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In 7-(1,2,3,4,5,6,7-heptaphenylcycloheptatrienyl) isothiocyanate and isoselenocyanate, migration of isothiocyanate and isoseleno-
cyanate groups along the perimeter of the seven-membered ring occurs via an intramolecular dissociation—-recombination
mechanism with high free energy barriers (AG%y;) of 24.3 and 22.4 kcal mol-!, respectively.

Recently, we have shown that migration of the isothiocyanatbending of thesp? carbon is larger than that in cycloheptatriene
group in the three-membered ring of 3-(1,2,3-triphenylcyclo-C,Hg (36°); this minimises sterical interactions between the
propenyl) isothiocyanate occurs a dissociation—-recombination phenyl groups. The isothiocyanate substituent occupies the
mechanism £G3,5 « = 14.5-15.6 kcal mol), while circumam-  pseudo-equatorial position, while the phenyl ring is arranged
bulation of selenocyanatd®zys« = 16.7 kcal motl) and iso-  at the more sterically favoured pseudo-axial site. All phenyl
selenocyanateNGj,s « = 22 kcal motl) groups along the pe- rings are twisted relative to the central cycloheptatriene ring
riphery of the pentaphenylcyclopentadiene ring proceeds as (the corresponding dihedral angles vary from 41.26 to 87.08°,
series of 1,5-, and 3,3-sigmatropic shifts, respectivély. Figure 1).

To examine the effect of the size of a conjugated carbocycl= - -
on the migratory ability of -NCX (X =0, S or Se) groups, we ! Compoundsl-3. Potassium cyanate (thiocyanate or selenocyanate)
have synthesised isocyanate, isothiocyanate and isoselenocya g‘n';‘l‘égc}’;ﬁz p?gt(:se(:](:O(Samsr%zllo)eir;msgget%fnin_i?elro(T(c))(_)lr'rﬁ53¢h5e’Grth;TSFeta_
Ster E\éﬁljﬂrveeanfflSgi%tr?zglhs:ggi/)i/gL(?rht?)??;g:?%g@aanr? dlﬁu&l\ﬁg the&/as stirred for 0.5 h at 25 °C. The precipitated KBr was separated using

. . . h hot-air filter funnel, and the solvent was evaporatestacuo The
techniques and X-ray diffraction analysis. Parent 1'2’3’4'5’6’7€r§esidue was recrystallised from acetonitrile. Yields 92-94%.

heptaphenylcycloheptatriene fZvH)* has been found to possess 1. yellow crystals, mp 242-243 °C. IR (vaseline oigm-)): 2255,
a structure with an axial position of the phenyl substituent at thgs10, 1570, 1490, 1465. M&/z 666 (51.3%) [PYC,NCOH=MH]*, 665
sp? carbon in the boat conformation of the cycloheptatrieng100) [PRC,NCO = MJ*, 649 (0.4) [M — O}, 648 (0.9) [M — OHj, 637
ring> Few examples are known of substituent rearrangement8.6) [M — CO}, 636 (7.1) [M —HCO}, 623 (13.9) [M — NCO = PiC/]*,
in this system. Among these are an irreversible high-energys22 (8.2) [PhC; —H]*, 588 (10.3) [M — PH] 560 (42.4) [M — Ph — CO]
barrier 1,5-sigmatropic shift of a phenyl group (300 °C, 45 min)246 (33.4) [PhC; — Ph = PRC/]*, 545 (69.7) [PFC; — H]*, 534 (30.6)
in C,PhH and a hydrogen migration in the same compoundPheC; —C = PhCel*, 467 (9.0) [PHC; —2CHe]*, 367 (6.0) [PECs—
(AGZyg« ~ 25 kcal mot?), which exhibits a high energy barrier CeHal*. 267 (2.8) [PECS]*, 91 (3.4) [GH,]*, 77 (11.9) [GH]".

d P : 2: yellow crystals, mp 263-265 °C (decomp.). IR (vaselinefih-1i):
because of the necessity of the flipping seven-membered ring o -
arrange the hydrogen axiaf. 25, 1600, 1575, 1490, 1475. Mz 682 (27.3%) [PYC,NCSH = MHF,

