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Structure�dependent transformations
of the tetrachlorocyclopentadienone dimer

and the product of its substitutive rearrangement
in reactions with NaBH4, CrCl2, LiAlH4, and Zn
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Dechlorination of the tetrachlorocyclopentadienone dimer and perchloro�7�oxotri�
cyclo[6.1.0.04,8]nona�2,5�diene�9�carboxylic acid N,N�diethylamide with hydride ion donors
(NaBH4, LiAlH4, etc.) and electron donors (CrCl2 or Zn) were studied. The possible pathways
of unusual transformations of both sterically hindered molecules are considered.
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The reactions of the 2,3,4,5�tetrachlorocyclopenta�
dienone dimer (1)1 are poorly studied.2,3 Recently, we
have found a new reaction of diketone 1 with primary and
secondary amines4 giving rise to unsaturated hetpachloro�
substituted amidoketones with the tricyclo[6.1.0.04,8]no�
nane skeleton, for example, to tricyclic compound 2 con�
taining the cyclopropanecarboxylic acid fragment. Steri�
cally crowded polyfunctional tricyclic compounds with
molecular cores 1 and 2 are of interest primarily because
their chemical behavior is unpredictable, which opens a
route to nontrivial structures.

In the present study, we examined reactions of com�
pounds 1 and 2 with available reducing agents, such as
NaBH4, CrCl2, LiAlH4, and Zn.

Reductive transformations of tricyclic compound 1. The
reaction of diketone 1 with NaBH4 in ethanol proceeds as
reductive decarbonylation accompanied by aromatization
even at 0 °C to give 1�hydroxy�2,4,5,6,7�pentachloro�
indane (3), whereas reduction of compound 1 with chro�
mium dichloride in an acidic acetone—water mixture at
~20 °C occurs without destruction of the skeleton as se�
lective dechlorination of the C(5) and C(9) atoms ac�

companied by hydration of the bridging C=O group. This
transformation product 4 appeared to be stable gem�diol
(Scheme 1).

Scheme 1

In the 1H NMR spectrum of cis�chlorohydrin 3, a
doublet of the CHOH group at δ 5.28 with J1,2 = 5.1 Hz is
the key signal for the determination of the configuration
of this compound (cf. lit. data5). The characteristic feature
of the transformation 1 → 3 is that the decarbonyla�
tion—aromatization tandem occurs in the NaBH4/EtOH
system even at 0 °C, whereas norbornen�7�one deriva�
tives similar to bicyclic compound 1 efficiently undergo
decarbonylation under rather drastic thermolysis condi�
tions (~160 °C).6

The possible stepwise pathway of aromatization of
diketone 1 is presented in Scheme 2. The structure of the
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oxanion generated upon the addition of the [BH4]– anion
to the bridging keto group of diketone 1 can readily un�
dergo the Grobs fragmentation7 accompanied by con�
certed cleavage of three bonds through any one of two
transition states (conventionally, through anions pre�3a
and pre�3a´).* This gives rise to isomeric aldehydes pre�3b
and pre�3b´, which are decomposed in a weakly basic
medium to form indenone pre�3c. Reduction of ketone
pre�3c with an excess of NaBH4 involves the nucleophilic
displacement of the chlorine atom at the C(3) atom with a
hydride ion as the first step followed by the 1,4�addition
of the H– ion (from [BH4]–) to intermediate 2�chloro
enone (chemistry of β�chlorovinyl ketones was described
in Ref. 8).

The final step of transformations involves reduction of
chloro ketone pre�3d, which occurs with high cis�stereo�
selectivity because the bulky chlorine atom at the α posi�
tion with respect to the keto group hinders the approach
of the [BH4]– anion from the side occupied by the chlo�
rine atom.

