NorEs

0.70 m] of 1.66 M n-butyllithium in hexane under nitrogen. The
reaction mixture was heated at ca. 65° for 7 hr and then left for
10 hr at room temperature. After removal of methanol under
reduced pressure, the product was isolated by addition of water
and extraction with ether. The combined ethereal extracts were
washed with 29 sodium hydroxide solution and saturated sodium
chloride solution and dried over magnesium sulfate. Removal
of the solvents in vacuo produced the crude product. Purification
by preparative tlc on silica gel plates using ether—hexane (2:1)
afforded 127 mg (58%) of racemic (&)-nuciferol which was
homogeneous by gle (SE-30): ir (film) 3340 cm™*; nmr (CCly) 8
1.21 (d, 3 H), 1.50 (s, 3 H), 1.60-2.15 (m, 5 H), 2.30 (s, 3 H),
2.60 (m,1H),3.82(s,2H), 528 (bt,1H),6.98 (s, 4 H); mass
spectrum m/e 218.

Anal. Caled for CxH20: C, 82.51; H, 10.16. Found: C,
82.73; H, 10.15.

Registry No.—1, 39599-18-3; 2a, 39533-45-4; 2b,
39533-46-5; 2¢, 39533-47-6; 3 (R = H), 37616-05-0;
5 (R = H), 513-42-8; B-methyl-4-methylcinnamic acid,
14271-34-2; p-toluenesulfenyl chloride, 933-00-6.
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The observation that certain derivatives of 1-
methylpurine rearrange in base to N°%methyladenine
was reported over a decade ago,“? and has since been
shown to occur for a variety of purine derivatives and
has often been the basis for synthesis of Né-substituted
derivatives of adenine.® Following the proposal of
Taylor and Loefller, who studied the structurally
similar pyrazolo[3,4-d ]pyrimidine system,* the mecha-
nism has been generally presumed to follow that of the
Dimroth rearrangement,® involving ring opening and
recyclization (eq 1) rather than simple methyl migration
(eq 2).

In related work, Windmueller and Kaplan studied the
ring opening of 1,6-bis(2-hydroxyethylamino)-9-(8-p-
ribofuranosyl)purine in base.! An intermediate ring-
opened product, which does not undergo recyclization

(1) (a) A. R. Todd in “CIBA Foundation Symposium on the Chemistry
and Biology of Purines,”” G. E. W. Wolstenholme and C. M. O’Connor,
Ed., Little, Brown and Co., Boston, Mass., 1957, p 57; c¢f. G. B. Elion, ref la,
p 44. .

(2) P. Brookes and P. D. Lawley, J. Chem. Soc., 539 (1960).

(3) Forexample, (2) A. Codington, Biochem. Biophys. Acta, 59, 472 (1962);
(b) G. B. Elion, J. Org. Chem., 27, 2478 (1962); (¢) J. W. Jones and R. K.
Robins, J. Amer. Chem. Soc., 86, 193 (1963); (d) P. D. Lawley and P.
Brookes, Biochem. J., 88, 127 (1963); (¢) W. Grimm, T. Fuji, and N. J.
Leonard in “‘Synthetic Procedures in Nucleic Acid Chemistry,” Vol. 1, W. W.
Zorbach and R, 8. Tipson, Ed., Wiley-Interscience, New York, N. Y., 1968,
p 212; () H. T. Nagasaws, P. S. Fraser, and J. A. Elberling, J. Org. Chem.,
37, 516 (1972).

(4) E. C. Taylor and P. K. Loeffler, J. Amer. Chem. Soc., 8%, 3147 (1960).

(5) For comprehensive review see (a) D. J. Brown in “Mechanisms of
Molecular Migrations,” Vol. 1, B. 8. Thyagarjan, Ed., Wiley-Interscience,
New York, N. Y., 1968, pp 209~245; (b) M. Wahren, Z.- Chem., 9, 241 (1969).

