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{— yo~-Hydroxy-a-trifluoromethylphenylacetic acid (13) has been prepared by asymmetric synthesis involving
the reaction of phenylmagnesium bromide with (—)-menthyl trifluoropyruvate {10, CF;COCOO-(~ )-menthyl];
229, asymmetric induction was observed. Application of Prelog’s generalization to this system is unambiguous
and leads to the assignment of the S configuration to this product and to the corresponding methyl ether 1 and

methyl ether—methyl ester 14, in accord with previous work.

(= )-Menthyl glyoxylate [HCOCQO-(— )-menthyl]

gave 199 asymmetric synthesis of the (§)-mandelic ester; this indicates that the nature of the achiral group
(CF; vs. H) has only a minor effect upon the extent of asymmetric induction in this system.

a-Methoxy-a-trifluoromethylphenylacetic acid (1,
MTPA)? is a valuable reagent for the determination of
enantiomeric purity of alcohols and amines. Circum-
stantial evidence for the S configuration for (—)-MTPA
has been obtained by correlation of the nmr chemical
shift of (—)-methyl a-methoxy-a-trifluoromethyl-
phenylacetate in a chiral solvent with that of (R)-(—)-
methyl mandelate. More recently an extensive study
of the circular dichroism of a series of a-substituted
phenylacetic acids® has convincingly supported this
assignment. We had hoped to establish the absolute
configuration of MTPA by the conversion of O-methyl-
atrolactic acid (2) of known configuration into the
methyl ether of methylphenyltriffuoromethylcarbinol
(3) by treatment with sulfur tetrafiuoride. This in-
termediate, 3, should be readily accessible from MTPA
1. This approach is similar to that which we have
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used to establish the configuration of phenyltrifluoro-
methylearbinol and methyltrifluoromethylearbinol.®
However repeated attempts to achieve the conversion
of 2 t0 3 have failed to produce a detectable amount of
the trifluoromethyl product 3; therefore this direct
approach has been reluctantly abandoned in favor of
the following alternative.

According to the Prelog generalization,” when the
small, medium, and large groups (Rs, Ry, Ry) in the

* To whom correspondence should be addressed.

(1) We acknowledge with gratitude support of these studies through NSF
Grant 9432,

(2) On leave from the Institute of Chemical Technology, Prague, Czecho-
slovakia,

(3) J. A. Dale, D. L. Dull, and H, 8. Mosher, J. Org. Chem,, 84, 2543
(1969).

(4) W. H. Pirkle and S. D, Beare, Teirahedron Lett., 2579 (1968),

(8) G. Barth, W. Voelter, H., 8. Mosher, E. Bunnenberg, and C, Djerassi,
J. Amer, Chem. Soc., 92, 875 (1970).

(6) H. M. Peters, D. M, Feigl, and H. 8. Mosher, J. Org. Chem., 88, 4245
(1968).

(7) V. Prelog, Helv, Chim. Acta, 36, 308 (1953); Bull. Soc. Chim, Fr., 987
(1956).

aleohol moiety of a chiral benzoylformate ester are as
represented in 4, B-(—)-atrolactic acid (5) will be pro-
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duced in excess upon treatment with methylmagnesium
iodide. This empirical correlation has been exceedingly
reliable for predicting the configuration of secondary
carbinols; less use has been made of this generalization
for the determination of configuration of a-hydroxy
acids, even though the correlation here should be on
even firmer ground. For example, the (—)-menthyl
group in the keto ester 6 is responsible for the different
rates of attack of the reagent on one vs. the other dia-
stereotopic faces of the prochiral keto group to give 7 in
excess. If R is varied while the chiral “inducing”
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(—)-menthyl group is retained, stereoisomers of cor-
responding configuration should predominate regard-
less of the nature of the achiral R group. In such
comparable reactions the asymmetric reaction is
brought about by the same chiral moiety while R, which
is achiral, is separated by at least three atoms from the
inducing chiral centers. The proximity of R to the
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emerging chiral a-hydroxy center may have an effect
upon the exfent of asymmetric synthesis but it certainly
should not alter the sense of asymmetric synthesis.
The same should apply to variations in the R’ group of
the reagent. A survey of the available literature con-
firms that this is so as far as it has been studied.”® For
instance, when (—)-menthyl benzoylformate (6, R =
Ph) is treated with methylmagnesium iodide, (R)-(—)-
atrolactic acid (7, R = Ph; R’ = CHj,) is formed?® in
259, excess over the racemate [259, e e (enantiomeric
excess) |; when (—)-menthyl pyruvate (6, R = CH;) is
treated with phenylmagnesium iodide, (8)-(+)-atro-
lactic acid (7, R = CH,; R’ = Ph) is formed® as pre-
dicted (189, e e). Thus by studying the asymmetric
reaction of (—)-menthyl trifluoropyruvate (6, R =
CF;) with phenylmagnesium bromide (R’ = Ph), addi-
tional evidence concerning the configuration of MTPA
(1) can be obtained. This approach is singularly free
of complications from the standpoint of stereochemical
interpretation.

