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methionine sulfone, and choline are without effect. 
Monomethylated derivatives I I and I I I are not further 
methylated. 

Norbelladine (I, 250 m^moles) was incubated a t p H 
8.1 for 5 hr. a t 26° with ( — )-S-adenosylmethionine-
methyl-Cu (150 m^moles, specific activity, 9.2 c./mole) 
in the presence of Nerine enzyme (4.3 mg. of protein). 
Radioactive material was then extracted into ethyl 
acetate by adjusting the reaction mixture to p H 10. 
Separate portions of this extract were used to deter
mine the extent of para and weto-O-methylation of the 
catechol moiety of norbelladine (I). 

Synthetic N-isovanillyltyramine (II) 2 (m.p. 183-
185°; Anal. Found : C, 70.09; H, 7.03) was added 
to one aliquot; 7 8 % of the radioactivity could not be 
separated from this compound upon repeated crystalli
zation from ethanol. To rule out possible contamina
tion with isomer I I I , the recrystallized material was 
degraded via O-ethylation with diethyl sulfate and 
alkali followed by oxidation with potassium perman
ganate. The resulting acids were converted to their 
methyl esters with diazomethane and subjected to 
preparat ive gas chromatography. This procedure 
separated the non-radioactive ester of acid V (acid 
m.p. 195—196°3) from a fraction containing a possible 
mixture of the esters of acids IV and VI. The la t ter 
fraction was hydrolyzed and acid IV, m.p. 165-166°,4 

was freed from any trace of acid VI, m.p. 193-19406 

(see below) by repeated recrystallization to the same 
constant molar specific radioactivity as phenol I I . 

To determine the amount of weto-methylation, N-
vanillyltyramine hydrobromide (III-hydrobromide, 
m.p. 158-162°; Anal. Found: C, 54.09; H, 5.69) was 
added to another aliquot of the radioactive extract . 
This material could not be recrystallized to constant 
specific activity, since isomers I I and I I I (as hydro-
bromide) co-crystallized. Accordingly, this mixture 
was degraded as described above. Acid VI was freed 
from traces of radioactive acid IV by repeated recrys
tallization and finally retained only 3 .5% of the original 
radioactivity of the extract . 

These results indicate t h a t the rat io of para to tneta-
methylation of norbelladine catalyzed by the Nerine 
enzyme is 22:1. Approximately 4 % of the initial 

(2) D. H. R. Barton, G. W. Kirby, J. B. Taylor and G. M. Thomas, Proc. 
Chem. Soc, 254 (1961). Professor A. R. Battersby has informed us that he 
and S. W. Breuer have recently established the presence of II in double 
Narcissus plants (private communication). 

(3) J. B. Cohen and H. W. Dudley, J. Chem. Soc, 97, 1741 (1910). 
(4) E. Spath and E. Bernhauer, Ber., 68, 203 (1925). 
(5) F. Tiemann, ibid., 8, 1130 (1875). 

norbelladine had been methylated, although no a t t emp t 
was made to obtain complete consumption of either 
substrate . 

Another enzyme, present in ra t liver, also catalyzes 
the methylation of catechols using ( —)-S-adenosyl-L-
methionine as a methyl donor.6 The products of this 
enzyme have been shown to be predominantly meta-O-
methyla ted isomers.7 R a t liver enzyme (4.5 mg. of 
protein) was incubated for 4 hr. a t 37° under conditions 
similar to those used for the plant enzyme, bu t in the 
presence of 5 X 1O - 4 M magnesium chloride. The 
para to meta ratio ( I I : I I I ) was found to be 0.28:1, 
indicating t ha t the highly specific ^aro-methylat ion is 
a property of the plant enzyme. Approximately 18% 
of the norbelladine had been methylated. Barton, 
Kirby and Taylor have shown recently8 t h a t the para-
O-methylated phenol I I was converted into haeman-
thamine without loss of the methoxyl carbon, i.e., 
cyclization of the methoxyl to a methylenedioxy group 
had occurred. The raeto-O-methylated isomer I I I 
apparent ly was not tested. The results reported 
herein suggest t ha t the main biosynthetic route from 
norbelladine to haemanthamine proceeds by way of 
I I ra ther than I I I . The findings suggest also tha t 
( —)-S-adenosyl-L-methionine is the source of the 
methylenedioxy groups in the Amaryllidaceae alka
loids, and are in accord with the earlier observation by 
Scribney and Kirkwood,9 who found t ha t the methyl 
carbon of L-methionine was a precursor of the methyl
enedioxy group of the Papaveraceae alkaloid protopine. 

