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773, 681, 658 cm-l. Anal .  Calcd for C2aH3202C12: C ,  67.14; 
H,7.84; C1, 17.24. Found: C,67.09; H,7.79; C1,17.84. 

3p-Bromoace toxy-l6a, 17a-( 16'-ezo, 17'-encEo-dichloro)ethylene- 
pregn-5-en-20-one ( 5 ,  R = COCHgBr).-3p-Hydroxy-l6a,l7a- 
(16'-~20,17'-endo-dichloro)ethylenepregn-5-en-20-one ( 5 ,  R = 
H, 1.8 g)  dissolved in dry pyridine (2 ml) arid anhydrous benzene 
(500 ml) was treated with 6 ml of a bromoacetyl bromide- 
benzene mixture (1:2) a t  room temperature for 7 hr. The re- 
action mixture was poured into ice-water and the organic layer 
was washed with dilute hydrochloric acid, aqueous sodium bi- 
carbonate, and water, and then dried (NazS04). Evaporatioii 
of the benzene gave the 30-bromoacetoxy derivative ( 5 ,  R = 
COCH2Br), which wm recrystallized from methylene chloride- 
methanol (2.0 g):  mp 202-203.5'; [ a ] ~  -53'; urnax 1735, 
1705, 1223 cm-'; iimr (CDC13) 0.62 (18-€€), 1.02 (l9-H), 2.19 
(21-H), 3.17 (m, 16-H), 3.80 (s, BrCH&O), 3.88 (d d,  Jl5 .163  = 

6 Hs, 17'-H), 4.30-4.80 (3a-H), -5.43ppm (m, 6-11), 
Anal .  Calcd for C22H3303C12Br: C, 66.38; H ,  0.2J; C1, 

13.32; Br, 1.5 02. Found: C, 56.37; I f ,  6.35; C1, 1:2..5.5; 
Br,  15.10. 

Registry No.-4 p-bromobenzoate, 29765-32-0; 5 
(R = H), 29913-50-6; 5 (R = COCH2Br), 29765- 

4.5, J 1 0 1 , 1 7 ,  = 6 Hz ,  16'-H), 4.33 (d d,  J l 6 , 1 ? ?  = 1.5, J w , i 7 r  = 

33-1; 5 (R = COCH,), 29765-34-2; 6 (R = COCH,), 
29765-35-3. 
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The use of hydrogen chloride in anhydrous dioxane 
as a catalyst for the conversion of ribonucleosides to 
corresponding 2',3'-0-alkylidene derivatives has been 
described by Chl&dek.2-4 It has now been found that 
this cat'alyst-solvent system, when employed in com- 
bination with. acetonitrile,6 effects a smooth trans- 
formation of uridine (1) to  2',3,'-O-ethylideneuridine 
(2). The latter was obtained in 74% yield and was 
characterized by elemental analysis and spectral (ir 
and nmr) data. The key step in this conversion is 
probably the acid-catalyzed cleavage of dioxane to 
acetaldehyde which in t'urn reacts with 1 in the usual 
manner to give the corresponding alkylidene derivative 
2. A possible mechanism of dioxane cleavage in the 

(1) Address correspondence to  Rollin H. Stevens Memorial Laboratory, 
Detroit Institute of Cancer Research Division of Michigan Cancer Founda- 
tion, 4811 John R Street, Detroit, Mich. 

( 2 )  8. Chlidek and J. Smrt, Collect. Czech. Chem. Commun., 28, 1301 
(1963). 

(3) S. Chlidek in "Synthetic Procedures in Nucleic Acid Chemistry," 
Vol. I, W. U'. Zorhach and R. 9. Tipson, Ed., Wiley, New York, N. Y.,  
1968, p 230. 

48201. 

(4) S. Chladek, ref 3, p 292. 
( 5 )  Although the role of acetonitrile in this transformation remains t o  be 

clarified, it  i s  possible tha t  the latter serves as an effective scavenger of water 
under the imposed conditions and thus favorably influences the ecetalation 
equilibrium. 

presence of acid is indicated in Scheme I. I n  support 
of the proposed pathway, i t  has been known for many 

SCHEME I 
Y 
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years that  the action of sulfuric acid or zinc chloride 
on dioxane leads to acetaldehyde.6 

B y  contrast, thymidine (3), which lacks the cis- 
vicinal diol grouping, reacts with dioxane-acetonitrile- 
HCl to  give 3',5'-di-O-acetylthymidine7 ( 5 )  in 56% 
yield after treatment of the reaction mixture with 
sodium acetate in nater  (Scheme 11). I n  this case 
the formation of a stable cyclic alkylidene derivative 
is precluded and the acylation of both hydroxy groups 
most likely takes place through a bis acetimido ether 
intermediate 4. The latter is then hydrolyzed during 
the work-up to  5.  The reaction represents an alter- 
native synthesis of 3',5'-di-O-acetyl-2'-deoxyribonu- 
cleosides, employing nonbasic conditions instead of the 
more usual acetic anhydride-pyridine method. 