Trifluoropyruvyl fluoride and its dimer have been
described recently.®* (—)-Menthyl! trifluoropyruvate
(10) was prepared from the dimer of trifluoropyruvyl
fluoride [9, 4-0x0-2,5-di(trifluoromethyl)-5-fluoro-2-
fluorocarbonyl-1,3-dioxolane]. The dioxolane 9 de-
composes to trifluoropyruvic acid in the presence of
base.? The dimer was treated directly with (—)-men-
thol in the presence of sodium fluoride and a mixture of
the desired (—)-menthyl trifluoropyruvate 10 and the
menthyl ester, of the dimer (11) was obtained. These
were separable by gas chromatography. Treatment of
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(—)-menthyl pyruvate (10) with phenylmagnesium
bromide gave (—)-menthyl a-trifluoromethyl-o-hy-
droxyphenylacetate (7, R = CF;; R’ = Ph). Based
on the Prelog generalization, this must have the S con-
figuration at the position « to the carboxyl group as
shown in 12. The acid 13, formed on hydrolysis, must
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likewise have the S configuration. This acid [13, {(+)
in chloroform, (—) in water] was conveniently purified
by conversion to the methyl ether-methyl ester (14)
and preparatively gas chromatographed. The rotation
of the methyl a-methoxy-a-trifluoromethylphenylace-
tate was [a]®p —21.3° (¢ 4.74, acetone) which corre-
sponds to 229, excess of the S-(—) enantiomer. It
has been shown?! that (—)-14 gives (—)-1, thereby
establishing the § configuration for (—)-MTPA as pre-
viously assigned.*® It is of interest that this per cent
asymmetric synthesis is rather close to the 25%, found®
for (—)-menthyl pyruvate in the comparable asym-
metric synthesis.

To obtain further evidence concerning the assump-
tion that the nature of the R group in 6 does not change
the stereochemical course of the reaction, we have
studied (—)-menthyl glyoxylate (6, R = H). Treat-
ment of this with phenylmagnesium bromide gave (—)-
menthyl mandelate which was proven to have the S
configuration by reduction to the known (8)-(+4)-
phenylethylene glycol (199, e ¢). This not only sub-
stantiates the predicted stereochemical course of the
reaction but also the predietion that reasonable changes
in the R group should have minor influence upon only
the extent of asymmetric synthesis.

Experimental Section

(—)-Menthyl Trifluoropyruvate (10).—(~ )-Menthol (15 g, 96
mmol) was dissolved in glyme (1,2-dimethoxyethane, 100 ml,
distilled from lithium aluminum hydride) and sodium fluoride
(30 g, 1.25 mol) was added. 4-Oxo-2,5-di(trifluoromethyl)-5-
fluoro-2-fluorocarbonyl-1,3-dioxolane®® (9, 18 g, 6.25 mmol,
crude, bp 57-70°) was slowly added to the well-stirred suspen-
sion. After the exothermic reaction subsided, the mixture was
stirred overnight. Sodium fluoride was removed by filtration;
the solvent was evaporated at reduced pressure and the resulting
oil distilled to give 23 g of product, bp 85-87° (1 mm). Prepara-
tive gas chromatography (silicone gum rubber SE-60 column,
0.25 in. X 20 ft, 175°, helium flow rate 150 ml/min) showed the
presence in approximately equal amounts of two substances,
retention times of 24 and 30 min, respectively. The first fraction
was menthyl triflucropyruvate: bp 63-63° (0.7 mm); [a]¥D
—66.8° (¢ 4.07, CH;0H); ir spectrum (film) 2950, 1775, 1733,
1455, 1320, 1260, 1170, and 1010 cm™'., The pmr spectrum
showed only signals for the menthyl group.

Anal. Caled for CisH,,O3F:: C, 55.70; H, 6.83; F, 20.33.
Found: C, 55.51, 55.61; H, 6.89, 6.85; F, 19.64.

