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The crude diketal 1Oc was dissolved in anhydrous ether (50 
ml), LiAlH4 (400 mg) was added, and the mixture was refluxed 
for 16 hr. After work-up the hydroxy diketal 10d (220 mg) was 
obtained as a colorless syrup, m / e  407 (&I+). 

To a’solution of the above diketal 10d in dioxane (10 ml), 2 N 
hydrochloric acid (1 ml) was added and the mixture was stored 
for 20 hr a t  the ambient temperature. The hydroxy diketone 
3b (110 mg) was recovered with ether. The product 3b showed 
mp 167-170’. A mixture melting point with authentic1 unlabeled 
material (3a) was not depressed; vmaX (KBr) 3400, 1740, 1712 
cm-1; m / e  319 (M+), 304 (M - E), 274 (34 - 45, CH3-CDO), 

Rearrangement of 19-d-(19R)-19-Hydroxy-19a-rnethyl-Sa-an- 
drostane-3,17-dione (3b) to SP-d-3~~-Hydroxy-l9a-methyl-5a-an- 
drostane-17,19-dione (4b).-A solution of the deuterated 3b (100 
mg) in methanol (50 ml) containing potassium hydroxide (100 
mg) and water (0.5 ml) was refluxed for 3 hr in an atmosphere of 
nitrogen. The mixture was cooled, diluted with water, and neu- 
tralized with acetic acid. The product wm recovered with ethyl 

256 (274 - 18). 

acetate in the usual manner. The obtained residue (103 mg) 
was fractionated by thin layer chromatography on neutral alu- 
mina (purchased from Woelm A.G.).  The plates were developed 
with ethyl acetate. The two major products were recovered 
with ethyl acetate and were identified as starting material 3b 
(12 mg) and the deuterated alcohol 4b (46 mg). 

The 3a-hydroxy-Sp-d product (4b), mp 170-171°, showed 
vmax (KBr) 3550, 1730, and 1680 cm-l; nmr (CDCla) T 7.8 (s, 3 
H, 19a-CHa), 9.21 (s, 3 H, 13-CHa); m / e  319 (M+), 301 (M - 
18), 276 (M - 43), 258 (276 - 18), 240 (258 - 18). 

Registry No. -3b, 38308-99-5; 4b, 38309-00-1; Qa, 

0; Qe, 38309-04-5; Qf, 38309-05-6; Qg, 38309-06-7; Qh, 
38309-07-8; Qi, 38309-08-9; Qj, 38309-09-0; 91, 38309- 
10-3; loa, 38309-11-4; lob, 38312-19-5; lOc, 38312-20-8; 

2951-52-2; Qb, 14413-29-7; Qc, 14413-27-5; Qd, 38431-64- 

10d, 38312-21-9. 
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by Selective Elimination Reactions. A Facile Synthesis of 

For the purpose of synthesizing 2‘,3’-didehydrouracil nucleosides from 1-( 5‘-O-benzoy~-p-~-~yxofuranosy~)uraci~ 
(1 ) by base-induced elimination reactions, 1 was monotosylated to ~-(5’-O-benzoy~-~’-O-tosy~-p-~-~yxofuranosy~)- 
uracil (2)  and ~-(5’-~-benzoy~-3’-~-tosy~-~-~-~yxofuranosy~)urac~~ (3). Mesylation of 2 and 3 gave isomers 4 and 
7, respectively. Elimination reactions on 4, 7, and 9 gave 
5’-0-benzoyl-3’-deoxy-2’-ketouridine ( 6 ) .  The intermediary 2’-O-tosyl-2’,3’-didehydro nucleoside ( 5 )  was 
isolated and characterized. Action of alcoholic ammonia on 4 gave 1-(2’-0-tosyl-p-~-lyxofuranosyl)uracil (10) 

Dimesylation of 1 gave 2’,3’-di-O-mesyl analog 9. 

via debenzoylation and demesylation. 

I n  a previous paper,l the results of some base-cata- 
lyzed elimination reactions on 2’,3’-di- and 2’,3‘,5‘- 
tri-0-mesyl derivatives of 3-benzyluridine TTere de- 
scribed. One of the important features of these re- 
sults was the selective 2’-hydrogen abstraction in the 
trans-elimination reactions regardless of the size of 
the 5’-0 substituent. However, there was a known 
drawback in that the 3-benzyl group in the uracil 
skeleton cannot be removed by hydrogenolysi~.~J 

This report describes the results of similar elirnina- 
tion reactions on 2’,3’-di-O-mesylj 3’-0-mesyl-2’-0- 
tosyl, and 2’-O-mesyl-3’-O-tosyl derivatives of 1-(5’- 
O-benzoyl-P-D-lyxofuranosyl)uracil (1) , 4  in which both 
the leaving groups are syn with respect to  the base 
moiety, thus precluding cyclonucleoside formation. 
Further interesting situations foreseen for this series 
of compounds are that the sugar protons Hl!-H4!, are 
all in p and trans relation to one of the leaving groups, 
suggesting various possible directions in p elimination, 
and that basic catalysts must attack, advantageously, 
from the less hindered bottom side of the nucleoside 
derivatives. 