Uridine (I) ,  on treatment with anhydrous hydrogen 
chloride in acetonitrile and in the absence of dioxane, 
gave 5'-O-acetyluridine (46%) and 2',3',5'-tri-O-acetyl- 
uridine (23%) in addition to other minor products 
after hydrolysis of the reaction mixture in acetate 
buffer. 

Experimental Section8 

2',3'-O-Ethylideneuridine (2).-Uridiiie ( 1 ,  0.24 g, I mmol) 
dried a t  100' (0.1 mm) was shaken with acetonitrile (0.32 ml, 
10 mmol) and R 6.5 dl solution of anhydrous hydrogeii chloride 
in dioxane (2 ml) for 43 hr at room temperature. After standing 
for an additioiial 3 days at  room t,emperature, the solution was 
added dropwise with stirring to 7 fif ammoiiium hydroxide (40 
nil). The solveiits were evaporated to  dryness in vacuo and t>he 
residue was dissolved ill acetonitrile (40 ml). The iiisolitble 
portioii was removed by filtrat,ioii, the filtmte was evaporated 
to dryness, atid the ieaidiie was dried at 50" (0.1 mm) t,o give it 
glassy material (2) which gradtially crystallized. The latter 
was judged to coiitaiii 8% uridine according to paper chroniatog- 
raphy (SI). Substaiice 2 in water was pat  on a colomii of h i -  
berlite resin (OH- form, 6 X 4 cm) which was eluted with water. 
The eluate was evaporated t o  a solid which ciyst,allized from 90% 
ethanol, affordiiig 0.2 g (74%) of 2: mp 192-195'; ir (CIfCh) 
similar t,o those of 2',:~'-O-alkylideiieuridi~~e~;~ Rf (SI) 0.55, 

(6) A. Faworski, J .  Ru.~s.  Phys. Chem. Soc., 38, 741 (1006). 
(7) R.  E. nelz and D. AI .  Visser, J. Amer. Chem. Soc., 77, 736 (1955). 
(8) Analyses were performed in the .inalytical Department of the Insti- 

tute  of Organic Chemistry and Biochemistry under the direction of Dr. J .  
Hori tek.  Melting points were determined on a Kofier block and are un- 
corrected. All evaporations were carried out in vacuo; nmr spectrum was 
measured on a Varian A-608 spectrometer, using sodium 2,Z-dimethyl-Z- 
silapentane-5-sulfonate as an internal standard. Paper chromatography 
in a descending arrangement was performed on a Whatman No. 1 paper 
using the following solvent systems: 1-butanol saturated with water (SI) : 
1-butanol-acetic acid-water, 5 : 2 : 3 (Sd ; 2-propanol-concentrated am- 
monium hydroxide-mater, 7: 1 : 2 (Sa): and on Whatman No. 4 paper im- 
pregnated with formamide in chloroform as the solvent The spots 
were viewed under the ultraviolet ("Chromatolite"). 

(9) J. Pifha, S. Chlidek, and J. Smrt, Collect. Czech. Chem. Commun., 28, 
1622 (1963). 
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SCHEME I1 A Novel Photochemical 
Rearrangement-Elimination of an Allylic 

Alcohol Having a Di-n-methane Structure' 
C O  . CH3CN 

HCI 
HO OH 
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I n  the course of a study of the di-8-methane rear- 

pounds having a geminal phenyl group allylic to two 1 Hpo CWOOCQT 

> rangement, the photochemistry of a variety of com- 
0 

T = THYMINE 

(Ssj 0.7, (S3) 0.39; nmr (CD3S0C1l8 + 1320) 6 7.74 (d, 1 11, 
He), 3.69 (two ',nerlapping doiiblets, 2 IT, ITl, + I{$)! 5.18 (d,  
1 H,  CH, acetal), 4.74 (m,  2 €1, Hzr + IT3,), 4.10 (poorly re- 
solved, overlapped with HI10 hignal, 1 H, IT4,), 3.6'2 (d, 2 IT, 