The second fraction was menthyl 4-ox0-2,5-di(trifluoromethyl)-
5-fluoro-1,3-dioxolane-5-carboxylate (11): bp 65-68° (0.5 mm);
[a]2¢p —45.0° (¢ 10.8, CH;0H); ir spectrum (film) 2960, 1860,
1770, 1460, 1285, 1223, 1170, 1110, 1070, and 1025 cm~. The
¥F nmr 1nd1cated that all four poss1ble stereoisomers, d1ffermg
in configuration at carbon atoms 2 and 5 of the dioxolane ring,
were present in approximately equal amounts.

Anal. Caled for CysHsOsFy: C, 45.29; H, 4.51;
Found: C, 45.44; H, 4.50; F, 31.06.

F, 31.34.

(11) D. L. Dull and H. 8, Mosher, J. Amer. Chem. Soc., 89, 4280 (1967).
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(—)-Menthyl triflucropyruvate forms a hydrate when exposed
to air: mp 129-135.5°; ir spectrum (CHCl; solution) 3450, ,
2960, 1725, 1450, 1250, 1185, 1140, 1105, 940, and 900 em—3;
[]%D —116.0° (¢ 2.3, CHCl;). The optical rotation in absolute
methanol changes from [&]%p —97° (¢ 6.07, CH;OH) immediately
after solution to an equilibrium value of [a]*p —67.1° (¢ 6.07,
CH,OH) after 3 hr.

Anal. Caled for CysHiO:F:-H,0: C, 52.84; H, 7.10; F,
19.11. Found: C, 53.24; H, 6.95; F, 18.70.

(S)-(—)-Methyl o-Methoxy-o-trifluoromethylphenylacetate
(14).~—To the cooled ethereal solution of the Grignard reagent
from bromobenzene (2.2 g, 14 mmol in ether) and sublimed mag-
nesium (0.5 g, 20 mmol) was added a solution of (- )-menthyl
trifluoropyruvate (3 g, 10.7 mmol) in anhydrous ether. After
the reaction mixture was refluxed for 30 min, it was decomposed
with dilute sulfuric acid and extracted with ether. The combined
ethereal extracts were successively washed with water, sodium
bicarbonate solution, and water. The ether was evaporated to
give a slightly yellow oil which was saponified with 509, aqueous
ethanolic sodium hydroxide by refluxing for 3 hr. The ethanol
was removed by vacuum evaporation and the residue taken up in
water and the solution extracted several times with ether to
remove menthol. The water layer was acidified and extracted
with ether to give 1.35 g (57% vield) of a-trifluoromethyl-c-
hydroxyphenylacetic acid (13) as a slightly brown solid which was
methylated without purification by dissolving in glyme (20 ml),
adding a suspension of sodium hydride (0.3 g, 12.5 mmol) in
glyme and treating with dimethyl sulfate (1.8 g, 14.3 mmol) at
room temperature for 4 hr. Unreacted dimethyl sulfate and
sodium hydride were decomposed in the cold with 10 ml of
ammonium hydroxide; the mixture was acidified with cold,
dilute sulfuric acid followed by extraction with ether. Evapora-
tion of the ethereal solution after washing with sodium bicar-
bonate and drying (Na.80,) gave an oil which yielded upon
distillation 0.9 g (629 yield) of (—)-methyl e-methoxy-a-
trifluoromethylphenylacetate (14), bp 72-75° (0.5 mm). Traces
of impurities were removed by preparative gas chromatography
(silicone QF1 column, 0.25 in. X 20 ft, 200°) to give purified 14,
[e]®D —21.8° (c 6.48, acetone), which corresponds to 22.7%,
excess of the (8)-(—) enantiomer. The nmr and ir spectra were
identical with those from an authentic sample.’1

This experiment was repeated under the same conditions to
give methyl «-methoxy-a-~trifluoromethylphenylacetate, [a]*p
—21.3° (¢ 4.74, acetone), corresponding to 22.2%, enantiomeric
excess, in an overall yield of 70%.

(=)-Menthyl Glyoxylate.—A solution of 1 equiv of (—)-
menthol in chloroform was slowly added to a chloroform solution
of oxalyl chloride. The mixture was heated at 60° for 3 hr, the
solvent evaporated under vacuum, and the residue distilled to
give menthyl oxalyl chloride, bp 80° (0.3 mm), 809, yield [lit.1?
bp 123-125° (8~9 mm)].

