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The synthesis of C-A-Phe (5a), C-U-Phe (5b), U-A-Phe (5c), U-U-Phe (.5d), C-dA-Phe (5e), and C-dA-Gly 
(jf), potential substrates for ribosomal peptidyl transferase, is described. 2’,5’-Di-O-( 1-ethoxyethy1)uridine 3’- 
phosphate ( la)  and N-dimethylaminomethylene-2’,5’-di-0-(l-ethoxyethyl)cytidine 3’-phosphate ( lb )  were con- 
densed with A(Z-Phe) (2a), U(Z-Phe) (2b), dA(Z-Phe) (2c), and dA(Z-Gly) (2d) in the presence of DCC in pyri- 
dine to afford intermediates 3a-d. The latter were hydrolyzed in dilute acetic acid to C-A(Z-Phe) (4a), C-U(Z- 
Phe) (4b), U-A(Z-Phe) (4c), U-U(Z-Phe) (4d), C-dA(Z-Phe) (4e), and C-dA(Z-Gly) (4f), which were isolated by 
preparative tlc on microcrystalline cellulose. Hydrogenolysis (Pd-BaSOd) of 4a-f in 80% acetic acid at 0” gave 
C-A-Phe (5a), C-U-Phe ( jb) ,  U-A-Phe (5c), U-U-Phe (5d), C-dA-Phe (Se), and C-dA-Gly (5f). An improved 
method for the preparation of compound la is also described. 

The  major st imulus for the synthesis of 2’(3’)-0-ami- 
noacyl ribooligonucleotides lies in the fact t ha t  such com- 
pounds have found considerable use in the investigation of 
the mechanism of protein biosynthesis, particularly its 
peptide bond formation step.2 The  need for a simple gen- 
eral synthesis of the title compounds is further stressed by 
the fact t ha t  enzymic methods (degradation of the ami- 
noacyl or peptidyl-tRNA with T1-RNase3) suffer from a n  
inherent drawback: they do not provide materials other 
than those derived from the natural 3’-terminal sequence 
of tRNA. The  first syntheses of 2’(3’)-0-aminoacyl ribooli- 
gonucleotides, 2’(3’)-O-glycyl derivatives, made use of the 
orthoester exchange of the N-benzyloxycarbonylglycine 
orthoester with unprotected ribodinucleoside phosphates4 
or condensation of a nucleotide or nucleoside component 
carrying a cyclic glycine orthoester grouping with a suit- 
ably protected counterpart.5 The  cyclic orthoester inter- 
mediate was then hydrolyzed and the N-benzyloxycarbon- 
yl group was removed to give the 2’(3’)-O-glycyl deriva- 
tives of a number of dinucleoside  phosphate^.^-^ This sim- 
ple, efficient, and highly selective method can in principle 
be extended to the preparation of 2’(3’)-0-glycyl deriva- 
tives of longer ribooligonucleotides. However, this method 
is not general, since orthoesters of optically active amino 
acids have not been described to  date .7  

Recently, a report of the preparation of the Z’(3’)-0- 
aminoacyl derivatives of C-A and C-C-A appeared de- 
scribing the aminoacylation of protected ribodi- or trinu- 
cleoside phosphates with N-tert-butoxycarbonylamino 
acids and DCC in pyridine.1° Although this reaction af- 
forded the requisite products, the yields of the starting ri- 
booligonucleotides as well as those of the aminoacylation 
were very low. Moreover, as can be expected from an 
analogy with simple ribonucleoside derivativesll the 
course of aminoacylation is not uniform and 2’,3’-0-bis- 
aminoacylation always occurs. In addition, aminoacylation 
of unblocked cytosine amino groups also takes place, al- 
though the authors claim tha t  the N-tert-butoxycarbonyl- 
aminoacyl groups are removed in the subsequent depro- 
tecting step. The  severe conditions tha t  mus t  be employed 
for the removal of the N-tert-butoxycarbonyl group (con- 
centrated CF3COOH) may have led to degradation or 
isomerization of the oligonucleotide moiety and could ac- 
count for the low yields of the final products.10 

Our present work describes a different approach to  the 
synthesis of 2’(3’) - 0-aminoacyl ribooligonucleotides and 
involves the condensation of protected ribonucleoside 3’- 
phosphates with 2’(3’) - 0- (N-benzyloxycarbonyl) amino- 

acyl ribonucleosides and subsequent deblocking in dilute 
CH3COOH followed by hydrogenolysis. Using this meth- 
od, we have prepared four 2’(3’)-0-(~-phenylalanyl) ribodi- 
nucleoside phosphates. Our work also includes the synthe- 
sis of two 3’-O-aminoacyl derivatives of dinucleoside phos- 
phates containing a 3’-terminal 2’-deoxyribonucleoside. 

Results and Discussion 
2’(3’)-O-Aminoacyl ribooligonucleotides contain two ex- 

tremely sensitive functions, a fact which must  be taken 
into account before any serious at tempt  of their synthesis 
is to be undertaken. The  aminoacyl ester bond is relative- 
ly stable in acid but  highly labile in alkaline or neutral 
media, and the phosphodiester linkage is reasonably sta- 
ble in alkali but  isomerizes in acidic media. Thus,  the dif- 
ferent requirements of these sensitive functions make the 
judicious choice of the requisite protecting groups very 
difficult. In our approach we have chosen protecting 
groups for the nucleotide components tha t  can be re- 
moved by t reatment  with dilute CHJCOOW. Such condi- 
tions are mild enough to minimize the isomerization of 
the phosphodiester linkage while ensuring the integrity of 
the aminoacyl residue. 

As nucleotide components we have used N-dimethylami- 
nomethylene-2’, 5’-di- 0- (1-ethoxyethyl) cytidine 3’-phos- 
phate (1b)I2 and 2’,5’-di-O-(l-ethoxyethyl)uridine 3’- 
phosphate (la)13 (Scheme I). A new simple, and conve- 
nient procedure has been found for the preparation of la 
which avoids the use of an external acid catalyst (He1 or 
CF3COOH) and isolation of the product by selective pre- 
cipitation of Ca, Li, or Ag salts or by anion exchange 
chromatography.15 Thus,  uridine 3’-phosphate (pyridini- 
um salt)  on treatment with ethyl vinyl ether in dimethyl- 
formamide a t  room temperature gave a n  80% yield of la 
(isolated as the triethylammonium sal t ) ,  
2’(3’)-O-(N-Benzyloxycarbonyl-~-phenylalanyl) deriv- 

atives 2a, 2b, and 2c were prepared as described earlier,le 
with some modifications in the synthesis of the corre- 
sponding intermediates. Compound 2d was prepared anal- 
ogously to 2c from 2’-deoxy-5’-0-(4-methoxy) trityladeno- 
sine and N-benzyloxycarbonylglycine using DCC in pyri- 
dine. The  isomeric composition of ribonucleoside deriva- 
tives 2a and 2b was determined from their nmr  spectra 
(anomeric protons) . I7  The well-resolved spectrum of U(Z- 
Phe)  (2b) made i t  possible to estimate the ratio of 2’ and 
3’ isomers not only from their anomeric protons, but  also 
from the H5 protonla and the CH2 signal of the benzyloxy- 
carbonyl group (Table I).  The condensation of protected 
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Table I 
Determination of Isomeric Composition of 2b from 

