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Restricted Rotation and NOE Transfer: A Conformational Study
of Some Substituted (9-Anthryl)carbinol Derivatives
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Four alkyl- and aryl(9-anthryl)carbinols (methyl, isopropyl, tert-butyl, and phenyl) were synthesized
and revealed restricted rotation about the Cg—Cy; bond. Their free energy of activation for rotation
has been determined, being 11.0, 14.0, 21.7, and 9.8 kcal/mol, respectively. The application of NOE
enhancement and relaxation time measurements for the determination of the activation energy
for bond rotation is described. The good agreement with the values obtained with the coalescence
temperature method bears out that the NOE based approach is a good alternative for the
determination of high rotational barriers. Molecular Mechanics (MM2) calculations give values

close to the experimental ones.

Introduction

The energy associated with a Kkinetic process such as
the rotation around a ¢ bond can be measured by
dynamic NMR spectroscopy. The most common method
is the well-known line shape analysis! of two absorptions
via the determination of their coalescence temperature
or via simulation of the exchange broadened resonances.
The coalescence-based technique is appropriate for the
measurement of rotational activation energies within a
range of 8—16 kcal'mol~l. However, the time scale NMR
spectroscopy is often too low for the coalescence point to
be determined in higher energy processes. Working at
higher temperatures rapidly becomes difficult, requiring
specific experimental conditions and probes. The Hoff-
man—Forsén double resonance method? can also be
applied. Such difficulties associated with high activation
energies can occur in the case of (9-anthryl)carbinol
derivatives bearing a substituent in the a position to the
hydroxyl group; for example, recent measurements® have
shown that there is restricted rotation around the Co—
C11 bond of the (R)-(—)-2,2,2-trifluoro-1-(9-anthryl)ethanol
(3) (see Figure 1) and that the activation energy is 14.5
keal'mol~!. Replacing the trifluoromethyl group by a
much larger substituent increases the steric hindrance
and will probably result in rotational energy barriers
much higher than 16 kcal-mol 1.

In this paper we describe an alternative method for
measuring these high energy barriers; our method is
based upon the observation of NOE enhancements and
overcomes the difficulties which existing methods have
with such high energy processes.

Theory

Solomon’s* equation describing NOE can be modified®
to include the effects of conformational equilibrium due
to the rotation about a bond.
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Figure 1. Aryl (R)-(—)-2,2,2-trifluoroethanol derivatives: 1,
Ar = phenyl; 2, Ar = a-naphthyl; 3, Ar = 9-anthryl.
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Our model assumes the exchange equilibrium (Scheme
1) between two forms, a and b, with forward and
backward rate constants 2; and k-;.

In Scheme 1 a and b are the two conformers of
(9-anthryl)carbinol derivatives. Due to Cy symmetry the
rate constants are equal and will be set to 2. Solomon’s
equation for a two-spin system with two-site exchange
can be expressed as

1z o °
= Rl ~ L) — 008, — ) +
kg, — Is) — kU, — 1) (1)

dISz
dt

- _RIS(ISz - I°8z) - GISS(SZ - Szc) +
kU, - I,,) kg, — Iy,) (2)

where I, is the longitudinal magnetization of H; (the
closest proton to H,j), S;, is the longitudinal magnetiza-
tion of the irradiated spin (H;,), and Ig, is the longitudinal
magnetization of Hg; the exchange is between H; and Hs.
The degree symbol indicates equilibrium magnetization.
R is the longitudinal relaxation rate constant for spin 7,
and ois the cross relaxation rate constant between I and
S.

The variation in the magnetization of spin I caused by
saturation of S is the result of various contributing
factors. The first two terms are found in systems without
exchange and are the longitudinal and cross relaxation
rates. Two extra terms must be added because of the
exchange. These represent the loss and the recovery of
I magnetization brought by the rotation process.
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As Hg is much more distant from H;; (the irradiation
proton) than H;, we assume that the cross-relaxation
between Hg and Hy; can be ignored: ops = 0. Using the
appropriate conditions for the steady state® (S, = 0, dI,/
d¢ = 0), and taking I;,° and I5,° to be equal to S,° as all
are from the same nuclear species, eqs 1 and 2 can be
rewritten as eqs 3 and 4:

dIlz

= = "R, — L) + 0168, + by, — Iy,) —

kU, —1,)=0 (3)

dISz ° °
i = B s~ Is) T R, — 1) —
kg, — 1) =0 (4)

