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Synopsis. Acid-catalyzed hydrolyses of spiroorthoeters
(1, 2a, 2b, and 2c) and spiroorthocarbonates (3 and 4) were
carried out to give the corresponding ring-opening reaction
products. The ring-cleavage modes of these spiro derivatives
depended on the structure of intermediate cations.

Cationic ring-opening polymerization of spiro-
orthoesters (SOE)!+2 and spiroorthocarbonates (SOC),3—9
which undergo no shrinkage in volume on polymeriza-
tion, affords the poly(ester—ether)s and poly(carbonate-
ether)s, respectively. Radical ring-opening polymeriza-
tion, and polyaddition of unsaturated spiroorthoesters
(USOE)? or spiroorthocarbonates (USOC)® have been
reported. Although, each of SOE, SOC, USOE, and
USOC is rather labile to moisture, there is few report
on the hydrolysis of them, i.e. hydrolysis of cyclic
dialkoxy orthoesters by Deslongchamps and et al.1®
and that of benzospiroorthoesters via dialkoxycarboca-
tion intermediate by McClelland and Moreau.19

In this paper, we describe hydrolyses of some spiro
derivatives in order to demonstrate the stability of
these spiro monomers to water, and to clear the ring-
cleavage mode of USOE and USOC.
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Results and Discussion

As indicated in Scheme 1, there are two possible
modes (a and b) of decomposition of intermediates (6a
and 6b) producing hydroxy esters 7a, 7b, and lactone 8
in hydrolysis of SOE. Actually, the mixture of 7a and
7b was obtained by the hydrolysis of SOE 1, but 8 not at
all. This result shows that the reaction proceeds via
mode a only and further lactonization of the produced
hydroxy esters does not occur.

In the hydrolysis of USOE 2, there are two possible
initial intermediates 9 and 13. The former may give
hydroxy ester 12, and the latter, ester 16 via mode a
(Scheme 2). The exclusive formation of 12 (Table 1)
suggests that the intermediate 9 is more stable than 13
because of conjugate structure of cation.

There are two possible modes of decomposition of
intermediate 11 which eventually affords 12 via mode a
or lactone 17 and hydroxyacetone 18 via mode b. The
hydrolysis of 2a produced immediately corresponding
12a accompanied by large amount of 17a. 12a can give
the lactone under the similar conditions, but this
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Table 1. Acid-Catalyzed Hydrolysis of Unsaturated Spiroorthoesters®
Unsaturated Reaction ti Products®
. eaction time
spiroorthoester Hydroxy ester Yield/% Lactone Yield/%
o
. 1 1l o=<‘cﬂ }
2a 10 min CH3CCH20C+{CHgz»OH 15 2’3 57
12a 17a
I [ 1}46 o
2b 60 min CH3CCH20CCH2CHCH2:CH20H 74 °=< 2 Trace
12b
20h 0 17b 100
I Il 0
2 20 h CH3CCHz0C4CH3rOH 63 X ) 0
12c 2’s
17c

a) Hydrolysis proceeded in THF/H20 (4/1 in volume) at ambient temperature. b) Isolated yield.
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process is relatively slow.® Therefore, the hydrolysis
of 2a proceeds via both modes a and b. The hydrolysis
of 2b initially (60 min) gave the corresponding hy-
droxy ester 12b, but finally (20 h) lactone 17b quantita-
tively. Meanwhile, the hydrolysis of 2c¢ produced only
12c. In conclusion, the mode of the hydrolysis of
USOE including subsequent lactonization depends
upon the structure (possibly upon the ring size) of
spiro derivatives.

The hydrolysis of SOC 3 was completed in 10 min to
give 20 and 21 in 24% and 56% yields, respectively
(Scheme 3). This behavior of 3 is very similar to that of
SOE (Scheme 1). The less selectivity in this hydrolysis
is in good accordance with the results of cationic ring-
opening polymerization of 3 which afforded a mixture
of poly(ether-carbonate) and polyether with the
elimination of 21.9

In contrast to 3 USOC 4 having bidenticle exo-
methylene groups was hydrolyzed to give only 24 via
mode a. As shown in Shceme 4, decomposition of
intermediate 23 take place via protonation of vinyl
ether group followed by ring cleavage.

