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Abstract—Reactions of lithium and magnesium derivatives of substituted o- andgm-carboranes with, 3-ethoxy-
carbonylcoumarin and coumarin were investigated. The main directions and the laws of the processes were reveal ed.

We showed formerly [1-3] that reactions of
lithium and magnesium derivatives of substituted
o-carboranes with 3-ethoxycarbonylcoumarin
proceeded regioselectively providing products of
conjugate addition, 3-ethoxycarbonyl-4-(R-o-carb-
oranyl)-3,4-dihydrocoumarins.

In extension of our investigation of conjugate
addition in the series of C-metal carborane derivatives
we studied in detail reactions between lithium and
magnesium derivatives of o- and m-carboranesfand
3-ethoxycarbonylcoumarin  and coumaring Such
reactions with the other organometallic compounds
gave rise to mixtures of products.

The interest attracted by these reactions-@riginates
from insufficiently systematized, and |\ conflicting

results of previouststudies,”from the opportunity to
get new understandingef the conjugate addition in the
series offo, Baunsaturated carbonyl compounds, and
from a number of,other no less important factors.

The studyyrevealed that lithium and magnesium
derivativesiof substituted o-carboranes (la, b) reacted
with“3-ethoxycarbonylcoumarin (11) along one pattern
irrespective of solvent character, reagents ratio and
theirt mixing order to furnish ambident resonance-
stabilized adducts | 1a, b that at treatment with water
solttions of mineral acids or NH,Cl without isolation
from the reaction mixture formed quantitatively
3-ethoxycarbonyl-4-(R-o-carboranyl)-3,4-dihydro-
coumarins (IVa, b), and with water provided 2-hydr-
oxy-3-ethoxycarbonyl-4-(R-o-carboranyl) benzo-4H-
pyrans (Va, b):

0-RCB, H, ,C
H,0, H* CO,Et
o-RCB, H,,C _OEt oY
- CO:Et 5o | IVa, b
0-RCB, H fCM.# — Sy 0-RCB, H, C
Tahb 0~ "o Y HO CO,Et
I IIa, b 2 |
O OH
Va, b

-V, R= Ph(a), M = Li(a); R= i-Pr, M = MgBr (b).

Reactions of lithium and magnesium derivatives
of isopropyl-m-carborane (Vla, b) with 3-ethoxy-
carbonylcoumarin under the above conditions fol-

low first 1,2- and then 1,4-addition pattern and
result in dicarborane coumarin derivative VIII
(Scheme 1).
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Scheme 1.
O  COCB,H,,CPr-i-m O  COCB, H, CPr-i-m
g (1) m-i-PrCB, H,,CM, O CB,H,,CPr-i-m
I + m-i-PrCB, H,,CM ———— .
VIa, b -EtOM (2)H,0.H
vl VIII
VI, M = Li (a), MgBr (b).
Scheme 2. carborane derivative VIl and hydregenation of*the
initial organometallic compounds.
N Lithium and magnesium dexivatives of” o-carbor-
Ia+©(l anes (la, b) reacted with_coumarin® (IX) regio-
0™ 7o selectively to afford produéts of,conjugate addition X
IX (Scheme 2).
0 Compounds 1'Va, b_and V&, b treated with KOH
O.H* and C,HzNain ethanol readily transform into enolate
H,0. Q CB) H,,CPr-o anions Xl@, b identié,by the structure to enolate

X

At equimolar ratio of compounds Il and Vla, b
the yield of compound V111 did not exceed 25%, and
a increased molar fraction of metal derivatives
Vla, b to double excess the yield attained 47%.(The
low yield of the target products and the presence,of
isopropyl-m-carborane in the reaction mixture 1S
apparently due to enolization of theyarising, di-

anions g, by, These enolate anions with dilute HCI
or aceticgacid quantitatively yield esters IVa, b, and
with watergbenzo-4H-pyrans Va, b (Scheme 3).

Coumarin derivative 1Va at heating with H,P,q;
ok, With\mixtures HCI-AcOH, HBr-AcOH gave rise
to "4-(phenyl-o-carboranyl)-3,4-dihydrocoumarin (X)
identic to that described above, and at boiling in the
glacial acetic acid it turned to acid Xl that de-
composed at melting (Scheme 3).