Different Signals in the Nmr Spectrum 
~ ~~~ 

Signala 3’ isomer, % 2‘ isomer, yo 

HI, 71 29 
H l # b  72 28 
H gb 74 26 
CH2 of benzyl* 73 27 

a Composition determined from the height of the signals. 
The intermediary 5’-0- (4-methoxytrityl) derivative had vir- 
tually the same isomeric composition as determined from 
the  HI^ signal: 71.5% of the 3’ isomer and 28.5% of the  2‘ 
isomer, respectively. Determined after addition of DzO. 

nucleotides la and  l b  with nucleoside components 2a-d 
was effected by DCC in pyridine. The intermediates 3 
(not isolated) were deblocked in 80% acetic acid to  re- 
move the 1-ethoxyethyl groups and (in the case of cytidine 
derivatives) in solvent S Z  to remove the N-dimethylami- 
nomethylene group. The  resulting products 4a-f (yields 
17-25%, see Table 11) were isolated by preparative tlc on 
microcrystalline cellulose. The use of T P S  instead of DCC 
in the condensation step did not improve the yields and 
led to  extensive isomerization of 4 (up to 30% of the pan- 
creatic RNase resistant 2’-5’ isomer). In  control experi- 
ments we have confirmed tha t  nucleotides la and l b  are 
unstable under the reaction conditions. Thus ,  in the pres- 
ence of TPS in pyridine, extensive removal of the l-ethoxy- 
ethyl group takes place.lg 

The  amino group of the adenine moiety of nucleosides 
2a, 2c, and 2d was not protected in view of the fact t ha t  it 
is not easily phosphorylated, unlike the cytosine amino 
group.z’J This was further ascertained in the case of C- 
A(Z-Phe) (4a), which after reaction with dimethylforma- 
mide dineopentyl acetal in D M F  afforded quantitatively 
the corresponding bis-N-dimethylaminomethylene deriva- 
tive as shown by its uv spectrum. Dimethylformamide ac- 
etals are known to  substi tute the amino functions of base 
residues to  give the corresponding N-dimethylaminometh- 
ylene derivatives. The  quantitative reaction of 4a with di- 
methylformamide dineopentyl acetal has  therefore veri- 
fied the absence of phosphorylation a t  the adenine amino 
group. 

Nucleoside components 2a and 2b have only one hy- 
droxy group protected by an  aminoacyl residue. We antic- 

Table I1 
2‘ (3’) -0- (N-Benzyloxycarbonyl) aminoacyl 

Dinucleoside Phosphates 4a-f 
Yield, ---Uv spectrum (0.01 N HCl)---- 

Compd % max 250/260 280/260 290/260 

C-A(Z-Phe) 4a 22 265 0.74 0.72 0.47  
C-U(Z-Phe) 4b 25 267 0 . 6 1  0 .91  0.60 
C-dA(Z-Phe) 4e 21 265 0.76 0.74 0.48 

U-A(Z-Phe) 4c 25 257 0.91 0.33 0.11 
U-U(Z-Phe) 4d 21 260“ 0.76 0.34 0.05 

C-dA(Z-Gly) 4f 39 266 0.73 0.72 0 . 4 5  

a 95% ethanol. 

ipated tha t  the relatively bulkyz1 N-benzyloxycarbonyl- 
aminoacyl group will provide protection for the neighboring 
hydroxyl group by steric hindrancesz2 Several examples 
from the literature have lent support to  our assumption. 
2’-O-Tetrahydropyranyl ribonucleosides are phosphorylat- 
ed a t  the 5’ hydroxy and diphenylmethyl esters of 
ribonucleoside 3’-phosphates were employed for the syn- 
thesis of ribodinucleotides without protection of the 2‘ hy- 
droxy group.24 I t  has also been claimed tha t  a variety of 
puromycin analogs are not phosphorylated a t  the 2’ hy- 
droxy group by either POC13 or protected ribonucleoside 
3 ’ - p h o s p h a t e ~ . ~ ~  However, in  neither case has a systemat- 
ic search for possible contaminating 2’- or 3’-phosphoryl- 
ated isomers been undertaken. 

The extent of phosphorylation a t  the 2’ or 3’ hydroxy 
groups of 2a and  2b was determined by degradation of 
products 4 or 5 with snake venom phosphodiesterase. The 
latter is specific for esters of 5’ nucleotides, and  thus 3’-2’ 
and 3 ‘4 ‘  isomers will not be degraded. In all cases the 
above isomers were essentially absent (Table 111). The re- 
sults obtained with phosphodiesterase were generally in 
agreement with those found by degradation with metha- 
nolic ammonia.26 The latter method is based on preferential 
degradation of 3’-3’ and  3’-2’ ribooligonucleotides relative 
to  the more stable27 3 ’ 4 ’  or 2’-5’ isomers (Scheme 11). It 
should be emphasized, however, t ha t  the above method, 
which is a part  of an  efficient synthetic procedure for 
preparation of 3’-5’ ribooligonucleotides from unprotected 
ribonucleosides, has not been used as an  analytical tool to 
date. We have found t h a t  some 3’-5’ oligonucleotides (e.g., 
C-A and  C-dA) are also degraded to  some extent (ca. 5%).28 
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Table I11 
2' (3') -0-Aminoacyl Dinucleoside Phosphates 
------ Uv spectrum (0.01 N HC1)------- 3'-3' or 

Yield, L;'o max 250/260 280/260 290/260 2'-5',a % N'/N2 3'-2', % Compd 

C-A-Phe 5a 80 265 0 . 7 8  0 .68  0 .40  4 0 . 8 1  0 
C-U-Phe 5b 82 267 0 .69  0 .79  0 .47  3 . 4  0.85 0 
U-A-Phe 5c 22c 257 0 . 9 1  0 . 2 3  2 . 2  0 .95  0 
U-U-Phe 5d 60c 262 0 .76  0 . 4 6  0 .06  3 .5  0 . 9 5  0 
C-dA-Phe 5e 84 265 0 .77  0 . 7 1  0 . 4 3  6 . 5  0 . 9 7  
C-dA-Gly 5f 84 265 0 . 8 0  0 .70  0 .49  4 . 9  0 . 8 4  

a Determined by pancreatic RNase  digestion. * Determined by snake venom phosphodiesterase digestion. c Purified by 
preparative tlc in solvent Sg. 