Experimental

Preparation of Spiroorthoester Derivatives. SOE 1 and
USOEs (2a, 2b, and 2c) were prepared by the method
reported earlier.?-19

2b: colorless liquid; bp 52—54 °C/0.4 mmHg (1 mmHg=
133.322 Pa); IR (neat) 1693 (C=C), 1284, 1188, 1168, 1141,
1115, 1068, 1041, and 1018 cm~!; 'H NMR (CDCls) 6=4.7—
4.3 (3H, m), 4.0—3.7 (3H, m), 21— 1.8 (2H, m), 1.0—1.7
(3H, m), and 0.99 (3H, d, J=6.3 Hz); ¥*CNMR (CDCls)
6=155.3, (121.2*), 120.8, 79.7, (79.2*), (66.5%), 65.3, (64.5%),
64.4, 39.6, 32.8, (28.0%), 27.9, and 21.7 (*: chemical shift of
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minor isomer); Anal. (CeH1403) C, H.

Preparation of Spiroorthocarbonate Derivatives. The
preparation of 3!? and 4!'? was carried out according to the
procedure reported previously.

Hydrolysis (General Procedure). A solution of spiro
derivative and a few drops of aq HCI (6 mol dm~2) in THF or
THF-H:O were stirred at ambient temperature. The
reaction was monitored by GC. The reaction mixture was
quenched by adding a few drops of saturated aq NaHCOs3,
dried over MgSOy4, and evaporated.

7aand 7b: separated by silica gel preparative TLC (ethyl
acetate as eluent); quantitative yield; IR (neat) 3400 and
2940 cm~1; 'H NMR (CDCls) 6=4.23 (2H, d, J=7 Hz)*, 422 (2H,
d, J=6 Hz)*, 4.08 (1H, m) 3.68 (2H, t, J=7 Hz), 3.64 (2H, d,
J=6Hz), 3.12 (1H, br s, -OH), 2.40 (2H, t, J=7 Hz)**, 2.32
(2H, t, J=7 Hz)**, 1.92 (1H, br s, -OH), and 1.2—1.8 (6H, m)
(*, **: chemical shift of 7a or 7b). 12a: colorless liquid, 15%;
bp 125°C/0.55 mmHg (Kugelrohr); IR (neat) 3400 and
1725 cm~1; TH NMR (CDCls) 6=4.68 (2H, s), 3.68 (2H, t,
J=6 Hz), 2.73 (1H, br s), 2.56 (2H, t, J=7 Hz), 2.17 (3H, s),
and 1.91 (2H, tt, J=7 Hz, 6 Hz); 3C NMR (CDCls) 6=202.0,
173.1, 68.2, 61.4, 30.4, 27.6, and 26.0; HRMS Found: m/z
160.0730. Calcd for C7H1204: M, 160.0735. 12b: colorless
liquid; bp 150 °C/0.15 mmHg (Kugelrohr); IR (neat) 3450
and 1730 cm~1; 'H NMR (CDCls) §=4.68 (2H, s), 3.69 (2H, t,
J=6.6 Hz), 2.6—2.0 (4H, m), 2.17 (3H, s), 1.59 (2H, m), and
1.02 (3H, d, J=6.5 Hz); 3C NMR (CDCls) 6=201.7, 172.4,
68.1, 60.3, 41.2, 39.2, 27.1, 26.1, and 20.0; HRMS Found: m/z
188.10343. Calcd for CsH1604: M, 188.10485. 12c: colorless
liquid; bp 140 °C/0.09 mmHg (Kugelrohr); IR (neat) 3400 and
1730cm—!; '*H NMR (CDCls) 6=4.67 (2H, s), 3.64 (2H, t,
J=6 Hz), 2.46 (2H, t, J=7 Hz), 2.17 (3H, s), 2.13 (1H, s), and
1.9—1.2 (6H, m); 3C NMR (CDCl3) 6=201.8, 173.0, 68.1,
62.4, 33.7, 32.2, 26.0, 25.2, and 24.5; HRMS Found: m/z
188.10537. Calcd for CoH1604: M, 188.10485. 20: separated
by silica-gel preparative TLC (hexane/ethyl acetate=2/8 in
volume as eluent); colorless oil, 24%; bp 135 °C/0.12 mmHg
(Kugelrohr); IR (neat) 3350 and 1740 cm~!; tH NMR (CDCls)
6=4.30 (4H, m), 3.83 (4H, m), and 3.73 (2H, br s, -OH). 24:
colorless needle (recrystallized from CCly), 96%; mp 71—
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71.5°C; IR (KBr) 1766 and 1728 cm—%; 'H NMR (CDCls)
6=4.71 (4H, s) and 2.21 (6H, s); 13C NMR (CDCls) 6=201.1,
154.4, 71.3, and 26.0; Anal. (C7H1005) C, H.
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