1-(5’-0-Benzoy~-p-~-lyxofuranosy~)uracil (1) was 
treated with 2 molar equiv of tosyl chloride to  give 
the monotosylated compounds, 1-(5’-O-benzoyl-2’- 
0-tosyl-p-D-1yxofuranosyl)uracil (2) and 1-(5’-O-ben- 

(1) T. Sasaki, K. Minamoto, and H. Suruki , J .  Org. Chem., 88 ,  598 (1973). 
(2) N. Imura,  T. Tsuruo, and T. Ukita, Chem. Pharm. Bull., 16, 1105 

(3) T. Kunieda and B. Witkop, J .  Amer. Chem. Soc., 98, 3478 (1971). 
(4) R. Fecher, J. F. Codington, arid J. J. Fox, ibid. ,  83, 1889 (1961). 

(1968). 

zoyl-3’-0-tosyl-~-~-lyxofuranosyl)uracil (3) in 41 and 
6% yield, respectively, presumably for steric reasons. 
Compounds 2 and 3 were crystals which included one 
molecule of methanol and acetone, respectively. In  
the nmr spectrum of 2 free of solvent, the signal of the 
anomeric proton appeared at  6 6.25 as a doublet with 
J1‘,21 = 6.8 Hz, while the resonance of HV occurred 
at  6 5.3 as a doublet of doublets with J1, ,2~ = 6.8 Hz 
and 52’~’ = 4.7 Hz. The assignment of HY was 
self-evident on the basis of a strong deshielding effect 
by the tosyl group, but was also confirmed by spin 
decoupling, since irradiation at  6 6.26 collapsed the 
signal a t  6 5.3 to a doublet with a splitting of 4.7 Hz. 
Thus, the structure of 2 and therefore that of 3 was 
established. 

The monotosylation of 1 is useful for elucidating 
the structure of the elimination products when another 
different leaving group is introduced into 2 or 3. 
Hence, 2 was converted to 1-(5’-0-benzoyl-3’-O-mesyl- 
2’-O-tosyl-~-~-lyxofuranosyl)uracil (4) using the less 
bulky mesyl chloride. On treatment with excess 
sodium benzoate under relatively mild reaction con- 
ditions 4 gave the expected 1-(5‘-0-benzoyl-3’-deoxy- 
2’-O-tosyl-~-~-yZyce~o-pent-~’-enofuranosyl)uracil ( 5 )  as 
the sole product in 20% yield, 43% of the starting 
material being recovered. Some degree of resinifica- 
tion was also observed. The nmr spectrum of 5 is 
shown in Figure 1. The resonance pattern is quite 
similar to that of 1-(3’-deoxy-2’,5’-di-O-mesyl- 
~-~-g~ycero-pent-2‘-enofuranosyl)-3-benzy~urac~~.~ The 
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presence of a tosyl and not of a mesyl group in this 
compound and also the presence of the HI, signal in 
the nmr spectrum precluded a structure with a 1’$ 
double bond, while the presence of the Hit signal a t  
an expected position of 5.15 ppm precluded a 3‘,4‘- 
didehydro structure. Reasons for the assignments 
of these signals are as described in detail in the pre- 
vious paper.’ Thus, the structure of 5 was unequivo- 
cally established. 

Another elimination reaction of 4 was carried out 
using the same catalyst under relatively drastic con- 
ditions (3 hr at 120”) until the starting material dis- 
appeared, when 5 ‘-0-benzoyl-3 ‘-deoxy-2‘-ke touridine 
(6) was obtained in 11% yield. The intervention of 
compound 5 was evidenced by thin layer chromatog- 
raphy as described in the Experimental Section. 
The ir spectrum of 6 showed the characteristic absorp- 
tion a t  1750 cm-I for the sugar k e t ~ n e . ~ , ~  On the other 
hand, 1-(5’-0-benzoy1-2’-0-mesy~-3’-O-tosy~-~-~-~yxo- 
furanosy1)uracil (7) obtained from 3 reacted with so- 
dium benzoate extremely rapidly to give 6 in 18% yield. 
In  this case, the starting material 7 was almost com- 
pletely consumed in 20 min at  100”. Although 2’,3’- 
didehydro nucleoside 8 must have intervened in this 
reaction, its detection by tlc was impossible. 

