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Anionic Polymerization of an Acrylonitrile Trimer Studied by Photoelectron Spectroscopy
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A photoelectron spectrum of an acrylonitrile (AN:@HCHCN) trimer anion, (ANj~, produced by electron
impact on an acrylonitrile cluster was measured, and was compared with that of a molecular anion of 1,3,5-
cyclohexanetricarbonitrilec(HTCN) in the triequatorial form, which was first synthesized in the present
experiment. A comparison of the vertical detachment energies ofy(A&t)d the molecular anion lead us to
conclude that (ANy™ is assigned as one of the stereoisomers (diaxial forng}ldTCN (—) on the basis of

our previous studies refs 13, 14, and-Z2 [Tsukuda, T.; Kondow, T1. Chem. Physl997, 95, 6989. Tsukuda,

T.; Kondow, T.J. Am. Chem. S0d.994 116, 9555. Ichihashi, M.; Tsukuda, T.; Nonose, S.; KondowJ]T.

Phys. Chem1995 99, 17354. Fukuda, Y.; Tsukuda, T.; Terasaki, A.; KondowChem. Phys. Lettl995

242 121. Fukuda, Y.; Tsukuda, T.; Terasaki, A.; Kondow,Ghem. Phys. Lett1996 260, 423.].

1. Introduction mass spectra of the cluster cation of (AN) They have
concluded that three AN molecules are hydrogen-bonded in a

Chemical reactions in cluster media have attracted much . . e L
ng geometry in (AN}, and undergo anionic polymerization

attention because they are expected to provide unique reactior[)I he el h imilar . h
products that are very different from those obtained in the usual 2Y the electron attachment. Similar intensity enhancement at

condensed media. Intracluster polymerization is a typical — > 6 and 9 were also observed in the mass spectra of the
example of such reactions. Several groups have so far investi-d_USter anions of olefin molecules sgc_h as 2-chloroacryloni-
gated cationic polymerization in clusters followed by ioniza- trile,**~** methyl acrylate? methacrylonitrile!**°and styrené?
tion.1~12 The mass spectra of cluster cations exhibit characteristic To elucidate the mechanism of the intracluster anionic
distributions in intensity. They have analyzed in such a manner polymerization in (AN), by the electron attachment, systematic
that intracluster polymerization takes place when the neutral studies have been conducted by using techniques of collision-
clusters are ionized. For instance, Garvey ét &have reported induced dissociation, photodissociation, and photoelectron

the enhancement in the intensity distributions of ¢ER)," detachment. Ichihashi et #.have shown that a neutral AN
(R=CH,, CF, and CHCH) produced by electron impact  trimer unit, (AN}, is released dominantly from a parent cluster
ionization of van der Waals clusters of (¢HR)m and inter-  anjon (AN),~ by Kr-atom impact. They have interpreted this

preted the intensity enhancement in terms of formation of Six resyit in such a manner that (AfNjs present in (AN)~ as a
membered cyclic ions because of a kinetic bottleneck in the giapie trimer unit. Fukuda et &l.have undertaken the photo-
chain propagation sequences. El-Shall et-&lhave observeq dissociation measurement of (AN)(2 < n < 9) at photon
the cationic polymerization in van der Waals clusters of vinyl energies of 1.17 and 2.33 eV and have observed {ARd
thlo.”d(.a ar)d isoprene. El-Sayed etll%lhave reported dissocia- (AN)s~ as the main products. They concluded that the parent
tive ionization of acrylate clusters with releasing carboxy groups anion (AN)~ (n = 3) consists of an anionic trimer unit, (AM)
under irradiation of a laser light and suggested that intraclustera neutral trimer_unit (AN and AN molecule(s) Thé”%have
polymerization proceeds. e :

On the other hand, Tsukuda et'&l* have investigated ilsr? <m ii)s l;rne(;j gﬁgﬁfétlﬁitfﬁéagggﬁga %rf]?glégﬁnoj r(:‘)7’6)\(:12
Rydberg electron attachment onto an acrqunltnle (ANzEH ;n ar_lionic trimer unit, (ANJ", in a ring geometry. In sammary
I(r:]I-:hCé\l %ﬁsstg;’e(cﬁga‘gfa(rfhg l;snzrv[t(?:l\;;t_e;]s[[y(;nialzc(:;ents previous studies have revealed that (ANjn > 3) consists of
HCN, and H + HCN) atn = 3, 6, and 9, where [(AN,)—,X]" a polymerized cyclic trimer core ion, (Al), solvated with a
represents an anion produced by eliminating a neutral speciesPolymerized cyclic neutral trimer unit, (A)and AN mol-