. . 681 (51.1) [PRC,NCS = M}, 649 (2.3) [M - S}, 648 (3.9) [M - SHi,
. 7-(1,2,3,4,5,6,7-ngtaphenylcycloheptatrlenyl) isocyanateg,, ((29.2)[[,3“6_(_ NCS=];’JC7H]+(, 62)3[ (51.24]) [pwg]+’ )6[22 (25.11)
isothiocyanate and isoselenocyanat€ have been obtained [Ph,C,— H]*, 604 (2.5) [M— Phi, 546 (46.1) [P¥C, - Ph = PRC,]*,
by treatment of 7-bromo-1,2,3,4,5,6,7-heptaphenylcycloheptasas (100) [PEC, - H]*, 534 (2.4) [PEC,— C = PhCJ*, 467 (10.3)
triené* with equimolar amounts Qf potassium cyanate, thlq-[Ph7c7—2c6H6]+, 367 (7.0) [PECs— CsHgl*, 267 (3.6) [PKC,]*, 103
cyanate or selenocyanate, respectively, in an acetonitrile solutig@1.1) [PhCN}, 91 (3.4) [GH,]*, 77 (11.9) [GHg]*.

(Scheme 1).No cyanate, thiocyanate or selenocyanate isomers 3: yellow crystals, mp 269-270 °C (decomp.). IR (vaselineitn-1):
of 1-3 have been isolated. 2050, 1600, 1580, 1490, 1470. M8z 729 (1.6%) [PHC,NCSeH = MH},

The structure of isothiocyana® has been determined by 728 (3.0) [PRC,NCSe = M}, 702 (0.8) [PHC,SeCN — CN}, 701 (0.8)
X-ray diffraction analysis (Figure ¥).The molecule of2 [Ph,C;SeCN — HCN}, 650 (16.4) [M —GHgl", 6f9 (3{-6) M- Sej
possesses a boat-like conformation of the cycloheptatriene rin 48 (9.8) [M—SeH], 623 (90.7) [M—NCSe = Rli;)", 622 (63.0)

; - Ph,C, — H]*, 572 (16.6) [M —2@H]*, 571 (16.0) [M — Se — g+,
The dihedral angles between the planes of the cycloheptatrie e 2 N R
i N (58.9) [PHC,—Ph = PRC,]*, 545 (100) [PKC,— H]*, 534 (3.8)
ring [C(6)—C(7)—C(1)/C(1)-C(2)-C(5)-C(6) 55.4(2)° and C(l)_[Ph€C7—C =PhCg", 467 (18.3) [PIC, — 2C,Hg]*, 367 (18.0) [PLC;—
C(2)-C(5)-C(6)/C(2)-C(3)-C(4)-C(5) 35.2(1)°] show that the CgHl*, 267 (10.6) [PYC,]*, 194 (15.3) [PhCNCSE]105 (7.4) [NCSe]
91 (37.1) [GH.]*, 77 (55.6) [GHs]*.
* Crystal data for2. C5yH3sNS -0.5GH,, monoclinic, space groug2,/n,
a=19.126(4) Ab=11.349(5) A,c = 18.952(4) A, = 100.18(2)° V =
=4049(2) 8,7 =4,d,.= 1.183 g crA. The X-ray diffraction experiments
were carried out on an Enraf Nonius CAD-4 diffractoméler 293(2) K,
graphite-monochromated MaKradiation,/ = 0.71069 A,6/29 scan
technique, 3° <2< 40°]. The structure was solved by direct methods
using SHEXS-97 (G. Scheldrick, University of Géttingen, 1990). Inde-
pendent reflections: 3754. Refinement method: full-matrix least-squares
(SHELXL-97, G. Sheldrick, University of Géttingen, 1997), data/parameters
3754/497, goodness-of-fit 1.035, firlindices [ > 20(1)] R, = 0.0353,
WR, = 0.0993;R indices (all dataRR; =0.0418,wR, = 0.1040,Af,,, =
=0.087 e A3, Hydrogen atoms were placed in geometrically calculated
positions and included in the refinement using the riding model. Atomic
coordinates, bond lengts, bond angles and thermal parameters have been
deposited at the Cambridge Crystallographic Data Centre (CCDC). For
details see ‘Notice to Authordlendeleev Commurissue 1, 1999. Any
request to the CCDC for data should quote the full literature citation and
the reference number 1135/54.
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Table 1Kinetic and activation parameters of rotation of the phenyl rings at