This observation spurred us to examine a similar 
reaction on 1-(5’-0-benzoyl-2’,3’-di-O-mesyl-/3-~-lyxo- 
furanosy1)uracil (9). Compound 9 obtained from 1 
reacted with sodium benzoate merely to give 6 in 21% 
yield. This reaction was also as rapid as in the case 
of 7 and did not premit detection of any intervening 
8. The unusual ease with which 5 or 8 can be con- 
verted to the keto nucleoside 6 is in contrast with the 
previous observations1 on the elimination products 
from 2’,3’-di-O-mesyl-3-benzyluridine and its 5’-sub- 
stituted analogs and suggests the presence of anchimeric 
assistance by the ionized base moiety.’ 

In  the previous report,l the ammonia-catalyzed 
elimination reaction of 5‘-0-benzoyl-2’,3’-di-O-mesyl- 
3-benzyluridine to  1-(3‘-deoxy-2’-O-mesyl-~-~-g1ycero- 
pent-2‘-enofuranosyl)-3-benzyluracil was described. 
With a view to converting 4 directly to the 5’-0-un- 
substituted analog of 5 or 6, compound 4 was heated 
with excess alcoholic ammonia to give, unexpectedly, 
l-(2’-0-tosyl-/3-~-lyxofuranosyl)uracil (10) as the sole 
product, which seems to have formed by simple de- 
benzoylation and demesylation. The structural as- 
signment is essentialy based on its nmr spectrum, in 

(5) A. F. Cook and J. G. Moffatt, J .  Amer. Chem. Soc., 89, 2697 (1967). 
(6) U. Brodbeck and J. G. Moffatt, J .  Org. Chem,. 86 ,  3552 (1970). 
(7) The reaction conditions used by us are more or less comparable with 

those under which 2,2,-anhydrouracil nucleosides were synthesized.8 The 
transient formation of a 2,2’-anhydro-2’,3 ’-didehydro nucleoside (a) followed 

a 

by hydrolytic cleavage t o  give 6 might also be considered as far as a molecular 
model study is concerned. However, as one of the referees suggested, the 
nucleophilic substitution at an  unsaturated 2‘ carbon by uraoil-2-carbonyl 
is unlikely. An interspacial repercussion between the ionized uraoil-2- 
carbonyl and the eleotron-rich sulfonyl group seems to  be the more probable 
reason for the formation of 6. 

( 8 )  For examples, see (a) J. F. Codington, R. Fecher, and J. J. Fox, J .  
Amer. Chem. SOC., Ea, 2794 (1960); (b) J. F. Codington, I. L. Doerr, and 
J. J. Fox, J .  Ow. Chem., 29, 558 (1964); (0) N. C. Yung and J. J. Fox, J .  
Amer. Chem. Soc., 88,3060 (1961). 
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which the anomeric proton gave a doublet at 6 6.15 
with J1~,2’ = 6.8 Hz, while the signal of Hv, appeared 
at  6 5.25 as a doublet of doublets with J1t,v = 6.8 
and J 2 t p  = 4.7 Hz. These coupling constants are 
identical with those for HI, and H21 in compound 2.  

Thus, a tendency for 2‘-hydrogen abstraction was 
again proved in the 0-elimination reactions of 1-/3- 
D-lyxofuranosyluracil  derivative^.^ The facile for- 
mation of 6 is quite interesting, since this series of 
chemical modifications is reminiscent of the observa- 
tion that 3’-deoxyadenosine (cordycepin) is formed 
from adenosine in cultures of Cordyceps militaris. 
For this biological process, a 2‘,3’-en-2’-01 formed via 
a trans elimination of a molecule of water from adeno- 
sine was proposed as an interrnediate.’O 

Experimental Section 
All melting points are uncorrected. Electronic spectra were 

measured on a JASCO Model ORD/UV-5 spectrophotometer, 
TMS being used as an internal standard. In the ewe of hy- 

(9) The generally low yields of 6 and 6 can be explained by the concomi- 
tant formation of resinous products, which stayed immobile a t  the start  
lines of tlc plates. It might be noted that we could not detect any other 
noticeable side products which were movable on the tlc plates. 

(10) J. N. Davidson and W. E. Cohn, Progr. Nucl. Acid Res. Mol. B i d . ,  
I ,  298 (1967). 
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droxyl-containing substances, measurements after DzO addition 
were also carried out. Mass spectra were measured by a Hita- 
chi RMU-D double-focusing spectrometer operating a t  an ioniza- 
tion potential of 80 eV. Solid samples were ionized by electron 
bombardment after sublimation directly into the electron beam 
a t  200". Wakogel B-5 silica gel, supplied by the Wako Pure 
Chemical Industries, was used for thin layer chromatography. 