(—)-Menthyl oxalyl chloride (30 g) in 150 ml of benzene under
nitrogen was refluxed while 109, excess of tri-n-butyltin hydride
[39 g, bp 85-95° (1 mm), prepared!® by reduction of tri-n-butyltin
chloride with lithium aluminum hydride] dissolved in 50 ml of
benzene was slowly added. After 2 hr at reflux, the solvent
was removed under reduced pressure and the residue distilled.
The first fraction, (—)-menthyl glyoxylate, 14.9 g (38%), bp
102-103° (1.5 mm), [«]?*D —65.0° (¢ 9.02, CH;0H), showed
only trace impurities by gle [bis-(2-ethylhexyl)tetrachloro-
phthalate column, 0.25 in. X 10 ft, 135°]. The second fraction,
10.5 g, bp 103-113° (1 mm), was mostly (— )-menthyl glyoxylate
but was contaminated with tri-n-butyltin chloride. The addition
of 2 ml of water to this fraction caused the formation of a white
solid which was recrystallized fromn petroleum ether (bp 60-68°)
to give 6.9 g (249,) of (— )-menthyl glyoxylate hydrate, mp 79—
80°, [a]%*pD —84.9° (¢ 3.44, CHCl).

Anal. Caled for CpHy05-H,0: C, 62.58; H, 9.63. Found:
C, 62.85; H, 9.66.

The third fraction, bp 115-120° (1 mm), was primarily tri-n-
butyltin chloride.

(—)-Menthyl glyoxylate gave the following: ir spectrum (film)
2950, 2920, 2860, 1800 (w), 1750, 1720 (s), 1450, 1290, 1220, and
975 em™; nmr spectrum (neat, 60 MHz) & 9.35 (s, 1 H), 4.8
(sextet, 1 H), 0.7-2.3 (broad, menthyl group). The nmr spec-
trum of the hydrate (CDCl;) showed § 5.27 (s, 1 H), 4.6 (broad,

(12) G. von Frank and W. Caro, Ber., 68, 1534 (1930).
(13) H. G. Kuivila and O. T. Beumel, J. Amer. Chem. Soc., 83, 1296
(1961), ‘
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3
3 H, reduced to & singlet, 1 H by washing with DzO), and the
characteristic menthyl group signals. The 2,4-dinitrophenyl-
hydrazone, mp 1453-146°, [a]%D —105° (¢ 2.77, CHCL), was
prepared in the usual way. .

Anal. Caled for CisHaNiQs: C, 55.09; H, 6.17; N, 14.25.
Found: C, 55.33; H, 6.14; N, 14.05.

Reaction of (—)-Menthyl Glyoxylate with Methylmagnesium
Todide.—An ethereal solution of the Grignard reagent from 3.5 g
of methyl.iodide was added to an ether solution of 4.25 g of
(— )-menthyl glyoxylate at 0°. The reaction was refluxed for 10
hr and hydrolyzed with a saturated ammonium chloride solution.
The washed (H,O, NaHCO;, HyO) and dried (Na,SO,) ether
extracts were evaporated; the residue was distilled to give 3.1 g
of menthyl lactate, bp 80~-83° (1 mm). The per cent asymmetric
synthesis was determined as follows by conversion to 1,1-di-
phenylpropane-1,2-diol  (whose absolute configuration and
enantiomeric purity are known!). An ether solution of the total
menthyl lactate from the above experiment was added to an
ethereal phenyl Grignard solution made from 13 g of phenyl
bromide and 3.4 g of sublimed magnesium. The reaction mixture
was refluxed for 12 hr and hydrolyzed with cold saturated am-
monium chloride solution. The washed (H;0) and dried (Na,-
S0,) ether layer was evaporated and the residue was steam
distilled to remove menthol and biphenyl. The nonvolatile oil
was taken into ether solution which was dried (Na,80:) and
evaporated to give an oil, 1.25 g, 419, which was purified by
silica gel column chromatography using benzene solvent; 1.08 g
of pure diol, mp 88-92°, [a]**p —24.3° (¢ 3.54, benzene), which
corresponds to 169, of the rotation of the pure isomer [lit.** mp
02-93°, [«]®Dp +149.8° (¢ 2.43, benzene)], was obtained. The
spectra were as follows: ir (benzene) 3570 (s), 2980, 2930 (w),
1490, 1450 (8), 1100, 890, and 690 cm~1; nmr (60 MHz, acetone-
ds) & 7.8-70 (aromatic protons, 10 H), 4.85 (g, 1 H, J = 6 Hz),
1.03 (d, 3H,J = 6 Hz), 4.5 (s, 1 H), and 3.0-3.8 (broad, 2 H).
These last two signals disappeared upon D,0 exchange.