C,in 1-3. fms)

Com AH#/ DG ! O\ c(()zsﬁ/C ¥ C(34) /
pound Solvent | ooy AS* (e.U) kogglst | 2K, (Dcus; P conl (')Qc( 2) 0(35)(\/(\
L,X=0 GpD, 126103 10909 141 159 O\Q/ e cooVed ke C(zs)mﬁ)// e

2,X=S  PHgtoluene 13.1+0.4  -8.8+1.1 17.8 157 ca4) \ \0(11) ( 'Q Q (\, @)
3,X=Se PHgtoluene 13.2+0.3 -8.9+0.9 151 1538 coa) C(lz)p\c,u\)ﬁ, /\dc%/ Len

The structure of compounds-3 has been confirmed by IR d \Q cm,L/)éC@) e
and NMR spectroscopy and mass spectrometry. In the IR el ! ‘\o- )(\ {yeas © ‘
spectra of compounds-3, broad absorption peaks characteristic ~ J"  cu N Je ( _) & o o
of the -N=C=0, —N=C=S and —N=C=Se stretching vibration C(G)(-Q / \r“ T
regior’ were observed at 2255, 2125 and 2056 craspectively. / :O =", Q—o
In the 13C NMR spectra of compound$-38 in CiD, the ey © \ i~ =T
—N=C=0, —-N=C=S (Figure 2) and —N=C=Se carbon signals 6(62)(“%"»0 O Tous) cag®©
appear in their characteristic regidfsité 124.75, 138.30 and c63) // C(s6) csy) , (Do
133.00 ppm, respectively. No carbon signals of thehiz-XCN @) 6(53)
(X=0, S or Se) isomers of—-3 were detected in the (“/o o9 C<56)\
characteristic regions of 110-113 ppn#.® o/ ces)

Theo- andm-carbon atoms of the phenyl rings gt ®f the e Do
cycloheptatriene ring are magnetically nonequivalent at 20 °C. o %

With increasing temperature of the solutionsle8, these two
pairs of signals broaden, coalesce and become narrow at 75 Fgure 1 The molecular structure of compoudSelected bond lengths,
(Figure 2). Such a spectral behaviour indicates the hinderé¥1)-C(7) 1.457(3), N(1)-C(111) 1.148(3), S(1)-C(111) 1.575(3), C(1)

537(3), C(6)-C(7) 1.536, C(7)-C(71) 1.539, C(1)-C(11) 1.487(3),
rotation of these rings. From line shape analysis of the indicat 21) 1499(3); ‘selected bond angles/: C(111)-N(1)-C(7) 16¢

signals of theo- and m-carbons ?f the rings at,G in the N1y c(111)-S(1) 177.1(2), N(1)~C(7)-C(6) 108.84(16), N(1)~C(7)-
dynamic3C NMR spectra (25-90 °C), the kinetic and activation 10g, 42(17), N(1)-C(7)-C(71) 104.06(15), C(1)-C(7)-C(6) 104.5¢
parameters of the hindered rotation of the phenyl rings, gt C Dihedral angles between the cycloheptatriene ring and the phenyl |
|(r_1|_ ETB 1f;ave been calculated using the DNMR-5 progfam E:C((llg)](:?(i)sg(g) [((3:((41)) ((3:((57))]/([3((:52)2 1?(7(%](/52)(]1?8 g%g)) [C(:((113;) ((:3((71)‘]1/)[&(
able
The shape of the cycloheptatriene ring signals as well (36)] 87.08(8), [C(l)_c(7)]/[C(41)_C(46)] 41.26(9), [C(l)_cm]/[c(;
para- andipso-aromatic carbon signals are almost unaffecte (5O 58.28(8), [C(1)-C(7VIC(62)-C(66)] 86.80(9). [C(L=CTVIC(