The composition and structure of compounds syn-
thesized were confirmed with elemental analysis, IR

Scheme 3.
0-RCB 1 0H1 0C /OEt
Co
KOH or EtON
IVa, b KOH or EtONa = "0 ) or a Va, b
EtOH 0 0 M EtOH
. XIa, b
H,0,H H,0
Xl, R = Ph, i-Pr; M = K (a), Na (b).
Scheme 4.
H4P,04, A
HCl1 (HBr) + AcOH, A
IVa CB 1 0H 1 OCPh-O
AcOH, A CO,H
0" =0
X1
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and 'H NMR spectroscopy, and by chemical trans-
formations. For molecule of ester IVa the spacia
structure was also established by X-ray diffraction
analysis (Scheme 4).

The structure of the molecule of compound 1Va is
seen on the figure. The atoms of the six-membered
ring C°C®C’C®c®C are coplanar within +£0.008 A.
The heterocycle O'C2C3C*COC® takes the conforma-
tion of considerably twisted boat (AC>* 3.8°). Atoms
o', c° c3 C? are coplanar within £0.02 A. The
deviation of atoms C* C'® from the plane where
are located the other atoms is 0.84 and 0.38 A
respectively.

The ethoxycarbonyl group takes the axial B-orient-
ation, the dihedral angle between the mean plane of
the coumarin fragment and the mean plane of the
ethoxycarbonyl group equals to 78.4°. The C3, 0%,
0°, C* atoms of the ethoxycarbonyl group are co-
planar within +0.03 A. The position of C® deviates
from this plane by 0.98 A. The bond length of C4-
C™ is significantly shortened and equals to 1.395(5) A
due to statistical disordering of C'* position in the
crystal.

The phenyl-o-carboranyl groug has axia a-orient-
ation with torsion angle C¥C3c*c!! equa to
160.2(2)°.

The lengths of C-C, C-B, B-B bonds in the i¢osa-
hedron have values expected for carborane struictures
and vary from 1.694(3) (C"-B°) to 4786(4) A
(B%-B'%). The mean values for B-B, C4€, and'€-B
bonds were 1.7689, 1.722, and 1.712 A ‘tespectively.
This difference in the bond lengths results in some
disparity of the bond angles in(thelieesahedron. For
instance, the angles BBB, .€BC, and BCC in the
triangular facets acquire valuesrom 59,4 to 60.72°
with mean values 60.002;)59.98, and 60.01 respec-
tively; the BBC angles ‘are somewhat smaller (mean
value 59.79°), and ‘BCB values a little larger (mean
value 62.42°),

Thes@eViiations of ‘atoms in the planes B1ct2ctic?,
andd@lso in'the plane of the phenyl ring are insig-
nificant4@nd equal to +0.003, +0.002, +0.003 A
respectively. The dihedral angle between the plane
through the atoms CY'C2C!'C* and the phenyl ring
planeis 87.1°, and the angle between the mean plane
of the coumarin fragment and that of the phenyl ring
is 51.2°. The bond lengths of C*'-C*? and C*-C* are
equal respectively to 1.501(3) and 1.547(3) A and are
within the acceptable limits.
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Structure/of 4Va molecule according to X-ray diffraction
analysis.

EXPERIMENTAL

|R"gpectra were taken on UR-20 instrument from
KBrapellets, 'H NMR spectra were registered on
spectrometer Tesla BS587 (80 MHz) in CgHg,
internal reference HMDS.

All reactions were carried out under nitrogen
atmosphere.

X-ray diffraction study of 4-(phenyl-o-carb-
oranyl)-3-ethoxycarbonyl-3,4-dihydrocoumarin
(IVa). The cell parameters and intensities of 4211
independent reflections were measured on dif-
fractometer Bruker (MoK, graphite monochromator,
6/26-scanning to 26<50°). Monoclinic crystals, a
15.374(1), b 10.638(1), ¢ 16.408(2), p 117.02(1)°, V
2390.6 (4) A3, poye 1.218 g/lem®, Z 4(CyoH60,B10),
space group P2;/n.The structure was solved by the
direct method and refined in a full-matrix least-
squares procedure in anisotropic approximation for
nonhydrogen atoms. Hydrogen atoms parameters
were obtained from difference synthesis save five of
them (HA, HB HA HB HIC) that were fixed
from geometrical assumptions with the use of “rider”
procedure. Into account were taken 2942 reflections
with | > 2c(l). The final divergence factors were
R 0.053 and R, 0.137. The coordinates of atoms are
listed in a table. All calculations were performed
applying the software package SHELX-97.
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Coordinates of atoms in the structure of compound IVa
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in fractions of unit cell axes (Ax 10°, for H A x 10°)