X, from (AN),~; no intensity enhancements are observed in the €Cule(s). The polymerized cyclic trimer core ion, (AN)is
regarded to be one of the four sterecisomers of the molecular

*To whom correspondence should be addressed. anion of 1,3,5-cyclohexanetricarbonitrile-KITCN; see Table

I-lg?:sgr?t“é%rg:gsg'f Ltc’ilf/)g:{ced Photon Research Center, Kansai Resear 1. The final goal of this series of studies is to identify the
Establishment, Japa'n Atomic Energy Research Institute,y 8-1 Umemidai,Cgomerlc structure of (ANJ'. In the present study, a phOtPEIeC'
Kizu-cho, Souraku-gun, Kyoto 619-0215, Japan. tron spectrum of (ANg~ was measured and compared with that

> Toyota Technological Institute. . » of the molecular anion a-HTCN in a triequatorial form, which
I'Present address: Fujisawa Pharmaceutical Co., Ltd., Medicinal Chem-

istry Research Laboratories, 5-2-3 Toukoudai, Tsukuba, Ibaraki 300-2698, WS first synthesized in the present study. An ab initio MO
Japan. method based on Gaussiar®was employed to calculate the
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TABLE 1: Relative Energies and Vertical Detachment Energies for Four Stereoisomers of 1,3,5-Cyclohexanetricarbinitrile~)
Calculated with HF/6-31+G//MP2/6-31++G(d,p)?

Stereoisomers of 1,3,5-cyclohexanetricarbonitrile (-}
z
5. & ] . 3
o o
& &
() (®) © @
Relative energy’, 4E,,,, .. (V) 0.00 091 0.97 1.60
(0.00) 0.75) (0.86) (1.50)
Relative vertical detachment 029 0.05 0.00 -0.39
energy®, AV, (€V) (-0.46) (0.04) (0.00) (-0.42)

aThe values shown in parentheses were calculated with HFHES3#MP2/3-2H-G. P Relative energy with respect to the stereoisomer a which
has the most stable structufeRelative energy with respect to the stereoisomer ¢ which has the structure of the synthesized sample.
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Figure 1. Schematic diagram of the experimental apparatus equipped with a magnetic-bottle-type TOF photoelectron spectrometer.

vertical detachment energies of the four stereoisomers of electric field and accelerated up to 500 eV in a field-free path
Cc-HTCN (—) for the sake of comparison with the vertical of 2.7 m. The anionc-HTCN (), was selected out from

detachment energy of (AR). spatially separated ion bunches by using a mass gate and was
) _ decelerated down to 50 eV by a potential switch located in front
2. Experimental Section of the magnetic-bottle-type TOF photoelectron spectrometer.

Figure 1 shows a schematic diagram of the experimental setupThen, at the photodetachment regiorHTCN (—) was irradi-
employed for the measurements of both the mass and theated by the output of unfocused second harmonics of a Nd:
photoelectron spectra. The apparatus consists of a pulsed clusteYAG laser (Quanta Ray DCR-11). Laser fluence was maintained
ion source, a time-of-flight (TOF) mass spectrometer, and a in the range of 50 mJ cm pulse ®. Photoelectrons, created in
magnetic-bottle type TOF photoelectron spectrometer. a strong inhomogeneous magnetic fietd1000 G) generated

Helium gas of 4-8 atm was expanded from a pulsed nozzle by a pulsed electromagnet located outside the vacuum chamber,
of 0.8 mm in diameter. Electrons having a kinetic energy of were guidedn a 2 mdrift tube applied with a weak magnetic
~300 eV were introduced at the distance of 2 mm downstream fie|d (~10 G) and detected by a tandem microchannel plate
from the nozzle. The diameter of the electron beam was 1 mm. (Hamamatsu F2223-21S). The signal was recorgea b GHz
A powder sample of-HTCN in the triequatorial form (see the  time-to-digital converter (LeCroy TDC4208) interfaced with a
Appendix for its synthesis) was heated in a stainless steel OVeNpersonal computer (NEC PC-9801 VX). The data were ac-

ar: 160;C,0agdc-HTC?fl_\l vapor \lxydasfefgused int$hthe vacuum — cymulated for 30 00660 000 laser shots so as to obtain one
through a 0.5 mm orifice on a lid of the oven. The supersonic photoelectron spectrum afHTCN (—) with a good signal-to-