Scheme I1 

HocQO1 

HOCn? 

OB' HO OH 

t2J 0 0  

+ 
HOCU2 

\ /  
4 p\ 

0 OH 

T h e  final products, 2 '(3 ')-0-~-phenylalanyl derivatives 
5a-f, obtained by hydrogenolysis4t5 of 4a-f, were also 
characterized by the more common criteria: paper chro- 
matography and electrophoresis (Tables IV and  V),  tlc, uv 
spectra, and  degradation with pancreatic RNase, which 
showed the  fidelity of the  3'-5' interribonucleotide link- 
ages (Table 111), and by alkaline hydrolysis to  the parent 
dinucleoside phosphate and amino acid. 

Experimental Section 
General Methods. Chromatography and Electrophoresis. 

Paper chromatography was performed by the descending tech- 
nique on Whatman No. 1 or 3 MM paper in the following solvent 
systems: SI, 2-propanol-concentrated ammonium hydroxide- 
water (7:l:Z); s ~ ,  1-butanol-acetic acid-water (5:2:3); S3, etha- 
nol-1 M ammonium acetate ( 5 9 ) .  Rf values are given in Table 
IV. Thin layer chromatography (tlc) was performed on silica gel 
coated aluminum foils (Merck, Darmstadt, Germany) in solvents 
Sq, CHC13-CH30H (95:5), and S5, CHC13-CH30H (9:1), and on 
glass plates coated with Avicel microcrystalline cellulose29 in sol- 
vents SI and s ~ .  Preparative tlc was performed on 5-mm thick 
nonadhering (loose) layers of silica gel, 70-325 mesh ASTM 
(Merck, Darmstadt, Germany), containing 1% of a fluorescent in- 
dicator (Leuchtpigment ZS Super, Riedel-deHaen, Hannover, 
Germany, or Lumilux Green ZS, American Hoechst Corp., Som- 
erville, N .  c J . ) .  Microcrystalline cellulose Avicel TG-101 (FMC 
Corp., American Viscose Division, Newark, Del.) with 1% of the 
above indicator was used for preparative layers (2  mm thick, 20 
x 20 cm) on glass plates, using 1-butanol saturated with 10% 
acetic acid (s6) as the developer. These layers were prepared as 
follows. A thick suspension of Avicel (200 g) in 95% ethanol (600 
ml) was stirred for 10 min in a blender. The suspension was then 
applied directly or by means of a spreader on five to six glass 
plates and the layers were made smooth, while still wet, by shak- 
ing with the hand. Paper electrophoresis was conducted on a Sa- 
vant flat plate, using l M CH3COOH as a buffer or in 0.02 M 
Na2HP04 (pH 7.0) on Whatman No. 1 paper a t  40 V/cm 1-2 hr. 
Electrophoretic mobilities are given in Table V. Uv-absorbing 
compounds were detected using a Mineralight lamp; ninhydrin- 
positive substances were detected by spraying with 0.1% ninhy- 
drin in ethanol. 

Spectra. Uv spectra were obtained using a Cary Model 11 re- 
cording spectrophotometer or a Beckman Model DB-GT grating 
spectrophotometer. Yields of oligonucleotides were determined 
spectrophotometrically at pH 2 (0.1 N HCI) using the following 
extinction coefficients: C-A, f260 21,200; C-dA, ( 2 6 0  20,900; C-U, 
(260 16,750; U-A, t260 24,200; U-U, t260 20,000. Nmr spectra were 
obtained using a Varian A-60A spectrophotometer. (CH3)&i was 
used as an internal standard with CDC13 and CD3COCD3 and so- 