Atom X y z
o' 5948(1) 1773(2) 10168(1)
o 5676(1) 3399(1) 10836(1)
o’ 3511(1) 3774(1) 8005(1)
o’ 3619(1) 2637(1) 9183(1)
c’ 5578(1) 2937(2) 10136(1)
c? 5061(1) 3559(2) 9212(1)
c’ 5485(1) 3197(1) 8556(1)
c’ 5372(1) 1081(2) 7785(1)
ct 5458(2) -213(3) 7835(2)
c’ 5706(2) -815(3) 8651(3)
c? 5661(1) -149(2) 9417(2)
c’ 5776(1) 1141(2) 9359(1)
ch 5553(1) 1787(2) 8557(1)
ct 6450(1) 3881(1) 8761(1)
c* 6406(1) 4558(2) 7906(1)
c® 3980(1) 3245(2) 8808(1)
c* 2443(2) 3715(4) 7548(3)
c® 2042(2) 4905(4) 7551(3)
ct, 5461(1) 4983(2) 7048(1)
c?, 4759(2) 5857(3) 6978(1)
c®, 3890(3) 5948(5) 6180(4)
c’, 3709(3) 5189(6) 5453(3)
c’, 4381(3) 4346(5) 5498(2)
ct 5265(2) 4227(3) 6995(1)
B 8396(2) 4466(4) 9811(2)
B 8355(2) 5464(3) 8939(2)
B 7713(2) 5883(4) 9569(2)
B 7238(2) 4482(3) 9793(2)
B 7570(2) 3211(3) 9306(2)
B° 8257(2) 3816(3) 8766(2)
B’ 7015(2) 3440(3) 8107(2)
B® 7504(2) 4835(3) 7880(2)
B’ 7168(2) 6112(3) 8373(2)
BY 6472(2) 5483(3) 8902(2)
H? 510(1) 442(2) 331(1)
H* 503(1) 347(1) 798(1)
H® 518(1) 152(2) 722(1)
H° 534(2) -70(3) 728(2)
H’ 575(1) £174(3) 870(1)
H?, 602(1) =51(3) 998(1)
H?, 492(2) 635(3) 755(2)
H°, 350(4) 656(5) 616(3)
H*, 305(3) 528(4) 482(3)
H®, 436(3) 370(4) 504(3)
H° 572(4) 363(3) 635(1)
H:# 901(3) 438(3) 1044(2)
H*® 900(1) 602(2) 900(1)
H* 787(2) 672(3) 1002(1)
H*® 707(1) 433(2) 1033(1)
H*® 758(1) 229(2) 955(1)
H%® 879(1) 323(3) 872(1)
H™ 668(1) 266(2) 762(1)
H® 746(1) 494(2) 719(1)
H%® 696(1) 702(3) 805(1)
Ho® 582(1) 593(2) 888(1)

4-(Phenyl-o-carbor anyl)-3-ethoxycar bonyl-3,4-
dihydrocoumarin (IVa). (@) To a solution of
10 mmol of lithium derivative lain 15 ml of benzene
prepared from 10 mmol of phenyl-o-carborane and
12 mmol of BuLi was added at room temperature a
solution of 10 mmol of 3-ethoxycarbonylcoumarin
(1) in 10 ml of benzene. The reaction mixture was
stirred for 3 h at 20°C, treated with dilute HCI and
then extracted with benzene. The extract was\dried
with Na,SO,, the solvent was evaporated. Thesesidue
was crystallized from hexane to give'compound 1Va
in 85% yield, mp 198-199°C (fromjbenzene-hexane
mixture, 1:1). (b) To a solution ofpl0 mmol of
magnesium derivative Ib in 15 pilef, THE prepared
from 10 mmol of phenyl-o-cafboraneiand 13 mmol
of EtMgBr was added at roem,temperature a solution
of 10 mmol of 3-ethoxycambonylcoumarin (I1) in
19 ml of benzene. The réagtion mixture was stirred
for at least 3 h @)20°C, treated with dilute HCI and
then extracted withybenzene: The extract was dried
with Na,S0,, the solvent was evaporated. The residue
was crystallized from hexane to give compound IVa
in 64% yield, mp 198-199°C (from benzene—hexane
mixturg, 19d): IR spectrum in KBr, v, cm™: 2980
(C-H), 2595%(B-H), 1760, 1720 (C=0). 14 NMR
speetcum (GzDg), 3, ppm: 0.30 t (3H, CH,CHj, J
7%, Hz), 3.28 g (2H, CH,CH3, J 7.1 Hz), 3.59 d
(1H3CHCB,J1.0 HZz), 3.94d (1H, CHCH, J1.0Hz),
Z.1-7.5 m (9H, Ar-H). Found, %: C 54.62; H 7.21;
BW24.92. C,yH,B1o0,. Calculated, %: C 54.92;
H 7143; B 24.71.