(6) H.G. Windmueller and N. Q. Kaplan, J. Biol. Chem., 286, 2716 (1961).
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in dilute alkali, was isolated as a diazo derivative, but
did not have a structure analogous to the intermediate
shown in eq 1. The most detailed study to date is that
of Macon and Wolfenden, who failed to detect or trap
an intermediate species in the conversion of 1 to 2 but
found that the reaction occurs at room temperature
from ~pH 7 to 13 and follows pseudo-first-order
kinetics.” Their data were interpreted in terms of an
initial ring opening (eq 1) brought about by attack of
hydroxide on the neutral or protonated form of 1-
methyladenosine. In more recent work, Montgomery
and Thomas have isolated the intermediate formamide
derivative 4 derived from 1-benzyloxy-9-cyclopentyl-
adenine (3), which was then converted with ring closure

NHZ N HZ

NN, -
C6H5CH20N I \> OH

—

N
C.H,CH,ONZ | \>

HCOHN~ N

to the NS-benzyloxy derivative® From these and
other less relevant data® it has been reasonably as-
sumed’—1 that rearrangement of l-substituted purines
in base follows the Dimroth mechanism, in analogy to
the pyrimidines, for which the overall mechanism has
been clearly established.%!1—13

The present study of the conversion of 1-methyl-6-
amino-9-(8-p-ribofuranosyl)purine (1) to 6-methyl-
amino-9-(8-p-ribofuranosyl)purine (2) was undertaken
to directly test the mechanism in eq 1 by use of ¥N and

N

N™°N

O

3 4

(7 J. B. Macon and R. Wolfenden, Biochemistry, T, 3453 (1968).

(8) J. A. Montgomery and H. J. Thomas, J. Med. Chem., 16, 182 (1872).

(8) J. H. Lister, ““Fused Pyrimidines. Part II, Purines,” D, J. Brown,
Ed., Wiley-Interscience, New York, N. Y., 1971, p 313.

(10) '*Organic Chemistry of Nucleic Acids, Part B,” N. K. Kochetkov and
E. J. Budovskii, Ed., Plenum Press, New York, N. Y., 1872, p 363.

(11) D. J. Brown in “The Pyrimidines,” Suppl. I, A. Weissberger and
E. Taylor, Ed., Wiley, New York, N. Y., 1970, p 287.

(12) D.J. Brown, Nature (London), 189, 828 (1961).

(13) J. Goerdeler and W. Roth, Chem. Ber., 96, 534 (1963).
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TasLr I
RELATIVE JoX ABUNDANCE DATA FROM THE MASS SPECTRA OF 2 AND PropucTs oF CONVERSION OF ISOTOPICALLY LABELED 1
m/e
Starting compd 120 121 122 123 124
1 (pH 11) 100 62.6 4= 2.0 7.74+0.6
5 (pH 11) 37.3 £ 0.2 100 46.2 = 0.5 32.4 0.3
6% (pH 11) 22.2 = 0.8 . 100 59.6 = 1.0 7.7 = 0.8
7¢ (pH 7) 11.4 £ 1.8 44,6 = 1.1 100 47.2 + 0.8 31.0 = 0.6
7+ (pH 11) 15.3 £ 0.9 47.9 £+ 0.7 100 46.9 &= 0.6 29.6 = 0.4

¢ Abundance data corrected for presence of 9.6% N,

D labeling, and in addition to demonstrate the utility of
mags spectrometry for dealing with mechanistic
problems of this type. Mass spectrometry of the re-
action produets, without the usual degradation to
volatile gases, provides a rapid and sensitive means of
determining the location and extent of isotopic labeling.
The conversion of 1 to 2 was studied both at neutrality
and pH 11, using compound 1 specifically labeled with
BN (5). Mass spectra of N8-methyladenosine and its
analogs** have been studied in detail, permit un-
ambiguous differentiation of the products resulting
from isomerization and methyl migration (2a vs. 2b),
and can be used as a quantitative test for the existence
of competing pathways down to a level of ~29%, at both

pH values. The deuterium-labeled analogs 6 and 7
NH NH

N N,

CDN N RN \
gJI > G

N IF N IT
Rib Rib

6 5 R=CH;

7, R=CD3

were also examined under the same conditions in order
to unambiguously confirm the interpretation of the
mass spectra.