The mechanism of formation of compound 4 in the
reaction of diketone 1 with chromium(II) dichloride in an
acidic aqueous organic medium is also of interest. Of four
chlorine atoms bound to the sp3�hybridized C(1), C(4),
C(5), and C(9) atoms in molecule 1, reductive chlorine
removal with CrCl2 (an efficient reagent for dehalo�
genation of α�halo ketones9) occurs only at the C(5) and
C(9) atoms. Reaction product 4 derived from diketone 1

by dechlorination at the C(5) and C(9) atoms and hydra�
tion at the C(10) atom was isolated in the chemically pure
state by chromatography on a silica gel column. The
IR spectrum of compound 4 shows a band at 3400 cm–1

(OH). The 13C NMR spectrum of this compound has a
characteristic signal for the gem�dihydroxylated carbon
atom at δC 112.21. The 1H NMR spectrum of compound 4
shows two singlets for the hydroxy hydrogen atoms at
δH 6.98 and 7.37.

Apparently, hydration of the bridging C=O group and
stability of the hydrate result from internal hindrance of
molecules 1 and 4 and the presence of the electronegative
chlorine atoms at the C(1) and C(4) atoms. The inactivity
of these chlorine atoms with respect to CrCl2 is attributed
to the fact that these atoms cannot be eliminated by re�
ductive enolization of the Cl—CH—C=O fragments ini�
tiated by the approach of the CrCl2 molecule to the bridg�
ing keto group (Bredt's rule). At the same time, the re�
placement of the chlorine atoms at the C(5) and C(9)
atoms with H atoms is not forbidden according to Bredt'
rule and, consequently, this process occurs in satisfactory
yield.

Selective dechlorination of ketone 1 with CrCl2 is
consistent with the known data on the nature and mecha�
nism of action of this inorganic radical cation.10,11 The
electronegativity of the oxygen atom is higher than that of
the chlorine atom (4.0 and 3.5 eV1/2, respectively)12 and
the formation of the O—CrIII covalent bond is more prob�
able than the formation of the Cl—CrIII bond. It should
be noted that CrCl2 reduces α�chloro ketones according
to the scheme of chlorine removal assisted by enolization,
whereas the Cl(1) and Cl(4) atoms cannot be removed
from molecule 1. However, this process can occur for the
C(5)—Cl and C(9)—Cl bonds through the activated ACA

Scheme 2

* Hereinafter, the intermediates, whose presence was not ex�
perimentally established, are denoted in the schemes and in the
text by the numbers corresponding to the codes of the final
products with the addition of the prefix pre and the suf�
fix (a, b, c, etc.), the latter indicating the order of formation of
the intermediates.
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and ACB complexes (the sequence of the events is not
important) and enolates pre�4a and pre�4c (Scheme 3).*

Protonation of the C=C bonds in dienolates pre�4a
and pre�4c occurs only from the β region. Protonation
from the α region, which could give rise to the trans�fused
intermediate, is thermodynamically impossible.

Reductive transformations of tricyclic compound 2.
Dechlorination of tricyclic compound 2 in the
CrCl2—HCl(aq)/Me2CO system unexpectedly afforded
dimer 5 (Scheme 4).

The structure of compound 5 was established by NMR
spectroscopy and mass spectrometry. The 13C NMR spec�
trum shows signals of the symmetrical CH (δC 37.68) and
CH2 groups (δC 37.65) and one signal for the C atoms of
the nonconjugated keto groups (δC 199.51). Strong steric
hindrance in molecule 5 is manifested in the 1H NMR
spectrum, where the signals for the protons of each
N(CH2Me)2 group are nonequivalent. The constant 2J
for the CH2 protons in the cyclopentanone fragment is
abnormally high (19.5 Hz) and is closer to 2J for strained
bornan�2�ones (2J = 18.4 Hz, see Ref. 13) than to 2J in

the spectra of cyclopentanones. In the mass spectrum of
dimer 5, the isotope cluster of the molecular ion peak
corresponds to six chlorine atoms; there is also a cluster
peak at m/z = 1/2 M whose appearance is characteristic of
three chlorine atoms. This is indicative of decomposition
of structure 5 giving rise to two monomeric fragments.

