compound 5 revealed the syn-con-
figuration as shown in Figure 1.

Finally, convincing evidence for hydrogen transfer from
C-1 to C-5 was provided by the reaction of the deuterated
1,3-dioxolane derivative 7 [prepared by alkylation of deoxy-
anisoin (1) with 1-deuterio-3'-bromomethyl-1,3-dioxolane]
to form the C-5 deuterated ester 11. The NMR spectra
showed that, within experimental error, no loss of deu-
terium occurred during hydrogen transfer.

An interesting aspect of this work, to be verified in future
experiments, is that not only cations with a 1,5-relationship,
but any carbocation generated in a sterically favorable
orientation in the vicinity of the 1,3-dioxolane ring could
lead to hydride abstraction and subsequent addition of nu-
cleophiles to the 1,3-dioxolan-2-ylium cations.

In summary, a novel rearrangement in the hexestrol and
related systems resulting in an intramolecular redox reac-

OCH; OCH;,
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. :
78-94% HyCO 3]\2
t X __OoH
3a/3b,5-707 "0 snn & O
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Scheme 4. Further examples of the rearrangement of 5-hydroxydioxolanes to ethyleneglycole esters
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Figure 1. The molecule of alcohol 5 in the crystal

tion has been presented. Evidence for a 1,5-hydride transfer
reaction proceeding via a stable benzylic cation has been
provided by the stereochemistry of the process and the find-
ings of labeling experiments. Similar reactions are postu-
lated for any carbocations formed in a sterically favorable
orientation in the vicinity of dioxolane rings

Experimental Section

General Remarks: For general information concerning the equip-
ment, materials and methods used, see ref.’l.

rac-4-([1,3]Dioxolan-2-yl)-1,2-bis(4-methoxyphenyl)butan-1-one (2):
To a suspension of NaH in mineral oil (5.40 g, 0.180 mmol, 80%)
in dry diethyl ether under nitrogen was added a solution of deoxy-
4-anisoin (1) (30.00 g, 0.117 mol) and 2-(2-bromoethyl)-1,3-dioxol-
ane (19.4 mL, 0.164 mol). The mixture was stirred for 1 h until the
evolution of hydrogen had ceased (TLC monitoring) and then
poured into ice/water (0.5 L). The resulting emulsion was extracted
twice with CH,Cl, (300 mL), the combined organic phases were
washed successively with aqueous ammonium chloride solution
(100 mL) and water (100 mL), dried (Na,SO,), and concentrated
under reduced pressure to afford a yellow oil that crystallized from
diethyl ether (300 mL)/petroleum ether (40 mL); yield 35.2 g (86%);
m.p. 68°C. — IR (CCly): v = 2955—2802 cm~!' (CH), 1677 (CO),
1602, 1577, 1510 (Ar). — '"H NMR (CDCly): § = 1.54—2.29 (m, 4
H, 2 CH,), 3.74 (s, 3 H, OCH3), 3.78—3.96 (m, 4 H), 3.81 (s, 3 H,
OCH,), 4.52 (t, J = 74Hz, 1 H, 3-H), 487 (t, J = 45Hz, 1 H,
2'-H), 6.83 (dd, 4 H, ArH), 7.21 (d, / = 9 Hz, 2 H, ArH), 7.94 (d,
J = 9Hz, ArH). — 3C NMR: § = 28.27 (1), 31.96 (t), 52.24 (d),
55.52 (q), 55.73 (q), 65.18 (t), 104.80 (d), 113.97 (d), 114.62 (d),
129.57 (d), 130.19 (s), 131.27 (d), 132.16 (s), 158.88 (s), 163.51 (s),
198.76 (s). — MS; miz (%): 356 (14) [M™], 221 (28), 135 (100), 121
(11), 107 (9), 92 (9), 77 (17), 73 (23), 69 (6), 57 (9), 45 (15). —
C,H,405 (356.42): caled. C 70.77, H 6.79; found C 70.63, H 6.79.