Dividing eqs 3 and 4 by I;z, I;z, or S;, as appropriate (all
are equal), we obtain

(Ilz - I;z) + k(ISZ - IoSz) _ k(Ilz - Iolz) _

T T O0g 5 - =
Ilz IBz Ilz
(5)
Jg, — Iy T, -1 (g, —I)
—RISSe 8 +k lzo 1 _k8° BZ=0(6)

z I 1z 8z

If fi(S) is the NOE enhancement of spin I resulting from
the saturation of spin S, then egs 5 and 6 become

=t kg 7
S =T h  E T )
£8 == —£(5) ®)

W) =g/, TR

These equations are a special case of the more general
situation for the NOE in a system with two-site ex-
change.’

Equation 7 shows that enhancement of I; is the sum
of two contributions: The normal NOE due to cross-
relaxation between I; and S and the enhancement
transferred from Ig to I, via the exchange process.
Equation 8 shows that the enhancement on I is due only
to the enhancement of I; being transferred from I3 by the
exchange process; there is no direct NOE enhancement
on I caused by saturation of S.

Finally, a relationship between the NOE enhancement
of Hg and the difference between the NOE enhancements
of H; and Hg can be deduced from eq 8:

£,(S) .

L A— Y. 9
#® - F,8) Ry, ©
If, at one temperature, the NOE enhancements of both
protons H; and Hs and the relaxation rate of Hg are
measured, the rate constant for the exchange process can
be deduced. The free energy of activation for the rotation
can then be determined using Eyring’s equation (AG* =
(4.576 x 1078)7(10.319 + log(T/k))).

Application to Some Substituted (9-Anthryl)-
carbinol Derivatives. Enantiomerically pure (+)- and
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Figure 2. Alkyl and aryl derivatives of (9-anthryl)carbinol:
4,R=Me;5,R=Ph;6,R =i-Pr; 7, R = t-Bu.

(—)-aryl-2,2,2-trifluoroethanols 1—3 (Figure 1), also known
as Pirkle’s alcohols, are widely used as optically active
NMR reagents.® The 9-anthryl derivative, 3, shows the
greatest nonequivalences between enantiomeric solutes
owing to an increased anisotropic effect with respect to
naphthyl and phenyl derivatives.’

A detailed description of the NMR properties of the (R)-
(—)-trifluoro alcohol 3 and an attempt to correlate these
with its behavior as a chiral agent have been completed
in our laboratory.® The free energy of activation for the
rotation about the Cy—C,; bond was evaluated and proved
to be in quite good agreement with the value calculated
by molecular mechanics (MM2)3° (see Table 1). Unre-
solved halo derivatives of (9-anthryl)carbinol have been
already studied by Ottinger!® and co-workers who found
similar values for the energies of activation.

This study has been extended to a series of four alkyl-
and aryl(9-anthryl)carbinol derivatives 4—7 (see Figure
2), and free energies of activation for the Cy—C;; bond
rotations have been determined. The conformational
exchange rate for the new compound 7 is considerably
lower than for the others, owing to severe steric inter-
actions between the tert-butyl group and the anthracenic
peri protons.

The rotational barrier around the Cy;—Ci; bond of
alcohols 4—6 has been measured by determining the
temperature at which the resonances from the anthra-
cenic peri protons H; and Hs coalesce (see Table 1).
Unfortunately, this was not possible for 7 as the coales-
cence temperature could not be reached (this temperature
was calculated using subsequent data to be about 470
K). The analysis by simulation of the exchange broad-
ened resonances was no longer possible because at the
highest accessible temperature, 380 K, no appreciable
broadening of corresponding signals was observed.

For compounds 6 (see Table 2) and 7 (see Table 3),
NOE difference experiments were performed by satura-
tion of proton H;iy, for a range of temperatures at which
the signals of the peri protons were distinct. Different
enhancements of H; and Hg were observed. The rate
constant 2 and the free energy of activation for the Co—
C;1 bond rotation were determined by the method de-
scribed above.
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Table 1. Data from Observation of Coalescence
Temperatures and MM2 Calculations

AG* at T, AH# (MM2)

R T. (K) OVmax (Hz) (kcal'mol~?)  (kcal'mol?)
Ph:5 202 40 at 188 K 9.8 7.95
Me:4 245 356 at 210 K 11.0 10.92
iPr:6 306 290 at 260 K 14.0 14.30
CF3:3¢ 320 373 at 245 K 14.5 15.20
tBu:7 380 at 242 K 21.80