Eégﬁ:‘i}? t%gzr:r;h(laen\?azz:ﬁ \Qﬁlglg\gﬁg ?;ﬁvmgtggﬁ::tsrgaemnoise ratio. Energy calibration was performed by measuring the
P P known photoelectron spectra of @nd Q.27 The resolution

from the nozzle. The anions produced in the expansion region of this photoelectron spectrometer was determined to be 30 and
were extracted by applying a pulsed electric field and accelerated150 meV fwhm (full width at half-maximum) &, = 1.148

up to 1500 eV in a field-free path of 2.7 m. After passing )
through the ion optics, the anions were detected by a tandem@"d 2.79 €V, respectively, from the measurement of the

microchannel plate (Hamamatsu F2223-21S), and the masgPhotoelectron spectrum of Cu

spectrum of the product anions was obtained. The photoelectron spectrum of (AN)was also measured
The photoelectron spectrum ofHTCN (—) was measured  under the same experimental condition by using the same

as follows: The anions were extracted by applying a pulsed procedure as stated above. A detailed description of the
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Figure 2. Mass spectrum of anionic species produced by electron 0.0 05 . 1.'0 = 2.0
impact onc-HTCN. The peak indicated by a vertical arrow/g = Electron Binding Energy (eV)
159) was assigned HTCN (). Peaks withm/z = 177, 195, and Figure 3. Photoelectron spectra of (AN) (upper trace) and 1,3,5-
213 were assigned HTCN (—) solvated with HO molecule(s). The ¢y ciohexanetricarbonitrile<) in the triequatorial form (lower trace)

peak indicated by an asteriskg = 132) was assigned to an anion 4t 4 photon energy of 2.33 eV. The vertical arrows represent the vertical
produced by eliminating one HCN unit fromHTCN (-). detachment energies of both anionic species.

measurement of a photoelectron spectrum of AMas shown detachment energies of (Ab)andc-HTCN (=) were deter-

in one of our previous papefs. mined to be 0.85(3) and 1.14(3) eV, respectively; the vertical
detachment energy of (AN) is smaller by 0.29(6) eV than
3. Results that of c-HTCN (—) in the triequatorial form.

3.3. Ab Initio MO Calculation. Previous studigg.14.26-22

3.1. Anionic Products by Electron Impact onc-HTCN. ¢ :
have shown that (AN) is one of the sterecisomers@HTCN

Figure 2 shows a typical TOF mass spectrum of anions produced

by electron attachment ooHTCN (1,3,5-cyclohexanetricar- (=) as described in section 1. This conclusion is actually
bonitrile). The peak indicated by a vertical arrom/t = 159) supported by the photoelectron spectra of (ANgndc-HTCN

was assigned to-HTCN (—). The peaks withm'z = 177, 195 (—) in the triequatorial form; the spectral profile is almost same
and 213 were assigned ®HTCN (-) solvated with HO but only the_peak energy is_ different by 0.29(6) eV. The
molecule(s). On the other hand, the peak indicated by an asteriskolecular anionc-HTCN (=), is known to have four stereo-

(m/z= 132) was assigned to an anion produced by eliminating [SOmers as listed in Table 1: They are (a) the diaxial form in
one HCN unit fromc-HTCN (). This anion is regarded as which two —CN groups are oriented axially and the other one

[(AN)s—HCN]-, which was also produced by electron attach- equatorially Wi_th respect to_the average pla_ne of _the chair-form
ment on (AN),1314 The production of the aniom{z = 132) cyclohexane ring, (b) the diequatorial form in which tw&N
lends a further support that (AN) is one of the stereoisomer ~ 9roups are oriented equatorially and the other one axially, (c)
of c-HTCN (-), because the product anions from (ANjand the triequatorial form in which all of the threeCN groups are
¢-HTCN (-) are same. oriented equatorially, and (d) the triaxial form in which all of
3.2. Vertical Detachment Energies of (ANy~ and ¢-HTCN the three—CN groups are oriented axially. _
(—). Figure 3 shows typical photoelectron spectra of (&N) To identify the isomeric structure of (AN), the vertical
and c-HTCN (—) measured at the photon energy of 2.33 eV detachment energies of these stereoisomers were calculated as
under the same experimental conditions, where the abscissa0Wn below: _ o
represents the electron binding energy. The small humpa (1) Geometry optimization was carried out for a given isomer
eV is an artifact caused by a multiphoton process. The peak Of CHTCN (=) possessing a predetermine@N conformation
energy of (AN}~ is smaller than that ai-HTCN (=), whereas by using the 6-3%+G basis set at the Hartre&ock level.