(BR*,4R*)- and (3R*,45%)-6-(|1,3]|Dioxolan-2-yl)-3,4-bis(4-methoxy-
phenyl)hexan-3-ol (3a/3b): A Grignard solution was prepared from
Mg (6.56 g, 270 mmol) and ethyl bromide (20.7 mL, 270 mmol) in
dry diethyl ether (350 mL). This solution was then added dropwise
to a solution of the ketone 2 (48.00 g, 135 mmol) in dry THF
(750 mL) and the mixture was stirred for 6 h at 20°C under nitro-
gen (TLC monitoring). The reaction was subsequently quenched
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by the addition of 5% aqueous ammonium chloride solution
(300 mL). The organic phase was separated, the aqueous phase was
extracted with diethyl ether (300 mL), and the combined organic
phases were dried (Na,SO,4) and concentrated under reduced press-
ure to afford a pale yellow oil (49.23 g, 96%); syn:anti = 4:1 by 'H
NMR. — IR (CCly): ¥ = 3490 cm~! (OH), 2954—2836 (CH), 1613,
1513 (Ar). — 'H NMR (CDCl;): 6 = 0.71 (t, J/ = 7.3 Hz, 3 H,
CHs;), 1.26—2.14 (m, 4 H, 2 CH,), 2.87 (dd, J = 3.4Hz, J =
12.3 Hz, 1 H, 4-H), 3.75—3.90 (m, 4 H), 3.79 (s, 3 H, OCHj), 4.75
(t, J = 48Hz, 1 H, 2’-H), 6.71 (d, J = 8.7 Hz, 2 H, ArH), 6.81
(dd, J = 8.8 Hz, J = 14.8 Hz, 4 H, ArH), 7.08 (d, J = 8.8 Hz, 2
H, ArH). — 3C NMR (CDCls): § = 7.77 (q), 23.17 (t), 31.33 (1),
32.29 (1), 55.13 (q), 55.16 (q), 56.72 (d), 64.74 (1), 64.80 (t), 78.86
(s), 104.64 (d), 112.73 (d), 113.10 (d), 128.01 (d), 130.94 (d), 131.76
(s), 135.57 (s), 158.01 (s), 158.17 (s). — MS; m/z (%): 386 (1) [M '],
369 (100), 244 (10), 165 (72), 149 (24), 124 (12), 104 (8), 73 (4), 52
(4). — Cx3H300s5 (386.49): caled. C 71.48, H 7.82; found C 70.46,
H 7.40.

2-Acetyloxyethyl  (4R*,55%)-4,5-Bis(4-methoxyphenyl)heptanoate
(4): A solution of the 4:1 syn/anti mixture of the alcohols 3a/3b
(10.00 g, 25.9 mmol) in acetic acid (400 mL) was treated with 70%
perchloric acid (0.1 mL) and stirred for 14 h at 50°C. The solvent
was then removed under reduced pressure, the residue was redis-
solved in diethyl ether (200 mL), and this solution was washed
three times with saturated aqueous sodium hydrogen carbonate
solution (30 mL) and then with brine (10 mL). The ethereal solu-
tion was dried (MgSO,) and concentrated under reduced pressure
to afford the diester (5.90 g, 54%) as colorless crystals (diethyl
ether); m.p. 96°C. — IR (KBr): v = 2938—2874 cm~ ! (C—H), 1734
(C=0), 1631, 1534 (Ar). — 'H NMR (CDCl;): § = 0.53 (t, J =
7.3 Hz, 3 H, CH;), 1.23—1.77 (m, 4 H, 2 CH,), 1.93—-2.00 (m, 2
H, CH,), 2.03 (s, 3 H, CH3COO), 2.45-2.67 (m, 2 H, 4,5-H), 3.81
(s, 6 H, 2 OCHs;), 4.05—-4.20 (m, 4 H, 1',2'-CH,), 6.86 (d, J =
8.5Hz, 4 H, ArH), 7.08 (dd, J = 8.5 Hz, 4 H, ArH). — '3C NMR
(CDCl): 6 = 12.08 (q, C-7), 20.73 (q), 27.38 (t, C-6), 29.49 (t, C-
3), 32.23 (t, C-2), 50.75 (d, C-4), 53.47 (d, C-5), 55.10 (q, 2 OCHs),
61.72 (1), 62.10 (t), 113.61 (d), 113.75 (d), 129.06 (d, 4 Ar C), 135.33
(s), 135.75 (s), 157.85 (s), 158.02 (s), 170.05 (q), 173.33 (q). — MS
(70 eV); mlz (%): 428 (1) [M*], 325 (3) [M* — OCH,CH,OOCH;],
279 (18), 217 (2), 150 (12), 149 (100), 87 (89), 43 (19). — HRMS:
C,5H3,04: calced. 428.2198; found 428.2121 + 3 ppm.

