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TABLE II 

EFFECT OF FOREIGN GASES ON PHOTOISOMERIZATION 

OF TO-XYLENE" 

Added gas None X2 O2 O2 C2H4 

Pressure, mm. 100 100 9 2.4 

Isomer Yield, % . 

p- 4.10 2.81 0.83 2.16 4.12 

o- 1.09 0.81 0.29 0.63 1.14 

W- (recovered) 85.5 91.6 84.8 85.4 86.9 

" Irradiated for 30 min. under condition b of Table I. 

effect of oxygen at 9 mm. pressure argues against the 
participation of methyl radicals.7 The fact that 
isomerization is independent of the intensity supports 
the conclusion that it does not occur by radical recombi
nation and also rules out reactions between excited 
molecules. 

The results of Table II do not permit an unambigu
ous choice between singlet and triplet as the excited 
state leading to isomerization, since little is known about 
the lifetimes of these states in xylene vapor. The 
inhibition by oxygen, however, appears to be more 
consistent with a singlet state. It cannot be due 
simply to collisional deactivation, since the effect of 
nitrogen at the same pressure is much smaller. The 
magnitude of the effect with oxygen at 9 mm. is com
parable to that observed8 for quenching of fluorescence 
in benzene vapor, and oxygen is known9 to quench 
the fluorescence of xylene in solution. A much larger 
inhibition would be expected if a triplet were involved 
unless it has a lifetime much shorter than that of ben
zene triplet8 or is quenched less efficiently by O2 than 
the triplets of other aromatic hydrocarbons.10 

(7) E, W. R. Steacie, "Atomic and Free Radical Reactions," Vol. 2, 
Reinhold Publishing Corp., New York, N. Y., 1954, p. 612. 

(8) H. Ishikawaand W. A. Noyes, Jr., / . Chem. Phys.,37, 583 (1962). 
(B) T. V. Ivanova, P. I. Kudryashov, and B. Ya. Sveshnikov, Dokl. Akad. 

Nauk SSSR, 138, 572 (1961); Soviet Phys., 6, 407 (1961). 
(10) G. Porter and M. W. Windsor, Proc. Roy. Soc. (London), A245, 238 

(1958). 
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The Nature of Vitamin B12s 

Sir: 
The power of vitamin B12S

1 (hydridocobalamin) as 
a reductant and the analogy which can be drawn 
between it and HCon l(CN)6~3 have led to the sup
position that this compound may contain a cobalt-
hydrogen bond.2'3 We report herein experiments 
which cast considerable doubt on this supposition, 
and which are consistent with the postulation of the 
cobalt atom itself as the electron acceptor in the 
reduction of vitamin Bi2 to vitamin Bi2s- The experi
mental method consisted in forming Bi2s in a deuterium-
rich medium and testing for incorporation of deuterium 
as deuteride in the product by examination of the 
hydrogen produced upon acidification of the product. 

Vitamin Bi2s was produced by reduction of cyano-
cobalamin (Sigma Chemical Co.) by zinc dust in 10 
ml. portions of 99.5% D2O, after equilibrating the 

(1) For a comprehensive review see R. Bonnett, Chem. Rev., 63, 573 
Cl 963). 

(2) O. Mueller and G. Mueller, Biochem. Z., 336, 299 (1962). 
i3) E. L. Smith, L, Merwyn, A. W. Johnson, and N. Shaw, Nature, 194, 

1175 (1962). 

TABLE I 

DECOMPOSITION OF VITAMIN BI28 

Vol. of Hi 
Cor. wt. of B12 Reduction evolved, 

Expt. taken, mg. medium STP [Hz]Z[HD] 

I 49.0 0 . 0 2 A f X a O D 0.34 140 

II 49.0 1% XD4Cl" 0.55 >60 

III 49.0 1% XD1Cl 0.44 30 
» Five milliliters of 0.48 M XaOD added immediately before 

filtration. 

starting material with D2O. As the electrolyte in this 
reduction, warm 0.02 M NaOD served equally as well 
as the 10% NH4Cl previously used.2 The amount of 
cyanocobalamin taken in these experiments was 
necessarily small in comparison to the amount of water 
used. Because the usual isotope effect would favor 
the production of hydridocobalamin over deuterido-
cobalamin in this situation, the zinc was left in contact 
with the starting solutions for at least 24 hr. Thus, 
the cyclic formation of Bi2s and its oxidation by water,4 

the side reaction of zinc with water over the long 
period, and the small ratio of protium to deuterium in 
the water should have favored formation of deuterido-
cobalamin, if Bi2s were indeed a hydride. 