the spectral width of both the spectra is almost the same; a slight_ (2) The energies of-HTCN (—) andc-HTCN (defined as
difference in spectral width is explained by a difference in Eanion @nd Eneutrai respectively) were calculated at the second-
internal energy between (Aj) andc-HTCN (—). order Mgller-Plesset (MP2) level with the 6-31G(d,p) basis

The vertical detachment energye, of an anion, is derived ~ Set on the premise that botRHTCN (=) andc-HTCN have

from the peak energy of the photoelectron spectrum of the anion the Same geometrical structure calculated in procedure 1.
by using the relation (3) The vertical detachment energ¥sa, for the isomer was

obtained as

I(E,)=C ex% —(ﬁ)z} Q) Vea = Eneutra ™ Eanion ()

In the calculation, the spin-restricted Hartrdeock (RHF) and
where 2+/In2 is the full width at a half-maximum of the the spin-unrestricted Hartreé-ock (UHF) methods were em-
spectrumfy is the electron binding energy, a@ds a constant. ployed for the closed-shell and the open-shell systems, respec-
The parameter¥ey, and 6 were obtained by a least-squares tively. Let us define the relative energyEanion for a given
fitting of the rising portions of the (ANy and c-HTCN (—) isomer anion with respect to the energy of isomer a which is
spectra with the Gaussian function given by eq 1. The vertical the most stable structure ofHTCN (—). On the other hand,
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Figure 4. Conformational inversion in 1,3,5-cyclohexanetricarbonitrile
(=). The topomerization gives rise to the interconversion of two
diastereomers. e NWCN
reflux 8h &
the relative vertical detachment energyca, is defined with 49% N
respect to the vertical detachment energy of isomer c, because e

the SyntheS|zed:-HTC_N ) Correspon_ds to isomer c. The_ Figure 5. Synthetic scheme for 1,3,5-cyclohexanetricarbonitrile.
methods and the basis sets employed in the present calculation

are reliable enough to predict the relative enet§§anion and

the relative vertical detachment energyVc,, but not suf-
ficiently accurate to reproduce the absolute energy and the
observed vertical detachment energy. ThEgnion and AVey
obtained from the calculations are listed in Table 1. As shown
in Table 1, the order of the magnitudes &Eanion and AVcy
does not change by reducing the number of the basis functions
althoughAEgnion and AV, themselves change slightly.

other hand, the preferential formation of isomer a can also be
predicted by an argument based on an entropy point of view.
As each—CN group can be oriented either equatorially or
axially, there exist eight possible combinations for thre@N
groups. Two combinations out of the eight give rise to
triequatorial (isomer c) or triaxial (isomer d) stereoisomers, and
the rest provide diaxial (isomer a) and diequatorial ones (isomer
b). This implies that a probability for producing isomer a or b
is three times larger than that for producing isomer c or d. In
addition, isomer b is readily inverted to isomer a as discussed
4.1. ldentification of (AN)s~ Structure. In c-HTCN (-), above. These considerations lead us to conclude that the

the pair of isomers a and b and that of ¢ and d are mutually intracluster anionic polymerization favors the formation of
invertible (see Figure 4 parts 1 and2f°whereas all of the ~ Sterecisomer a on the basis of the energetics and the entropy
other two pairs are not mutually invertible in a thermal condition réquirement.

because of a high energy barrier for the conformational change,5. conclusion

which involves the rupture of chemical bonds. According to A characteristic feature of intracluster polymerization reac-
the calculation, the energy differences between the pair of tions was investigated by using such a bench mark system that
isomers a and b and that between ¢ and d are found to bethree acrylonitrile molecules assembled in a ring form undergo
sufficiently large (0.91 and 0.63 eV, respectively) that the anjonic polymerization by electron attachment. The formation
equilibrium favors formation of isomer a through the intercon- of the most preferable stereoisomer was found to be determined

version reaction between isomers a and b and isomer ¢ throughyy the energetics and the entropy requirement of the reaction
that between isomers ¢ and d. Furthermore, the calculationgystem.