Table IV 
Paper Chromatography of Starting Compounds, 

Products, and Authentic Specimens 

Compd SI 52 
---Ri------ 

~~~ 

A 
dA 
U 
CP 
UP 
CCP 
UCP 
G ~ Y  
Phe  
(Et0Et)ZCp IC 
(EtOEt)?Up l a  
C-A 
c-u 
C-dA 
u-u 
U-A 
C-A(Z-Phe) 4a 
C-U(Z-Phe) 4 b  
C-dA(Z-Phe) 4e 

U-U (Z-Phe) 4d 
U-A (Z-Phe) 4c 
C-A-Phe 5a 
C-U-Phe 5b 
C-dA-Phe 5e 

U-U-Phe 5d 
U-A-Phe 6c 

C-dA (Z-Gly) 4f 

C-dA-Gly 5f 

0 . 5 4  
0 . 6 4  
0.50 
0 .12  
0 .11  
0 .43  
0 .42  

0 .  66' 
0 .49  
0 .5gh 
0 .26  
0 .20  
0 . 3 4  
0 . 2 1  
0 .30  

0 .  36a 

C 
C 
d 
d 
C 
C 
C 
C 
d 
d 
C 
C 

~~ 

0 . 5 9  

0.59 
0 .26  

0 .705 

0 .71  
0 .68  
0 .80  
0 .66  
0 .60  
0 .60  
0.45" 
0 .  3gU 
0.56" 
0.18" 
0 .  24a 
0 .24a 

a Color reaction wi th  ninhydrin. SB, Rr 0.62. c Hydrolysis 
to parent dinucleoside phosphate and amino acid. * Partial  
hydrolysis to  parent dinucleoside phosphate and amino 
acid. 

Table V 
Paper Electrophoretic Mobilities of Products 

(1 M Acetic Acid, pH 3.4) 

Compd Mobility" 

G ~ Y  - 3 . 0  
P h e  - 7 . 0  
C-A-Phe 5a -22 .0  
C-U-Phe 5b -14 .0  
C-dA-Phe 5e -22 .6  
C-dA-Gly 5f -22 .2  
U-U-Phe 5d -0.16* 
U-A-Phe 5c -0 .63b  

a Relative to  cytidine 3'-phosphate mobility = 1.00, 
unless stated otherwise. * Relative to  uridine 3'-phosphate 
mobility = 1.00. 

dium 2,2-dimethyl-2-silapentane-5-sulfonate (DSS) with 

Pancreatic Ribonuclease Degradation. Pancreatic ribonucle- 
ase degradation was performed with 1-2 Mmol of compound 5e,f in 
a mixture of Tris-HC1 buffer (0.1 N ,  pH 7.8, 0.2 ml) and 0.2 mg of 
ribonuclease A (Sigma Chemical Co., St. Louis, Mo.). The solu- 
tion was incubated for 4-6 hr at 37", applied to Whatman 3 MM 

CD3SOCD3. 
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paper, and developed in system Si. For deoxy derivatives 5e and 
5f, the solution was lyophilized after incubation and the residue 
was dissolved in methanolic ammonia (0.5 ml). After 2 hr at room 
temperature, the solution was evaporated and applied to the 
chromatogram. The spots of the products of enzymic degradation 
were eluted with 0.01 N HC1 and the optical density of the el- 
uates was measured. Compound 5c was not completely soluble 
under the conditions used. Therefore, it was hydrolyzed during 
paper chromatography in solvent Si, and the spot of U-A was 
eluted with water, the eluate was lyophilized, and the residue was 
incubated as above. 

Russell’s Viper Venom Phosphodiesterase Degradation. The 
compound (1 lmol) was dissolved in Tris-acetate buffer (pH 8.8, 
0.1 M ,  0.25 ml) and magnesium acetate (0.3 M ,  0.05 ml) and in- 
cubated with the enzyme (20 units in 0.1 ml of water, Calbio- 
chem, Los Angeles, Calif., grade B) for 4-6 hr at  37“. The estima- 
tion of degradation products was performed as was described for 
pancreatic ribonuclease. For compound ,512, a procedure similar to 
that given for the corresponding ribonuclease degradation was fol- 
lowed. Simultaneously, a control experiment (without enzyme) 
was run under the same conditions to ascertain complete stability 
of the phosphodiester linkage(s) at  pH 8.8 and during chromatog- 
raphy in solvent SI. 

Starting Materials. Cytidine 3’-phosphate (free acid) and uri- 
dine 3’-phosphate (ammonium salt) were prepared from the cor- 
responding 2’,3’-cyclic phosphates by known methods.30 Uridine 
3’-phosphate (pyridinium salt) was prepared according to the 
procedure described for 5’-0-acetyluridine 3’-phosphate.lsc The 
solution of uridine 3’-phosphate prepared from uridine Z‘(3’)- 
phosphate (10 g, 30.8 mmol) obtained after pancreatic ribonucle- 
ase degradation of the corresponding 2’,3’-cyclic phosphate was 
passed through the Dowex 50 (X4, 200-400 mesh, pyridinium 
form) column (34 X 5 cm) equilibrated with 1% pyridinium ace- 
tate (pH 6.0) and the column was eluted with the same buffer. 
The eluate (ca. 3 1.) was lyophilized and the product which solidi- 
fied after addition of ethanol (200 ml) was filtered and dried over 
KOH a t  0.01 mm, 8.41 g (69%). The uv spectrum in 0.01 N HCl 
indicated the presence of pyridine ( A  255 nm, shoulder at 260), 
and the nmr spectrum showed the presence of pyridine (0.8 equiv 
as determined from the integration curve of the signals at  6 8.33 
and 8.92) and DMF (0.15 equiv, 6 3.32, d) and the absence of the 
2’ isomer as judged18 from the signals for He, H5, and HI’. At- 
tempts to remove both solvents by repeated lyophilization from 
water or prolonged drying over Pz05 or concentrated HzS04 at  
room temperature were not successful and therefore this material 
was used in the subsequent step as such. The purity of nucleo- 
tides l a  and lb was checked by paper chromatography (SI) and 
electrophoresis (pH 7.0) and uv and nmr spectroscopy. The latter 
showed the absence of the 2’ isomer.18 2’(3’)-0-(N-Benzyloxycar- 
bonyl-L-phenylalany1)adenosine was prepared as described.llb Di- 
methylformamide (DMF) and pyridine were dried with Linde 
Molecular Sieves, 4A. Dimethylformamide dineopentyl and di- 
methyl acetal were products of Aldrich Chemical Co., Milwaukee, 
Wis. Petroleum ether was of 30-60” boiling range. PdO (5%) on 
Bas04 was a product of Engelhard, Newark, N. 3. 
3’-O-(N-Benzyloxycarbonyl-~-phenylalanyl)-2’-deoxyaden- 

osine (212). 2’-Deoxy-5’-0-(4-methbxytrityl)adenosine (1.05 g, 2 
mmol) was dissolved in DMF (5 ml), dimethylformamide dimeth- 
yl acetal (0.5 ml) was added, and the mixture was kept at  ambi- 
ent temperature for 16 hr. The solution was evaporated to dryness 
in uacuo, and the uv spectrum of the residue in ethanol showed 
quantitative formation of the N-dimethylaminomethylene deriva- 
tive3la (max 310 nm, min 264). The residue was evaporated sev- 
eral times with anhydrous pyridine and then dissolved in pyridine 