The probable pathways of the formation of compound
5 are shown in Scheme 5.* The rates of the reaction of
CrCl2 with lower organohalides11 provide evidence that
the chlorine atom at the doubly allylic C(4) atom in tri�
cyclic compound 2 may be most susceptible to the attack.
However, the calculated charges of these atoms are low.
At the same time, calculations of the partial charges in
amidoketone 2 demonstrated that the negative charge of
the oxygen atom at the C(7) atom is substantially higher
than those of the chlorine atoms (see below). Hence, the

Scheme 3

* The transformation of one C(sp3)—Cl bond of organohalide
into the C—H bond under the action of CrCl2 in an acidic
proton�donor medium involves the following steps:10,11 (1) one�
electron transfer from the CrCl2 molecule to the C—Cl bond of
organohalide; (2) migration of the resulting C radical to the
CrIII atom accompanied by the repeated one�electron transfer
from the second CrCl2 molecule through the bridging ha�
lide anion; (3) decomposition of the dinuclear complex; and
(4) Cr—C bond protolysis in the organylchromium(III) interme�
diate that is eliminated. Theoretically, two CrCl2 molecules (in
practice, their number is larger) are consumed in one event of
reductive dechlorination. After each cycle, the starting atomic
group accepts two electrons. For simplicity, the starting attack
of CrCl2 followed by the rearrangement of the bonds in the
molecule can arbitrarily be considered as the electron pair trans�
fer of the same type.

Scheme 4

* The starting one�electron attack of CrCl2 on molecule 2 fol�
lowed by the one�electron transfer from the second CrCl2 mol�
ecule are denoted by the same "arrow�hook" sign. The formation
of intermediate pre�5b requires at least two CrCl2 molecules (for
comparison, see Scheme 3).
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attack of CrCl2 most likely starts from the coordination
and redox mutation of the CrII cation and the C=O group.
In any event, one�electron reduction of molecule 2 ini�
tiates interrelated processes of the cyclopropane ring open�
ing and leaving of two chlorine atoms from the C(4) and
C(9) atoms to form indenone structure pre�5a.

The subsequent one�electron transfer from CrCl2 to
intermediate pre�5a and the new C—CrIII bond forma�
tion can give rise to organochromium intermediates of
pre�5b type, which are similar in genesis to both aryl
radical anions in the Birch reaction14 and CrIII organyl
intermediates in the Nozaki—Hiyama reaction.15 Cross�
coupling of β�chlorovinyl ketone pre�5a with intermedi�
ate pre�5b followed by reduction of the C(sp3)—Cl bonds
affords didehydro dimer 5. In spite of the fact that the rate
of C—CrIII bond protolysis in an acidic acetone—water
mixture is high, product 5 was obtained in surprisingly
high yield.

The reactions of hydride ion donors, viz.,
NaBH4/MeOH or LiAlH4/THF, with compound 2 at
0 and 20 °C, respectively, (Scheme 6) proceed slowly
and afford only one of two possible alcohols (presum�
ably, 7α�epimer 6). The reactions of other hydride re�
agents with amidoketone 2 invariably produce ei�
ther alcohol 6 (in the NaBH4—CeCl3/MeOH,
NaBH3CN/MeOH—AcOH, or Zn[BH4]2/Et2O systems)
or products of extensive decomposition (in the lithium
selectride/THF system). Attempts to invert the configu�
ration of alcohol 6 at the C(7) atom under the forced
conditions of the Mitsunobu reaction16 gave exclusively
the starting alcohol.

High stereoselectivity of reduction of amidoketone 2
can be traditionally attributed to the steric control and the
attack of the reagent from the more readily accessible side

of the bicyclo[3.3.0]octane fragment of the molecule.
However, the absence of the second epimer (presum�
ably, 7β) makes it difficult to determine the configuration
of alcohol 6 containing no other hydrogen atoms in the
vicinity of the CHOH group by spectroscopic methods.