shows that the vertical detachment energy of isomer a is smaller
by 0.29 eV than that of isomer ¢ (see Table 1). In summary, Acknowledgment. The authors thank Center for Computa-
c-HTCN (-) has stable isomers a and ¢, where the vertical tional Material Science of IMR in Tohoku University, The

detachment energy of isomer a is calculated to be smaller by!nstitute of Physical and Chemical Research (RIKEN), and
0.29 eV than that of isomer c. Institute for Molecular Science (IMS) for using their computers.

Note the experimental result that the vertical detachment The authors also thank Professors T. Nagata, T. Tsukuda, K.

energy of (AN}~ is smaller by 0.29(6) eV than that ofHTCN Yamanouchi, and K. Someda for their fruitful discussion. One
(—) having the structure of isomer c. In comparison with the of the authors (Y.F.) is grateful for the Research Fellowship of

calculation described above, it is concluded that (ANjolds thedJapan i_ociety for r:he Promotion (;)becience fo_r YQ(;J?Q
the structure of isomer a, whereas the synthesizddCN (—) Stl_J ents. This researc was supported by a Grant_-ln-A| or
holds the structure of isomer c. Scientific Research by the Ministry of Education, Science and

4.2. Preferential Stereoisomer Formation.The formation Culture of Japan and by a special cluster project of Genesis

of (AN)3™~ in isomer a by intracluster polymerization in (AN) Research Institute Inc.

initiated by electron attachment can be explained as follows: Appendix

As discussed in our previous papér?? prealigned hydrogen- Synthesis of 1,3,5-Cyclohexanetricarbonitrile The com-
bonded three AN molecules in (ANjare polymerized into the  pound 1,3,5-cyclohexanetricarbonitrile was synthesized by the
six-membered ring molecule;HTCN (—), when one electron  following procedures and was examinedbyNMR, 13C NMR,
attached to it. In the intracluster polymerization, chain propaga- and IR spectroscopy. The synthetic scheme is shown in Figure
tion is likely to proceed so as to seek a product having the most5.

stable structure among the four stereoisomers. As mentioned 1,3,5-Cyclohexanetricarbonyl Chloride (2).A solution of
previously, the most stable structure is isomer a, so that thea triequatorial 1,3,5-cyclohexanetricarboxylic aclg 137 mg,
product of the intracluster polymerization must be isomer a as 3.41 mmol) and benzyltriethylammonium chloride (23.3 mg,
a natural consequence on the basis of the energetics. On th@®.102 mmol) in 1,2-dichloroethane (5 mL) was refluxed while

4. Discussion
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dropping thionyle chloride (5 mL) at 108C for 1.5 h under

argon atmosphere. After cooling to room temperature, the

Fukuda et al.

(2) Coolbaugh, M. T.; Vaidyanathan, G.; Peifer, W. R.; Garvey, J. F.

J. Phys. Chem1991, 95, 8337.

(3) Whitney, S. G.; Coolbaugh, M. T.; Vaidyanathan, G.; Garvey, J.

solvent was distilled out under reduced pressure. The solid thusg ; ppys chem1991 95, 9625.

obtained was washed twice by tetrahydrofuran (THF; 1 mL)
and dried off under reduced pressure, and then 1,3,5-cyclohex-

anetricarbonyl chloride 859 mg, 3.16 mmol, 93%) was
obtained.

1,3,5-Cyclohexanetriamide (3)A solution of 1,3,5-cyclo-
hexanetricarbonyl chloride2( 859 mg, 3.16 mmol) in 28%
aqueous ammonia (50 mL) was stirred &®for 1 h and was

allowed to react at room temperature for 2 h. The solvent was
filtered out. The solid thus obtained was washed by acetone g5,

(4) Coolbaugh, M. T.; Garvey, J. Ehem. Soc. Re 1992 21, 163.

(5) Coolbaugh, M. T.; Whitney, S. G.; Vaidyanathan, G.; Garvey, J.
F.J. Phys. Chem1992 96, 9139.