(6) J. Axelrod and R. Tomchick, J. Biol. Chem., 233, 702 (1958). 
(7) S. Senoh, Y. Tokuyama and B. Witkop, / . Am. Chem. Soc, 84, 1719 

(1962). 
(8) D. H. R. Barton, G. W. Kirby and J. B. Taylor, Proc Chem. Soc, 

340 (1962). 
(9) M. Scribney and S. Kirkwood, Nature, 171, 931 (1953). 
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The Synthesis of 3-0-D-Ribofuranosyladenine1 

Sir: 
Reports of the isolation of natural ly occurring 3-

subst i tuted purines, t r iacanthine (6-amino-3-(Y,7-di-
methylal lyl)-purine) 2 - 4 and 3-ribosyluric acid,6 st imu
lated us to synthesize the isomer of adenosine, 3-
ribofuranosyladenine (Ia), in order to compare its 
behavior in chemical and biological systems with t h a t 
of adenosine, for example, to see whether adenosine 
and "3-isoadenosine" exhibit a relationship similar to 
t h a t of uridine and pseudouridine.6 

Direct alkylation on the 3-position of adenine has 
recently been shown to be not only a possibility bu t a 
preference,2 '7-9 and we are now able to describe a 

(1) Supported in part by a Research Grant (USPHS-RG5829, currently 
GM-05829-05) from the National Institutes of Health, U. S. Public Health 
Service. 

(2) N. J. Leonard and J. A. Deyrup, / . Am. Chem. Soc, 84, 2148 (1962); 
82, 6202 (1960). 

(3) R. Denayer, A. Cav6 and R. Goutarel, Compt. rend., 263, 2994 (1961); 
R. Denayer, Bull. soc. Mm. France, 1358 (1962). 

(4) A. Cave, J. A. Deyrup, R. Goutarel, N. J. Leonard and X. G. Monseur, 
Ann. pharm. franc, 20, 285 (1962). 

(5) H. S. Forrest, D. Hatfield and J. M. Lagowski, J. Chem. Soc, 963 
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(6) W. E. Cohn, Biochim. Biophys. Acta, 32, 569 (1959); C-T. Yu and 
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ported by N. J. Leonard at The International Symposium on Organic 
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parallel synthesis of 3-ribofuranosyladenine. When 
adenine was allowed to react with l-bromo-2,3,5-
tribenzoyl-D-ribofuranose in acetonitrile at 50° for 36 
hr., 3-(2',3',5'-tribenzoyl-D-ribofuranosyl)-adenine (Ib) 
was obtained in 25% yield. In a similar manner 3-
2',3',5'-triacetyl-D-ribofuranosyl)-adenine (Ic) was pre
pared. Removal of the protecting groups from Ib or Ic 
in methanolic ammonia yielded 3-ribofuranosyladenine 
(Ia). A second alkylated product also resulted, as ex
emplified by the co-formation of 2',3',5'-tribenzoyladen-
osine (18%), along with 25% of Ib and 35% recovery of 
adenine. Conversion of the tribenzoyl derivative to 
adenosine established structure and completed the syn
thesis of this nucleoside directly from adenine. This 
facile synthesis is applicable to isotopic labeling10 and is 
competitive with the syntheses which employ blocking 
groups on the purine nucleus and the silver or chloro-
mercurysalt.11 
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For the major product, the position of substitution 
on adenine of the sugar moiety was established as N-3 
by comparison of the ultraviolet spectra and pK„' values 
of I (Table I) with substituted adenines of known 
structure.23 Although it seemed probable that alkyla-