(10 ml); N-benzyloxycarbonyl-L-phenylalanine (1.2 g, 4 mmol) 
was added, and the reaction mixture was cooled to 0”. A cold SO- 
lution of DCC (1.3 g, 6 mmol) in pyridine (3 ml) was added and 
the mixture was kept at  0” for 20 min and then for 1 week at  
room temperature. Tlc (S4) showed nearly quantitative reaction. 
Ice (10 ml) and petroleum ether (20 ml) were added, the dicyclo- 
hexylurea was filtered off, washed with 50% pyridine, and the fil- 
trate was evaporated in uucuo to dryness. The residue was coeva- 
porated with toluene (2 x 25 ml) and extracted with petroleum 
ether and the residue was dissolved in 80% CH3COOH (25 ml). 
After 10 hr at room temperature the reaction mixture was diluted 
with 1-butanol (50 ml) and water (15 ml); the solution was kept 
overnight at  room temperature and evaporated to  dryness in 
uucuo, and the residue was dissolved in dioxane and lyophilized. 
Tlc ( S 5 )  indicated that 2c was the major product. The residue 
was applied to two loose layers (15 X 35 cm) of silica gel that 
were developed in S5. The main band was eluted ( S 5 )  and the el- 

uate was evaporated in uucuo. Compound 2c solidified after 
treatment with CHCla and petroleum ether. The yield was 0.43 g 
(40%) of tlc-homogeneous (Sa)  product 2c which was identical (ir, 
uv) with the compound prepared earlier:l6 nmr (CD3COCD3- 

1, Hi , ) ,  5.11 (s,2, CHz-benzyl). 
3’-O-(N-Benzyloxycarbonylglycyl)-2’-deoxyadenosine (2d). 

The title compound was prepared by the same method as de- 
scribed for 2c: yield 35%; tlc (S5) homogeneous; uv (95% ethanol) 
max 260 nm ( C  14,500); ir (CHC13) 3180 (OH bonded), 3451 (NH), 
3524, 3412 (NHz), 1745 (CO ester), 1721 (CO urethane), 1632 (ad-. 
enine, ring stretch), 1591 (phenyl), 1514 cm-1 (CONH. amide 11); 
nmr (CD3COCD3-DzO) 6 7.90 (s, 1, Ha), 7.83 (s, 1, Hz), 7.02 (s, 5, 
C6H5), 6.12 (q, 1, Hi,), 4.91 (s, 2, CH2-benzyl). 

Anal. Calcd for CZOHZZN~O~.HZO: C, 52.17; H, 5.25; N, 18.25. 
Found: C, 52.68; H, 4.90; N, 17.98. 
N-Dimethylaminomethyleneadenosine. N-Dimethylamino- 

methyleneadenosine was prepared as d e ~ c r i b e d : ~ l ~  mp 201-204” 
(lit.31a mp 205-207”); the uv spectrum was identical with that re- 
p ~ r t e d ; ~ l a  nmr (CD3SOCD3) 6 9.00 [s, 1, CH of (CH3)zNCH=], 

5.28 (broad m which disappeared on addition of D20, 2, OH), 

5’-0-(4-Methoxytrityl)adenosine. A stirred suspension of N-  
dimethylaminomethyleneadenosine (22.8 g, 0.071 mol) in pyridine 
(350 ml) was treated with 4-methoxytrityl chloride (26.3 g, 0.085 
mol) at room temperature. Stirring was continued for 67 hr, 
whereupon the reaction mixture was poured onto ice (ea. 2500 g) 
and the precipitated syrup was extracted with CHC13 (4 x 1000 
ml); the combined extracts were dried (MgS04) and evaporated 
in uucuo. The syrupy residue was dissolved in 20% NH3 in meth- 
anol (500 ml) and the solution was kept for 48 hr a t  room temper- 
a t ~ r e . ~ ~  Evaporation in uucuo afforded almost white 5’-0-(4- 
methoxytrityl)adenosine, which was washed with ether (500 ml) 
and petroleum ether (500 ml): yield 33.3 g (87%); mp 180-182” 
dec (lit.3O mp 189-191” dec); uv (95% ethanol) max 233 nm (c  
13,800), 259 (12,500), min 245 (10,000) (lit.30 max 233 and 260 
nm); nmr (CDaSOCD3) 6 8.26 (s, 1, Ha), 8.12 (s, 1, Hz), 7.33 and 
6.84 (m, 14, phenyl and 4-methoxyphenyl), 5.97 (d, 1, HI , J 1 , , 2 ,  

= 4 Hz), 5.51 (d, 1, OH, J = 5 Hz), 5.18 (d, 1, OH, J = 5 Hz), 

5’-0-(4-Methoxytrityl)uridine. The described procedure16 was 
modified as follows. Uridine (4.88 g, 20 mmol) dried by evapora- 
tion with pyridine at  0.1 mm and <50” (bath temperature) was 
dissolved in pyridine (80 ml), 4-methoxytrityl chloride (6.8 g, 22 
mmol) was added, and the solution was kept for 3 days at room 
temperature. The reaction mixture was then poured onto ice and 
water (ea. 400 ml) with stirring, the syrupy precipitate was ex- 
tracted with CHCl3 (2  x 200 ml), and the combined extracts were 
dried (MgS04). Evaporation in uucuo afforded a syrup that was 
dissolved in benzene (70 ml). Addition of cyclohexane (325 ml) 
precipitated 5’-0-(4-methoxytrityl)uridine, yield 10.28 g (90%); 
tlc (S4) showed traces of two faster moving components, presum- 
ably 2’,5’- and 3’,5’-di-0-(4-methoxytrityl) derivatives. The crude 
product was dissolved in benzene (150 ml) and the solution was 
applied to a silica gel column (13 X 6.5 cm). The column was 
eluted with benzene (400 ml), CHC13 (1200 ml), 1% CHsOH in 
CHC13 (400 ml), and 3% CH30H in CHC13 (1200 ml). Elution 
with S4 (2000 ml) afforded 5’-0-(4-methoxytrityl)uridine as an 
amorphous powder after precipitation from benzene with petrole- 
um ether: yield 10.1 g (88%); tlc (S4) homogeneous; uv (95% etha- 
nol) max 231 nm ( 6  15,600), 264 (9800), min 250 (8100) [lit.33 max 
232 nm ( C  18,000), 263 (10,400)]; nmr (CD3COCD3) 6 7.83 (d, 1, 
Hg, J8.s = 8 Hz), 7.33 and 6.91 (m, 14, phenyl and 4-methoxyphe- 
nyl, the latter forms an AzBz system the lower field half of which 
is overlapped with phenyl), 5.92 (d, 1, HI,, JI,,z = 3 Hz), 5.31 (d, 
1, H5, J5 ,6  = 8 Hz), 3.77 (s, 3, CH30), cu. 4.37 (poorly resolved m, 
3, CH of ribose), 3.46 (d, 2, H ~ s ) ,  2.75 (s, disappears on addition 

2’ (3’) - 0 - (N-Benzyloxycarbony 1)-L -phenylalanyluridine (2b). 
The procedure described earlierie was modified as follows. A mix- 
ture of 5’-0-(4-methoxytrityl)uridine (4.54 g, 8.8 mmol) and N- 
benzyloxycarbonyl-L-phenylalanine (2.9 g, 9.7 mmol) was dried 
by evaporation with pyridine a t  0.02 mm. The residue was dis- 
solved in ice-cold pyridine (20 ml) and a cooled solution of DCC 
(1.86 g, 9 mmol) in pyridine (10 ml) was added. The reaction 
mixture was stirred for 1 hr at 0” and then for 23 hr at  room tem- 