Detailed understanding of the mechanism of this re-
action is important, not only because of its role in
synthetic procedures (e.g., ref 3a,e,f) but also because
of the possibility of its oceurrence during isolation and
chemical treatment of tRNA or oligonucleotides which
contain l-methyladenine residues.® The reaction is
also potentially useful for the preparation of isotopically
labeled analogs of Né-substituted adenosine for chemical
or biological studies.

Experimental Section

Mass spectra were recorded on an LKB 9000 instrument with
sample introduction by direct probe: ion source temperature
250°, ionizing electron energy 70 eV. The ion abundance mea-
surements reported represent the mean of at least six consecu-
tively recorded partial spectra. ‘

Adenosine-15N8,16—6-Chloro-9-(8-p-ribofuranosyl)purine (100
mg) and methanol (1 ml) were placed in a 3-ml reaction vessel and
evacuated to 3 mm pressure. ¥NH; (0.5 1., Bio-Rad Labora-
tories, 909, N) was distilled into the cooled vessel, which was
then sealed and allowed to stand for 16 hr at room temperature
and then 3 hr at 40°. Evaporation of excess ¥NH; and methanol
yielded 90 mg of chromatographically pure adenosine-®N¢,

1-Methyladenosine (1), l-methyladenosine-*N¢ (5), 1-(meth-
yl-ds)adenosine (6), and 1-(methyl-d;)adenosine-*N® (7) were

(14) 8. J. 8haw, D. M. Desiderio, K. Tsuboyamsa, and J. A, McCloskey,
J. Amer. Chem: Soc., 92, 2510 (1970), and references cited therein.

(15) R. H. Hall, Biochemistry, 4, 661 (1965).

(16) 'T. Satoin “Synthetic Procedures in Nucleic Acid Chemistry,” Vol. 1,
W. Zorbach and R. Tipson, Ed., Wiley-Interscience, New York, N. Y., 1968,
p 264,

prepared as hydriodide salts from adenosine or adenosine-%¥/N¢and
CH,I or CD;I (Merck Sharp and Dohme of Canada, 99% D) in
N,N-dimethylacetamide by the method of Jones and Robins.?
The above five products exhibited the expected mass spectral4
with suitable mass shifts due to presence of N or D, and which
showed no contamination from starting material or other prod-
uets.

Treatment with Base and Purification of Products.—1-Methyl-
adenosine hydriodide (1) or its isotopically labeled analogs (1 mg)
were added to water (0.5 ml) and the pH was adjusted to 7 or 11
with 0.25 M NaOH. The solution was heated at 100° for 2 hr
and cooled. The pH was adjusted to 5.0 with 1 N HCl and the
mixture was applied to a 5 X 60 cm column of Dowex 50-X8.
N6.Methyladenosine (2) or its labeled analogs were eluted with 0.4
M ammonium formate, pH 5.0. The product obtained after
lyophilization and removal of buffer salt under vacuum was
chromatographically and mass spectrometrically pure.

Results and Discussion

If conversion of 1 to 2 proceeds exclusively by
Dimroth rearrangement (eq 1), the methyl group at
N-1 should appear at N® in the product, and the
identity of N-1 and N® nitrogens should be reversed.
The doubly labeled compound 7 would therefore
yield 8, while contributions from direct methyl migra-
tion (eq 2) would yield proportional amounts of the
isotopic isomer 9. Location of the isotopic labels in

NHCD, 5 NHCD,

' N, N
”N(*IL > NfI >
\N :T \N Ii]

Rib Rib
8 9

the rearranged products from 5, 6, and 7 can be estab-
lished mass spectrometrically using the peak represent-
ingloss of methyleneimine from the base + H fragment
ion; a reaction characteristic of the N®-methyladenine
moiety.!47-1® Interchange of amino and methyl
hydrogen occurs during decomposition of m/e 149,'°
resulting in a slightly more complex ion pattern in the
m/e 120 region in the case of the deuterated models 6
and 7. However, the location of the methy! group in
relation to the nitrogen at N¢in 1 can be clearly estab-
lished by mass shifts of the m/e 120 ion-type derived
from 5, 6, and 7. Expulsion of CH,N from m/e 149
produces a companion peak of m/e 121 which bears the
same information (Scheme 1).

