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Advances in the chemistry of the pentacycloundecane
series of hydrocarbons (C;,Hj4)"2 are partially due to the
facile synthesis of starting materials such as pentacyclo-
[5.4.0.028,0%10,05%lundecane-8,11-dione® (1le¢) with two
conveniently oriented functional groups. The carbonyl
groups are suitable for the introduction of substituents
into the molecular framework and for rearrangement of
the carbon skeleton itself.45 We have investigated the
Knoevenagel reaction of pentacycloundecane ketones with
isopropylidenemalonate (Meldrum’s acid) as a means of
preparing new derivatives of the pentacycloundecanes and
their skeletal isomers. The preparation of derivatives with
Meldrum’s acid and their subsequent chemical rear-
rangements have been reported previously;®—8 however,
their use in expanding the synthetic possibilities in the
chemistry of polyhedral molecules has not been exploited.

Discussion

The keto derivatives of pentacyclo[5.4.0.0%8,03.10 059].
undecane (la—c) and of pentacyclo[6.3.0.026,0%10,059].
undecane (3a—c) readily form condensation products with
Meldrum’s acid in pyridine solution (see Scheme 1). The
formation of 2a—c and 4a—c can be followed by the
appearance of the C=C band (1610—1645 cm™) and the
C=0 bands (Meldrum’s acid moiety, 1725—1750 cm~1) in
the IR spectra. In the 'H NMR spectra of 1a—e no cage
proton appears downfield from 3.5 ppm, but in 2a the two
newly formed allylic protons appear at 3.97 and 4.16 ppm
and at 3.97 and 4.12 ppm in 2b. In the more—symmetric
compound 2¢ the allylic protons are shifted to lower field
appearing at 4.57 and 4.69 ppm. Incompound 4a the two
allylic protons are chemically equivalent and the protons
absorb at 3.56 ppm while in 4b they occur at 3.72 ppm
and at 3.53 and 3.73 ppm in 4¢. The dichloro and difluoro
compounds 1d and 1e do not react with Meldrum’s acid.

The formation of compound 2b is unexpected since the
reaction of 1b with the sodium salt of malonic ester leads
to transannular cyclization and the formation of 12-
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oxahexacyclo[7.2.1.028,037,0411,0819]dodecane.? The reac-
tion of Meldrum’s acid with 1a—c¢ was run in pyridine for
5 days at room temperature (see Experimental Section),
and monitoring during this period indicated only starting
material and 2b with the ratio changing as a function of
time. Malonic ester under the same conditions did not
react. This excludes the possibility of the formation of a
12-oxahexacyclododecane type intermediate. The path-
way involving the formation of the alkoxyanion after attack
on the C=0 group and the subsequent displacement of
the bromine atom does not occur in this system. The
acidity of the Meldrum’s acid may be sufficient to
neutralize the alkoxyanion.

The products from the reaction of 2a—c and 4a—c¢ with
sodium borohydride depends upon the nature of the
starting product. For compounds 2a—c the hydride ion
first attacks the §-carbon of the double bond (relative to
the alkoxycarbonyl fragment) from the exo direction. This
is confirmed by the multiplicity of the NMR signal of this
proton in compound 8 which occurs at 1.92 ppm (dt). The
observed 3-Hz coupling constant is consistent with the
3-5 Hz constant observed for exo protons in these systems
compared to less than 1-Hz constant for endo proton
couplings.® Only the simple reduction product is recovered
from the reaction of 2a. Compound 5§ is also obtained
when 2a is reduced with LiAlH, in THF. The reduction
of 4a gives the only possible product 8 (monosubstituted
D;-trishomocubane) while reduction of 4b gives 7a and
7b in equal amounts implying no stereospecificity for
hydride attack on the double bond. The stereochemistry
of the bromine atom at carbon 4 is fixed and the two
epimers were separated by column chromatography with
the stereochemistry 4S,7R assigned to 7a and 48,78 to
7b.10-12

The anion formed from the hydride addition to 2b
immediately displaces the bromide ion giving compound

¢) R=Me,x=Br
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8 while the anion from 2¢ attacks the double bond of the
adjacent Meldrum’s acid adduct to form 9. Both com-
pounds are derivatives of the “bird-cage” hydrocarbon
hexacyclo[5.4.1.02€,0%10,059 0811]dodecane. 1314