The asymmetric synthesis was first carried out as above but
with hydrolysis of the Grignard reactions using dilute sulfuric
acid, instead of saturated ammonium chloride solution, to give a
459, overall yield of 1,1-diphenylpropane-1,2-diol, mp 86-90°,
[a]®Dp —19.3° (¢ 2.02, benzene), corresponding to 139 asym-
metric synthesis.

Reaction of Phenylmagnesium Bromide with (—)-Menthyl
Glyoxylate.—The ethereal phenyl Grignard solution prepared
from 3.3 g of bromobenzene was added to a cold, ether solution
containing 6 g of (—)-menthyl glyoxylate. After refluxing
overnight, the reaction mixture was hydrolyzed with saturated
ammonium chloride solution and the water layer extracted with
ether. The combined ether extracts were washed (H,0), dried
(Naz80,), and evaporated to give a residue of menthyl mandelate,
8.3 g. One-half of this residue was reduced with lithium alu-
minum hydride, 0.7 g, in ether. The reaction mixture was de-
composed with water and 159, sodium hydroxide. The precipi-
tated hydroxides were removed by filtration, and the residue,
after evaporating with ether, was purified by silica gel column
chromatography. Menthol was removed by chloroform elution
and the phenylethylene glycol with methanol elution to give 0.6 g,
359, yield, which was further purified by sublimation: mp 58-
62°; [«]?*p +-12.4° (¢9.07, CHCY;). This corresponds to 19.4%,
asymmetric synthesis based on the reported value®® for (S)-
(+ )-phenylethylene glycol of [a]%®p +63.8° (¢ 9.5, CHCl;), mp
66-67°. The racemic diol has a melting point of 69-70°.1% It
has been reported” that the maximum rotation of phenylethylene
glycol should be 30% higher than this; however, we have con-
firmed Bakshi and Turner’s value by means of nmr studies of the
MTPA derivative.:®

The second half of the reaction product from phenylmag-
nesium bromide and (- )-menthyl glyoxylate was treated with
excess phenylmagnesium bromide. However the triphenyl-
ethane-1,2-diol obtained (2.7 g, mp 150-155°, [a]¥Dp —5.2° (c
2.68, acetone), corresponded to 2.4% enantiomeric purity based
on the rotation of [a]p +218.9° (¢ 2, acetone).’® It was con-
cluded that extensive racemization of this glycol had occurred.

pL-Methylphenyltrifiuoromethylcarbinyl Methyl Ether (3).—

(14) R. Roger, Biochem.. Z., 280, 320 (1931),

(15) 8. P. Bakshi and E, E. Turner, J. Chem. Soc., 168 (1961),

(16) J. D. D'Ianni and H. Adkins, J. Amer, Chem. Soc., 61, 1675 (1939).
(17) G. Berson and M. Greenbaum, ibid., 81, 6456 (1959).

(18) J. Dale, Ph.D, Thesis, Stanford University, 1970.

(19) R. Roger and W. B. McKay, J. Chem. Soc., 2229 (1931).
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pr-Methylphenyltrifluoromethylearbinol®'2 (5.7 g), bp 95~100°
(20 mm), prepared in 899, yield by the action of phenylmagne-
sium bromide on methyl triffuoromethyl ketone and in 909, yield
by the action of methylmagnesium iodide on phenyl trifluoro-
methyl ketone) was treated in ether solution (30 ml) with sodium
hydride (4.0 g, 509, mineral oil dispersion) followed by refluxing
(1 hr) with dimethyl sulfate (4 g) to give the methyl ether 3 (6.1
g). This product showed no unreacted carbinol by vpe analysis
(UCON LB 1715, 5 ft X 0.25 in., 150°, helium flow rate 30
ml/min, retention time 4 min): nmr (CDCl;) 6 1.78 (q, 3 H,
J = 0.8 Hz, long range CF; coupling), 3.22 (s, 3 H), 7.2 ppm
(broad, 5 H, aromatic).

Anal. Caled for CpHyF:0: C, 58.81; H, 5.43. Found: C,
58.98; H, 5.51.

This material was used as a calibration standard for vpe and
thin layer chromatography (tle) studies in connection with the
following sulfur tetrafluoride reactions.

