5024 J. Org. Chem., Vol. 43, No. 26, 1978

were obtained from A.E.I. MS 30 or A.E.I. MS 50 mass spectrometers
(70 eV). GS~MS couplings were performed by means of a Pye-Unicam
gas chromatograph (SE 30, 3%, 1.5 m) coupled with a A.E.I. MS 20
spectrometer. Compounds 2 and 3 were prepared as previously de-
scribed.211 Melting points were measured with a Kofler hot stage and
were uncorrected.

Preparation of Triimidazo{1,3,5]triazine Derivatives 5 and
6. In a typical experiment, 5.0 g (0.025 mol) of 1-tert-butyl-5,5-di-
methyl-4-methoxy-2-imidazolidinone (2d) was heated at 140 °C in
vacuo (0.05 mm Hg) for 15 min. After cooling the crude product was
dissolved in 50 mL of ether and filtered. The filtrate was concentrated
and triturated with hexane. After standing overnight at ~5 °C the
crystals were isolated by filtration and washed with cold hexane.
Recrystallization was performed from hexane. There was obtained
3.5 g of  3,7,11-tri-tert-butyl-4,4,8,8,12,12-hexamethyl-
1H,2H 5H 6H,9H,10H -triimidazo[3,4-a;3',4"-¢;3"",4"-¢][1,3,5]tria-
zine-2,6,10-trione (5d) (yield 84%): mp 224 °C; NMR (CDCl;) 1.41
(18 H,s,), 1.48 (21 H, s}, 1.53 (3 H, 5}, 1.72 (3 H, s) (all these singlets
are due to resonances of N-t-Bu and C(CH3)s), 3.76 (1 H, s), 4.52 (1
H, s), 5.00 (1 H, s) (the latter three singlets are resonances of N-
CH-N).

13C NMR (CDCl;). The § values (ppm) of 5d are given (noise
decoupled); the multiplicities, given between brackets, were obtained
from the off-resonance decoupled spectrum: 23.7, 25.9, 26.2, 26.9, 29.3,
29.3, 29.4, 29.8, 29.8, 29.8 (1), 55.5 (s), 56.0 (s}, 56.1 (s) (N-C); 61.0 (s),
61.1 (s), 64.0 (s) (N-C); 72.5 (d), 75.8 (d), 77.5 (d) (N-C-N); 158.2 (s),
159.4 (s), 160.1 (s) (C=0). IR (KBr) 1715 and 1695 cm ™! (vc—0). Mass
spectrum m/e (relative abundance): 504 (M, 6), 490 (29), 489 (100),
447 (10), 405 (17), 337 (19), 336 (15), 321 (20), 279 (34), 237 (18), 223
(19), 169 (65), 168 (8), 167 (10), 153 (15), 124 (22), 113 (53), 102 (15),
98 (10), 84 (14), 70 (15), 58 (17), 57 (38), 42 (15), 41 (24).

X-ray Crystallographic Analysis of 5d. The data were collected
on a Syntex P2; diffractometer. Experimental conditions: source Mo
K@, 20max = 47°; total number of independent reflections 2347; total
observed reflections 2035. The structure was determined by direct
methods using the MULTAN 77 program!2 and refined with the X-ray
72 system!? to an R value of 4.1%.

Attempted Preparation of 1-tert-Butyl-5,5-dimethyl-2-im-
idazolinone (4d) (X = O, R = ¢-Bu). A solution of 0.5 g of 5d in 10

mL of chloroform was treated with 1 mL of TFA. After standing for
15 min the reaction mixture was treated with an excess of triethyl-
amine. GLC-MS provided the mass spectrum of 4d (X =0,R = ¢-
Bu): m/e 168 (M*, 14), 153 (50), 113 (29), 112 (14), 97 (186), 84 (22),
70 (24), 58 (100), 42 (29), 41 (64).

However, usual workup resulted in trimerization into 5d.
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Clommunications

Aryl Effects and Acidities of Ammonia, Toluene,
and Methane in Dipolar Nonhydroxylic Solvents

Summary: For a series of carbon acids, ArCH,G and
ArCH(CN),, with G = CgHj;, CN, COCHgs, and NO,, the
equilibrium acidities in Me;SO reveal a linear correlation
between the Hammett p and the size of the Ph effect (ApK for
Ar = Phvs. Ar = H or Me).

Sir: In an earlier paper! we showed that, for a series of carbon
acids where steric effects are not expected to be of major im-
portance, the position of equilibrium 1 shifted progressively
to the left as the parent MeCH,G acid was made stronger by
changing the nature of G. (For example, as G was changed
from CN to COR to NQy, the a-Ph acidifying effect decreased
progressively from 10.6 to 7.3 to 4.5 pK units.!) This was at-
tributed to resonance saturation of the Ph effect.2 That is,
progressively greater delocalization of the negative charge to
G in the stronger acids caused a progressive decrease in the
charge density « to Ph, resulting in a progressively smaller Ph
effect.