Although “bird-cage” compound 8 was synthesized easily
from 1b, to be synthetically more useful the 1,3-dioxane
ring must be cleaved. When 8 was treated with alkaline
methanol, only compounds 10a and 10b were recovered.
The saponification of § with KOH in methanol was
unsatisfactory. When compound 8 was boiled in a mix-
ture of HCI and acetic acid for 2.5 h, the diacid 11 was
produced. Reaction of 11 with diazomethane in ether
yielded the diester 12. The same diester is produced by
the reaction of diazomethane with compounds 10a and
10b. The analogous acid hydrolysis with 6 and § pro-
duced the substituted malonic acid 13 and the decar-
boxylated monoacid 14. Treatment of 14 with diazo-
methane gave ester 15. Acid hydrolysis of 9 gave the
triacid 16 which was converted to the triester 17 for easier
purification and characterization. Acid hydrolysis of 4b
yielded the diacid 18 which gave the ester 19 upon reaction
with diazomethane. The diacid, monoacid and ester
derivatives of the “bird-cage” hydrocarbon hexacyclo-
[5.4.1.028,0510 055 0811]dodecane are suitable precursors
for the further elaboration of this cage system. We
anticipate the use of 14 in the preparation of compounds
with stereospecific substitution at C(8), and the prepara-
tion of heterocyclic compound from 11 and 12.

Experimental Section

All 'H and 13C NMR spectra were recorded on 200-MHz or
500-MHz instruments using TMS as reference in CDCls. IR
spectra were recorded in methylene chloride, and all chroma-
tography was performed on silica gel columns. Melting points
are uncorrected.

General Procedure for the Reaction of Compound la—c
and 3a—c with Isopropylidene Malonate (Meldrum’s acid).
To 0.020 mol of the carbonyl compound in 20 mL of pyridine was

(13) Marcha.nd, A. P.; Rajapaksa, D. Tetrahedron Lett. 1998, 34,
1463-1466.
(14) Marchand, A. P.; Wu, A.-H. J. Org. Chem. 1986, 51, 1897—~1900.

added 0.024 mol of isopropylidene malonate. In the case of the
diketone 1c¢ to 0.020 mol of the diketone in 40 mL pyridine was
added 0.04 mol of Meldrum’s acid. Several times during the first
hour the mixture was agitated to dissolve the acid, and then the
mixture was left standing for 5 days (1la—e) or 10 days (3a—c).
Then the reaction mixture was poured into water (200 mL) and
the precipitated compounds were recovered by filtration.

2a: 1a (3.20 g, 20 mmol) was treated with 3.46 g (24 mmol)
of isopropylidene malonate, yield 4.64 g (81%), mp 157—158 °C
(from aqueous acetone); !H NMR 6 1.17 and 1.26 (AB dd, Jag =
10.5 Hz), 1.46 and 1.85 (AB dd, Jag = 11.0 Hz), 1.65 (s), 1.66 (s),
2.45 (m, 2H), 2.61 (m, 1H), 2.74 (m, 1H), 2.90 (m, 1H), 3.11 (m,
1H), 3.97 (m, 1H), 4.16 (m, 1H); 1*C NMR é 26.7, 27.3, 30.5, 36.5,
39.4, 42.5, 42.6, 43.8, 47.1, 47.5, 50.2, 50.4, 103.5, 111.2, 160.6,
160.8, 194.1; IR (cm™!) 1610, 1730. Anal. Caled for C17H1504:
C, 71.31; H, 6.34. Found: C, 71.24; H, 6.34.

2b: 1b (4.78 g, 20 mmol) was treated with 3.46 g (24 mmol)
of isopropylidene malonate, yield 6.13 g (84%), mp 178—179 °C
(from acetone); 'H NMR & 1.63 and 1.95 (AB dd, Jap = 11.6 Hz),
1.71 (8), 1.74 (s), 2.69 (m, 2H), 2.99—3.13 (m, 2H), 3.20—3.35 (m,
2H), 3.97 (s, 1H), 4.12 (m, 1H), 4.30 (m, 1H); IR 1612, 1730. Anal.
Caled for C17H17BrO4: C, 55.90; H, 4.69; Br, 21.88. Found: C,
56.08; H, 4.72; Br, 21.98.