Anal. Calcd for CIIIIl4NnO0: C,  48.89; If, 5.22; N ,  10.37. 
Found: 
3',5'-Di-O-acetylthymidine (5).-Thymidilie (3, 0.12 g, 0.5 

mmol) was ,uhaken with acetonitrile (5 ml) aiid a 6.5 M wliition 
of anhydrous hydrogen chloride in dioxane (0 .5  ml) for 48 hr at, 
room temperature. Only after 3 hr  did the reaction mixture 
become homogeiieoiis. The Polution was added dropwise to an 
exceirs of sodium acetate in water a i d  the mixture was extracted 
with chloroform. The dried organic layer wax evaporated to 
dryness. The syrupy residue solidified after drying at  0.1 mm 
to give !)O mg (36%) of chromatographically pure d i d  5 :  mp 
123-12.jo (crystallized from benzene-carbon tetrachloride 2: 1 
mixture) (lit.? mp 123-125O); Ri (HI) 0.76, (Sd) 0.81. Am- 
moriolysis of 5 gave thymidine as found by paper chromatog- 
raphy (HI). 

A n d .  Calcd for C~~I-TI&&: C, 51.53; IT, 3.56; N, 8.,59. 
Found: C,  51.52; IT, 5.56; K ,  8.38. 

Reaction of Uridine with Acetonitrile and Anhydrous Hydrogen 
Chloride.--A suspeiision of [iridine (1, 0.12 g, 0..j mmol) in 
aoctonitrile (10 ml) was saturated wit,h hydrogen chloride, and 
the soltition, which coiltnined a small amount of undissolved solid, 
w a h  held overnight at, room temperatiire. The reaction mixture 
was evaporat,ed to dryness; a portion of the crude product was 
dissolved i n  1 dl t i,iethylammoiiium acetate (pH 6 ) ,  and chro- 
matographed iii SI, Aiitheiitic sample* of 1, .i'-0-acetyluridirie, 

Five 
spols were detected, which were eluted with water aiid the amount 
of iiv-absorbiiig material was determilied kpec:trophotctmetrically 
at260 Iim (Table I) .  

IT,,) 1.40 (d, 3 11, CIT,). 

C, 48.75; 11, 5.37; K, 10.58. 

2' ,<> .,' , . I  - I  -tri-0-acetyliiiidiiie were rtiii simriltaiieoiisly. 

TABLE I 
Compound Ri 70 a 

TTridine (1) 0.15 1 
S'-O-Acet yluridine 0.26 46 
TJriidentified 0 . 3 7  14 
TJnidentified 0.51 16 
2',3',5'-'rri-O-ncetyl11ridine 0 . 7 4  23 

Based on niim of the IIV absorbances of the five eluted hpots. 

Registry No.-2, 29765-28-4; 5 ,  6979-97-1. 

Acknowledgments.-Thanks are due to Dr. Jerome 
I). Horizitz for valuable comments and to Mr. N. 
Cvetliov for measuring the nmr spectrum. 
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double bonds has been examined. Generally, com- 
pounds having this chromophoric structural feature re- 
arrange to  give cyclopropyl products either by 1,3- 
vinyl-vinyl interaction such as in 1 to 2,3 and ultimately 
3, or by 1,3-vinyl-aryl interaction such as in 4 to  5.4 

t5-f Ph 

3 

In  contrast, when l-hydroxy-4,4-diphenyl-2,5-cyclo- 
hexadiene (6)  was irradiated in an ethanolic solution 
with a Vycor filter ( h  >210 nm), the only low molecular 
weight photoproduct was an aromatic hydrocarbon. 
The product was identified as o-terphenyl (7) 
by comparison of its spectra with those of the 
known compound. A dark control, run parallel with 
the irradiation, showed no reaction. When the reac- 
tion was followed using thin layer chromatography, no 
buildup of an intermediate could be detected. 

The 1,2-phenyl migration in such a system is a com- 
mon process, but the elimination of water is quite dis- 
tinctive. Of two possible mechanisms involving inter- 
mediates related to structures 2 and 5 ,  only the alcohol 
8 related to the former type has been evaluated owing 
to synthetic difficulties leading to an alcohol related to  
5 ,  L e . ,  1,6-diphenylbicyclo [3.1 .O]hex-2-en-4-01. An 
intermediate such as 8 could photochemically rearrange 
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