TABLE I 

PHYSICAL PROPERTIES OF 3-RIBOFURANOSYLADENINE AND 

DERIVATIVES" 

Ul t r av io le t spec t r a 0 

,—pX a" 
M . p . , X m a x , Amin. 5 0 % 

C o m p d . 0 C . m/i emax ni^ Solvent H2O D M F 

Ia* 210-211 277 10,900 243 H2O, pH 7 5.5 4.7 
dec. 274 13,900 236 0.1 JVHCl 

Ib 246-247 282 13,300 252 EtOH . . . 4 .9 
277 20,900 251 EtOH, 0.1 

iVHCl 
Ic 224-225 275 11,500 242 H2O, pH 7 5.6 4 .8 

275 13,200 237 0.1 JV HCl 
Id 250-251 277 12,900 245 H2O, pH 7 

274 18,200 238 0.1 JVHCl 
" Satisfactory analytical results (C, H, N) were obtained for 

each compound. b Obtained on a Cary Model 14 recording spec
trophotometer. c We are indebted to Dr. Harold Boaz, EH 
Lilly and Co., Indianapolis, Ind., for the pKJ determinations. 
d Hydrochloride: [a]28D - 3 0 ° (c 2.95, H2O); plain negative ro
tatory dispersion curve. 

tion with the protected ribofuranosyl halide would lead 
to the /3-configuration at C-I' in Ia, because of the 
participation of the acyloxy group at C-212'13 and be
cause the adenosine derivative (which has the /3-
configuration)14 is formed in the same reaction, direct 

C h e m i s t r y of N a t u r a l P r o d u c t s , Brussels , Belg ium, J u n e , 1902, a n d a t t h e 
Second I n t e r n a t i o n a l S y m p o s i u m on t h e C h e m i s t r y of N a t u r a l P r o d u c t s , 
P r a g u e , Czechos lovak ia , Augus t , 1902, p a p e r in press. 

ClO) J. Davol l and B. A. Lowy, / . Am. Chem. Soc, 7 3 , 1050 (1951). 
(11) T . L. V. Ulbr ich t , Angew. Chem., Intern. Ed., 1, 470 (1902). 
(12) R. U. Lemieux , Advan. Carbohydrate Chem., 9, 1 (19.54). 
(13) B. R. Bake r , J. P . Joseph , R. E . S c h a u b and J. H, Wil l iams, J. Org. 

Chem., 19, 1780 (1954). 
(14) V. M . C la rk , A. R. T o d d and J. Z u s s m a n , / . Chem. Soc, 2952 

(1951). 

evidence was sought from n.m.r. spectroscopy. In 
adenosine and 3-ribofuranosyladenine and their deriva
tives, Hi ' appears as a doublet, well separated from 
other peaks in the spectrum. The coupling constants 
of the nucleosides and their derivatives were deter
mined, and the dihedral angles (0) between the inter
secting planes defined by Hi ' -C-C and C-C-H2 ' were 
calculated by the Karplus approximate equations16 for 
angles between 0 and 90° and 90 and 180° (Table II). 

TABLE II 

COUPLING CONSTANTS AND CALCULATED DIHEDRAL ANGLES" 

FOR DERIVATIVES OF ADENOSINE AND 3-RIBOFURANOSYLADENINE 

Adenos ine 3 -R ibo fu ranosy laden ine 

D e r i v a t i v e JH)',Ki'b tlran, <t>ei, ^ H i ' H j ' 6 «(ro»» *fi« 

Unsubstituted 5.2 139° 4 . 5 135° 41° 
a-Adenosinec 5.1 37° 
2',3',5'-Triacetyl- 4 .7 136° 3.8 131° 44° 
2',3'-Isopropyli-

dene- 2.9 125° 2.2 121° 57° 
• See ref. 15. b N.m.r. spectra of the hydrochloride salts in 

D2O were determined on the Varian A-60 spectrometer; cf. ref. 2 
and L. Gatlin and J. C. Davis, Jr., / . Am. Chem. Soc, 84, 4464 
(1962). J values are in c.p.s. A complete discussion of spectra 
will be included in subsequent publications. c Generously pro
vided by Professor H. G. Khorana, Institute for Enzyme Re
search, University of Wisconsin, Madison, Wis. 