@ The error on AG* calculated from the coalescence temperature
has been evaluated to 0.1 kcal'mol™'. T, is the coalescence
temperature and Avmax the maximum shift difference between H;
and Hg at the indicated temperature. ®* AH¢ is the difference
between the enthalpies of formation of the ground-state and the
transition-state rotamers at 25 °C. Assuming entropy only varies
by a small amount between one rotamer and another, this quantity
can be compared directly with the experimental values of free
energy of activation. ¢ Cf. ref 2.

Table 2. Relaxation Rate and NOE Measurements on

Alcohol 6

T m® fisl® Rn Rig k AG*
(K) (%) (%) (871 (s71) (s71) (kcal'mol~1)
210 26 2 2.100 1.284 0.107 13.1
215 25 3.5 1.825 1.195 0.195 13.1
220 23 5.5 1.650 1.083 0.340 13.2
225 21 9.5 1.506 1.034 0.854 13.1
230 19.5 12 1.307 0.990 1.584 13.1
235 18.5 14 1.136 0.936 2.912 13.2
240 18 16 0.977 0.900 7.200 13.0
245 17.5 17 0.845 0.845 28.730 12.6

Table 3. Relaxation Rate and NOE Measurements on

Alcohol 7

T ful® filS) Rn Ris k AG¥

K (B (%) (s (™Y (s (kcal'mol™1)
320 24.0 0.5 0.385 0.204 0.0043 22.2
330 20.5 3.5 0.322 0.187 0.0385 21.5
340 19.5 6.0 0.267 0.171 0.0760 21.7
350 15.0 7.5 0.231 0.170 0.1700 21.8
360 13.0 9.5 0.194 0.169 0.4587 21.8
370 11.5 10.0 0.180 0.168 1.1200 21.7

380 105 105 0.167 0.167

Molecular Mechanics Treatment. The conforma-
tional exchange processes were reproduced by driving
both the w1 = Cga—'Cg—Cu"Clz and w3 = Cg"Cn—O—H
dihedral angles for 4 and 7 or w; together with wy; = Cy—
C11—C13—Cy3 (see Figure 3) for compounds § and 6 (for
these two last compounds, the optimization of ground-
state conformations was carried out by a further driving
of ws using the option TREE within the MM2PRIME
program).® All these angles were rotated from —180° to
180°, at 15° steps, except for the phenyl derivative for
which w; was rotated only from 0° to 180° (owing to the
C; symmetry of the phenyl group). The lower energy
pathways between ground-state and transition-state
conformations were determined from the obtained tor-
sional energy surfaces (Figure 4).

Results and Discussion

The free energy of activation was calculated using the
modified Eyring’s equation (AG* = (4.576 x 1073)T(9.972
+ log(T/dv))) at the coalescence temperature. For com-
pound 5, coalescence could also be measured from the
proton pair (Hs, Hs). As can be seen from Table 1,
rotation in 5 is easier than in 4, this is because the phenyl
group can rotate to minimize steric interactions with the
peri protons of the anthracene, while the symmetrical
methyl group cannot. Compound 6 exhibits a rotational

. Chem., Vol. 60, No. 1, 1995 29
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Figure 8. Numbering of the carbons in compounds 5 and 6.

activation energy similar to that of the trifluoro deriva-
tive. Owing to its high barrier of rotation, the homochiral
tert-butyl derivative 7 (or some derivative of it) as a chiral
solvating agent could be of particular interest. The
results compiled in Tables 2 and 3 show that the NOE
enhancements observed on proton Hg are due to the
exchange between H; and Hg caused by rotation about
the Cog—C1; bond. Indeed, at 210 K for 6 and 320 K for
7, the internal rotation is so slow that there is almost no
NOE enhancement of proton Hg. At sufficiently high
temperature the exchange process between H; and Hg
becomes faster than the relaxation rates, £ > T, and
as a result the NOE enhancements and longitudinal
relaxation rates are averaged (this is the case at 245 K
for 6 and at 380 K for 7). However, in this range of
temperatures, the exchange is still slow enough on the
chemical shift time scale, 2 < Ad, that H; and H;g give
rise to separated signals. It is for such processes that
the method using NOE measurement is highly suited.