The α�orientation of the OH group in alcohol 6 was
assumed based on the analysis of the published data17—19

on stereoselectivity of the addition of various reagents at
the π bonds of bicyclo[3.3.0]octane derivatives and their
analogs. In these systems, the bond angles between the
five�membered rings vary in the range of 115—130°. The
C(3)—C(4)—C(5) and C(1)—C(8)—C(7) angles in tri�
cyclic compound 2 calculated by the MM2 method are
116.04 and 126.1°, respectively. The corresponding angles
in the closest analog of diethylamide 2, viz., morpholide
containing the identical acyl substituent,4 are 117.41 and
122.20° (X�ray diffraction data). Generally, the addition
of reagents to such molecules occurs from the "outer side
of the open cardboard" even in the presence of blocking
substituents adjacent to the reaction center.

In the absence of X�ray diffraction data on the struc�
ture of alcohol 6, the conclusion about the α orientation
of the OH group can be supported by the following fact.

Scheme 5

Attack on O(7)

Attack on Cl(4)
Recovery of the starting compound
Shortest electron pathways
Alternative electron pathways

Scheme 6
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semble of C, O, and Cl atoms, which are adjacent to the
keto group, lie on the common quasiplanar surface, and
bear a total negative charge. Calculations of the charges
of the atoms conventionally located above (β region) and
below (α region) this interlayer (the equator of the mol�
ecule) demonstrated that the total positive charge in the
β region is substantially higher than that in the α region
(Fig. 1, Tables 1 and 2).* As the ion pair of the complex
hydride moves toward the plane of the oxo group of the

Fig. 1. Visualization of the probabilities of the formation of α�alcohol 6 or its 7β�epimer (epi�6) when the tetrahedral [MIIIH4]– anions
(M = B or Al) approach the keto group of amidoketone 2 taking into account the steric and electrostatic effects.

β Region

α Region

H

Cl

C

N

OM

C(1)C(3)

C(7)

C(8)
C(5)

C(6)

C(2)

C(9)
C(10)

Quasiplanar
"equatorial"
Cl(6)—C(7)—O(7)—Cl(9)
surface

Table 1. Calculated* atomic partial charges in tricyclic amido�
ketone 2 (principal charges are printed in semibold face)

Atom Method А Method В

C(1) 0.181 –0.072
C(2), C(6) –0.042, –0.086 –0.138, –0.273
C(3), C(5) –0.041, 0.128 –0.234, –0.184
C(4) 0.122 0.067
C(7) 0.311 0.413
C(8) –0.007 –0.231
C(9) 0.125 –0.124
C(10) 0.345 0.316
N(CH2CH3)2 0.029, 0.025 –0.187, –0.199
N(CH2CH3)2 –0.133, –0.135 –0.342, –0.340
N 0.333 –0.071
C(7)O –0.696 –0.262
C(10)O –0.841 –0.366
C(2)Cl, C(6)Cl 0.020, 0.030 0.178, 0.195
C(5)Cl, C(3)Cl 0.115, 0.033 0.182, 0.168
C(1)Cl –0.061 0.112
C(4)Cl –0.067 0.029
C(7)Cl –0.040 0.097
N(CH2CH3)2 0.027, 0.030 0.123, 0.129,

0.141, 0.148
N(CH2CH3)2 0.040, 0.037 0.109, 0.116,

0.117, 0.124,
0.135

* Calculations of the partial charges by the extended Hückel
method (A) and the Mulliken method (B). The data for the
atoms similar in topology and charges are given in pairs.