4-(1 sopropyl-o-carboranyl)-3-ethoxycar bonyl-
3,4-dihydrocoumarin (1Vb). (a) In the same way as
in above described procedure () from 10 mmol of the
corresponding lithium derivative la and 10 mmol of
compound Il we obtained compound IVb in 79%
yield, mp 188-189°C (from benzene-hexane mixture,
1:1). (b) Likewise by procedure (b) for preparation
of compound I'Va from 10 mmol of the corresponding
magnesium derivative Ib and 10 mmol of compound
Il we obtained compound 1Vb in 56% vyield, mp
188-189°C (from benzene—hexane mixture, 1:1). IR
spectrum in KBr, v, cm : 2982 (C-H), 2600 (B-H),
1760, 1720 (C=0). H NMR spectrum (CgDg), 6,
ppm: 0.45 t (3H, CH,CH3, J 7.1 Hz), 0.87 d [6H,
CH(CH3),, J 7.0 Hz], 221 m [1H, CH(CHy),, J
7.0 Hz], 3.22 d (1H, CHCB, J 1.0 Hz), 3.57 q (2H,
CH,CHg, J 7.1 Hz), 4.07 d (1H, CHCH, J 1.0 Hz),
6.4-6.8 m (4H, Ar-H). Found, %: C 50.21; H 6.77;
B 26.39. C,;H,gB,,0O,. Calculated, %: C 50.47; H
6.93; B 26.73.

2-Hydr oxy-4-(phenyl-o-carbor anyl)-3-ethoxy-
carbonylbenzo-4H-pyran (Va). (@) To a solution of
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10 mmol of lithium derivative la in 15 ml of benzene
was added at room temperature a solution of 10 mmol
of 3-ethoxycarbonylcoumarin (I1) in 10 ml of benz-
ene. The reaction mixture was stirred for 3 h at 20°C,
treated with distilled water and extracted with ethyl
acetate. The extract was dried with Na,SO,, the
solvent was evaporated. The residue was crystallized
from hexane to give benzo-4H-pyran derivative Va
in 94% yield, mp 186°C (with decomp., from a
mixture ethanol-water, 2:1). (b) To a solution of 10
mmol of magnesium derivative Ib in 15 ml of THF
was added at room temperature a solution of 10 mmol

of 3-ethoxycarbonylcoumarin (I1) in 10 ml of benzene.

The reaction mixture was stirred for 3 h at 20°C,
treated with distilled water and extracted with ethyl
acetate. The extract was dried with Na,SO,, the
solvent was evaporated. The residue was crystallized
from hexane to give benzo-4H-pyran derivative Va
in 82% yield, mp 186°C (decomp.). IR spectrum in
KBr, v, cm: 3130-3600 (O-H), 2900-3000 (C-H),
2590 (B-H), 1700 (C=0), 1600 (C=C). Found, %:
C 54.56; H 7.68; B 24.88. C,yH,4B1,0,. Calculated,
%: C 54.92; H 7.43;, B 24.71.

2-Hydr oxy-4-(isopr opyl-o-car bor anyl)-3-ethoxy-
carbonylbenzo-4H-pyran (Vb). (a) Similarly to the
procedure (a) for preparation of compound Va from
10 mmol of an appropriate lithium derivative la and
10 mmol of compound |1 was obtained compound Vb
in 84% yield, mp 179°C (with decomp., from a pix=
ture ethanol-water, 2:1).