The accuracy of the determined values of k£ and AG*
is clearly dependent on the method used. The precision
on the rate constants determined by eq 9 is at its worst
when small NOE enhancements are measured (as on Hg
at the lowest temperatures) and when the NOE enhance-
ments on H; and Hjg are averaged (as the determination
of £ depends on the difference between these NOE
enhancements). The resulting values of free energy of
activation have an error of <+0.3 kcal/mol, owing to the
logarithmic relationship between AG* and k.

The value of the activation energy, calculated by the
NOE method (12.6—18.2 kecal'mol~%, Table 2), for the (9-
anthryl)isopropylcarbinol (8), is in good agreement with
that encountered by observation of the coalescence
temperature (14 kcal'mol™!, Table 1). In all cases, the
results of MM2 calculations reproduce the experimental
values quite well.

Tables 4—7 contain the complete assigned H NMR
spectra of compounds 4—7. The first three compounds
have been described at two temperatures: at a “high”
temperature where the molecules appear symmetrical,
i.e., only one signal for each of the following pairs (H;,
Hj), (Ho, Hy), (Hs, Hg), (Hy4, Hs) is observed, and at a “low”
temperature where each proton gives a separate reso-
nance. These spectra were simulated,!! whenever it was
possible, to make complete assignments. In this way, all
the chemical shifts were assigned and all the coupling
constants in some complex spin systems were deter-
mined.

The protons assignments for compounds 5 and 7 have
been confirmed at each temperature by homonuclear
COSY and NOE difference experiments. The ordering
of the chemical shift of the sequence Hy, Hs, Hg, H; for 6
at 210 K was supposed to be the same as in 7 (6H, >
0H; > 6Hg > 6H-).

(11) Simulations have been achieved using version 930501 of the
Bruker “WIN-DAISY” program.
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b)

Figure 4. View of the torsional energy surface relative to compound 5. Contour lines were drawn each 1 kcal'mol~!: (a) contour

map, (b) three dimensional.

Table 4. 'H NMR Chemical Shifts (5 in ppm versus
TMS) and Coupling Constants (J in Hz) of Compound 4

Table 5. 'H NMR Chemical Shifts (4 in ppm versus
TMS) and Coupling Constants (J in Hz) of Compound 5

in C3DgO in C3DgO

1H 297K 200K J (Hz) (297 K) 1H 298 K 188 K J (Hz) (188 K)
H;, 8.82(d®) 8.40(d9) Ji2=9.1;J13=1.1; J1,4 =0.8 H; 8.57(d®) 8.55(d%) J12 = 8.9; J1’3 =1.5; J1,4 =
Hs 8.82(d*) 9.28(m9) Js,10=0.9 J1,10=0.6
Hy 7.47(m)® 7.43-7.58% Joz=6.4;J34=15 Hg 8.57(d%) 8.65(d*®) Jg10=0.8
H; 7.47 @mp Jrg=9.1 H, 7.41(m) 7.30(dde?) Jo4=1.5;J23=6.8
H; 7.46 (m) J3ss=8.5 H,; 7.41(m) 7.63(dd®?) J75=9.2
Heg 7.46 (m)P Jeg=1.1 H; 7.45(m) 7.40(dd*?) J34=85
Hy 8.04(m) 8.03-8.13 Jg10=-08 Hg 7.45(m) 7.58(dde?) Je7=86.3;Jss=1.7
H; 804(m) (m% Jse = 8.5;J57=1.5;Js3 = 0.8; Hy 8.07 (dm) 8.07(d) Jg10=-06

Js10=—0.8 Hy 8.07 (dm) 8.19(d) Jse=84;J57=1T;Js8 =
Hip 8.45(s) 8.53 (8) 0.9; J510=—0.9
Hy; 6.48(qd) 6.47 (qd) J(Hi1,Me) = 6.8; J(H11,0H) = 3.4 Hjo 8.56 (sb)  8.64 (sb)
OH 4.66(dg) 5.24(d) J(OH,Me) =0.4 Hj; 7.44 (db)  7.42(db) J(H;1,0H) = 4.0
Me 1.82(dd) 1.75(d) OH 5.44 (d) 6.07 (d)

H13 = H17 7.36 (m) 7.30 (db) J13‘14 = 7.5; J13'15 = 1.5;

¢ Broad signal. ® These signals can be reversed.

