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was found to be linearly proportional to the strength of 
the magnetic field (6.4 hertz at 60 Mhertz; 10.7 hertz at 
100 Mhertz),’O the splitting of the aromatic resonances 
cannot be due to spin-spin interactions. (2) Al- 
though a dissociation-recombination mechanism would 
also bring about interconversion of the diastereomers, 
the resulting phosphine radicals should have caused 
significant broadening of the spectral lines. Diphos- 
phines are known to cleave by thermal means. l1 In the 
present situation, however, a dissociation would have 
to be followed by rapid, intramolecular recombination, 
since the spectral changes are reversible. Such a proc- 
ess, if exceedingly rapid, would be practically indistin- 
guishable by nmr methods from inversion. This mech- 
anism is not favored because line broadening was not 
appreciable (Table I) and irreversible radical reactions 
were not apparent. (3) Of the six rotational isomers 
that may be written for each diphosphine diastereomer, 
three do not contain eclipsed  interaction^.^ Of these, 
either gauche conformation would be of much higher 
energy than the trans form (11, 111), which minimizes 
not only the nonbonded interactions between substitu- 
ents, but also the lone pair-lone pair repulsions. l 2  

Our conclusions require either that diphosphines are 
frozen into the trans conformation or that there is free 
rotation about the phosphorus-phosphorus bond. The 
equivalence of all the protons in P2H4 is consistent with 
this model. 3 1  l 3  Furthermore, the ‘P spectra of numer- 
ous diphosphines of the type R2P-PR2 or R2P-PR’2, for 
which rotamers, but not diastereomers, can exist, have 
never been reported to exhibit multiple resonances, 
except from chemically distinct species. 4, Coales- 
cence of the phenyl resonances at elevated tempera- 
tures is therefore best explained in terms of phosphorus 
inversion, rather than equilibration of rotamers. 
Studies with related polyphosphine systems are con- 
tinuing. 

(10) We are grateful to Professor M. R. Willcott of the Univer- 
sity of Houston for measuring the 100-Mhertz soectra. 
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A Total Synthesis of (k)-Crinine 
Sir : 

Crinine (1)la and epicrinine (II)lb are representatives 
of one of the more widely occurring groups of Amaryl- 
lidaceae alkaloids, the 5, lob-ethanophenanthridines. 

While several communications have appeared in the 
past few years concerning the synthesis of various 

(1) (a) W. C. Wildman,J. Am. Chem. Soc., 80, 2567 (1958); (b) R. E. 
Lyle, E. A. Kielar, J. R. Crowder, and W. C. Wildman, ibid., 82, 2620 
( 1960). 

(2) For a review, see W. C. Wildman in “The Alkaloids,” Vol. VI, 
R. H. F. Manske, Ed., Academic Press Inc., New York N. Y., 1965, 
p 290; K. W. Bentley, “The Alkaloids,” Vol. VII, Interscience Pub- 
lishers, Inc., New York, N. Y., 1965, p 54. 

I, R=H; R’=OH 
11, R=OH; R’=H 

5, lob-ethanophenanthridine alkaloids, no total syn- 
theses have been reported. We now wish to report the 
first total synthesis of (*)-crinine (I) and (*)-epicrinine 
(11) and to describe a versatile pathway with potential 
for the elaboration of structurally similar alkaloids. 

Ethyl piperonylacetate (111)4 was nitrosated (sodium 
nitrite-acetic acid) and then reduced and acetylated 
(zinc-acetic acid-acetic anhydride) to ethyl N-acetyl- 
piperonylglycinate (IV) (mp 122-123 0) .5  Condensation 
of IV with methyl vinyl ketone (Triton B-benzene) 
followed by cyclization of the Michael adduct (1,4-di- 
azabicyclo[2.2.2]octane, piperidine, acetic acid, and 
xylene)* gave the @-unsaturated ketone V (mp 176- 
178 ’). Saponification and decarboxylation of V led 
to VIa (mp 197-199’) in 5 9 z  over-all yield based on 
111. 