Table 2. Scalar sums of the charges in three regions of mol�
ecule 2a

Region Total Difference in the total
atomic charge charges of nonequato�

Ab Bb rial atoms (β – α)

Upper (β) 0.745 0.465 0.645 (A), 0.158 (B)
Lower (α) 0.100 0.307 —
Quasiplanar –0.984 –0.863 —
"equatorial" (~86%) (89.5%)
surfacec

a The conventionally upper (β) and lower (α) atomic groups
are located outside the quasiplanar ("equatorial") interlayer
(see Fig. 1).
b The initial calculation method (see Table 1).
c The correspondence to the charge parity of the molecule is
given in parentheses (+/–).

An analysis of the structure of the starting amidoketone 2
by the MM2 method and computer calculations of all
atomic partial charges in the molecule revealed an en�

* The calculations of the molecular parameters of compounds 1
and 2 by the MM2 method and the atomic partial charges were
kindly performed by one of the referees of the present paper in
the course of discussion.
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ketone, the [MH4] anion essential for the reaction is at�
tracted predominantly to the β region. Hence, the prob�
ability of the attack on the keto group from this side
increases, resulting in the predominant formation of
α�alcohol.

Reductive dechlorination of ketoamide 2 in the
LiAlH4/THF system at ≥65 °C affords amino alcohol 7,
which corresponds to more complete reduction of the
cyclopentenone fragment, fusion and aromatization of
two other rings, and the transformation of the amide into
tertiary amine (Scheme 7).

Scheme 7

Ketoamide 2 undergoes analogous aromatization ac�
companied by partial reductive dechlorination upon stor�
age in the Zn/Me2CO—AcOH system. This reaction pro�

duces only vic�dichloro�substituted ketoamide 8, although
this degree of dechlorination can give rise to two other
regioisomers (4,6� and 5,6�dichloro�substituted) contain�
ing the same molecular skeleton. The structure of prod�
uct 8 was established by mass spectrometry, 1H and
13C NMR spectroscopy, and also based on the analysis of
the possible pathways of its formation (taking into ac�
count the nonactivated chlorine atoms of the vinyl frag�
ment of compound 2, which are inert toward Zn). The
structure of 8 was confirmed by comparing the calculated
chemical shifts in the 13C and 1H NMR spectra of
ketoamide 8 and two its regioisomers with the use of the
ACD�Labs computer program. The close agreement be�
tween the calculated chemical shifts δC and δH and the
corresponding experimental values was observed only for
compound 8.

Intermediates pre�7 and pre�8 can serve as precur�
sors of 4,5,6�trichloro�7�(N,N�diethylamino)methyl�
indan�1�ol (7) and 4,5�dichloro�7�diethylaminocar�
bonylindan�1�one (8), respectively. The formation of
these intermediates is facilitated by the intramolecu�
lar assistance of the β�oxy or oxo function to the cleav�
age of the cyclopropane fragment in amidoketone 2
(Scheme 8).

On the whole, as mentioned above, the above�consid�
ered transformations of compounds 1 and 2 are nontrivial
examples of the dependence of the reactions of externally
similar sterically crowded molecules on their structural
features. Fine differences in the pathways of the reductive
reactions involving hydride ion donors and electron do�
nors are aslo of interest.

Scheme 8

X = O, H2

B is a base (an excess of LiAlH4, impurities of alkalis or alkoxides in complex hydride, etc.)
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Experimental

The IR spectra were recorded on UR�20 and Specord M�80
spectrometers in Nujol mulls. The NMR spectra were measured
on a Bruker AM�300 spectrometer (300.13 for 1H and 75.47 MHz
for 13C). The mass spectra were obtained on a Thermo Finnigan
MAT 95XP instrument (70 eV, the ionization temperature was
200 °C, the inlet temperature was 5—270 °C, and the tempera�
ture rise rate was 22 °C min–1). The course of the reactions was
monitored by TLC on Silufol UV 254:366 plates; the spots were
visualized by burning or exposure to iodine vapor. The products
were isolated by silica gel column chromatography (30—60 g of
the adsorbent per gram of the substance) with the use of freshly
distilled solvents as the eluent. The starting compounds 1 and 2
were prepared according to procedures described earlier.1,4