(2R*,3R*)-5-(|1,3|Dioxolan-2-yl)-2,3-bis(4-methoxyphenyl)pentan-
2-0l (5): To a suspension of methylmagnesium iodide (0.94 g,
12.6 mmol) and dry CeCl; (3.15 g, 12.8 mmol) in diethyl ether
(15 mL) was added a solution of ketone 2 (3.00 g, 8.4 mmol) in dry
diethyl ether (15 mL). After stirring for 2 h at 20°C, the reaction
was quenched by the addition of 5% aqueous ammonium chloride
solution (20 mL), the organic phase was separated, and the aque-
ous phase was extracted with diethyl ether (30 mL). The combined
organic phases were dried (MgSO,) and concentrated under re-
duced pressure to afford the alcohol 5 (3.04 g, 97%) as a yellow oil.
— IR (KBr): v = 3512—-3369 cm~! (OH), 2959—-2827 (C—H),
1617, 1516 (Ar). — 'H NMR (CDCl;): § = 1.24—1.95 (m, 4 H, 2
CH,), 1.47 (s, 3 H, CH3), 291 (dd, J = 34 Hz, J = 12.3Hz, 1 H,
3-H), 3.70—3.93 (m, 4 H) + (s, 3 H, OCHs), 3.83 (s, 3 H, OCH,;),
6.72—7.00 (m, 6 H), 7.18—7.30 (m, 2 H). — 3C NMR (CDCl;):
d = 23.95 (t, C-2), 26.98 (q, C-6), 32.72 (t, C-3), 55.56 (q, OCHy),
55.61 (g, OCH3), 57.50 (s, C-4), 65.12 (t, acetal), 65.17 (t), 76.47
(s), 104.96 (d, C-2'), 113.29 (d), 113.69 (d), 127.71 (d), 131.34 (d),
132.10 (s), 139.07 (s), 158.65 (s), 158.73 (s). — MS (70 eV); m/z (%):
371 (60) [M™ — H], 339 (34), 221 (92), 149 (100), 127 (57), 81 (21).
— HRMS (C5,H»305): caled. 372.1937; found 372.1859 *+ 5 ppm.
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(1R*,2R*)-4-(|1,3]Dioxolan-2-yl)-2,3-bis(4-methoxyphenyl)butan-
2-0l (6): To a suspension of LAH (0.16 g, 30.0 mmol) in THF was
added a solution of 2 (6.00 g, 16.8 mmol) in dry THF (20 mL).
After stirring for 1 h at 20°C, the reaction was quenched by the
dropwise addition of water followed by 2 N HCI. The resulting
mixture was then extracted with diethyl ether (10 mL), the organic
phase was washed with aqueous sodium hydrogen carbonate solu-
tion and brine, dried (Na,SO,), and the solvent was evaporated
under reduced pressure to yield alcohol 6 (5.55 g, 92%) as colorless
crystals. — IR (KBr): v = 3498 cm~! (OH), 2948—2839 (C—H),
1617, 1510 (Ar). — '"H NMR (CDCl;): § = 1.35—-1.70 (m, 4 H,
CH,), 2.77—-2.89 (m, 1 H, 4-H), 3.64—3.94 (m, 4 H), 3.83 (s, 3 H,
OCH;), 3.84 (s, 3 H, OCHj), 4.54—4.80 (m, 2 H, 1,2'-H),
6.87—6.99 (m, 4 H), 7.16—7.30 (m, 4 H, ArH). — 3C NMR
(CDCly): & = 26.7 (q, C-5), 32.19 (t, C-3), 53.77 (d, C-4), 55.67 (q,
2 OCHj3), 65.11 (t), 65.18 (t), 104.83 (d, C-1), 114.08 (d), 114.51
(d), 128.52 (d), 130.15 (d), 133.17 (s), 135.25 (s), 158.96 (s), 159.53
(8). — MS (70 eV); m/z (%): 358 (20) [M "], 357 (16) [M* — H], 325
(20), 295 (10), 221 (100), 175 (3), 79 (10), 61 (3). — HRMS
(C51H5405): caled. 358.1780; found 358.1702 + 5 ppm.