MM2 Theoretical Calculations. The individual
contributions of the low energy conformers (minima)
which participate in the rotation process have been
analyzed for each compound (Table 8). The population
was obtained by Boltzmann’s distribution at 25 °C. In
all cases the ground-state conformation was reached
when the R group was almost orthogonal to the an-
thracene (w; is about £100 °C in 4, 6, and 7 and 120 °C
in 5). For the methyl derivative 4, the Cy—C;; bond
rotation passes through an intermediate low energy
conformer whose contribution is only 0.01%. In both the
ground-state and the transition-state conformations of
compounds 5 and 6 the R group rotates so as to minimize
the steric interactions with the anthracenic peri protons;
this is shown by the various values of the dihedral angle
wg = Cg—C11—C15—Cys. Figure 4 clearly shows this for
compound 5. The conformational pathway, taken from
the ground-state structure “A” during a 180° rotation
about the C3—Cy; bond, requires first the change of the
phenyl conformation from “A” to “A”, where the confor-
mation of the hydroxyl group has also changed, and from
there it goes through the transition state “B” down again

J1316 = 0.8; J1317 = 1.8
J1415 = 7.5; J14,06 = 1.5;

J1417 = 0.8; J1617 = 7.2
His 716 (tm) 7.18() J15,16 =7.3; J15_17 =1.5

@ Broad signal. ® Superimposed signal.

H14 = H16 7.24 (tm) 7.27 (tb)

to “A”. In Figure 4, we can also notice large low energy
regions around the ground-state conformation indicating
that the rotation of the phenyl group is relatively free.
In the case of alcohol 8, a stable intermediate form (1.69
kcal'mol™! above the absolute minimum and having a
population of 5.17%) is involved before the energy falls
again to that of the lowest energy rotamer. This stable
intermediate form is not related to large changes in the
hydroxyl group conformation (similar w; values) but to
different arrangements of the i-Pr and anthryl groups,
as indicated by their w; and w; values (Table 8). The
rotation process leads directly to the lowest minimum for
the tert-butyl compound 7 as it does for the phenyl one
5.

Experimental Section

Materials. Grignard reagents were purchased from Aldrich
and used without further purification. Melting point is
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Table 6. 'H NMR Chemical Shifts (4 in ppm versus
TMS) and Coupling Constants (J in Hz) of Compound 6
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Table 8. Relative Boltzmann Distribution (T) of the Low
Energy Conformers without Considering Entropy

in C3DeO Contributions and Dihedral Angles®
1H 324 K 210K J(Hz) (210 K) AH; % w1 we? w3
H; 880( 8.51 (d9) Jig=9.2;J13=1.1;J1,4=0.8; 4 0.00 97.80 100.8 -34
J1,10=0.9 2.43 1.10 98.6 141.9
Hsg 8.80 (%) 9.15 (m) Jg10=09 2.44 1.09 -76.7 75.1
Hy 745 (mZ) 7.51 (m) Jo3=6.4;J24=14 5.02 0.01 161.1 38.9
H; 7.45(m® 7.47 (m) J73=8.8
Hy 744(mb) 7.48(m)  Jas=86 ¢ 109 40.0 -20.0
He 7.44(m?) 7.48(m) Jg7=6.5 0 94 121.3 —40.0 —63.8
He 803(m)  808(m)  Jou=-06 : Y 75 1aiw -381 1787
H5 8.03 (m) 8.07 (m) Js,e = 85); J5,7 = 1.4; J5,3 = 0.7; 2.47 1.41 1219 -39.0 52.7
Hy, 844()  853(s9) Js10=—06 4.02 010  -97.3 34.6 152.1
10 8. .
Hy; 5.86(dd) 5.82 (dd) J(H;1,0H) = 3.5; J11,12 = 10.1 5* 7.95 0.1 75.0 -91.1
OH 454 5.26 (d
Me;, 137 §d§ 1,32 Edg ] 000  89.45 1038  -179.9 -45
Me; 054(0)  0.44 () 1.69 5.17 85.1 64.3 13.1
Hi, 2.72(dspt) 2.67(dspt) J(HipMey)=6.4; 2.31 L8l 1041 -1790  -929
J(Hy Meg) = 6.9 2.41 152 1056  —179.8 52.0
’ ’ 2.47 1.39 103.3 —-178.9 143.3
2 Broad Signal. ® These signals can be reversed. ¢ Superimposed 3.22 0.39 —86.8 —60.4 5.7
signal; spt = septet. 3.84 0.14 84.6 64.9 145.5
3.89 0.13 85.1 64.1 -91.3
Table 7. 'H NMR Chemical Shifts ( in ppm versus 14.3 5.0 60.1 —74.9
TMS) and Coupling Constants of Compound 7 in CsDgO
" 7 0.00 96.2 93.9 —56.7 5.8
H 297K J (Hz) 2.05 2.20 -87.7 73.6 -84.1
H, 8.47 (dm®) J12=9.2;J13=10;J14=0.6; 2.23 1.58 93.3 -55.9 142.9
H 0.47 (dm) J J110 i T 218 34.8 15183 -150
8 . 810 = 0.
H, 7.48 (m) Jos=14 e AHg. relative enthalpy of formation in keal'mol~!; ¥ = transi-
H,; 7.38 (m) Jrs =92 tion state, w1 = Cga—C9—C11—Cig; w2z = C9—C11—Ci12—C13; w3z =
H; 7.44 (m) J3 s = 8.5 Co—C11—O—H. ? w3 does not exist in compound 4. For alcohol 7,
Hs 7.42 (m) Je7=6.6;J5=1.1 the wg values are given although they are irrelevant.
H, 8.04 (dm) Jy10=-0.6
Hs 7.99 (dm) J5,f]= 8'_(_5;_‘]5”:; 1.5;J55 = 0.8; at room temperature. The mixture was cooled at 0 °C and
H 8.47 (s9) S0 =~ slowly hydrolyzed with 20 mL of a 10% aqueous solution of
H10 6.4 @ J(H,,,0H) = 4.4 ammonium chloride. The organic layer was separated and the
Oﬁ 4.88 (d) ’ ’ aqueous layer was extracted three times with 20 mL of diethyl
Me 1.01 (s) ether. The organic layers were dried over magnesium sulfate