2¢: 1c (3.48 g, 20 mmol) was treated with 5.76 g (40 mmol)
of isopropylidene malonate, yield 7.76 g (91%), decomposition
and darkening without melting at 225 °C; 'H NMR 6 1.63 (s, 6H),
1.68 (s, 6H), 1.83 and 2.15(AB dd, Jag = 11.4 Hz), 2.84 (br s, 2H),
2.97 (br s, 2H), 4.57 (br s, 2H), 4.69 (br s, 2H); IR (cm™!) 1635,
1750. Anal. Caled for CosH20O0s: C, 64.78; H, 5.20. Found: C,
64.52; H, 51.7.

4a: 3a (3.20 g, 20 mmol) was treated with 3.46 g (24 mmol)
of isopropylidene malonate, yield 4.47 g (78%), mp 175.5—176.5
°C (from aqueous acetone); 'TH NMR 6 1.52 and 1.63 (AB dd, Jss
= 10.8 Hz), 1.74 (s, 6H), 2.36 (br.s, 6H), 3.56 (br.s, 2H); IR (cm™1)
1625, 1640, 1730, 1770. Anal. Caled for C17H;504: C, 71.31; H,
6.34. Found: C, 71.28; H, 6.35.

4b: 3b (4.78 g, 20 mmol) was reacted with 3.46 g (24 mmol)
of isopropylidene malonate, yield 4.97 g (68%), mp 159—160 °C
(from methanol); 'H NMR 6 1.65 (br s, 2H), 1.74 (s, 6H), 2.46 (m,
1H), 2.53 (m, 2H), 2.60 (m, 2H), 3.15 (m, 1H), 3.72 (m, 2H), 4.16
(br s, 1H); IR (¢cm™1): 1635, 1725. Anal. Calcd for C17H17BrOg:
C, 55.90; H, 4.69; Br, 21.88. Found: C, 55.92; H, 4.71; Br, 21.75.

4c: 3¢ (5.06 g, 20 mmol) was treated with 3.46 g (24 mmol)
of isopropylidene malonate, yield 5.54 g (73%), mp 186—187 °C
(from methanol); 'THNMR 6 1.06 (s), 1.64 (br s, 2 H), 1.74 (s), 1.77
(s), 2.12 (t,J = 5.9 Hz, 1H), 2.52 (m, 3H), 3.17 (m, 1H), 3.53 (m,
1H), 3.73 (m, 1H), 4.05 (s, 1H); IR (cm™!) 1643, 1735. Anal.
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Caled for C1sH19BrOy4: C, 57.00; H, 5.05; Br, 21.07. Found: C,
57.07; H, 5.12; Br, 21.12.

General Procedure for the Reduction of Compounds 2a—
‘2¢, 4a, and 4b with NaBH,. To a suspension of 0.01 mol of
unsaturated compound 2a—c, 4a, or 4b in 200 mL of absolute
ethanol was added 0.011 mol of NaBH, in small portions keeping
the reaction mixture below 30 °C. After adding all of the NaBH,
the reaction mixture was stirred for 1 h and then filtered. The
filtrate was reduced to half the volume on a rotary evaporator
and poured into a mixture of water (200 mL) and acetic acid (3
mL). After 2 h the solid was filtered, washed with water (200
mL), dried, and recrystallized.

5: 2a (2.86 g, 10 mmol) was treated with 0.42 g (11 mmol) of
NaBHy, yield 2.39 g (83%), mp 136137 °C (from aqueous acetone);
1H NMR 6 1.14 and 1.24 (AB dd, Jap = 10.5 Hz), 1.72 and 1.82
(AB dd, Jap = 13.2 Hz), 1.73 (8), 1.75 (8), 1.92 (dt, J = 9.9 Hz, J
= 3 Hz, 1H), 2.25 (m, 2H), 2.48 (m, 1H), 2.60 (m, 3H), 2.85 (m,
2H), 3.92 (d, J = 9.9 Hz, 1H); IR (¢cm™1) 1748. Anal. Calcd for
Cx7H20041 C, 70.81; H, 7.00. Found: C, 71.06; H, 7.15.