! ' (76)] 78.92(8).
by the temperature of solutions in the range from —-70 to
+100 °C (GDg, [2Hgltoluene). The hindered rotation of the manifests itself in considerable broadening of dintho- and
phenyl rings at &5 and G, for compoundsl-3 can also metacarbons in these ring$ € =10 °C for Ph at &;, AG3,3
be detected at low temperatures in t#H€ NMR spectra. It = 12 kcal mot?; T<-50 °C for Ph at ¢, AG* < 9 keal mo’rl)
Note that in GPhH the rotation barriers for the phenyl rings at
§ 1: 1H NMR (300 MHz, 20 °C, @Dg) 6: 6.36 (dd, 4Hprtho, Ph at G ,, Ci6 (G54 and G5 were evaluated as 9 and 11 kcal mol,
J 6.9 and 1.6 Hz), 6.54-6.64 (m, 6irgeta para, Ph at G ), 6.76-6.80, respectively An increase in the barrier for the hindered rotation
6.88-6.93, 7.02-7.08 (m, 18H, Ph ats@nd G ), 7.24 (tq, 1Hpara,  of the phenyl rings at G in 1-3 can be explained by the
Ph at G, J 7.5 and 1.2 Hz), 7.40 (dd, 2Hheta Ph at G J8.3 and  additional overcrowding of the heptaphenylcycloheptatriene ring
ortho, Ph at G, J 7.2 and 1.6 H2)I*C NMR (75.47 MHz, 20 °C, (D) The 1H and 13C NMR spectral signals of compounds3

0:72.73 (G), 126.09 para, Ph at G ), 126.56 para, Phat G¢), 126.73 ; ; Cti
(meta Ph at G . 126.75 para, Ph at G, 127.34 rtho, Ph at G), were assigned on the basis of the characteristic values of

127.52 fneta Ph at Gg), 127.54, 127.87nfeta Ph at G, 128.72 Ph Ph

(para, Ph at G), 129.39 fneta Ph at G), 131.45 ¢rtho, Ph at Go), N 73

131.59 6rtho, Ph at G,), 131.76, 131.870ftho, Ph at G, 124.75 A

(NCO), 139.41, 140.03, 141.1ipga Ph at G ¢, 137.77, 143.51, 144.03 PHZA \\C

(Cy_p), 146.65 {pso, Ph at G). 7 4 Ph A
2:1H NMR (300 MHz, 20 °C, {Hg]toluene)d: 6.29 (dd, 4Hprtho, Ph Ph Ph X

at G4 J 7.0 and 1.5 Hz), 6.48-6.59 (m, 6hietg para, Ph at G ),
6.71-6.80, 6.83-6.88, 6.95-7.15 (m, 18H, Phatadd G o), 7.24 (ta,

1H,para, Phat G, J 7.5 and 1.2 Hz) 7.41 (dd, ZmetaPhatC; J8.2 “
and 7.5 Hz), 7.66 (dd, 2téytho, Ph at G, J 7.8 and 1.5 Hz), 8.21 (dd,
2H, ortho, Ph at G, J 7.2 and 1.5 Hz)13C NMR (75.47 MHz, 20 °C,

CeDg) 6: 76.44 (G), 126.06 para, Ph at G »), 126.61 para, Ph at G o),
e

/
\

126.66 (neta Ph at G,), 126.85 para, Ph'at G ¢), 127.40 ¢rtho, Ph at NCX™

C,), 127.49 feta Ph at G¢), 127.60, 127. 78nfeta Ph at Gg, 129.04
(para, Ph at G), 129.36 tneta Ph at G), 131.32 ¢rtho, Ph at Go),
131.42 ¢rtho, Ph at G,), 131.57, 131.670ftho, Ph at G4, 138.30 Ph Ph
(NCS), 137.69, 141.81, 143.95,(Q), 138.94, 139.77, 140.6%60, Ph
at C_g), 144.35 {psa Ph at G).

3:1H NMR (300 MHz, 20 °C, {Hgltoluene)s: 5.91 (dd, 4Hprtho, Ph ﬂ
at G, J 6.8 and 1.6 Hz), 6.14-6.19 (m, Ghieta para, Ph at G ),
6.37-6.53, 6.57-6.65, 6.73-6.82 (m, 18H, Ph afdd G o), 6.87 (ta, Ph
1H, para, Ph at G, J 7.5 and 1.2 Hz) 7.03 (dd, ZmetaPhat(;JSZ =5 1
and 7.5 Hz), 7.31 (dd, 2Hértho, Ph at G4 J 7.8 and 1.5 Hz), 7.84 (dd, 4 '\i\ .
2H, ortho, Ph at G, J 7.2 and 1.5 Hz)13C NMR (75.47 MHz, 20 °C, P PR Z
CeDp) 0: 77.19 (G), 126.10 para, Ph at G ), 126.64 para, Ph at G,
126.68 (neta Ph at G ,), 126.98 para, Ph at Gg, 127.50 (neta Ph at
C,9, 127.55 ¢rtho, Ph at G), 127.78, 127.83feta Ph at G o), 129.23 2.3
(para, Ph at G), 129.43 (netg Ph at G), 131.32 ¢rtho, Ph at G, 2X=S
131.42 6rtho, Ph at G,), 131.58, 131.640ftho, Ph at G¢), 133.00 3 X=Se
(NCSe), 138.59, 139.71, 14050, Ph at G 9, 137.78, 141.20, -
143.44 (G_o), 143.97 {psq, Ph at G). Scheme 2