No safe conclusions could be drawn from /Hi'Hs'of the 
unsubstituted nucleosides,16 since the observed coupling 
constants predict angles which can be accommodated by 
structures in which H / and H2 ' are either cis or 
trans.11-™ For example, adenosine and a-adenosine 
(9-a-D-ribofuranosyladenine)19 have nearly identical 
coupling constants (Table II). However, Jardetzky 
observed that when the ribof uranose ring is constrained 
by fusion with a second ring, as in certain nucleoside 
cyclic phosphates, /HI 'H2 ' is reduced.20 If the value is 
low enough, assignment of configuration is possible.17203 

The coupling constant for 3-(2',3'-isopropylidene-D-
ribofuranosyl)-adenine (Id)21 was observed to be 2.2 
c.p.s., which corresponds to a dihedral angle of about 
121° if Hi' and H2 ' are trans, and 57° if cis. Models 
of Id indicate angles of about 120 and 0° for the /3-
and a- configurations, respectively. Considerable dis
tortion would have to be introduced into the rings to 
produce an angle of 57° (calculated for a-configuration), 
and we therefore conclude that Ia is a /3-nucleoside. 
We were also guided to this conclusion by the fact that 
-/'HI'H.' for 2',3'-isopropylideneadenosine, the configura
tion of which is known to be /3,14 is 2.9 c.p.s., corre
sponding to an angle of 125°. 

In preliminary experiments to assess the biological 
activity of the adenosine isomer in suitable bacterial 
and mammalian cell systems,22 it was observed that 
"3-isoadenosine" is capable, as is adenosine, of support
ing the growth of an adenine-requiring E. coli mutant.23 

(15) M . K a r p l u s , / . Chem. Phys., SO, 11 (1959). 
(10) C. D. J a r d e t z k y , J. Am. Chem. Soc, 82 , 229 (1900). 
(17) R. U. Lemieux and J. W. L o w n , Can. J. Chem., 4 1 , 889 (1903). 
(18) K. S. P i t ze r a n d W. E. D o n a t h , J. Am. Chem. Soc, 8 1 , 3213 (1959). 
(19) R. S. W r i g h t , G. M . T e n e r and H. G. K h o r a n a , Chem. Ind. (London) , 

954 (1957); J. Am. Chem. Soc, 80 , 2004 (1958). 
(20) C. D. J a r d e t z k y , ibid., 84, 02 (1902). 
(20a) T h e s ame general conclus ions r e g a r d i n g t h e use of n .m. r . for de te r 

min ing t h e conf igurat ion of nucleosides h a v e been a r r ived a t by L. G o l d m a n , 
J. W. Mars i co a n d M . J. Weiss, (J. Med. Chem., 6, 410 (1963)) . We wish 
to express our apprec ia t ion to t he a u t h o r s for p r o v i d i n g p r e p r i n t s of t h e i r 
pape r s . 

(21) P r e p a r e d by the general m e t h o d of A. H a m p t o n , ibid., 83 , 3040 
(1961). 

(22) Persona l c o m m u n i c a t i o n from P. J. S impson and G. B. Boder , Divi 
sion ot Biology a n d P h a r m a c o l o g y , Lilly Resea rch Labora to r i e s , I nd i anapo l i s 
0, I n d i a n a , to w h o m we are h a p p y t o ex t end our t h a n k s . De ta i l s of t h e 
biological obse r va t i ons will be pub l i shed shor t ly . 