(1R*,2S*)�2,4,5,6,7�Pentachloroindan�1�ol (3). A solution
of diketone 1 (0.52 g, 1.19 mmol) in EtOH (5 mL) was added
dropwise to a stirred suspension of 85% NaBH4 (0.26 g,
5.85 mmol) in ethanol (5 mL) at 0 °C. The reaction mixture was
stirred at 22±2 °C for 1 h (TLC control). An excess of NaBH4
was quenched with water, ethanol and the volatiles were
evaporated, and the residue was extracted with ethyl acetate
(3×30 mL). The combined organic extracts were dried with
MgSO4 and concentrated. The residue was chromatographed on
a silica gel column (AcOEt—petroleum ether, 1 : 1, as the eluent).
Compound 3 was isolated as white crystals in a yield of 0.26 g
(71%), m.p. 156—158 °C. IR, ν/cm–1: 766, 868, 1018, 1096,
1156, 1174, 1384, 1558, 3448. 1H NMR (acetone�d6), δ: 3.28
(dd, 1 H, CHAHB, 2J = –16.5 Hz, 3J = 8.2 Hz); 3.55 (dd, 1 H,
CHAHB, 2J = –16.5 Hz, 3J = 7.2 Hz); 4.75 (m, 1 H, CHCl);
5.11 (br.s, 1 H, OH); 5.28 (d, 1 H, OCH, J = 5.1 Hz). 13C NMR,
δ: 40.01 (C(3)); 59.49 (C(2)); 75.19 (C(1)); 128.38, 129.74,
130.92, 132.12 (C(5), C(3a), C(4), C(7)); 140.55, 141.61
(C(6), C(7a)). MS, m/z: 304, 306, 308, 310, 312 [M]+; 269, 271,
273, 275 [M – Cl]+; 234, 236 [M – 2 Cl]+.

(1S*,4S*,5R*,9S*)�1,2,3,4,7,8�Hexachloro�10,10�dihydr�
oxytricyclo[5.2.1.05,9]deca�2,7�dien�6�one (4). An acidic 10%
aqueous CrCl2 solution (30 mL), which was prepared according
to a known procedure,9 was gradually added to a stirred solution
of compound 1 (0.5 g, 1.15 mmol) in Me2CO (10 mL) at
22±2 °C. The reaction mixture was stirred for 30 min, acetone
was evaporated, and the aqueous phase was extracted with CHCl3
(3×30 mL). The combined extracts were washed with a satu�
rated NaCl solution, dried with MgSO4, and concentrated. The
residue was purified by chromatography on a silica gel column
(AcOEt—petroleum ether, 1 : 1, as the eluent), and compound 4
was obtained as colorless crystals in a yield of 0.15 g (~34%),
m.p. 101—103 °C. Found (%): C, 30.97; H, 1.20; Cl, 54.42.
C10H4Cl6O3. Calculated (%): C, 31.41; H, 1.04; Cl, 54.97. IR,
ν/cm–1: 1582, 1714, 3400. 1H NMR (acetone�d6), δ: 3.65 (d,
1 H, H(9), J = 6.1 Hz); 4.12 (d, 1 H, H(5), J = 6.1 Hz); 6.98 and
7.37 (both s, 1 H each, OH). 13C NMR, δ: 55.57 (C(9)); 55.63
(C(5)); 75.87, 77.41 (C(1), C(4)); 112.21 (C(10)); 127.93, 128.13
(C(2), C(3)); 135.67 (C(7)); 159.16 (C(8)); 190.09 (C(6)).