0 A 
(0 & C02C2H6 &C02C2H5 \ 

OACH3 
III, R-H v 
IV, R- NHCOCH3 

0 

I 
R 

VIa, R- COCH3 
b, R = H  
c, R- COCH,CO,CH, 

Reduction of VIa with sodium borohydride gave a 
nearly quantitative yield of a mixture of epimeric 
alcohols VI1 (mp 166-170O). Refluxing the mixture 
VI1 in benzene or toluene with 1,l-dimethoxy-1-di- 
methylamin~ethane~ gave the diamides VIIIa and b8 

(45 after chromatography),g accompanied by a 50 % 
yield of the diene IX’O (mp 137-138’; XX2::no’ mp 

(3) H. W. Whitlock, Jr., and G. L. Smith, Tetrahedron Letrers, 1389 
(1965); J. B. Hendrickson, C. Foote, and N. Yoshimura, Chem. Com- 
rnun.. 165 (1965). 

(4) T. Kametani and H. Iida, J .  Pharm. SOC. Japan, 73, 681 (1953). 
(5) Satisfactory analytical data have been obtained for all new com- 

pounds reported, and all compounds were characterized by ultraviolet, 
infrared, and nuclear magnetic resonance spectroscopy. Melting points 
were taken on a Kofler hot-stage microscope. 

(6) H. Muxfeldt, Angew. Chem., 74, 825 (1962). 
(7) H. Meerwein, W. Florian, N. Schon, and G. Stopp, Ann., 641, 

1 (1961); A. E. Wick, D. Felix, K. Steen, and A. Eschenmoser, Helo. 
Chfm. A d a ,  47, 2425 (1964). 

(8) We wish to propose that this modification of the Claisen rear- 
rangement be known as the Meerwein-Eschenmoser reaction. 

(9) These isomeric amides were only slightly separated on thin layer 
chromatography. 

tions of this alternate course of the reaction are under investigation. 
(10) The formation of this sensitive compound is notable. Applica- 
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(e) 322 (14,700) and 220 (11,300)). Treatment of the 
noncrystalline mixture of VIIIa and b with 10% sodium 
hydroxide (2-ethoxyethanol-water, 1 : 4, reflux) gave a 
40 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'). 

II 
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w 
0 

VIIIa 
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VIIJb 
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IX 

n 

X XI 

Unambiguous demonstration of the configuration of 
X was desired. Therefore the amine VIb was prepared 
by treatment of VIa with Meerwein's reagentL2 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"; XY:al;Bno' mp (e) 342 (11,500), 300 (7900), 
250 (13, loo), and 242 (13,100)). Treatment of VIc with 
sodium hydride in refluxing tetrahydrofuran led in 
quantitative yield to XIIa (mp 183-190"; XXL::nol 
mp (e) 287 (3600) and 237 (3300)), identified by nmr as 
a 1 : 1 mixture of the C-11 e ~ i m e r s . 1 ~  Kinetic and ther- 
modynamic factors demand that the ring junction which 
results from an intramolecular Michael addition of 
VIc be cis. Saponification of XIIa (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 XIIc with 1,2-ethanedithiol gave 
the thioketal XI11 (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 O, lit.'" 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 (*)&nine was investigated. Reduc- 
tion of X with lithium aluminum hydride followed by 
Pictet-Spengler cyclization gave ( *)-cr-desoxycrinine 
(XV, mp 76-78")14 in 70% 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 (i=)-crinine of natural 
origin prepared by mixing (- )-crinine and (+)-crinine 
(vittatine). l5 

xv XVI 

Oxidation of I (chromium trioxide-pyridine) afforded 
(&)-oxocrinine (XVI, mp 172-173", lit.lb 177-178'). 
Finally, reduction of XVI with sodium borohydride 
gave (A)-epicrinine (11, mp 235.5-237', lit.lb 239'). 
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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 process1 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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