perature. Water (10 ml) was added, dicyclohexylurea was filtered 
off, washed with 50% pyridine (10 ml) and pyridine (10 ml); the 
filtrate was evaporated at 0.04 mm, the residue was dissolved in 
dioxane (100 ml), and the filtered solution was lyophilized. The 

DzO) 6 8.31 (s, 1, Ha), 8.25 (s, 1, Hz), 7.33 (5, 10, CeHs), 6.37 (q, 

8.57 (s, 1, Ha), 8.50 (s, 1, Hz), 6.02 (d, 1, Hi , ,  J i , , z ,  = 5.5 Hz), CU. 

3.20 [d, 6, (CH3)zNI. 

3.75 (S, 3, CH30). 

of DzO, 2, OH). 
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residue was dissolved in CHC13 and put onto a silica gel column 
(330 g, 85 X 3 cm). The column was eluted (flow rate 6 ml/min, 
500-ml fractions taken) with CHCls (500 ml), 1% CHsOH in 
CHCls (3000 ml), and 3% CH3OH in CHC13 (4000 ml). Fraction 8 
gave after evaporation syrupy 2',3'-O-bis(N-benzyloxycarbonyl)- 
~-phenylalanyl-5'-O-(4-methoxytrityl)uridine, which was dis- 
solved in CHzClz and precipitated with petroleum ether to give 
an amorphous powder, 1.2 g (13%), tlc (S4) homogeneous. Frac- 
tions 9-11 gave after evaporation a monoaminoacyl derivative 
contaminated as shown by tlc (S4) with small amounts of the bis 
derivative and 5'-0-(4-methoxytrityl)uridine. A portion of this 
product was chromatographed on a loose layer of silica gel in SI 
to give after elution of the main band with the same solvent and 
evaporation of the eluate tlc (S4) homogeneous 2'(3')-0-(N-ben- 
zyloxycarbonyl) -~-phenylalanyl-5'-0-(4-methoxytrityl)uridine: 
nmr (CD3COCD3) 6 7.74 (d, 1, He, J6,5 = 7.5 Hz), 7.23 and 7.04 
(m, 24, phenyl and 4-methoxyphenyl partially overlapped with 
phenyl), 6.10 (d, HI, of 2' isomer, J 1 8 , y  = 4.0 Hz), 5.98 (d, Hit of 
3' isomer, JI,,z, = 5.0 Hz), 5.38 (d, 1, Hs, J6,6 = 7.5 Hz), 3.73 (s, 
3, CH30). The crude product was dissolved in 80% acetic acid (60 
ml) and the solution was kept for 23 hr at  room temperature and 
then lyophilized. The residue was dissolved in CHzClz and pre- 
cipitated with petroleum ether to give an amorphous powder 
which was chromatographed on two 4-mm thick layers of silica 
gel (35 x 15 cm) in SZ. The main band (2b) was eluted with the 
same solvent, the eluate was evaporated, and the residue was dis- 
solved in CHZC12 and precipitated with petroleum ether to give a 
white, amorphous product that was homogeneous on tlc (Ss): 
yield 1.635 g (35%); nmr (CDsCOCDs) 6 7.92 (d, 1, H6, &,5 = 8 
Hz), 7.27 (two poorly resolved s, 10, phenyl), 6.12 (d, HI, of 2' iso- 
mer, JI,,z, = 5 Hz), 5.97 (d, HI, of 3' isomer, J~,,z, = 6 Hz), 5.63 
(d, 1, H5, J5.6 = 8 Hz), 5.06 (s, CHz of benzyl of 3' isomer), 5.03 
(s, CHz of benzyl of 2' isomer). On addition of DzO, the Hb sig- 
nals of the 2' and 3' isomers were resolved. 

Further elution of the column with S4 (3000 ml) afforded after 
evaporation of fractions 12-21 and precipitation of the residue 
from CHzClz with petroleum ether starting 5'-0-(4-methoxytri- 
tyl)uridine, 1.255 g (28%). 

Attempted Reaction of 2b with DCC in Pyridine. Compound 
2b (60 mg, 0.12 mmol) was dissolved in pyridined5 (1 ml) dried 
with Linde molecular sieves (4A). DCC (0.125 g, 0.64 mmol) was 
added and the nmr spectrum of the clear, colorless solution was 
recorded in intervals of 15 min, 5 hr, 24 hr, and 1 week. No 
change in chemical shifts or coupling constants of the HI, and 
heteroaromatic protons was observed over a period of 7 days. No 
change was evident after heating the sample for 3 hr at  100". In a 
blank experiment the nmr spectrum of the solution of DCC and 
compound 2b, respectively, in pyridine-& were scanned in the 
same intervals. 

2',5'-Di-O-( 1-ethoxyethy1)uridine 3'-Phosphate (la).  A. A 
stirred suspension of uridine 3'-phosphate ("4 salt, 1.5 g, 4.5 
mmol) in DMF (50 ml) containing ethyl vinyl ether (10 ml) was 
cooled to -30" and 4.47 N HC1 in DMF (2 ml, 9 mmol) was 
added. The starting material gradually dissolved and a fine pre- 
cipitate (NH4Cl) appeared. The reaction mixture was stirred for 
30 rnin a t  -30", 30 rnin at  -lo", and 45 rnin at  0". Tlc (SI) 
showed that the reaction was about 90% complete. Additional 
ethyl vinyl ether was added and stirring at  room temperature was 
continued for 1.5 hr. As the reaction mixture darkened on stand- 
ing at  room temperature, the reaction mixture was stirred for an 
additional 1 hr at  0". Concentrated NHlOH (2 ml) was added, 
the white precipitate (NH4C1) was filtered off and washed with 
DMF, and the filtrate was evaporated at  0.1 mm and 35" (bath 
temperature). The residue was dissolved in 50% methanol and 
put on the top of the DEAE cellulose column (capacity 0.9 
mequiv/ml, Sigma Chemical Co., St. Louis, Mo., HC03- form, 85 
X 2.5 cm). The chromatography was performed with a linear gradi- 
ent of 0.2 M triethylammonium bicarbonate in 50% methanol (2 
1.) in the reservoir and 50% methanol (2 1.) in the mixing vessel. 
The single nucleotide peak gave, after evaporation in uacuo, com- 
pound l b  containing according to tlc (SI) ca. 5% of a uv-absorb- 
ing contaminant of a lower mobility, presumably 5'-O-(l-ethoxy- 
ethy1)uridine 3'-phosphate. Crude la (4.05 mmol) was chromato- 
graphed on two 5-mm thick loose layers (15 x 35 cm) of micro- 
crystalline cellulose (Avirin, FMC Corp., American Viscose Divi- 
sion, Newark, Del.) in 1-butanol saturated with concentrated 
NH40H. The band of product la was eluted with 1% triethyl- 
amine in methanol and the eluate was evaporated. The resultant 
residue was dried at  room temperature (0.04 mm) to give a solid 
which, on washing with ether and further drying at  room temper- 
ature mm), gave 0.86 g (37%) of the triethylammonium salt 
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of la which was homogeneous according to paper chromatography 