ﬂ
H

\
/
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Table 2Kinetic and activation parameters of -NCX group migratior® in
and3.

AHZ/ AG3ge/
kcal mott kcal mott

2, X=8 26.5£0.4 +7.3+1.0 8.9x19 24.3
3, X=Se 22.9+0.3 +1.8+0.9 2.2x10 22.4

Compound AS* (e.U.)  Kygg/st

chemical shifts and the integral intensities, the application of
the APT technigues and by means of monoresorid@cspectra,
heteronuclear correlation of tHéd and 13C chemical shifts
(XHCOORR),IH-'H COSY and NOE measurements (see foot-

note Figures 2 and 3). The assignments are consistent with M
those reported previously for heptaphenylcycloheptatfétee

NOE experiments pointed to the notable interaction between M
the ortho-protons of the rings at{G and G thus confirming a 180°C _ ~\_

pseudo-axial position of the phenyl ring at & 1-3. The

proton signals of a single phenyl ring at & 1-3 (Figure 3)

are shifted relative to those of the rings gy, @nd found in the 160°C_M

most downfield part of thtH NMR spectra, whereas the proton o.PhatGs
signals of the rings at G are detected in the most upfield 14o~=ch

part. The proton signals of the phenyl rings at Cand G g mPhatGs pPhat | oPnats
are partially overlapped; one of tleeprotons (which are non- 100°c |\ |

equivalent ats 25 °C) of the rings at ; appears separately as

m, p, Phat G,~,
a doublet of doublet signal at7.66-7.31 ppm. As the tem- o PhatG S et s
perature of JH|nitrobenzene solutions df-3 was increased 60°c M
from 25 to 100 °C (Figure 3), broadening and coalescence of * P"f‘% o pnaféfgpi]a'q‘s
signals of both nonequivalent andm-protons of the rings at 40°C
C, ¢ were observed. At 140-180 °C frand at 120-160 °C for oPharg,™ N Gs
3, synchronous reversible broadening and coalescence of the ,;.¢ Ny
proton signals of all the phenyl rings take place, indicating a
random dissociation—recombination mechasaisohdisplacement 88 86 84 82 80 78 76 7.4 72 70 68 66 64

o/ppm

Figure 3 H NMR (300 MHz) spectra a2 in [2Hg]nitrobenzene at 20, ¢
60, 100, 140, 160, 180 °C and 180 °C (80 MHz). Solvent signa
excluded from the spectra.

of isothiocyanate and isoselenocyanate groups along the perimeter
of the seven-membered ring3=2',3' = ...; Scheme 2). Upon
varying the concentration of solutions .003—0.3 mol dr$)

of 2 and3, no changes in the dynamic NMR spectral patterns
were observed. This proves the intramolecular tight ion pair
mechanism of the migrations.

For isocyanate derivativé, the NMR spectra did not show
any temperature dependence up to 180 °C. Such a spectral
behaviour indicates the stereochemical rigidity lofon the
characteristic NMR time scal&G3545 ¢ > 25 kcal mot?).