(b) Similarly to the procedure (b) for preparation
of compound Va from 10 mmol of an, appropriate
magnesium derivative Ib and 10 mmol @fieompound
I was obtained compound Vb in“#2% yield, mp
179°C (decomp.). IR spectrum#if, KBr, v, cm™:
3140-3600 (O-H), 2970 (C-H), 2600 (B-H), 1690
(C=0), 1600 (C=C). Foumdm%: L£450.08; H 6.72;
B 26.97. C,;H,gB,,O,. (Calculated, %: C 50.49;
H 6.93; B 26.73.

3-1sopropyl-m=gar bopanoyl-4-(isopropyl-m-
car boranyl)-3 4=dicoumarin (VIII). (@) To a solu-
tion of 20 mmol of Tithium derivative Vla in 25 ml of
benzene Was added at room temperature 10 mmol of
3-ethoxycarbonylcoumarin (11) in 10 ml of benzene.
The reaeffon mixture was stirred at 20°C for 4 h, then
treated With dilute HCI, extracted with benzene, the
extract was dried over Na,SO,, and the solvent was
evaporated. The residue was crystallized from hexane
to afford compound VIII in 47% yield, mp 158-
159°C (from isooctane). (b) To a solution of 20 mmol
of magnesium derivative VIb in 25 ml of THF was
added at room temperature 10 mmol of 3-ethoxy-
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carbonylcoumarin (I1) in 10 ml of benzene. The reac-
tion mixture was stirred at 20°C for 5 h, then treated
with dilute HCI, extracted with benzene, the extract
was dried over NaSO,, and the solvent was
evaporated. The residue was crystallized from hexane
to afford compound VIII in 47% yield, mp 158-
159°C (from isooctane). IR spectrum in KBr, v4cm™:
2980 (C-H), 2605 (B-H), 1750, 1700 (C=0).
'H NMR spectrum (C¢Dg), 8, ppm: 055 d [12H,
CH(CHy),, J 6.7 Hz], 1.45-1.70 m [2#, CH(E€H,),,
J 6.7 Hz], 3.7 d (1H, J 1.0 H2¢#4.82 d (1H, J
1.0 Hz), 6.65-6.75 m (4H, Ar-H). Found,* %:
C 44.32; H 7.05; B 39.46. C,yH 40B,,O4: Calculated,
%: C 44.11; H 7.35; B 39.70.

4-(Phenyl-o-carboranyl)-3,4:dihydrocoumarin
(X). (@) To a solution of 40 mmol“ef lithium deriv-
ative la in 15 ml {of benzéne \was added at room
temperature a selution of 1Quml of coumarin IX in
10 ml of benzenejFhe“réagtion mixture was stirred
for 3 h at 20°C, treasied with dilute HCl and then
extractedgwith, benzene” The extract was dried with
Na;SO,, the solvent was evaporated. The residue was
subjected 1@, column chromatography on silica gel,
eluent benzene-hexane, 1:1. We obtained compound
X i, 61%pyield, mp 192-193°C (from benzene-
hexaneymixture, 1:1). (b) To a solution of 10 mmol
of magnesium derivative I1b in 15 ml of THF was
added at 20°C a solution of 10 ml of coumarin IX
ind0 ml of benzene. The reaction mixture was stirred
for 3 h, kept for 12 h a room temperature, then
treated with dilute HCI and extracted with benzene.
The extract was dried with Na,SO,, the solvent was
evaporated. The residue was subjected to column
chromatography on silica gel, eluent benzene-hexane,
1:1. We obtained compound X in 82% vyield, mp
192-193°C (from benzene-hexane mixture, 1:1). IR
spectrum in KBr, v, cm ™ 2940-3000 (C-H), 2590
(B-H), 1750 (C=0). *H NMR spectrum (C%De), 3,
ppm: 1.51 d.d (1H, H%, 2.54 d.d (1H, Hy Jsg4
104 Hz), 259 dd (IH, H3, Jsu, 13.0, Jyazp
1.47Hz), 6.6-7.2m (9H, Ar-H). Found, %: C 55.41,;
H 5.28; B 29.38. C,;H,,B,,0,. Calculated, %:
C 55.89; H 5.75; B 29.58.

