() 322 (14,700) and 220 (11,300)). Treatment of the
noncrystalline mixture of VIIIa and b with 109 sodium
hydroxide (2-ethoxyethanol-water, 1:4, reflux) gave a
4097 yield of a single lactam X (mp 206-207°) as well as
some unreacted VIIIb.!! Catalytic hydrogenation of
X gave the dihydro derivative XI (mp 144-145°).

H OH
ON(CH,),

r
O .
o ’,;
< | — <O©H Ig( CH,

0]
VIlla

0 NH CHs
T :
VIIIb IX
7
0 . 0 K
€ Bl =0 OH 0
0 HN 0 HN
X XI

Unambiguous demonstration of the configuration of
X was desired. Therefore the amine VIb was prepared
by treatment of Vla with Meerwein’s reagent!? followed
by hydrolysis of the imino ether hydrofluoroborate in
aqueous tetrahydrofuran. Reaction of VIb with car-
bomethoxyacetyl chloride afforded the amide VIc
(mp 90-91°; ANgre™' mp (e) 342 (11,500), 300 (7900),
250 (13,100), and 242 (13,100)). Treatment of VIc with
sodium hydride in refluxing tetrahydrofuran led in
quantitative yield to XIla (mp 183-190°; AA:theee!
my (€) 287 (3600) and 237 (3300)), identified by nmr as
a 1:1 mixture of the C-11 epimers.!* Kinetic and ther-
modynamic factors demand that the ring junction which
results from an intramolecular Michael addition of
Vlc be cis. Saponification of XIla (0.5 N methanolic
sodium hydroxide) resulted in the quantitative forma-
tion of the acid XIIb which was not purified but decar-
boxylated (lithium iodide in diglyme) to XIIc (mp 179-
182°). Reaction of Xllc with 1,2-ethanedithiol gave
the thioketal XIII (mp 265-268°) which, upon treatment
with Raney nickel (refluxing dioxane), afforded the
lactam XI (mp 144-145°). This material was shown to
be identical in all respects with the lactam obtained
from the catalytic reduction of X.  Thus the C,D ring
fusion of X is established as cis. This was further
confirmed by reduction of XI with lithium aluminum
hydride followed by Pictet-Spengler cyclization (for-
malin, hydrochloric acid) to the previously known
(%)-crinane (XIV, mp 94-97°, 1it.** 97-99°),

(11) The amide VIIIb (mp 200-201°) isolated from this reaction mix-
ture could not be transformed to a lactam under the conditions men-
tioned above.

(12) H. Meerwein, G. Hinz, P. Hofmann, E. Kroning, and E. Pfeil,
J. Prakt. Chem., [2] 147, 257 (1937).

(13) All carbon atoms in the intermediates are numbered in the man-
ner described for I,
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With the configuration of X firmly established, the
conversion into (& )-crinine was investigated. Reduc-
tion of X with lithium aluminum hydride followed by
Pictet-Spengler cyclization gave (= )-a-desoxycrinine
(XV, mp 76-78°)!¢ in 709 yield based on X. Oxida-
tion of XV with selenium dioxide (acetic acid—acetic
anhydride, reflux) and saponification of the resulting
acetate gave (= )-crinine (I, mp 173~175°) after purifica-
tion via its picrate (mp 203-204°). This material is
identical in every respect with (=)-crinine of natural
origin prepared by mixing (—)-crinine and (4)-crinine
(vittatine).1s

Oxidation of I (chromium trioxide-pyridine) afforded
(%)-oxocrinine (XVI, mp 172-173°, 1it.!® 177-178°).
Finally, reduction of XVI with sodium borohydride
gave (= )-epicrinine (II, mp 235.5-237°, 1it.** 239°),
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(14) H. M. Fales and W. C. Wildman, J. Am. Chem. Soc., 80, 4395
(1958). Professor W. C. Wildman has confirmed the identity of XV
with a sample of a-desoxycrinine previously known as a degradation
product of powelline,
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The Stereochemistry of the Thermally Induced
Isomerization of N-Substituted Pyrroles

Sir:
Recent kinetic studies on the thermal isomerization of

N-alkylpyrroles have indicated that the isomerization is
a homogeneous unimolecular process! in which the 2

(1) (a) I A. Jacobson, Jr., H. H. Heady, and G. V. Dinneen, J. Phys.
Chem., 62, 1563 (1958); (b) I. A. Jacobson, Jr., and H. B. Jensen,
ibid., 66, 1245 (1962); (c) I. A.Jacobson, Jr,, and H. B. Jensen, ibid., 68,
3068 (1964).
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isomer is irreversibly formed from the N isomer while
the 3 isomer is reversibly formed from the 2 isomer.
Furthermore, the negative entropies of activation calcu-

)~ Gl =
| !

l

R H H

lated from the kinetic data have been interpreted as
requiring a cyclic activated complex. Similar results
were obtained by Pine? in the substituted N-benzyl-
pyrrole series. Since all substituents (F, Cl, CH;O,
CH; (para)) facilitated isomerization and since activa-
tion energies were close to the estimated bond dissocia-
tion energies, it was concluded? that homolytic dissocia-
tion had occurred to the extent of about 9097 in the
transition state.

We wish to report that the isomerization of N-(sec-
butyl)pyrrole to the 2 isomer occurred with retention of
configuration both above and below the isokinetic
temperature of 589°;% at 575°, 799 retention; and at
600°, 77 %7 retention. The migration of the phenylethyl
group in (4 )-N-(I-phenylethyl)pyrrole to the 2 position
likewise occurred with 7297 retention of configuration
at 550°. The 3 isomers, 3-sec-butylpyrrole (600° ex-
periment) and 3-(l-phenylethyl)pyrrole, were both
formed with an estimated 1097 retention of configura-
tion.