(S1, $33) and paper electrophoresis: uv (0.01 N HC1) max 261 nm 
(e  10,200), min 231 (2300). 

Anal. Calcd for C23H44N3011P: C, 48.50; H, 7.79; N, 7.38; p, 
5.44. Found: C, 48.24; H, 8.06; N, 7.59; P, 5.43. 

In another experiment performed as above with 1 g (3 mmol) of 
uridine 3'-phosphate ("4 salt), the filtrate obtained after treat- 
ing the reaction mixture with NH40H and containing an excess 
of triethylamine was evaporated to ca. 20 ml. The residue was 
poured with stirring into the solution of CaC12 (2.5 g, 22.5 mmol) 
in ethanol (500 ml). On standing for 4 days at  -20", the Ca salt 
of la was deposited as a solid (1 g, 48%) containing 5% of partial- 
ly deblocked nucleotide la according to paper chromatography 
(S3); it  was identical by paper chromatography and electrophore- 
sis with the analytical sample: mol wt calcd for a decahydrate 
688.6; found (spectrophotometrically) 696. 

B. Uridine 3'-phosphate (pyridinium salt, 1 g, 2.5 mmol) was 
dried by evaporation with DMF (30 ml). The foamy residue was 
dissolved in DMF (25 ml) under Nz and ethyl vinyl ether (5 ml) 
was added. The almost colorless solution was stirred for 24 hr at  
room temperature. To the resultant light brown solution triethyl- 
amine (5 ml) was added with stirring and the mixture was evapo- 
rated first using a rotary evaporator (35" bath temperature) and 
then at  room temperature at  0.1 mm. The syrupy residue was 
dissolved in methanol (20 ml, 0.1% triethylamine) and the solu- 
tion was added dropwise into vigorously stirred dry ether (500 ml, 
0.1% triethylamine). The solution was kept at  -20" overnight, a 
small amount of brDwn semisolid was filtered, and the filtrate 
was treated with an equal volume of petroleum ether (bp 30-60") 
to give a syrup which solidified after standing overnight at  0"; 0.8 
g (56%) of l a  (triethylammonium salt) was obtained after wash- 
ing with ether containing 0.1% triethylamine. The mother liquors 
were evaporated to dryness in uucuo to give 0.36 g (25%) of the 
same product. The product was identical (uv, paper chromatog- 
raphy in S1 and Sa) with authentic specimens described above. It 
contained a trace of a uv-absorbing impurity (Rf 0.9). 

Condensation of 2',5'-Di-O-( 1-ethoxyethyl) Nucleotides 1 with 
2'(3')-O-(N-Benzyloxycarbonyl)aminoacyl Nucleosides 2. Com- 
pound l a  or l b  (0.1 mmol) was dissolved in cold 5% pyridine (2-3 
ml), the solution was passed through a 5-ml column of Dowex 50 
(pyridinium) at  4", and the column was eluted with 50% pyridine 
(15-20 ml). The eluate was evaporated in vacuo at room tempera- 
ture and the residue was dried by coevaporation with allhydrous 
pyridine in uacuo. Nucleoside component 2 (0.2 mmol) was then 
added and the mixture was again coevaporated with anhydrous 
pyridine. Atmospheric pressure was always restored by dry nitro- 
gen. The residue was dissolved in pyridine (1 ml), dicyclohexyl- 
carbodiimide (DCC, 0.25 g, 1.2 mmol) was added, and the solu- 
tion was kept in a well-stoppered flask for 4-6 days at  ambient 
temperature. Ice and petroleum ether (10 ml) were added, the so- 
lution was diluted with 50% pyridine (ca. 10 ml) and extracted 
with petroleum ether (3 X 10 ml), and the precipitated dicyclo- 
hexylurea was filtered. The solution was evaporated in uacuo and 
the residue was lyophilized three times from dioxane, then dis- 
solved in system Sz (15 ml)34 and kept overnight at room temper- 
a t ~ r e . ~ l ~  The solution was evaporated to dryness in uacuo, and 
the residue was dissolved in 80% acetic acid (15 ml) and kept for 
4 hr in the case of compounds 4a, 4b, 4e, and 4f and 1 hr in the 
case of compounds 4c and 4d. The solution was lyophilized and 
the residue was dissolved in a minimum volume of ethanol-water 
or methanol containing a trace of acetic acid (ca. 1-2 ml) and ap- 
plied to two cellulose layers (20 X 20 cm). The layers were devel- 
oped in system s 6 .  Usually three bands were detected (in order of 
increasing R f  values): nucleoside 3'-phosphate, protected amino- 
acyl dinucleoside phosphate (4), and nucleoside (2). The band of 
product 4 was eldted with the system S Z  in a chromatographic 
column or by centrifugation and the eluate was evaporated in 
U ~ C U O  at  room temperature. The residue was lyophilized from 
water (twice), dissolved in ethanol-water-CH3COOH or methanol 
containing a trace of CH3COOH,35 and filtered through a small 
cotton filter. After the volume was adjusted with ethanol or 
methanol, the yield was measured spectrophotometrically. The 
products 4a-f were chromatographically uniform in system Sz; 
ammonolysis (in SI) led to the parent dinucleoside phosphates. 
For yields, uv spectra, and degradation with pancreatic ribonu- 
clease, see Table IV. 

2'(3')-0-Aminoacyl Dinucleoside Phosphates (5). N-Benzyl- 
oxycarbonyl derivative 4 (10-20 lmol) was dissolved in 80% ace- 
tic acid (5 ml), 5% PdO-Bas04 (100-200 mg) was added, and a 
gentle stream of hydrogen was bubbled through the stirred solu- 
tion a t  0". After 1.5 hr the catalyst was filtered through a Celite 
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bed a n d  the  f i l t r a te  was lyophil ized. T h e  residue was dissolved in 
8090 acetic ac id  (10 m l )  a n d  the y ie ld  was determined spectropho- 
tometr ica l ly  after appropr ia te d i l u t i o n  w i t h  0.01 N HC1 (Tab le  
V) .  Al iquots  o f  the stock so lut ion were p ipe t ted  for enzymat ic  
degradations, a lka l ine hydro lys is  (wh ich  gives t h e  parent  am ino  
ac id  a n d  dinucleoside phosphate), t lc, paper chromatography, 
a n d  electrophoresis. In t h e  case o f  cy t i d ine  derivatives 5a-f, n o  