Conversion of dihydrocoumarins 1Va, b into
benzo-4H-pyrans Va, b. () To a solution of 3 mmol
of dihydrocoumarin IVa in 10 ml of EtOH was added
at room temperature a solution of 3.2 mmol of EtONa
in 10 ml of EtOH, the reaction mixture was stirred
for 1 h and treated with distilled water. The separated
precipitate was filtered off. We obtained benzo-4H-
pyran Va in 96% yield, mp 186°C (with decomp.,
from a mixture ethanol-water, 2:1). (b). To a solu-
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tion of 2.2 mmol of KOH in 10 ml of anhydrous
EtOH was added a room temperature 2 mmol of
dihydrocoumarin IVa in 10 ml of EtOH. The reaction
mixture was stirred for 1 h and then treated with
distilled water. The separated precipitate was filtered
off to obtain benzo-4H-pyran Va in 91% vyield, mp
186°C (decomp.).

Similarly along procedure(b) from 2 mmol of com-
poundlVb and 2.2mmol of KOH was obtained benzo-
4H-pyran Vb in 89% yield, mp 179°C (decomp.).

Conversion of benzo-4H-pyrans Va, b into
dihydrocoumarins 1Va, b. (8 To a solution of
4 mmol of benzo-6H-pyran Va in 10 ml of EtOH was
added at room temperature a solution of 4.2 mmol of
EtONa in 10 ml of EtOH. The reaction mixture was
stirred for 0.5 h, treated with dilute HCI and
extracted with benzene. The extract was dried with
N&a,SO,, the solvent was evaporated. The residue was
crystallized from hexane to give compound IVa in
94% vyield, mp 198-199°C (from benzene-hexane
mixture, 1:1). Likewise from 3 mmol of compound
Vb and 3.2 mmol of EtONa was obtained dihydro-
coumarin Vb in 92% yield, mp 188-189°C (from
benzene-hexane mixture, 1:1).

(b) To asolution of 2.2 mmol of KOH in 10 ml of
anhydrous EtOH was added at room temperature
2 mmol of benzo-4H-pyran Va in 6 ml of EtOH. The
reaction mixture was stirred for 0.5 h and then treated
with dilute HCl and extracted with benzene.{The
extract was dried with Na,SO,, the solvent Was
evaporated. The residue was crystallized fromihexane
to give compound IVa in 89% yield, mpyl98-199°C
(from benzene-hexane mixture, 1: L), Likewise from
2 mmol of compound Vb and 2.2 mmel ef KOH was
obtained dihydrocoumarin IVl in 94% yield, mp
188-189°C.

Reaction of dihydrocoumarin |Va with acids.
(& A mixture of 3 malyof‘eempound IVa and 50 ml

KAZANTSEV et al.

of H,P,0; was heated at 250-300°C for 6 h, then
the reaction mixture was cooled, treated with distilled
water and extracted with benzene. The extract was
dried with Na,SO,, the solvent was evaporated, the
residue was crystallized from hexane. We obtained
compound X in 73% yield, mp 192-193°C (from
benzene-hexane mixture, 1:1).

(b) A mixture of 2 mmol of dihydrocoumarinilVa,
6 ml of concn. HCI, and 20 ml of AcOHMawas boiled
for 10 h, cooled, and the separated4precipitate was
filtered off. We obtained compound X in 82% vyield,
mp 192-103°C. (c) A mixture of 2 mmel of dihydro-
coumarin IVa, 6 ml of concn. HBg, and 20 ml of
AcOH was boiled for 5 h, cooled, and\the separated
precipitate was filtered off. \We obtained compound X
in 96% vyield, mp 492-403°C. (d), A mixture of
2 mmol of dihydrocoumaringdVa and 30 ml of AcOH
was boiled for €0 h, cooledyftreated with distilled
water and extractedwith“@hyl ether. The extract was
dried on Na&,SO,, the,solvent was evaporated, the
residue wes erystallized from hexane to furnish acid
XI1 in 85% \yteld, mp 172°C (with decomposition,
from LHF=hexaneé mixture, 1:4). IR spectrum in
KBr, v, m % 8350-3600 (O-H), 2990 (C-H), 2590
(BEH), 1770 (C=0). Found, %: C 52.23; H 5.12;
BW26.57. C,gH,,B,;0,. Calculated, %: C 52.68;
H 5.37, B 26.36.
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