Reactions of Sulfur Tetrafluoride with pL-O-Methylatrolactic
Acid 2.—A stainless steel hydrogenation-type autoclave, 150-ml
capacity, was charged with O-methylatrolactic acid?? (2.0 g) and

(20) G. V. Kazennikova, T. V. Talalaeva, A. V. Zimin, A. P. Simonov,
and K. A. Kocheskov, I2v, Akad, Nauk SSSR, Otd. Khim. Nauk, 1066 (1981);
Chem. Abstr., 55, 271546 (1961).

(21) D. L, Dull, Ph.D. Thesis, Stanford University, 1967, p 110.
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cooled to —60°. Sulfur tetrafluoride (25 g) was condensed in the
autoclave followed by hydrogen fluoride (29 g) and the mixture
was shaken at 20-25° for 24 hr. The reaction mixture was
processed as indicated previously.”® No starting material was
recovered but no methylphenyltrifiuoromethylcarbinyl methyl
ether could be detected by tle. HEssentially the same procedure
was conducted at 30° for 22 hr and at 90° for 3 days. In these
runs a spot was observed on tle with the same R; value as the
desired ether, but preparative silica gel chromatography failed
to isolate any of the desired ether. Further experiments in which
SF. was added to the acid sample 2 in water to generate the HF
wn situ were likewise unsuccessful, leading in some cases to block
residues and in others to mixtures like the above which contained
no starting acid but in which the ether could not be detected.

Registry No.—3, 26315-60-6; 6 (R = H), 26315-61-7;
6 2,4-DNP, 26315-62-8; 10, 26315-63-9; 11, 26315-
64-0; 14,26164-19-2,

(22) D, J. Cram and XK. R. Kopecky, J. Amer. Chem. Soc., 81, 2748
(1959).

(23) H. M. Peters, D. M. Feigl, and H. 8. Mosher, J. Org. Chem., 88,
4245 (1968).

The Peroxide-Initiated Decarbonylation of 9-Carbazolylacetaldehyde.
A Possible Free-Radical Displacement®

Bruno M. VirriMBERGA AND MarrHEW L. HERZ!P
Department of Chemistry, University of Rhode Island, Kingston, Rhode Island 02881
Recetved November 4, 1969

The peroxide initiated decarbonylation of 9-carbazolylacetaldehyde was studied in o-dichlorobenzene at 140

and 170° in an effort to observe a free radical N — C migration.

No migration was detected. A reaction did

oceur, however, with the formation of 9-methylearbazole, 1,2-dicarbazol-9-ylethene, and dicarbazol-9-ylmethane.
Evidence is presented to support the structures of these compounds and the mechanism of their formation.

As part of a study on free-radical migration reac-
tions,2® we were prompted to investigate the peroxide-
initiated decarbonylation of 9-carbazolylacetaldehyde
(1). It was hoped that the stabilizing forces in this
molecule would contribute to the first example of a
nitrogen to carbon free-radical migration.*

This system was chosen because of its similarity to
9-phenyl-9-fluorenylacetaldehyde (2) which on decar-
bonylation was found to give a smooth conversion to

&

CH—C—H

0
u Cr
CbCH,~C—H

(1) (a) Based on the Ph.D, Thesis of M. L, Herz, University of Rhode
Island, 1969, U.8. Army Natick Laboratory, Natick, Mass. (b) American
Hoeshst Fellow, 1967-1968.
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9-phenylphenanthrene.” Similar rearrangement in 1
would reduce ring strain with the simultaneous forma-
tion of the strongly stabilized free radical of the type
R—CH,—N—Ar.

The desired rearrangement would be expected to
oceur irreversibly® and most probably lead to the for-
mation of the stable aromatic compound, phenanthri-
dine, in a manner similar to the reaction of 2, Radical
stabilization and relief of ring strain, which are not nec-
essary for carbon-to-earbon migration,” could provide
the necessary driving force for nitrogen-to-carbon homo-
lytie phenyl migration.

The aldehyde, 1, was synthesized by an alkaline
permanganate oxidation of 9-allylearbazole® to yield
1-carbazol-9 -yl - 2,3 - dihydroxypropane. This glycol
was further oxidized with periodie acid to yield 1 the
structure of which was verified by infrared, nmr and
elemental analyses.

The di-t-butyl peroxide (DTBP) initiated decarbonyl-
ation was carried out both in the presence of oxygen and
in deoxygenated systems. The results appear in Table
I. When the decarbonylation was carried out in the
presence of excess oxygen under the various conditions
described in Table I (runs 1, 2, and 3), the only product
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