6: 4a (2.86 g, 10 mmol) was treated with 0.42 g (11 mmol) of
NaBH,, yield 2.36 g (82%), mp 128—129 °C (from aqueous
methanol); TH NMR ¢ 1.32 (br.s, 2H), 1.33 and 1.37 (AB dd, Jap
=10.9 Hz), 1.72 (8), 1.74 (s), 1.94 (m, 1H), 1.99 (m, 1H), 2.05 (m,
1H), 2.07 (m, 1H), 2.08 (m, 1H), 2.19 (d, J = 10.7 Hz, 1H), 2.34
(m, 1H), 2.35 (m, 1H), 2.40 (m, 1H), 3.25 (d, J = 10.7 Hz, 1H);
13C NMR 6 27.6, 28.9, 32.6, 33.0, 39.9, 41.6, 44.4, 46.0, 46.3, 47.2,
47.2, 47.6, 50.4, 52.2, 105.0, 165.1, 165.7; IR (cm™1) 1755, 1790.
Anal. Caled for C17H0O4: C, 70.81; H, 7.00. Found: C, 70.79;
H, 6.94.

7a and 7b: 4b (0.36 g, 1 mmol) was treated with 0.42 g (1.1
mmol) of NaBHy,, yield of 7a, 0.1 g (27%), mp 177178 °C (from
ethyl acetate—hexane 1:1); TH NMR 6 1.42 (br s, 1H), 1.49 (br s,
1H), 1.76 (s), 1.78 (8), 2.14 (q, J = 6 Hz, 1H), 2.29 (m, 1H), 2.30
(m, 1H), 2.31 (m, 1H), 2.39 (m, 1H), 2.59 (m, 1H), 2.62 (m, 1H),
2.64 (m, 1H), 2.92 (m, 1H), 3.20(d,J =10.6 Hz, 1H), 4.16 (s, 1H);
13C NMR 6 27.4, 29.0, 32.3,39.8,41.8,46.0,47.0,47.4, 48.0,51 4,
53.2,53.4,54.9,105.2, 164.8, 165.3; IR (¢cm~1) 1755, 1790. Anal.
Caled for C17H19BrQO4: C, 55.60; H, 5.22; Br, 21.76. Found: C,
55.56; H, 5.24; Br, 21.89. Yield of 7b, 0.1 g (27%), mp 173-174
°C (from ethyl acetate—hexane 1:1); tH NMR 4 1.49 (br s, 2H),
1.76 (s), 1.77 (s), 2.16 (q, J = 6 Hz, 1H), 2.26 (m, 1H), 2.27 (m,
1H), 2.30 (m, 1H), 2.39 (m, 1H), 2.55 (m, 1H), 2.58 (m, 1H), 2.65
(m, 1H), 2.89 (m, 1 H), 3.24 (d, J = 10.6 Hz, 1H), 4.09 (s, 1H); 13C
NMR 6 27.6, 29.0, 31.9, 40.3, 41.3, 45.5, 45.9, 46.5, 46.8, 48.7,
50.5, 53.7, 54.4, 105.3, 164.7, 165.5; IR (cm~1) 1755, 1790. Anal.
Caled for C17H13BrO4: C, 55.60; H, 5.22; Br, 21.76. Found: C,
55.65; H, 5.20; Br, 21.69.

8: 2b (3.65 g, 10 mmol) was treated with 0.42 g (11 mmol) of
NaBHy, yield 1.57 g (55%), mp 148—149 °C (from ethanol); H
NMR 4 1.53 and 1.93 (AB dd, Jas = 10.6 Hz), 1.76 (s, 6H), 2.43
(br s, 2H), 2.64 (br s, 2H), 2.82 (m, 2H), 3.08 (m, 4H); IR (cm™1)
1747, 1770. Anal. Calcd for CysHys04 C, 71.31; H, 6.34.
Found: C, 71.36; H, 6.37.

9: 2¢ (2.13 g, 5 mmol) was treated with 0.23 g (6 mmol) of
NaBHy, yield 1.65 g (77%), mp 200—210 °C (from acetone); 'H
NMR 6 1.53 and 1.83 (AB dd, Jas = 10.8 Hz), 1.70 (s), 1.80 (s,
6H), 1.88 (s), 2.47 (m, 1H), 2.61 (m, 2H), 2.78 (m, 3H), 2.95 (m,
1H), 3.37 (m, 1H), 3.50 (m, 1H), 3.92 (s, 1H); IR (cm~1) 1730, 1770.
Anal. Calced for Co3Ho4Os: C, 64.48; H, 5.65. Found: C, 64.24;
H, 5.80.