2-Deuterio-2-(2-bromoethyl)-1,3-dioxolane: To a suspension of lith-
ium aluminium deuteride (0.32 g, 7.6 mmol) in dry THF (10 mL)
under argon was slowly added a solution of ethyl 3-bromopropi-
onate (1.81 g, 10.0 mmol) in dry THF (25 mL). The mixture was
stirred for 3 h at 20°C and then the reaction was carefully quenched
by the dropwise addition of water. The resulting solution was acidi-
fied by the addition of 2 N HCI (2 mL) and extracted twice with
diethyl ether (50 mL). The combined organic phases were washed
with sodium hydrogen carbonate solution and brine, dried
(Na,SOy), and concentrated under reduced pressure to afford oily
1,1-dideuterio-3-bromopropanol (1.18 g, 100%). To a solution of
Dess—Martin periodinane!'” (2.87 g, 10.32 mmol) in CH,Cl,
(20 mL) was added a solution of 1,1-dideuterio-3-bromopropanol
(1.18 g, 8.3 mmol) in dry CH,Cl, (20 mL). Diethyl ether (50 mL)
was then added and the mixture was washed with 1 N sodium hy-
droxide (5mL) and brine (5 mL). The solvent was subsequently
evaporated under reduced pressure to afford 1-deuterio-3-bromo-
propanal (1.15 g, quantitative), which was directly used in the next
reaction without purification. Thus, a solution of the 1-deuterio-3-
bromopropanal (1.15g, 8.3 mmol) and ethylene glycol (0.52 g,
8.4 mmol) in CH,Cl, was treated with 30 mg of p-toluenesulfonic
acid and 5 g of freshly heated silica gel and the mixture was re-
fluxed for 2 h. The solvent was then evaporated under reduced
pressure to afford 2-deuterio-2-(2-bromoethyl)-1,3-dioxolane (1.4 g,
94%) as a colorless oil.

(BR*4R*)- and (3R*,4S5*)-2-Deuterio-6-([1,3]dioxolan-2-yl)-3,4-
bis(4-methoxyphenyl)hexan-3-ol (7): 2’-Deuterio-4-[1,3]dioxolan-2-
yl-1,2-bis(4-methoxyphenyl)butan-1-one was prepared as described
for the nondeuterated compound 2 from NaH (0.54 g, 80%,
18 mmol), deoxy-4-anisoin (3.30 g, 11.7 mmol), and 2-deuterio-2-
(2-bromoethyl)-1,3-dioxolane (2.20 g, 12.1 mmol, see below); yield
3.51 g (84%)), colorless crystals; m.p. 67°C. The deuterated alcohol
7 was then prepared as described for 3a/3b from Mg (0.30 g,
12.3 mmol), ethyl bromide (1.46 g, 13.4 mmol), and 2’-deuterio 4-
[1,3]dioxolan-2-yl-1,2-bis(4-methoxyphenyl)butan-1-one  (3.00 g,
7.7 mmol) to afford a 5:1 syn/anti mixture ('"H NMR) of 7. — IR
(KBr): ¥ = 3562—3391 cm ™! (OH), 2962—2862 (C—H), 1633, 1529
(Ar). — "H NMR (CDCly): 8 = 0.73 (t, J = 7.3 Hz, 3 H, CHj),
1.18—2.12 (m, 4 H, 2,3-CH,), 2.87 (dd, J = 3.4 Hz, J = 12.3 Hz,
1 H, 4-H), 3.75—-3.90 (m, 4 H), 3.80 (s, 3 H, OCH3), 6.71 (d, J =
8.7Hz, 2 H, ArH), 6.81 (dd, J = 8.8 Hz, J = 14.8 Hz, 4 H, ArH),
7.08 (d, J = 8.8 Hz, 2 H, ArH). — 3C NMR (CDCl;): § = 8.20
(q, C-7), 23.57 (t), 31.82 (t), 32.55 (t), 55.54 (q, OCH3), 57.12 (q,
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OCH;), 65.14 (t, acetal CH,), 79.25 (s, C-5), 113.10 (s), 113.48 (s),
128.47 (s), 131.36 (s), 132.19 (s), 135.89 (s), 158.39 (s), 158.55 (s).
— MS (70 eV); mlz (%): 357 (4) [M*], 326 (6), 237 (50), 150 (100),
121 (22), 45 (5). — HRMS (C53H3(0s): calcd. 387.2156; found
387.2168 * 3 ppm.