After the zinc reduction the solution of Bi2s was 
drawn through a sintered glass filter disk into a bulb 
where it was evaporated to dryness under vacuum. 
In experiment II (Table I) the solution was made alka
line with 5 ml. of deaerated 0.48 JIf NaOD before 
filtering to ensure the stability of the Bl2s during evapo
ration. In experiment III this precaution was omitted, 
and by freezing the solution immediately after transfer 
and subliming D2O from the frozen mixture, decom
position of Bi2s at the pH of ND4Cl was avoided. 
The solids left in all experiments had the same color 
as the Bi2s solutions. 

Pure 0.5 M HCl in H2O, deaerated by saturation 
with CO2, was then added to the solid, whereupon the 
mixture immediately assumed the brown color of 
vitamin Bi2r, and gas was evolved. The gas was freed 
of condensable material by passage through liquid 
nitrogen traps and was collected in a gas buret. It 
was semiquantitatively analyzed by mass spectrom
etry and found to contain hydrogen with no signifi
cant amount of deuterium, as shown in Table I. We 
attribute the HD formed in these experiments, which 
represents at most only a few per cent of the reducing 
power of the Bi2s on the basis of the amount of hydrogen 
it yielded, to traces of water of hydration retained in 
the solid. These results indicate no incorporation of 
hydrogen as hydride into the vitamin Bi2s molecule 
when the latter is formed by reduction with zinc in 
aqueous solution. 

The formulation of vitamin B)2s as a compound 
of cobalt(I) is consistent with the results of these 
experiments and with its known reactions with elec-
trophilic reagents.2,5 If, as has been suggested,6 

vitamin Bi28 consists of an equilibrium mixture of the 
two forms, Co111H - and Co1H+, the equilibrium 
must largely favor the Co1H+ form, which must also 
react faster than the hydride, otherwise, we should 
have found HD rather than hydrogen in the reaction 

(4) S. L. Tackett, J. W. Collat, and J. C. Abbott, Biochemistry, 2, 919 
(1963). 

(5) A. W. Johnson, L. Mervyn, N. Shaw, and E. L. Smith, J. Chem Soc., 
4146 (1963). 

(6) D. Dolphin, A. W. Johnson, R. Rodrigo, and N. Shaw, Pure Appl. 
Chem., 7, 539 (1963). 



June 5, 1964 COMMUNICATIONS TO THE EDITOR 2309 

studied. I t remains to be shown whether the postu
lated hydride form of vitamin Bj28 has any existence 
a t all, even a t low concentration as a component of an 
equilibrium. 

Acknowledgments.—We are grateful to S. G. 
Shore for helpful discussions of this work and to The 
Ohio State University for a grant-in-aid to J. C. A. 
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GH2OAc 

A Novel Steroid Aromatization Reaction 

Sir: 

Apart from total synthetic methods,1 ring AB 
aromatic steroids have been prepared by (a) pal ladium-
carbon-catalyzed dehydrogenation of a ring A 2 3 or 
B 3 aromatic precursor, (b) acid elimination of an allylic 
hydroxyl group in a ring A aromatic compound with 
subsequent rearrangement of double bonds,4 and (c) 
pyrolysis of a AMi6-triene followed by selenium dioxide 
dehydrogenation.6 We now wish to report the part ial 
synthesis of ring AB aromatic steroids from non-
aromatic intermediates by a new ionic method6 with 
elimination of the C-19 methyl group. This method, 
moreover, provides a means of preparing ring AB 
aromatic steroids with a variety of C-17 substi tuents, 
such as the dihydroxyacetone moiety. 

When 21-acetoxy-9a,ll/3-dichloro-17a:-hydroxypreg-
na-l,4-diene-3,20-dione (Ia)7 was refluxed in dimethyl-
formamide for 0.5 hr., or in pyridine for a t least 6 hr., 
two major products resulted, each in 20 -25% yield. 
One product was assigned the structure 21-acetoxy-
17a-hydroxypregna-l ,4,8(14),9(l l)- tetraene-3,20-dione 
(II) ,8 m.p. 249-252° ; Xle°H 241 imi (t 18,900); n.m.r. 
(SiMe4): 5.72 p.p.m. (C- I l vinyl H ) ; maleic anhydride 
adduct, m.p. 230-237°. The other product was as
signed the structure 21-acetoxy-3,17a-dihydroxy-19-
norpregna-l,3,5(10),6,8-pentaen-20-one (HIa) , X^° H 

230, 270, 280, 292, 327, and 341 mM (e 66,000, 4780, 
5520, 3980, 2280, and 2650, respectively). The 
n.m.r. spectrum of the corresponding 3,17-diacetate 
I H b showed signals for methyl groups a t 0.58 p.p.m. 
(C-18 methyl) and a t 2.22 and 2.39 p.p.m. (acetate 
methyl) . 

Similarly, 21-acetoxy-9a,110-dichloro-6a-fluoro-17a-
hydroxypregna-l,4-diene-3,20-dione (Ib)9 in di-

(1) L. F. Fieser and M. Fieser, "Steroids," Reinhold Publishing Corp., 
New York, N. Y., 1959, p. 481. 