(3R*,3´S*)�3,3´�Bis(4,5,6�trichloro�7�diethylaminocarbo�
nylindan�1�one) (5) was prepared analogously to compound 4
starting from compound 2 (0.5 g, 1.08 mmol). The yield was
0.15 g (22%), m.p. 271—273 °C. Found (%): C, 50.90; H, 3.90;
Cl, 31.34; N, 4.00. C28H26Cl6N2O4. Calculated (%): C, 50.40;
H, 3.93; Cl, 31.88; N, 4.20. IR, ν/cm–1: 1072, 1192, 1378, 1462,
1732. 1H NMR (CDCl3), δ: 1.11 and 1.34 (both t, 6 H each,

Me, J = 7.1 Hz); 1.72 (d, 2 H, 2 CHAHB, J = –19.5 Hz); 2.58
(dd, 2 H, 2 CHAHB, 2J = –19.5 Hz, 3J = 7.9 Hz); 3.10 and 3.13
(both dq, 2 H each, 2 NCHAHB, 2J = –14.2 Hz, 3J = 7.1 Hz);
3.58 and 3.74 (both dq, 2 H each, 2 NCHAHB, 2J = –14.2 Hz,
3J = 7.1 Hz); 4.66 (d, 2 H, H(3), J = 7.3 Hz). 13C NMR, δ:
12.19, 13.68 (Me); 37.65 (C(2)); 37.68 (C(3)); 39.17, 42.94
(NCH2); 132.19, 132.41, 133.52, 133.61 (C(3a), C(7), C(6),
C(5)); 139.83 (C(4)); 151.81 (C(7a)); 162.98 (N—C=O); 199.51
(C(1)). MS, m/z: 664, 666, 668, 670, 672 [M]+; 629, 631, 633,
635, 637 [M – Cl]+; 332, 334, 336 [M/2]+.

(1S*,4S*,7S*,8R*,9S*)�1,2,3,4,5,6,9�Heptachloro�9�di�
ethylaminocarbonyltricyclo[6.1.0.04,8]nona�2,5�dien�7�ol (6).
A solution of compound 2 (0.28 g, 0.60 mmol) in THF (5 mL)
was added dropwise to a stirred suspension of LiAlH4 (0.23 g,
6.02 mmol) in anhydrous THF (5 mL). The reaction mixture
was stirred at ~20 °C for 1 h. The course of the reaction was
monitored by TLC. An excess of LiAlH4 was quenched with
water, THF was evaporated, and the residue was extracted with
CHCl3 (3×30 mL). The combined organic extracts were dried
with MgSO4 and concentrated. The residue was purified by
chromatography on a silica gel column (AcOEt—petroleum
ether, 1 : 1, as the eluent), and compound 6 was obtained as
white crystals in a yield of 0.16 g (57%), m.p. 193—195 °C.
Found (%): C, 35.86; H, 2.80; Cl, 51.86; N, 3.15.
C14H12Cl7NO2. Calculated (%): C, 35.44; H, 2.55; Cl, 52.31;
N, 2.95. IR, ν/cm–1: 1606, 1630, 3004, 3418. 1H NMR (ac�
etone�d6), δ: 1.04 and 1.31 (both t, 3 H each, Me, J = 7.1 Hz);
3.21 and 3.28 (both dq, 1 H each, NCHAHB, 2J = –14.2 Hz,
3J = 7.1 Hz); 3.40 and 3.75 (both dq, 1 H each, NCHAHB, 2J =
–14.2 Hz, 3J = 7.1 Hz); 5.60 (d, 1 H, H(7), J = 8.3 Hz); 5.77 (d,
1 H, OH, J = 8.3 Hz). 13C NMR (acetone�d6), δ: 11.53, 13.06
(2 Me); 40.15, 45.03 (2 NCH2); 49.25 (C(8)); 58.44, 59.82
(C(1), C(9)); 74.35 (C(7)); 81.49 (C(4)); 127.81, 138.30
(C(6), C(2)); 129.46, 141.16 (C(5), C(3)); 161.35 (N—C=O).