@ Superimposed signal.

uncorrected. Column chromatography was performed on silica
gel 60 (SDS 2000027).

NMR Measurements. NMR spectra at variable tempera-
tures were recorded using a Bruker AC400 WB spectrometer,
with a 5-mm QNP probe and using CD3COCD; as the solvent.
The operating frequency was 400.16 MHz for 1H.

The temperature of the probe was calibrated by the meth-
anol standard method, and a delay of 600 s was used before
recording the NMR spectra at each new temperature. All the
NOE and inversion-recovery experiments were recorded using
sealed sample tubes in which the dissolved oxygen had been
first removed by the freeze—thaw technique (see Chapter 5 of
ref 1). NOE difference spectra were obtained using 10 s of
low-power (typically 55 L, 6.8 mW) presaturation; two dummy
scans were used. The reproducibility was smaller than 1%.
The resulting free induction decays containing 8 K data points
were transformed to 16 K, points with zero filling. Relaxation
times were measured by the inversion-recovery method using
a 30 s relaxation delay.

Computational Details. Calculations were performed on
a VAX-8820 computer at the Computer Center of the Univer-
sitat Autdnoma de Barcelona, using the MM2PRIME pro-
gram.® Allinger's® MM2(77) force field together with all
MM2(85) parameters have been used throughout this work.

Preparation of the (9-Anthryl)-fert-butylcarbinol (7).
Typical Procedure: A solution of 1 g (4.85 mmole) of
9-anthraldehyde in 30 mL of dry THF was placed in a 100
mL round-bottom flask closed with a septum and stirred at 0
°C under inert atmosphere. Then 2.9 mL (1.2 equiv) of a 2 M
solution in THF of tert-butylmagnesium chloride were added
dropwise during 30 min with a syringe. After the addition
was complete, the solution was stirred at 0 °Cfor thand 3 h

and filtered. After evaporation of the solvent, the crude
product was purified by liquid flash chromatography on silica
gel with a 50:50 mixture of CHyCly/petroleum ether, affording
after removal of the solvent 0.77 g (60% yield) of (9-anthryl)-
tert-butylcarbinol as a fine powdered yellow solid. Further
purification can be achieved by recrystallization in cyclohexane
(mp 125—-126 °C). Anal. Caled for C19H30): C, 86.32; H, 7.63.
Found: C, 86.36; H, 7.73. MS: m/z (relative intensities) 265
(Mt + 1, 3), 264 (M™, 14), 208 (19), 207 (100), 179 (51), 178
(38).
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