(23) Escherichia coli m u t a n t s t r a in B97. J. S. G o t s a n d E . G. Gol lub , 
Pi-oc. Natl. Acad. Sci., 4 3 , 820 (1957). 
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In contrast, it was found t h a t "3-isoadenosine" is 
unable to replace adenosine in support ing the growth 
of mammalian cells cultures2 4 in a system requiring an 
exogenous purine source25 for optimal growth. 

Forthcoming reports from our Laboratory will dis
cuss the work in detail, the phosphorylation of 3-/3-D-
ribofuranosyladenine or "3-isoadenosine," and i ts 
conversion to other derivatives isomeric with those of 
adenosine. 

(24) Human HeLa and murine NCTC-1742 cell strains. I. S. Johnson, 
4»)!. N. Y. Acad. ScI, 76, 543 (Dec. 5, 1958); 1. S. Johnson, J. Vlantis, B. 
Mattas and H. F. Wright, Canadian Cancer Conference, Academic Press, 
New York and London, Vol. 4, 344 (1961). 

(25) M. T. Hakala and E. Taylor, J. Biol. Ckem., 231, 126 (1959). 
(26) U. S. Public Health Service Predoctoral Fellow, 1962-1964. 

TABLE I 

R E L A T I V E M A S S S P E C T R A L C R A C K I N G P A T T E R N P O R S2F2" 

Mass/charge Relative abundance Assignment 

T H E N O Y E S C H E M I C A L L A B O R A T O R Y 

U N I V E R S I T Y O F I L L I N O I S 

U R B A N A , I L L I N O I S 

R E C E I V E D M A Y 2 , 1963 

NELSON J. LEONARD 
RICHARD A. LAURSEN26 

Microwave and M a s s Spectra of 
Sulfur Monofluoride1 

Sir: 
The preparation of S2F2 has been claimed by a 

number of invest igators . 2 - 6 More recently an infrared 
spectrum was assigned to this species.6 However, 
doubts have been expressed about the characteriza
tion7 '8 and existence of S2F2.9 Using methods similar 
to those of the earlier workers, we have prepared S2F2 

and have positively identified it as S2F2 by means of its 
mass and microwave spectra. We further determined 
the structure which turns out to be an analog of the 
well known SOF2 . 

Approximately 1 g. of argentous fluoride (AgF) 
and 6 g. of sulfur were mixed and slowly heated in vacuo 
in glass to the melting point of sulfur. The gases 
produced were condensed with liquid N2. Microwave 
absorption lines were observed due to SO2 and SOF 2 

as well as additional lines. The mass spectrum indi
cated SiF4, SO2 and SOF2 as well as peaks a t 83 and 102 
m/e units. The analysis of the mass spectrum, taking 
into account the presence of SiF4, SO2 and SOF2 and 
the expected isotopic contributions from sulfur, led to 
the tentat ive conclusion tha t the new microwave lines 
were due to S2F2. 

Drying of AgF in vacuo reduced the SO2, SiF4 and 
SOF2 content and increased the S2F2 yield. I t also 
brought in microwave and mass peaks due to SF4 . 
Low temperature fractional distillation produced a 
sample which we estimate contained approximately 
90% S2F2 with SO2, SOF2 and SF4 as impurities. The 
relative mass spectral cracking pat tern obtained after 
correction for SO2, SOF2 and SF4 is reported in 
Table I. 

The microwave spectrum of S2F2 was observed and 
assigned to transitions, largely with the aid of the Stark 
pat terns and the fit to a rigid rotor formula (see Table 
I I ) . In addition to the spectrum of the main species, 
weaker satellite lines were found which had approxi
mately the correct relative intensity to be sulfur-34 

(1) This work was made possible by support extended Harvard University 
by the Office of Naval Research. 