4,5,6�Trichloro�7�(N,N�diethylaminomethyl)indan�1�ol (7).
A solution of compound 2 (0.3 g, 0.65 mmol) in THF (10 mL)
was added dropwise to a suspension of LiAlH4 (0.25 g,
6.58 mmol) in anhydrous THF (20 mL) under argon. The reac�
tion mixture was refluxed for 12 h, cooled, worked up as de�
scribed above, and purified by silica gel column chromatogra�
phy (AcOEt—petroleum ether, 1 : 1, as the eluent) and recrys�
tallization (from an AcOEt—petroleum ether mixture, 1 : 10).
Compound 7 was obtained as a white powder, m.p. 155—158 °C.
The yield was 0.09 g (~45%). IR, ν/cm–1: 736, 772, 970, 1054,
1162, 1450, 1582, 1654, 3352. 1H NMR (acetone�d6), δ: 1.08 (t,
6 H, 2 Me, J = 7.2 Hz); 2.44 (m, 4 H, NCH2, C(3)H2); 2.70 (dq,
2 H, NCH2, 2J = –14.4 Hz, 3J = 7.2 Hz); 2.96 and 3.12 (both m,
1 H each, C(2)H2); 3.87 and 4.06 (both d, 1 H each, CH2N, J =
13.0 Hz); 5.36 (dd, 1 H, OCH, J = 1.8 Hz, J = 7.3 Hz); 6.38
(br.s, 1 H, OH). 13C NMR, δ: 10.64 (Me); 31.04 (C(3)); 31.81
(C(2)); 45.95, 52.87 (NCH2); 75.06 (C(1)); 129.11, 129.73,
131.81, 133.68 (C(5), C(4), C(6), C(3a)); 142.58 (C(7));
147.91 (C(7a)).

4,5�Dichloro�7�diethylaminocarbonylindan�1�one (8). An
activated Zn powder (0.28 g, 4.30 mmol) was added portionwise
to a solution of compound 2 (0.2 g, 0.43 mmol) in an ac�
etone—THF mixture (1 : 1, v/v, 10 mL) containing glacial ace�
tic acid (1 mL). The reaction mixture was stirred for 1 h and
then filtered. The filtrate was concentrated in vacuo, the residue
was dissolved in AcOEt, and the solution was washed with a
saturated NaCl solution. The organic layer was dried with MgSO4
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and filtered. The solvent was evaporated and the residue was
chromatographed on a silica gel column (AcOEt—petroleum
ether, 1 : 1, as the eluent). Compound 8 was obtained as color�
less crystals in a yield of 0.1 g (77%), m.p. 138—140 °C.
Found (%): C, 56.40; H, 4.86; Cl, 23.33; N, 4.86.
C14H15Cl2NO2. Calculated (%): C, 56.02; H, 5.04; Cl, 23.62;
N, 4.67. IR, ν/cm–1: 712, 790, 1066, 1120, 1192, 1588, 1642,
1714. 1H NMR (CDCl3), δ: 1.02 and 1.31 (both t, 3 H each,
Me, J = 7.2 Hz); 2.72 (dd, 2 H, C(3)H2, 3J = 6.9 Hz, 3J =
3.3 Hz); 3.06 (m, 4 H, C(2)H2, CH2N); 3.62 (q, 2 H, CH2N,
2J = 14.2 Hz, 3J = 7.2 Hz); 7.60 (s, 1 H, =CH). 13C NMR
(CDCl3), δ: 12.09, 13.48 (Me); 24.43 (C(3)); 36.01 (C(2)); 38.78,
42.51 (NCH2); 130.81, 131.99, 133.15, 135.89 (C(7), C(4),
C(3a), C(5)); 134.27 (C(6)); 151.55 (C(7a)); 163.91 (N—C=O);
202.78 (C=O). MS, m/z: 299, 301 [M]+; 264, 266 [M – Cl]+;
227, 229 [M – NEt2]+; 72 [NEt2]+.
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sion of the possible mechanisms of the reactions in
question.
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