General Procedure for Acidic Cleavage of Compounds
4b, 5, 6, 8, and 9. A mixture of one of the above (0.01 mol), acetic
acid (20 mL), and hydrochloric acid (35%, 4 mL) was heated at
reflux for 2.5 h. After cooling, the reaction mixture was poured
into 150 mL of water (except for compound 9). Compound 11
occurred as a microcrystalline solid which was filtered. Com-
pounds 18, 14, and 18 were extracted with ether (3 x 75 mL),
the organic layer was dried, and the ether was removed by
distillation. The residue was recrystallized. Compound 16 was
recovered by rotary evaporation of the reaction mixture and was
not purified further. The residue was treated with an ether
golution of diazomethane and converted into the methyl ester 17
for characterization. Compound 18 was recovered by treatment
of the residue with a mixture of hexane—ether 5:1. Methyl esters
12,15,17, and 19 were prepared by treatment of the corresponding
acid with ethereal diazomethane solution.18
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11: 8 (2.87 g, 10 mmol) was heated at reflux with a mixture
of 20 mL of acetic acid and 4 mL of HC), yield 1.64 g (62%), mp
221-222 °C (from aqueous methanol); 'H NMR (CDCl; + CDs-
0OD) 4 1.46 and 1.82 (AB dd, Jag = 10.5 Hz), 2.40 (br s, 2H), 2.61
(br s, 2H), 2.78 (br 8, 4H), 2.85 (br 8, 2H); IR (ecm™1): 1720, 1745.
Anal. Calced for C14H1404H:0: C, 63.62; H, 6.00. Found: C,
63.65; H, 6.11.

12: 11(0.26 g, 1 mmol) was treated with an ether solution of
diazomethane, yield 0.26 g (93%), mp 115—116 °C (from hexane—
ethyl acetate); 1H NMR 6 1.45 and 1.82 (AB dd, Jas = 10.5 Hz),
2.40 (brs, 2H), 2.60 (br s, 2H), 2.73 (br s, 2H), 2.80 (br s, 4H), 3.66
(8),3.72 (8); IR (cm~1) 1730. Anal. Calcd for C16H1304: C, 70.05;
H, 6.61. Found: C, 70.04; H, 6.68.

18: 6(2.9 g, 10 mmol) was heated at reflux with a mixture of
20 mL of acetic acid and 4 mL of HCI, yield 1.44 g (58%), mp
168169 °C (from ethyl acetate—hexane); 'H NMR (CDCl; +
CD30OD)41.32and 1.44 (ABdd,J =10.9 Hz), 1.33 (br s, 2H), 1.98
(m, 1H), 2.02 (m, 1H), 2.05 (m, 1H), 2.07 (m, 2H), 2.12 (m, 1H),
2.19 (m, 1H), 2.38 (m, 1H), 2.43 (d, J = 11.5 Hz, 1H), 3.30 (4, J
=11.5 Hz, 1H); 13C NMR 6 32.9, 33.2,40.2, 42.4, 44.4, 45.6,47.1,
47.7, 50.0, 50.9, 52.7, 174.5, 174.9. Anal. Calcd for C14H;604:
C, 67.73; H, 6.50. Found: C, 67.69; H, 6.51.

14: 5(2.9 g, 10 mmol) was heated at reflux with a mixture of
20 mL of acetic acid and 4 mL of HC), yield 1.28 g (63%), mp
76—77 °C (from hexane); 'H NMR 6 1.02 and 1.67 (AB, dtd, Jas
= 12.8 Hz, J = 3.6 Hz), 1.16 and 1.67 (AB, dd, Jaz = 10.5 Hz),
1.91 (m, 1H), 2.17 (m, 1H), 2.21 (m, 1H), 2.23 (m, 1H), 2.30 (m,
1H), 2.54 (m, 2H), 2.58 (m, 1H), 2.56 and 2.65 (dd, J = 7.2 Hz,
J =15.7Hz), 2.66 (m, 1H); 13C NMR 6 28.4, 34.0, 34.7, 36.0, 37.7,
38.8,41.2,41.6,42.3,44.8,46.8,47.2,180.6; IR (¢cm~1) 1715, Anal.
Caled for C13sH1603: C, 76.44; H, 7.90. Found: C, 76.43; H, 7.87.