2-Hydroxyethyl (4R*,55%)-4,5-Bis(4-methoxyphenyl)heptanoate (8):
A solution of the acetals 3a/3b (10.00 g, 25.9 mmol) in CH,Cl,
(100 mL) was treated with 3 drops of 70% perchloric acid. After
standing for 6 h at 20°C, the solution was washed with saturated
aqueous sodium hydrogen carbonate solution (10 mL) and brine
(10 mL), and concentrated under reduced pressure to afford the
ester 8 (7.80 g, 87%) as colorless crystals; m.p. 88°C (diethyl ether).
— IR (KBr): v = 3567 cm ™' (OH), 2956—2839 (C—H), 1712 (C=
0), 1609, 1519 (Ar). — 'H NMR (CDCl): § = 0.56 (t, J = 7.3 Hz,
3 H, CHy), 1.23-2.09 (m, 6 H, 2,3,6-CH,), 2.46—2.67 (m, 2 H,
4,5-H), 3.72—3.79 (m, 2 H, 2'-CH,), 3.84 (s, 6 H, 2 OCH,;), 4.07
(t,2 H, 1'-CH,), 6.8 (dd, J = 1.6 Hz, J = 8.7 Hz, 4 H, ArH), 7.08
(dd, J = 8.5 Hz, 4 H, ArH). — 3C NMR (CDCl,): § = 12.56 (q,
C-7), 27.86 (t, C-6), 30.01 (t, C-3), 32.78 (t, C-2), 51.27 (d, C-4),
53.95 (d, C-5), 55.62 (q, 2 OCHs), 61.51 (t, C-2'), 66.18 (t, C-1"),
114.14 (d), 114.28 (d), 129.56 (d, 4 ArC), 135.83 (s), 136.27 (s),
158.39 (s), 158.54 (s), 171.39 (q). — MS (70 eV); m/z (%): 386 (4)
[M*],325(10) [M* — OCH,CH,OH], 237 (92), 193 (12), 149 (100),
121 (22), 45 (5). — HRMS (Cy3H300s): caled. 386.2093; found
386.2099 £ 3 ppm.

2-Hydroxyethyl (4R*,55%)-4,5-Bis(4-methoxyphenyl)hexanoate (9):
A solution of alcohol 5 in CH>Cl, (100 mL) was treated with 3
drops of perchloric acid as described for 8 to afford 9 (7.11 g, 86%)
as colorless crystals; m.p. 88°C. — IR (KBr): ¥ = 3563—3373 cm ™!
(OH), 2960—2902 (C—H), 1621, 1516 (Ar). — 'H NMR (CDCl,):
6 =1.00(d, J = 7.8Hz 3 H, CH3), 1.61-2.09 (m, 4 H, 2,3-CH,),
2.54—-2.86 (m, 2 H, 4,5-H), 3.70—3.77 (m, 2 H, 2’-CH,), 3.84 (s, 6
H, 2 OCHs;), 4.06—4.15 (m, 2 H, 1'-CH,), 6.89 (dd, J = 1.8 Hz,
J = 6.8 Hz, 4 H, ArH), 7.09—7.18 (m, 4 H, ArH). — 3C NMR
(CDCly): 6 = 21.64 (q, C-6), 29.93 (t, C-3), 32.87 (t, C-2), 46.07
(d, C-5), 52.24 (d, C-4), 55.65 (q, 2 OCHs;), 61.56 (t), 66.21 (t),
114.26 (d), 128.78 (d), 129.57 (d), 135.45 (s), 138.73 (s), 158.38 (s),
158.60 (s), 174.35 (q). — MS (70 eV); mlz (%): 372 (5) [M*], 311
(10) [M* — OCH,CH,OH], 237 (92), 175 (48), 135 (100), 91 (27),
18 (22). — HRMS (C,,H»305): caled. 372.1937; found 372.1939
+ 5 ppm.