Ion abundance for the diagnostic m/e 120 region of
the spectra are presented in Table I. From the pH 11
experiment, the isotopic pattern from 7 is identical with

(17) J. 8. 8hannon and D. 8, Letham, New Zealand J. Sei., 9, 833 (1966).

(18) Y. Rehamim, J. Sharvit, A, Mandelbaum, and M. Sprecher, J. Org.
Chem., 82, 3836 (1967).

(19) D. L. von Minden, J, G. Liehr, and J. A, McCloskey, Twenty First
Annual Conference on Mass Spectrometry and Allied Topics, San Francisco,
Calif.,, May 1973.



Nores
Scueme I
NHCH, |* H T}
N N,
N# .
N0 ST e
N” N N°°N
H H
mfe 149 m/e 120
H
X
: i +> + CHN-
N~ °N
H
mfe 121

that of 5 but shifted one mass unit higher, showing the
presence of ¥N originating at N* in 1, in support of the
ring-opening mechanism. This interpretation is con-
firmed by the singly labeled derivative 6, which pro-
duces a pattern which is experimentally indistinguish-
able from 1 but offset one mass unit higher as required
by the Dimroth mechanism. The absence of con-
tributions from products such as 9 which would con-
tain an exocyclic ¥N label shows the absence of a
methyl migration mechanism (eq 2) at the detectable
limit of approximately 2% of the total reaction yield.
Conversion of 1-methyladenosine was more than
909, complete at pH 11 under the conditions em-
ployed, but less than 509, complete at pH 7. How-
ever, the identity of patterns from compound 7 at the
two pH values shows that transformation to N°-
methyladenosine occurs exclusively by ring opening in
both the protonated (pH 7) and neutral (pH 11) forms
of 1-methyladenosine, a result which is consistent with
earlier kinetic studies of Macon and Wolfenden.”

Registry No.—1, 34308-25-3; 2, 1867-73-8.
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It is well known that simple clavine alkaloids,
particularly agroclavine and elymoclavine (I), are
precursors of the lysergic acid (III, R = OH) moiety of
more complex amide and peptide type ergot alkaloids;!—®
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Claviceps
————————
purpurea

R = peptide moiety

however, the sequence of steps from I to the lysergic
acid stage is unknown. Lysergene, lysergol, isolyser-
gol, and penniclavine apparently are not precursors of
lysergic acid derivatives.2® Therefore, shift of the
double bond into the 9,10 position is not the first step.
6-Methyl-8-ergolene-8-carboxylic acid  (A%*-lysergic
acid), a natural constituent of certain ergot strains,’
was found to be incorporated into lysergic acid amides,
although not so efficiently as lysergic acid.” While this
could indicate biological double bond isomerization at
the lysergic acid stage, the fact that the same reaction
also occurs spontaneously at a measurable rate® makes
the interpretation of this experimental result somewhat
ambiguous. In order to examine this question further,
we attempted to prepare A%°- and/or A%¥.Jysergalde-
hyde (III, R = H) from elymoclavine. Surprisingly,
it turns out that the hydroxymethyl group of elymo-
clavine is extremely resistant to most of the usual
oxidizing agents. This fact has apparently been noted
before in extensive attempts to produce lysergic acid
commercially by chemical oxidation of elymoclavine.?
The only defined oxidation products obtained were
penniclavine and isopenniclavine, the produects of
hydroxylation in the 8 position, %1

Treatment of elymoclavine with a mixture of
dimethyl sulfoxide and acetic anhydride at room tem-
perature for 12 hr'! produced, in addition to elymo-
clavine O-acetate, a new compound which was identified
a8 6-methyl-8-acetoxymethylene-9-ergolene (II), the
enol acetate of lysergaldehyde. Separation of the two
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