15: 14 (3.1 g, 15 mmol) was treated with an ether solution of
diazomethane, yield 3.1 g (95%), bp 85 °C (0.26 mm); 'H NMR
6 1.00 and 1.66 (AB, dmd, Jag = 12.7 Hz), 1.14 and 1.65 (AB,
dmdt, Jap =10.5 Hz,J = 1.6 Hz), 1.90 (m, 1H), 2.16 (m, 1H), 2.19
(m, 1H), 2.20 (m, 1H), 2.28 (d, J = 9 Hz, 1H), 2.51 (dd, J = 7.3
Hz, J = 15.6 Hz, 1H), 2.52 (m, 1H), 2.53 (m, 1H), 2.55 (m, 1H),
2.60(dd, J = 7.3 Hz, J = 15.6 Hz, 1H), 2.65 (m, 1H), 3.63 (s); 13C
NMR 6 28.5, 34.0, 34.7, 36.0, 38.1, 38.9, 41.2, 41.6, 42.3, 44.9,
46.8, 47.2, 51.8, 174.2. Anal. Calcd for C14H1302: C, 77.03; H,
8.31. Found: C, 77.02; H, 8.33.

17: 9(2.14 g, 5 mmol) was heated at reflux with a mixture of
15 mL of acetic acid and 4 mL of hydrochloric acid. The reaction
mixture was evaporated and treated with an ether solution of
diazomethane yielding the triester which was purified by column
chromatography, yield 0.72 g (42%), bp 175—176 °C (0.2 mm); 'H
NMR 6 1.37 and 1.71 (AB, dtdt, Jag = 10.5 Hz, J = 14 Hz,J =
1.6 Hz, 2H), 2.25 (m, 1H), 2.33 (m, 1H), 2.48 (m, 1H), 2.52 (m, 1H),
2.62(m, 1H), 2.68 (m, 1H), 2.72 (m, 1H), 2.75 (d,J = 13.7 Hz, 2H),
2.77 (m, 1H), 2.81 (m, 1H), 3.54 (8), 3.57 (8), 3.62 (s); 13C NMR
4 35.6, 40.1, 42.1, 42.3, 42.8, 45.0, 46.1, 47.4, 51.1, 51.2, 51.8,
51.9, 53.0, 56.3, 60.1, 74.4, 169.5, 170.2, 172.5; IR (cm™!) 1740.
Anal. Caled for C;gH3206: C, 65.88; H, 6.40. Found: C, 65.73;
H, 6.44.

18: 4b (3.6 g, 10 mmol) was heated at reflux with a mixture
of 20 mL of acetic acid and 4 mL of HC), yield 1.66 g (51%), mp
215—216 °C (from ethyl acetate—hexane); 1H NMR (CDCl; +
CD30D) 6 1.60 (br s, 2H), 2.37 (m, 1H), 2.45 (m, 1H), 2.50—2.60
(m, 3H), 3.06 (br s, 1H), 3.37 (m, 2H), 4.16 (br 5, 1H). Anal. Calcd
for C14Hy3Br0O,4: C, 51.71; H, 4.03; Br, 24.58. Found: C, 51.89;
H, 4.08; Br, 24.52.

19: 14 (1.62 g, 5 mmol) was treated with an ether solution of
diazomethane, yield 1.62 g (92%), bp 132—133 °C (0.3 mm), mp
58—59 °C; 'THNMR 6 1.57 (br s, 2H), 2.33 (t,JJ = 5.9 Hz, 1H), 2.42
(m, 1H), 2.50 (m, 3H), 3.02 (m, 3H), 8.75 (s), 3.78 (s, 6H), 4.12 (br
s, 1H); IR (cm™!) 1650, 1680, 1730. Anal. Caled for C1gH17BrOq:
C, 54.40; H, 4.85; Br, 22.62. Found: C, 54.54; H, 4.90; Br, 22.87.

Supplementary Material Available: 'H and *C NMR
and IR assignments (2 pages). This material is contained in
libraries on microfiche, immediately follows this article in the
microfilm version of the journal, and can be ordered from the
ACS; see any current masthead page for ordering information.

(15) Eistert, B.; Arndt, F.; Loewe, L.; Ayca, A. Chem. Ber. 1851, 84,
156—169.