(2) M. Centnerswer and C. Strenk, Ber., «6, 2249 (1923); «8, 914 (1925). 
(3) O. Ruff, Angew. Chem., 46, 739 (1933). 
(4) M. Trautz and K. Ehrmann, / . Prakt. Chem., 143, 79 (1935). 
(5) L. M. Dubnikov and N. Zorin, J. Gen. Chem. USSR, 17, 185 (1947). 
(6) B. Matutana and C. Otero, Anales real. soc. espan. fis. Qttim. (Madrid), 

51B, 223 (1955); B3B, 195 (1957). 
(7) G. Cady, "Advances in Inorganic Chemistry and Radiochemistry," 

Vol. II , Academic Press, Inc., New York, N. Y., 1962. 
(8) I. W. George, "Progress in Inorganic Chemistry," Vol. II, Interscience 

Publishers, Inc., New York, N. Y., 1960. 
(9) F. A. Cotton and G. Wilkinson, "Advanced Inorganic Chemistry," 

Interscience Publishers, Inc., New York, N. Y., 1962, p. 417. 

102 
83 
70 
64 
51 
32 
19 
41. 
35 
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30.2 
7.4 

23.2 
6.6 

26.6 
2.6 

~0 .6 
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S2F + 

SF2
 + 

S2
 + 

SF+(S2F2
 + +) 

S+(S2
 ++) 

F + 

S 2 F + + 

SF2
 + + 

• Obtained with Consolidated Engineering Corporation spec
trometer Model 21-103c at 70 ionizing volts and 10-/ia. ionizing 
current. 

lines and the correct temperature dependence of in
tensity (also see Table I I ) . Table I I I shows the rota
tional constants and moments of inertia extracted from 
the analyzed spectra. These were used to determine 
the structure of S2F2, applying several alternative 
standard methods. The bond distances and angles 
shown in Fig. 1 carry limits of error which generously 
cover the variations among these methods. 

TABLE II 

MICROWAVE SPECTRUM OF S2F2" 
Transition Observed Calculated 

S32S32F2 

Ooo -*• lio 
loi —* 2u 

lio ~* 2n 

111 ~ * 2l2 

2i2 —* 22o 

I u -*• 22i 
2n —»• 3ai 

3 2 2 —*• 330 

423 -*• 4 M 

Ooo —* lio 
loi —*• 2 n 

I n —*• 2 2 i 

2l2 ~ * 322 

2n —*• 32i 

322 *-* 330 

Ooo ~* lio 
l o i - * 2n 

I n —*• 22i 

322 ~*" 330 

423 - * 4 J I 

12147.40 
20083.62 
14937.61 
13067.63 
15577.32 
28505.50 
34312.85 
23486.60 
23915.70 

S32S34F2 

12068.54 
19969.03 
28304.60 
36205.45 
34109.39 
23230.90 

S34S32F2 

12007.65 
19676.66 
28353.30 
23972.04 
24341.36 

12147.27 
20083.57 

(14937.61)" 
(13067.63) 
15576.99 

(28505.50) 
34313.12 
23486.75 
23916.24 

(12068.54) 
(19969.03) 
28305.14 
36205.62 
34108.86 

(23230.90) 

(12007.65) 
(19676.66) 
28353.95 

(23972.03) 
24340.95 

* Obtained with a conventional Stark modulated spectrometer. 
Frequencies reproducible to ±0.1 Mc. b Transitions in paren
thesis used to calculate rotational constants. 

This structure is very similar to t ha t of SOF2 in 
which10 the sulfur-fluorine distance is 1.58 A., angle 
F S F is 92.8° and angle FSO is 106.8°. The sulfur-
sulfur distance in S2 is reported1 1 to be 1.89 A. 

The basis for asserting t ha t the above microwave 
spectrum is due to S2F2 is as follows. (1) The 
intensity of these microwave lines obtained from dif
ferent samples with different purification steps correlate 
with mass spectral analysis indicating the amount of 
S2F2. (2) The structure obtained by assuming tha t 
the empirical composition is S2F2 is almost identical 
with tha t predicted from the known structure of SOF2. 

(10) R. C. Ferguson, / . Am. Chem. Soc, 76, 850 (1954). 
(11) L. E. Sutton, Ed., "Tables of Interatomic Distances," Special 

Publication No. 11, Chem. Soc. London, 1958. 


