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The acid catalyzed rearrangement of A®-friedelene I inmto A3™18_cleanene IV(1) is ome
of the most remarkable transformations in the ammals of terpene chemistry.(2) No fewer than
8ix successive 1,2-migrations (four methyl groups amd two hydrogen atoms) must occur during
the course of thia reaction. Of additional interest is the fact that the over-all rearrange-
ment constitutes an exact reversal of the blogenesis of friedelin from a p~amyrin-type inter-

mediate,(1a,3)
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With short reaction times it has been possible to isolate AS“3%._glutinene IT and Al2. ~
oleanene III.(4) However, the extent to which other isomeric intermediates might be in.
volved has not been determined, There are, for example, six other triterpene isamers which
could be formed by proton elimination from each carbonium ion site along the rearrangement
pathway. On the other hand, the alternating stereochemical disposition of the migrating
groups is that required for "a fully concerted process."(5)

In order to define more precisely the course of this complex rearrangement, we have
studied the reactions of I, IT, and IIT (0.1%) with zinc chloride (1%) in deuterio-acetic
acid at reflux temperature.(lb) The reaction was quenched after various time intervals and
the products separated by preparative tlc with silver nitrate (25%)-impregnated silica gel
as stationary phase, The identities of II and III have been established by direct com-
parison [mp, mmp, optical rotation, infrared spectra (KBr), and tlc mobility (silica gel-
AgNOg) ] with authentic material,* Representative data are collected in Table 1.

Since the major deuterated species (41%) after one hr is III-d, (entry 3), the principal
pathway for the I -+ III rearrangement must be a two-stage process. That the intermediate 1is
mainly II follows from its isolation in major amount at 20 min, and independent conversion
to III under identical conditions, A rough correction for exchange into ITI and ITII increases
the proportion of ITI-dp to ca, 50%. The exchange into III, subsequent to rearrangement, is
rather accurately provided by the deuterium content of the m/e 218 fragment (cf. entries 6
and 7). This intense ion is known(6) to originate from the C, D, and E rings by a retro-
Diels-Alder process and is located in a region of the mass spectrum which is otherwise
esgentially blank., The rearrangement II <+ IIT (entry 4) must proceed mainly without the
incursion of isomeric intermediates, for the amount of ITI-d, is about 75% after exchange
corrections are applied.

The high percentage of ITI-d; (41%) present at 20 min, demonstrates that in the absence
of a large isotopic discrimination ( kﬂ/kD > 10) in & two-step sequence, a significant

* The author is indebted to Dr. D. L. Dreyer (Fruit and Vegetable Chemistry leboratory,
Pasadena, Calif,) for a gift of cork wax from which friedelin was cbtained and to Professor
C. Djerassi (Stanford University) for a sample of III.
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Eroportion (20-25%) of III must be formed from I without any proton loes during the rearrange-
ment, #* The possibility of a large lsotope effect in the II + III process has been excluded

by carrylng out the reaction in a 52:48 mixture of acetic acid and deuterio-acetic acid

(entry 5). Any selectivity in favor of proton incorporation is clearly small.

TABLE 1%
Approx, Deuterdum Distribution (%)°
Entry Time Reactant Products Yield do d; da ds de
1 7 mwin 1 I 48 93 7
I 26 7 8 9
2 20 min I I 9 82 16 2
II 43 7 T 20 2
III 15 5 k1 %0 12 2
8 15°
3 60 min I II 28 5 50 35 8 2
III 28 2 22 4 27 8
66 31 3°
i 60 min i1 11 26 60 3 6
111 24 2 49 ko 7 2
6 =n°
53 60 min T I 25 g2 18
Iz 29 ks 43 12
86 1°
6 60 min I I T 56 b4
59
7 10 hr I I 65 17 19 &
2 178°

*Mhe concentrgtion of HOAC in the medium ranged within 2-5% (mmr analysis) unless specified
othervise. The precision of the analysis is about 4 3% and the reproducibility between
duplicate experimente within 5% in most cases, Peaks of 1,5% or less sbundance have been
neglected, stribution in m/e 218 fragment. 9Solvent 52-53% HOAc/DOAc. SConcentration
of HOAc ranged from 2-17%.

*¢This result does not distinguish a concerted rearrangement from a step-wise mechanism
involving either free carbonium ion, acetate, or chloride intermediates.
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III

The specific exchange of a single hydrogen from IIT is interesting. That this exchange
involves the vinyl hydrogen has been established by quantitative integration of the time-
averaged mmr absorption in the region 8 = 5 to 6 ppm, The intensity of the vinyl triplet in
IIT recovered from the exchange experimemts (6 and 7) was reduced to 54-61% and 19% of one
hydrogen respectively (benzhydrol served as internal integral standard).

It is evident that Al2.oleanene is rather resistant to further rearrangement and that
the IT » III reaction is essentially irreversible, If the intermediate in the vinyl hydrogen
exchange process be taken to resemble the hypothetical biosynthetic intermediate (1.e.
protonated P-amyrin) in the formation of friedelin and AS-glutinone,(la,3) the enzyme system
involved must be able to compensate for the energy deficit apperent in the reverse rearrange-
ment (III + II).

Acknovledgement, The author wishes to thank the University of Illinois Research Board

for a summer fellowship and the Nationsl Institutes of Health for financial assistance.

REFERENCES

(1) (a) E. J. Corey and J. J. Ursprung, J. Am, Chem. Soc., 8, 5041 (1956; (b) H.
Dutler, 0. Jeger, and L. Ruzicka, Helv., Chim, Acta sgs 3 (¢) G. Brownlie, F, S,
Spring, R, Stevenson, and W. S. Strachan, J, Chem, SOC., 2419 (1956)

(2) J. F. King and P, deMayo in "Molecular Rearrangements," (ed. P. deMayo), Inter-
sclence Publishers, New York, 1964, Part 2, Chap. 13,

(3) L. Ruzicka, Proc, Chem. Soc., 341 (1959).
(4) J. L. Courtney, R, M. Gascolgne, and A, Z. Szumer, J. Chem. Soc., 881 (1958).

(5) P. deMayo, "The Higher Terpenoids,”" Interscience Publishers, Ine,, New York, 1959,
p. 22,

(6) J. Karliner and C. Djerassi, J. . o i% 1945 (1966) ; H. Budzikiewlcz, J. M.
Wilson, and C. Djerassi, J. Am. Chem. Soc —&—3635