MegSO
PhCH,G + MeCHG~ == PhCHG~ + MeCH,G (1)

Since smaller Ph effects are associated with greater charge
delocalization into G and with consequent lesser charge de-
localization into the phenyl ring, we can expect the size of the
Hammett p to decrease with an increase in the acidity of the
parent acid, PhACHyG. In other words, p should also decrease
as G is changed from CN to COR to NOy, as is observed (Table
I).

Examination of Table I shows that the size of the a-Ph ef-
fect usually decreases as the acidity of the parent acid in-
creases, but that the two are not linearly related. The struc-
tural change from CH3CgHs to CH3CN increases the acidity
by over 10 pK units, but the decrease in the size of the «-Ph
effect is six times smaller than for the change from CH3CN
to CH3COCHj3, where only a 4.5 pK unit increase in acidity
occurs. These results, together with the large o-Ph effect for
CH4(CN); and the large p for the ArCH(CN); system, appear
to be associated with a relatively low ratio of resonance to
polar effect for the cyano group in stabilizing an «-carbanion.4
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» for ArCHy = 7.4

»pK = { pK(HCH, G) - pK(PhCH,G)!
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2

Figure 1. Plot of ApKs, derived from absolute equilibrium acidities
in MegSO, for HCHoG. vs. PhCHG against the Hammett p for
ArCH,G.

In other words, there is a much higher negative charge density
on the a-carbon atom in CH;CN~ and CH(CN);~ anions than
would be anticipated from the acidities of the parent acids.
This results in enhanced «-Ph effects and p values for these
systems (Table I). Note in this respect that the Ph effect and
p value for the CH2(CN), parent acid are comparable in size
to those for the CH3COCH3 parent acid, despite the fact that
the latter parent acid has a 15.7 unit higher pK. The much
larger ratio of resonance to polar effect for the CH3;CO group
vs. the CN group explains the near equivalence of the Ph ef-
fects and p values in these systems.

A plot of the Ph effects and p values for the five systems
represented in Table I is linear (Figure 1: R2 = 0.99;8 slope =
1.6 £ 0.097). When p values for other ArCHyG (or like) systems
can be determined or estimated it is possible to use the line
in Figure 1 to estimate the size of the Ph effect and then to
estimate the acidity of the corresponding HCH,G parent acid
from that of PhCH3G. We have applied this analysis to esti-
mate pKs of Hy0, NH3, and CHy. For ArOH p = 5.6,2 and the
Ph effect derived from the line in Figure 1 is 10. This figure
can be combined with the pK of 18.0 for PhOHS to give an
estimated pK of HOH of 28 in Me;S0.% The experimental
value is 31.4.8 Similarly, for ArNHs p = 5.67,5 which leads to
a Ph effect of 10. This combined with the pK of PhNH; of 30.7
gives an estimated pK for NHj of 40.7 in MeS0.10 Finally,
for ArCHs an estimated p = 7.412 gives a Ph effect of 13, which,
when combined with the pK of 42 for toluene derived earlier,?
gives an estimated pK of 55 for methane.

Minimum pKs for toluene and methane can be derived
from the following extrapolations. (The cyano function is
chosen because of its low steric demands.)

PhCH(CN), 2pK = 17~_7)PhCH2CN *+17.7) PhCHj

pK 4.2 pK 21.9 (pK 39.6)
CHy(CN)y 2PK =20 CH,CN *29  CHy
pK 11.1 pK 31.1 (pK 51.1)

The extrapolated values are minimal, since they assume the
same ApK for each CN effect and thus fail to take into account
the resonance saturation effect. In the gas phase in the series
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Table 1. a-Phenyl Effects and Hammett Substituent
Effects on Equilibrium Acidities in Dimethyl Sulfoxide

Solution
parent «a-Ph Hammett
acid pK effect® p?
CH3CgHs 42¢ 10 5.74
CH3;CN 31.3 9.6 5.5d
CH3COCH; 26.5 7.2 3.9¢
CH3NO, 17.2 5.2 2.7f
CH,(CN)s 11.1 7.2 4,18

¢ ApK = [pK(CH3G) — pK(PhCHG)] (statistically corrected
for the number of acidic hydrogen atoms). ® p for ArCH,G.
< Estimated from an extrapolation, see ref 5. ¢ J. E. Bares, Ph.D.
Dissertation, Northwestern University, 1976. ¢ R. J. McCallum
and U, E. Wiersum, unpublished results. / W. S. Matthews, un-
published results. £ J. C. Branca, Ph.D. Dissertation, North-
western University, 1979.

CH,; — CH3CN — CHy{(CN); the effect of substituting the
second CN group for H is 20% smaller than for the first due
to the resonance saturation effect.13 If we assume a similar
saturation effect in MeySO, the increment from CH3CN to
CH,4 would be 20% larger than indicated, leading to a pK of
about 55 for methane.