fur ther  pu r i f i ca t i on  was necessary. Compounds 5c a n d  5d  were 
pu r i f i ed  by preparat ive t l c  (SS). T h e  ma jo r  b a n d  was e lu ted w i t h  
solvent Sa a n d  the e luate was evaporated a t  r o o m  temperature 
a n d  0.1 mm. Lower  yields ref lect t h i s  pu r i f i ca t i on  a n d  vo la t i l i t y  o f  
t he  products  ( I l u f f y  powders) du r ing  h igh -vacuum evaporation. 

R e a c t i o n  of C o m p o u n d  4 a  with D i m e t h y l f o r m a m i d e  D i n e o -  
p e n t y l  Ace ta l .  Compound  4a (0.43 pmol) was repeatedly  coeva- 
porated w i t h  DMF, dissolved in the  same solvent (0.5 m l ) ;  di- 
me thy l fo rmamide  d ineopenty l  acetal (0.1 m l )  was added a n d  the  
so lut ion was kep t  a t  r o o m  temperature for 16 hr. A f te r  evapora- 
t i o n  in U Q C U O  t he  u v  spect rum of t he  residue (950/0 ethanol) 
showed m a x  312 nm a n d  min 266 nm, w h i c h  corresponds t o  b is-  
N-dimethylaminomethylene der ivat ive o f  C-A. 

R e a c t i o n  o f  Nuc leo t i des  l a  and l b  with TPS. T h e  p y r i d i n i u m  
sal t  o f  nucleotide l a  o r  I b  (0.1 m m o l )  was repeatedly evaporated 
w i t h  py r id ine  a n d  dissolved in py r id ine  (2 m l )  a n d  T P S )  (150 mg, 
0.5 m m o l )  was added. A f te r  3 days a t  room temperature ice was 
added, the  so lut ion was evaporated, the residue was dissolved in 
water, a n d  the  so lut ion was lyophi l ized.  Paper chromatography o f  
t he  crude product  (SI) revealed several spots, i nc lud ing  the  nu- 
cleoside 2’,3’-cyclic phosphate, t h e  nucleoside 2’(3’)-phosphate, 
s ta r t i ng  ma te r ia l  l a  or Ib, a n d  symmetr ica l  pyrophosphate de- 
r i ved  f rom l a  or lb. 
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R e g i s t r y  N o . - l a  t r i e t h y l a m m o n i u m  salt, 51599-88-3; 2b 2’ 
isomer, 51599-89-4; 2b  3’ isomer, 27552-68-7; 2c, 27552-73-4; Zd, 
51599-90-7; 4a 2’ isomer, 51599-91-8; 4a 3’ isomer, 51599-92-9; 4b 
2‘ isomer, 51599-93-0; 4 b  3’ isomer, 51599-94-1; 4c 2’ isomer, 
51599-95-2; 4c 3’ isomer, 51599-96-3: 4d 2’ isomer, 51599-97-4; 4 d  
3’ isomer, 51599-98-5; 4e, 51599-99-6; 4f, 51635-70-2; Sa 2‘ isomer, 
51600-00-1; 5 a  3’ isomer, 51600-01-2; 5 b  2’ isomer, 51600-02-3; 5 b  
3’ isomer, .51600-03-4; 5c 2’ isomer, 51600-04-5; 5c 3’ isomer, 
51600-06-6; 5 d  2’ isomer, 51600-06-7; 5 d  3’ isomer, 51600-07-8; 5e, 
51600-08-9; 5f, 51600-09-0; 2’-deoxy-5’-0-(4-methoxytrityl)adeno- 
sine, 51600-10-3; N-benzyloxycarbonyl-L-phenylalanine, 1161-13-3; 
N-dimethylaminomethyleneadenosine, 17331-15-6; 5’-0-(4- 
methoxytrityl)adenosine, 51600-11-4; 5’-0-(4-methoxytrityl)uri- 
dine, 51600-12-5; 2’-0-(N-benzyloxycarbonyl)-~-phenylalanyl-5’- 
0-(4-methoxytrityl)uridine, 51635-71-3; 3’-O-(N-benzyloxycar- 
bonyl)-r.-phenylalanyl-5’-l)-(4-methoxytrit~~l)uridine, 51635-72-4; 
u r i d ine  3’-phosphate NHI salt, 61600-13-6. 
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T h e  cyc l izat ion of 8,14-seco-3-methoxy-ll~-hydroxyestra-1,3,5,8-tetraene~l4,l7~dione (%a) in the  presence o f  
Meerwe in  reagents l e d  t o  the  fo rma t ion  o f  te t racyc l ic  products  6a a n d  6b. T h e  stereochemistry o f  t he  la t te r  
compounds was establ ished by spectral evidence a n d  by the i r  conversion t o  rac-13-isoestrone. F u r t h e r  transfor- 
ma t ions  of  6a a n d  6b l e d  t o  the  new 11-keto compound 19 epimer ic  a t  (2-14. 

In our first paper on the total  synthesis of steroids2 we 
reported on the peracid oxidation of Torgov’s secodione 1 
and now we wish to  describe the complete synthesis of the 
title compound from the same start ing material. The sec- 
odione 1 was converted as previously described2 into the 
mixture of 2a and  2b, which was submitted to  the action 
of different acidic reagents in order to produce tetracyclic 
compounds. The  resulting products are presented in 
Scheme I and  listed in Table I. T h e  trione 3, which did 
not react further, was obtained in all instances except 
from the reaction with acetic acid-boron trifluoride. Sur- 
prisingly, in three cases 14-dehydroequilenin methyl ether 
was obtained in substantial  amounts.  We suggest t ha t  this 
is produced by dehydration of 2a,  leading to an  interme- 
diate A, which undergoes an  isomerization to the naph- 
thalene derivative B (Scheme 11). The latter can cyclize 
easily to yield 4, as is known from the literature3 and  as 
was proved in our previous paper.4 

We re‘ported previously2 on the synthesis of the tetracy- 
clic ketones 6a,b5 from 2a in very low yield by the action 
of boron trifluoride etherate. We have now found tha t  the 
yield of these required compounds can be increased ten- 
fold by use of Meerwein reagents, e.g. ,  Me30+BF4- or 
Et30+BF4- (Scheme 111). We did not investigate the 
course of the reaction of Meerwein reagents with 2a,b in 

T a b l e  I 
No. Acid Product (yield, %) 

1 SnClr 3a,b (95) + t r a c e s  of 

2 CHaCOzH + BF3.EtzO 3a,b (50) + 4 (24) 

4 CF3COzH 3 0  (50) + (50) 
5 BF3.Et20 3a ,b  (33) + 6a,b (6.5) 
6 M e e r w e i n  r e a g e n t s  3a,b (25)  + 6a,b (75) 
7 CHsC02H and c h l o r i n a t e d  No e f fec t  

o t h e r  p r o d u c t s  

3 CHzC02H + BFs’CH3C02H 4 (40) + 5 (41) 

a c e t i c  a c i d s  

Scheme I 

0 

1 
0 

2a 
0 

2b 
0 

Me0 
3a,b 4 

n 0 

detail, bu t  we observed on tlc plates the formation of 
ketal 2c, which could be isolated and converted in a sepa- 
rate experiment into the triketone 3a,b. The latter com- 
pound is almost always the minor product in the cycliza- 
tion reaction. Another product formed initially under the 
influence of Et30+BF*- has a polarity similar to tha t  of 