(6) Lyktey, M. Y. M.; Rycroft, T.; Garvey, J. K. Phys. Cheml996
100, 6427.

(7) El-Shall, M. S.; Marks, CJ. Phys. Chem1991, 95, 4932.

(8) El-Shall, M. S.; Schriver, K. EJ. Chem. Phys1991, 95, 3001.

(9) ElI-Shall, M. S.; Daly, G. M.; Yu, Z.; Meot-ner (Mautner), M.

Am. Chem. Sod 995 117, 7744.

(10) Morita, H.; Freitas, J. E.; El-Sayed, M. A. Phys. Chem1991
1664.

and dried off under reduced pressure. Then 1,3,5-cyclohexane- (11) Feinberg, T. N.; Baer, T.; Duffy, L. MJ. Phys. Chem1992 96,

triamide @; 626 mg, 2.93 mmol, 93%) was obtained.
The physical properties of produ8tare given below:
IH NMR (ds-DMSO) 6 = 1.30-1.33 (1H, dd), 1.731.76
(1H, d,J = 11.4 Hz), 2.11 (1H, dd), 6.69 (1H, s), 7.18 (1H, s).
13C NMR (dg-DMSO) 6 = 176.3, 42.5, 31.5.

IR (KBr): 3346, 3180, 1676, 1620, 1480 cf
1,3,5-Cyclohexanetricarbonitrile (4).A solution of 1,3,5-
cyclohexanetriamide 3{ 626 mg, 2.93 mmol) in chloride
phosphate in excess was refluxed &h under argon atmo-

9162.

(12) Booze, J. A.; Baer, TJ. Chem. Phys1992 98, 186.

(13) Tsukuda, T.; Kondow, TJ. Chem. Phys1991, 95, 6989.

(14) Tsukuda, T.; Kondow, TJ. Am. Chem. S0d.994 116, 9555.

(15) Tsukuda, T.; Kondow, TJ. Phys. Chem1992 96, 5671.

(16) Tsukuda, T.; Terasaki, A.; Kondow, T.; Scarton, M. G.; Dessent,
C. E. H,; Bishea, G. A.; Johnson, M. &hem. Phys. Letl993 201, 351.

(17) Ichihashi, M.; Hirokawa, J.; Tsukuda, J.; Kondow, T.; Dessent, C.
E. H.; Bailey, C. G.; Scarton, M. G.; Johnson, M. A.Phys. Cheml995
99, 1655.

(18) Tsukuda, T.; Kondow, T.; Dessent, C. E. H.; Bailey, C. G.; Johnson,

sphere. The reaction was terminated by adding a saturated": A Hendricks, J. H.. Lyapustina, S. A.; Bowen, K. Kthem. Phys.

aqueous solution of sodium hydrogencarbonate. The organic
portion of the solution was extracted, washed by a saturated

Lett. 1997 269 17.
(19) Tsukuda, T.; Kondow, TChem. Phys. Lettl992 197, 438.
(20) Ichihashi, M.; Tsukuda, T.; Nonose, S.; Kondow,JTPhys. Chem.

aqueous solution of sodium chloride, and dehydrated by sodium1995 99, 17354.

sulfate anhydride. The solvent was distilled out under reduced
pressure. The solid thus obtained was refined by thin chroma-

(21) Fukuda, Y.; Tsukuda, T.; Terasaki, A.; Kondow,Jhem. Phys.
Lett. 1995 242 121.
(22) Fukuda, Y.; Tsukuda, T.; Terasaki, A.; Kondow,Jhem. Phys.

tography (ethyl acetate) to prepare 1,3,5-cyclohexanetricarbo-| ett. 1996 260, 423.

nitrile (4; 230 mg, 1.45 mmol, 49%).

The physical properties of produdtare given below:

White-colored solid at room temperature.

Melting point= 156.0-156.5°C.

IH NMR (CDCl3) 6 = 1.80-1.87 (1H, dd,J = 25.9, 13.0
Hz), 2.45-2.48 (1H, m), 2.53-2.59 (1H, ddddJ) = 12.6, 12.6,
3.5, 3.5 Hz).

3C NMR (CDCk) ¢ = 118.5, 30.9, 26.2.

IR (KBr): 2250 cntl,

The NMR spectra show that produdthas a triequatorial
form; all of the three—CN groups are oriented equatorially with
respect to the average plane of chair-form cyclohexane ring.
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