(2) A. Butenandt, A. Wolff, and P. Karison, Chem. Ber., 74, 1308 (1941). 
(3) W. E. Bachmann and A. S. Dreiding, J. Am. Chem. Soc, 72, 1323 

(1950). 
(4) R. P. A. Sneeden and R. B. Turner, ibid., 77, 130 (1955); Ch. Tamm, 

G. Volpp, and G. Baumgartner, HeIv. Chim. Acta, 40, 1469 (1957). 
(5) St. Kaufmann, J. Pataki, G. Rosenkranz, J. Rorao, and C. Djerassi, 

J. Am. Chem. Soc, 72, 4531 (1950). 
(6) (a) K. Tsuda, E. Ohki, S. Nozoe, and N. Ikekawa, / . Org. Chem., 26, 

2614 (1961); K. Tsuda, E. Ohki, and S. Nozoe, ibid., 28, 783 (1963); 28, 
786 (1963), have prepared ring A aromatic steroids from nonaromatic pre
cursors with elimination of the C-19 methyl group by means of zinc in pyri
dine, (b) H. L. Dryden, Jr., G. M. Webber, and J. J. Wieczorek, / . Am. 
Chem. Soc, 86, 742 (1964), have recently announced a method for the re
ductive aromatization of steroidal dienones with elimination of the C-19 
methyl group as methyllithium. 

(7) C. H. Robinson, L. Finckenor, E. P. Oliveto, and D. Gould, ibid., 
81, 2191 (1959). 

(8) Satisfactory analytical data were obtained for all new compounds 
prepared. The assigned structures were also supported by infrared spectral 
data and, in the case of the tetraene II, by mass spectrometric analysis. 

(9) Compound Ib was prepared by N-chlorosuccinimide-lithium chloride-

COCH2OAc 

OH 

Ia, X = Y = 
Cl; Z = H 

Ib, X = Y = 
Cl; Z = F 

Ic, X = Y = 
Cl; Z = CH3 

Id, X = Br; Y = 
OH; Z = H 

CH2OAc 

IHa, R = Y = H 
IHb, R = Ac; Y = H 
IHc, R = Ac; Y = F 
IHd, R = Ac; Y = CH3 

VI 

methylformamide was refluxed for 0.5 hr., and the crude 
product was acetylated to give 3,21-diacetoxy-6-fluoro-
17a-hydroxy-19-norpregna-1,3 ,5(10) ,6 ,8-pentaen-20-
one (II Ic) . In addition, 21-acetoxy-9a,ll/3-dichloro-
17a - hydroxy - 6a -methylpregna -1,4 - diene - 3,20 - dione 
(Ic)11 was converted into 3,21-diacetoxy-17a-hydroxy-
6-methyl-19-norpregna-1,3 ,5(10) ,6 ,8-pentaen-20-one 
(UId) , characterized as the 3,17a,21-triol IHe . 

Definitive proof of the aromatic system generated 
by this rearrangement was provided by t rea tment of 
9a,ll/3-dichloroandrosta-l,4-diene-3,17-dione (IV)7 in 
refluxing dimethylformamide which gave equilenin 
(V).12 

A further investigation revealed tha t 21-acetoxy-9a-
bromo-11/3,17a-dihydroxypregna -1,4 - diene - 3,20 - dione 
(Id)1 8 with dimethylformamide gave I l i a . Also, 21-
ace toxy -9a -ch lo ro - l l / 3 -hyd roxy -16a ,17a - i sop ropy l -
idenedioxypregna-l,4-diene-3,20-dione (VI) yielded the 
corresponding 19-norpregna-l,3,5(10),6,8-pentaene. 

The fate of the C-19 methyl group was established by 
gas chromatographic analysis which showed t ha t 
methyl chloride was evolved during the aromatization 
of the 9a,ll(3-dichloro-l,4-diene Ia. Methyl bromide 
was obtained from the bromohydrin Id. These ob-

acetic acid treatment7 of 21-acetoxy-6a-fluoro-17a hydroxypregna-1,4,9(11)-
triene-3,20-dione.i» 

(10) G. B. Spero, B. J. Magerlein, W. P. Schneider, and J. A. Hogg, U. S. 
Patent 2,838,499 (1958). 

(11) D. Gould, H. Reimann, and L. E. Finckenor, U. S. Patent 2,894,963 
(1959), 

(12) We wish to thank Dr. T. F. Gallagher for providing us with an 
authentic sample of equilenin for infrared spectral comparison. 

(13) J. Fried, K. Florey, E. F. Sabo, J. E. Herz, A. R. Restivo, A. Borman, 
and F M. Singer, J. Am. Chem. Soc, 77, 4181 (1955). 