rac-2-Hydroxyethyl 4,5-Bis(4-methoxyphenyl)pentanoate (10): A
solution of alcohol 6 (1.00 g, 2.79 mmol) in CH,Cl, (100 mL) was
treated with 3 drops of perchloric acid as described for 8 to afford
the ester 10 (0.78 g, 78%) as colorless crystals; m.p. 78°C. — IR
(KBr): v = 3523 cm~! (OH), 2933-2841 (C—H), 1711 (C=0),
1609, 1508 (Ar). — 'H NMR (CDCls): § = 1.84—2.24 (m, 4 H, 2
CH,), 2.75-2.95 (m, 3 H, 4,5-H), 3.59—3.91 (m, 2 H), 3.78 (s, 3
H, OCH;), 3.81 (s, 3 H, OCHj;), 4.12—4.27 (m, 2 H), 6.67—7.30
(m, 8 H). — 3C NMR (CDCl;): § = 30.97 (t, C-3), 32.75 (t, C-2),
43.37 (t, C-5), 47.18 (d, C-4), 55.59 (q, 2 OCH3), 61.43 (), 66.28
(t), 114.26 (d), 128.78 (d), 129.57 (d), 135.45 (s), 138.73 (s), 158.38
(s), 158.60 (s), 174.35 (q). — MS (70 eV); m/z (%): 358 (16) [M '],
297 (10), 297 (12), 237 (100), 175 (30), 147 (70), 91 (2). — HRMS
(C51H5605): caled. 358.1780; found 358.1773 = 5 ppm.

2-Hydroxyethyl (4R*,55%)-5-Deuterio-4,5-bis(4-methoxyphenyl)hep-
tanoate (11): A solution of 7 (2.00g, 5.16 mmol) in CH,Cl,
(100 mL) was treated with 3 drops of perchloric acid as described
for 8 to afford the rearranged ester 11 (1.84 g, 92%) as colorless
crystals; m.p. 90°C. — IR (KBr): ¥ = 3587 cm~' (OH), 2922—-2818
(C—H), 1731 (C=0), 1613, 1521 (Ar). — '"H NMR (CDCl5): § =
0.56 (t, J = 7.3 Hz, 3 H, CHj3;), 1.20—2.00 (m, 6 H, 3 CH,), 2.65
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(dd, J = 333Hz, J = 112 Hz, | H, 4-H), 3.70 (t, J = 4.6 Hz, 2
H, CH,), 3.83 (s, 6 H, 2 OCHs3), 4.06 (t, J = 4.6 Hz, 2 H, CH,),
6.89 (d, J = 8.5Hz, 4 H, ArH), 7.11 (d, J = 8.4 Hz, 4 H, ArH).
— 13C NMR (CDCly): § = 12.5 (g, C-7), 27.75 (t, C-6), 29.97 (t,
C-3), 3278 (t, C-2), 51.16 (d, C-4), 55.62 (q, 2 OCH3), 61.46 (1),
66.18 (t), 114.14 (d), 114.28 (d), 129.56 (d, C-9,13,15,19), 135.83
(s), 136.27 (s), 158.39 (s), 158.54 (s), 171.39 (q). — MS (70 eV); mlz
(%): 387 (4) [M*], 326 (10) [M* — OCH,CH,OH], 237 (92), 193
(12), 149 (100), 121 (22), 45 (5).