By comparison of the experimental line shape of the indicator
proton signals of the phenyl rings gt ¢in the dynamiéH NMR
spectra (120-180 °C) with the theoretical shape the kinetic

U parameters of the -NCX (X =S or Se) group migrationg in

(c) 75 °C L h
(b) 35 °C Jb\\

and3 in [2Hg]nitrobenzene solutions have been calculated using
the DNMR-5 program? The activation parameters have been
calculated from the IR/T-1/T relationship for eight temperature
measurements (Table 2).
The -NCO and —NCS group migrations along the periphery
m PhatG, of the unsubstituted cycloheptatriene ring in cycloheptatrienyl

o, Phat . . . . P
(@) 18°C G o PhaG m Phat Gy 0,2 isocyanate and isothiocyanate is knéWii3to occurvia tight
Co OPhAGS m PhatG, ‘p, onllp Phatc, ion pair reaction paths with low free activation barrié@- of

16.5 and 14.8 kcal md, respectively. An increase in the energy

i, Ph at(;e\ m Phat G atGq . vely.
' p.PhatG, barriers of the —NCX group migrations over the heptaphenyl-
" ph /A}h cycloheptatriene ring as compared to those for the unsubstituted
g L p,PhatG

atc, NCS < seven-membered ring is most probably caused by steric hin-

drances created by the phenyl substituents in {RétCation,
. which is formed in intermediateof the rearrangemeft.

z

1 1 1

45 140 ‘132 140 126 138 127 1% 75 T A similar increase of the energy barrier against a boat inversion of the

seven-membered ring in,Rh,H (AG* = 25 kcal motl) due to sterical
d/ppm hindrances, as compared to that for unsubstituted cyloheptatriehe C

Figure 2 13C NMR (75.47 MHz) spectra o2 in CyD;; at @) 18 °C, f) (AG* 6.1 kcal motl) was observed earliéd* The high barrier of the

35 °C, €) 75 °C. Spectrab) and €) are given in the region 126—132 ppm; boat inversion in the heptaphenylcycloheptatriene system restricts the

the pattern of the rest spectral parts is not changed at these temperatuggnmetry-allowed suprafacial sigmatropic shifts of substituents, which

Solvent signals are excluded from the spectra. can occur when migrants are axially positioned.
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In the case of compourg] a minor component of the seleno- 3 V. 1. Minkin, I. E. Mikhailov, G.A.Dushenko, O.E.Kompan and
cyanate species (ElD,SeCN) was detected in the gas phase by A. Zschunke,lzv. Akad. Nauk, Ser. Khim1998, 913 Russ. Chem.

the appearance of low-intensity peaks in the mass spectrum, >
4 M. A. Battiste,Chem. Ind. (London)L961, 550.

originated from fragmentation of this speciesz (%), 702
(0.8) [PRC,SeCN — CN} and 701 (0.8) [PIC,SeCN — HCN{,
unlike compounds and 2.t This fact points to the principal

Bull., 1998,47, 884).

L. S.F. Chao, H.K. Gupta, D.W. Hughes, J.F. Britten, S. S. Righy,
A. D. Bain and M. J. McGlinchey)rganometallics1995,14, 1139.

6 J. A. Harvey and M. A. Ogliarusd, Org. Chem 1976 41, 3374.

possibility of an additional competitive mechanism for the iso- 7 g H. williams and I. Fleming, irSpectroskopische Metoden in der
selenocyanate group migration in the seven-membered riig of  Organischen Chemijes. Thieme Verlag, Stuttgart, 1971 (in German).
in the gas phase. 8 G.C.Levy and G.L.Nelson, inCarbon-13 Nuclear Magnetic

Thus, the migratory ability of -NCX groups decreases in  Resonance for Organic Chemisiililey—Interscience, New York, 1972.
proportion to the increase in the ring size of the perphenyl-9 M. Feigel, H. Kessler and A. Waltéthem. Ber.1978,111 2947.
cyclopolyene p§C3 > P|’15C5 >PhC, due to changes in the 10 D.S. Stephen_son and G. Blns_thagn. Reson19_78,32 145.
mechanism of the circumambulations in the cyclopentadiené® g'\'lfv'.l'l\(’!a””’ " golr:”psrtehens"’g Eog%a?og”eta”'c Cphem'st,?ds'Y .
derivatives and a lower stability of the sterically overcrowded —Jooo v o3 oh 26 o o0, and = AbeL Fergamon Fress, Tew Tor
Ph,C7 cation in4 as compared to the E&% cation in the ion- \ssler and M. Feigeh

! o . . 2 H. Kessler and M. FeigeAcc. Chem. Res1982,15, 2.
pair transition state of the migrations over the cyclopropengs . kesslerChimia 197327, 444.

ring. 14 M. Oki, Applications of Dynamic NMR Spectroscopy to Organic
Chemistry VCH, Weinheim, 1985, pp. 310, 374.
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