Our estimate of pK 42 for toluene in a dipolar nonhydrox-
ylic solvent is in good agreement with the ion pair pK of 41
estimated in cyclohexylamine,! but is in poor agreement with
the “pK” of 54 for toluene determined by the electrochemical
method;!>16 our pK of 55 for methane is also much lower than
the 68-70 obtained for methane.15:16
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Naotake Takaishi, ¥oshiaki Inamoto,* Kiyoshi Tsuchihashi,
Kazuaki Yashima, and Koji Aigami: Identification of Intermediates
in the Trifluoromethanesulfonic Acid Catalyzed Adamantane Rear-
rangement of 2,3-endo- and -exo-Tetramethylenenorbornane.

Page 2930. Chart I. Structures 10 (A;) and 11 (A3) should be:

& D

(Al) (A;;)
Page 2932. Table I1. 13C NMR signals should be read as:

compd
notation 13C NMR signals, ppm
as unknown structure (multiplicity, rel intensity)
As 4 24.8 (t, 3), 40.5 (t, 6), 60.4 (s, 0.9)
A 10 28.4 (q, 1), 31.8 (t, 6), 52.8 (d, 3),
62.8 (s, 0.3)
Aj 11 27.8 (q, 1), 81.7 (t, 4), 39.4 (¢, 2),

45.5(d, 2), 51.4 (s, 0.3), 61.7 (d, 1)

Slayton A. Evans* and Andrew L. Ternay, Jr.*: Preferred
Conformer Assignments of Diaryl Sulfoxides Employing Aromatic
Solvent Induced Shifts.

Page 2294. Experimental Section. Syntheses labeled cis-9-ethyl-
thioxanthene S-oxide (cis-5) and cis-9-isopropylthioxanthene S-
oxide (cis-6) should be relabeled trans. Syntheses labeled trans-9-
ethylthioxanthene S-oxide (trans-5) and trans-9-isopropylthiox-
anthene S-oxide (trans-6) should be relabeled cis. Table I is correct.
(We thank Professor Y. Tamura for noting this exchange.)

Werner Herz* and Ram P, Sharma: A trans-1,2-cis-4,5-Ger-
macradienolide and Other New Germacradienolides from Tithonia
Species.

Page 3122. Column 1, lines 24-25 should read: The CD curve of 1a
exhibits a positive Cotton effect while that of 4a is negative, although
no change has occurred . . .

Vol. 41, 1976

Courtland Symmes, Jr., and Louis D. Quin*: 1-Vinylcycloalk-
enes in the McCormack Cycloaddition with Phosphonous Dihalides.
Stereochemistry of Some Resulting Bicyclic Phospholene Oxides.

Page 242. The 3P NMR shifts on line 26 are reversed; the entry
should read: 6 +28.6 (13a, 56%) and +26.2 (13b, 44%).

K. Grant Taylor* and Melvin 8. Clark, Jr.: Aliphatic Azoxy
Compounds. 5. Functionalization of (Z)-Phenylmethyldiazene 1-
Oxide.

Page 1145. Column 1, line 7 from bottom: “(e 1900)”’ should be “(e
11 900)”.

D. C. Baker, J. Defaye, A. Gadelle, and D. Horton*: Reduction
of Ketones with Incorporation of Deuterium at the a Position:
Anomalous Reduction of Keto Sugar Derivatives.

Page 3836. Table I. The data for compound 9 should read: 9,
CDCl3¢, 4.95d (H-1), 4.79 dd (H-2), 4.15t (H-3), 3.52 t (H-4), 3.84 sx
(H-5), 4.29 q (H-6), 3.74 t (H-6"), 5.53 s (PhCH), 2.12 s (OAc), 3.39 s
(OMe), 7.40 m (aryl).

Page 3837. Table II. The data for compound 9 should read: 9,
CDClye, 3.7 (J1,2), 9.5 (J2.3), 9.5 (J3.4), 9.5 (J4,5), 4.0 (J56), 10 (J56),
9.5 (Jee).

Charles A. Kingsbury,* Dan Draney, Alan Sopchik, William
Rissler, and Dana Durham: Survey of Carbon-13-Hydrogen
Splittings in Alkenes.

Page 3863. Reference to the elegant earlier work of Vogeli and von
Philipsborn, Org. Magn. Reson., 7, 617 (1975), should have been
given.

Vol. 42, 1977

Padmanabhan Sundararaman and Werner Herz*: Oxidative
Rearrangements of Tertiary and Some Secondary Allylic Alcohols
with Chromium(VI) Reagents. A New Method for 1,3-Functional
Group Transpositien and Forming Mixed Aldol.

Page 817. The lower part of Scheme II was reproduced incorrectly.
The correct formulation is as follows:
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_C.E.Reineke* and C. T. Goralski: Thermal Rearrangement of
0-(2,4,6-Trihalophenyl) N,N-Dimethylthiocarbamates. An Abnormal
Pathway.

Page 1140. Structure 6 has a bromine atom deleted at the seven
position and should appear as:

Br

0
>=NCH,

Br