N-(sec-Butyl)pyrrole,* bp 156-156.5°, »n?D 1.4687,
[a]**D +10.2° (neat), synthesized by an adaptation of
the method of Elming and Clauson-Kaas® from (+4)-
sec-butylamine, [«]®D +42.5° (neat) (3197 optical
purity),® was pyrolyzed at 575 and 600°. At 575°,
23977 of 2-(sec-butyl)pyrrole, »¥p 1.4910, [«]%*D
+6.38° (neat, 24.4% optical purity) (lit.® n2°p 1.4900,
[o]*D +11.24° (439 optical purity)), and 4% of 3
isomer were obtained. At 600°, 31977 of 2-(sec-
butyl)pyrrole, n2°D 1.4910, [«]**D +6.16° (neat, 23.6
optical purity), and 1297 of 3 isomer were obtained.
After separation, the 3 isomer was 819 pure, n?D
1.5010, «?*D +3.92°.  Further purification by glpc
on an 8 ft X 3/s in. 3097 SE-30 column gave a pure com-
pound, »n%D 1.4870, [«]**D +8.0° (¢ 2.87, ethanol)
(lit.? n25p 1.4878, [«]?"D + 11.98° (43 9] optical purity)).
The (4 )-sec-butylpyrrole has been shown to have the
same configuration as (4 )-sec-butyl bromide® and the
(+)-sec-butyl bromide the same configuration as
(4 )-sec-butylamine.®

The pyrolysis of (+)-N-(1-phenylethyl)pyrrole, n?*D
1.5581, [«]?*D +48.15° (neat), synthesized as for the
sec-butyl compound from (—)-l-phenylethylamine,
n¥p 1.5235, [«]**D —39.7° (neat, 98 %] optical purity),

(2) L. A. Pine, Dissertation Abstr., 24, 522 (1963),

(3) Fromref 1, Itisassumed that sec-butyl group migration follows
the same mechanism as do methyl, n-butyl, and isopropyl groups.

(4) All new compounds gave satisfactory elemental analyses and all
structural assignments were consistent with nmr and infrared spectra.

(5) N. Elming and N. Clauson-Kaas, Acta Chem. Scand., 6, 867
(1952).

(6) Based on the rotation [a]**D +8.1° reported by H. E. Smith, S. L.
Cook, and M., E. Warren, Jr., J. Org. Chem., 29, 2265 (1964).

(7) Area per cent obtained from glpc analysis on a 6 ft X /gin. 107
SE-30 column. Separations by glpc on an 8 ft X 3/, in. 30%, Carbowax
20M column.

(8) P.S. Skell and G. P. Bean, J. Am. Chem. Soc., 84, 4660 (1962).

(9) P. Brewster, F. Hiron, E. D. Hughes, C. K. Ingold, and P. A. D. S.
Rao, Nature, 166, 179 (1950),

(10) Based on the rotation [a]¥®D +40.7° reported by W. Leithe,
Monatsh., 51, 381 (1929).

produced 39.977" of (4)-2-(1-phenylethyl)pyrrole, bp
138-140° (10 mm), n%p 1.5715, a®Dp +62.1°, and
10997 of (+)-3-(1-phenylethyl)pyrrole, bp 153° (10
mm), n2D 1.5729, %D 4+9.18°,

The (=*)-2- and (=)-3-(1-phenylethyl)pyrroles were
synthesized from pyrrylmagnesium bromide and
1-phenylethyl bromide.

The configuration and optical purity of the 2 isomer
were established by permanganate oxidations to (4)-
hydratropic acid, which in turn was converted into
methyl hydratropate and purified by glpc, n2°p 1.4993
(authentic sample, n?D 1.5000), [a]?*D +79.8° (¢ 4.05,
ethanol), 70.597 optical purity. Bonner and Zderic!!
report {«]?®D 4-108.7° (¢ 5.5, ethanol) for ester prepared
from 969, optically pure hydratropic acid. It has
been shown by Bernstein and Whitmore!? that (+)-hy-
dratropic acid and (—)-phenylethylamine have the
same configuration.

The configurations of 2-(1-phenylethyl)pyrrole and
3-(1-phenylethyl)pyrrole are probably the same since
both isomers give very similar optical rotatory dis-
persion curves.

It is tentatively concluded that migrations involving
considerable free radical character can occur with
retention of configuration and that a cyclic transition
state is involved in which homolytic bond breaking has
progressed to a greater extent than bond formation.
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Cyclopropanone!
Sir:

The chemistry of small unsaturated molecules of
unusual structure is of considerable interest because of
both the theoretical predictions concerning the prop-
erties of these compounds and their great potential as
intermediates in organic syntheses. We report now a
relatively simple, high yield synthesis of such a com-
pound, cyclopropanone (1). The preparations and
reactions of the alkylated cyclopropanones, 2 and 3,
have been reported recently.!?

L4k

Addition of a cold (—78°) methylene chloride (10
ml) solution of diazomethane®* (10 mmoles) to a methyl-

(1) Cyclopropanones. IV. See W. B. Hammond and N. I. Turro,
J. Am. Chem. Soc., 88, 2880 (1966), for paper III is this series.

(2) N. J. Turro, W, B, Hammond, and P. A, Leermakers, ibid., 87, 2774
(1965).

(3) (@) G. L. Closs and J. J. Coyle, ibid., 87, 4270 (1965), (b) W. E.
Hanford and J. C. Sauer, Org. Reactions, 3, 136 (1946).
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