X-ray Crystallographic Study of 5:1'!] Crystal data: C5,H,305, M, =
372.44, monoclinic, space group P2, (no. 4), a = 5.972(2), b =
28.383(7), ¢ = 11.674(3) A, B = 97.59(2)°, V = 1961.4(10) A3, Z =
4, D, = 1.261 Mg/m®. Data collection: Bruker AXS P4 dif-
fractometer; Mo-K,, radiation, A = 0.71073 A, graphite mono-
chromator, crystal size 0.12 X 0.14 X 0.50 mm, 7 = 203(2) K, o-
scan, 23 =@ =260°, -7=h=1,-35=k=1 -1l4=]=
14; 5306 reflections collected, 4100 independent reflections (R;,, =
0.054), u = 0.088 mm ™. Structure solution by direct methods, full-
matrix least-squares refinement based on 4100 F? values and 494
parameters, hydrogen atoms located from difference map and re-
fined as a riding model; all but the hydrogen atoms were refined
anisotropically; anisotropic displacement parameters of O(5) and
C(8) indicate strong disorder, which could not be resolved. The
asymmetric unit was found to contain two independent molecules
that are mirror images of one another and thus reflect the 1:1 ra-
cemic nature of the sample. However, the space group shows ne-
ither mirror nor inversion symmetry elements (MISSYM!['?)). Max
(A.0) < 0.001, Goof = 1.008, Rl [I > 25(])] = 0.066, wR2 (all
data) = 0.194, min/max. height in final AF map —0.26/0.35 e/A3,
Program used: SHELXTL NT 5.10.013!

Eur. J. Org. Chem. 1999, 3495—3499

[ Reviews: "2l K. Krohn, K. Kulikowski, H. Miiller, M. PreiB3,

G. Leclercq, Cytotoxic Groups Linked to Synthetic Estrogens in

Trends in Medicinal Chemistry '90 (Eds.: S. Sarel, R. Mechou-

lam, I. Agranat), Blackwell Scientific Publications, 1992, p.

333—340. — P G. Heuson, J. C. Leclercq, Anticancer Res.

1981, 7, 217-228.

Cisplatin: Chemistry and Biology of a Leading Anticancer Drug

(Ed.: B. Lippert), Helvetica Chimica Acta, Basel, 1999.

BI'D. M. Spyriounis, V. J. Demopoulos, P. N. Kourounakis, D.
Kouretas, A. Kortsaris, O. Antonoglou, Eur. J Med. Chem.
1992, 27, 301—305.

4 J. P. DiZio, K. E. Carlson, C. Bonnochie, M. J. Welch, E. von
Angerer, J. A. Katzenellenbogen, J. Steroid Biochem. Mol. Biol.
1992, 42, 363—373.

BI' K. Krohn, K. Kulikowski, G. Leclercq, J. Med. Chem. 1989,
1532—1538.

] H. Meerwein, K. Bodenbrenner, P. Borner, F. Kunert, K. Wun-
derlich, Liebigs. Ann. Chem. 1960, 632, 39—55.

71 H. Meerwein, V. Hederich, H. Morschel, K. Wunderlich, Lie-
bigs. Ann. Chem. 1960, 635, 1—21.

Bl C. U. Pittman Jr., S. P. McManus, J. W. Larsen, Chem. Rev.
1972, 72, 357—438.

I K. Krohn, A. Michel, U. Florke, H.-J. Aust, S. Draeger, B.
Schulz, Liebigs Ann. Chem. 1994, 1093—1097.

00D, B. Dess, J. C. Martin, J Am. Chem. Soc. 1987, 100,
2226—2227.

U1 Crystallographic data (excluding structure factors) for the struc-
ture reported in this paper have been deposited with the Cam-
bridge Crystallographic Data Centre as supplementary publi-
cation no. CCDC-119461. Copies of the data can be obtained
free of charge on application to the CCDC, 12 Union Road,
Cambridge CB2 1EZ, U.K. [Fax: (internat.) +44 (0)1223
336033; E-mail: deposit@ccdc.cam.ac.uk].

121y LePage, J Appl. Cryst. 1987, 20, 264—269.

131 Bruker AXS, SHELXTL NT 5.10; Bruker AXS, Inc., 6300 En-
terprise Lane, Madison, Wisconsin, USA.

Received April 29, 1999
[099248]

B

3499