1-(5'-O-BenZOyl-2'-O-tOSyl-p-D-lyXOfUranOSy1~UraCil (2) and 1- 
(~'-O-Benzoy~-3'-~-tosy~-p-~-~yxofuranosy~)uraci~ (3).-TO a 
stirred, ice-cold solution of 1-(5'-0-benzoyl-p-1)-lyxofuranosyl)- 
uracil (1) (1.28 g, 3.7 mmol) in anhydrous pyridine (12 ml) was 
added tosyl chloride (1.54 g, 9.1 mmol) in severalportions. After 
standing overnight a t  room temperature, the mixture was poured 
into ice-water (150 ml) and the semisolid precipitate was filtered, 
dried on a porous plate, and crystallized from methanol to  give 
0.7 g of colorless needles of 2.  Thin layer chromatography on the 
filtrate indicated the presence of two substances in comparable 
amounts, one of which proved to be 2. The filtrate was evapo- 
rated to a foam and triturated with acetone to give another crys- 
talline substance, 3 (70 mg). The filtrate separated from 3 was 
submitted to preparative thin layer chromatography with the 
use of silica gel and a solvent mixture, chloroform-ethyl acetate 
(1: I ) ,  to give second crops of 2 and 3. The combined crops of 2 
were recrystallized from methanol to give 0.8 g (41%) of needles, 
which melted at 195-197' after effervescence a t  125-130°, A::","," 
227 nm ( 6  29,000) and 259 (11,100). 

Anal. Calcd for CZ~HZZNZO~S.CHBOH: C, 53.93; H ,  4.90; 
N, 5.24. Found: C, 53.91; H,  4.70; N, 5.18. 
A portion of the methanolate 2 was dissolved in hot acetone 

and the solvent was evaporated. This procedure was repeated 
three times to give a colorless powder, mp 195', which was used 
for nmr measurement after drying in a desiccator under high 
vacuum: nmr (DMSO-&) 6 2.42 (3 H ,  s, methyl in the tosyl 
group), 4.2-4.7 (4 H ,  m, 2 H6, + Hac + Hag), 5.3 (1 H,  dd, J I ~ , z ~  

2.25 Hz, Hs), 6.25 (1 H,  d, J I , , ~ ,  = 6.8 Hz, H1!), 6.30 (1 H,  br s, 
OH, lost on DzO addition), and 7.35-8.1 (10 H,  m, He and aro- 
matic protons). 

On the other hand, the combined crops of 3 were recrystallized 
from acetone to give 0.12 g (6%) of needles (acetonate of 3), mp 
168-170", 225 nm (e 31,100) and 260 (12,400). 

Anal. Calcd for Cz3HzzNzOsS.CHaCOCH3: C, 55.71; H,  
5.04; N,  5.00. Found: C, 55.60; H,4.92; N,4.91. 
A portion of the acetonate was repeatedly evaporated with hot 

chloroform to give acetone-free compound 3 as a foam, which 
was used for nmr measurement after drying: nmr (DMSO-do) 6 
2.38 (3 H,  s, methyl in the tosyl group), 4.45 (4 H, m, 2 Hjt f Hz, 
f Ha?), 5.35 (1 H,  m, Hat, partially merged with HE signal), 5.51 

on DzO addition), 6.15 (1 H,  d ,  Jl,,zp = 6 Hz, HI,), and 7.3-8.2 
(10 H,  m, aromatic protons containing He). 

145 '-0-Benzoyl-3 '-0-mesyl-2 '-0-tosyl-p-D-1yxofuranosyl)uracil 
(4).-To a suspension of acetone-free 2 (502 mg, 1.02 mmol) in 
dry pyridine (2 ml) was added mesyl chloride (0.1 ml, 1.28 mmol) 
and the mixture was stirred at  room temperature overnight. It 
was then poured into ice-water (100 ml) to give a precipitate 
which was filtered, dried on a porous plate, and recrystallized 
from methanol to give colorless needles (4) which gradually 
melted between 131 and 138" dec: yield 430 mg (72%); 227 
nm (e 27,900) and 259 (9960); nmr (CDCl8) 6 2.37 (3 H,  s, methyl 
in the tosyl group), 3.12 (3 H ,  s, mesyl), 4.59 (3 11, br s, 2 Hs, + 
H4'), 5.55 (2 H,  m, Hzf and H a , ) ,  5.65 (1 H,  d, J E , 6  = 8 Hz, Hs), 
6.28 (1 H,  d, J I , , ~ ,  = 4.5 Hz, HI,), and 7.1-8.1 (10 H,  m, aro- 
matic protons containing He). 

Anal. Calcd for C24H~4Nz011Sz: C, 49.66; H,  4.17; N, 4.83. 
Found: C, 49.78; H,  4.26; N,  4.91. 

145 '-0-Benzoyl-3 '-deoxy-2 '-O-tosyl-p-~-gEycero-pent-2'-enofu- 
ranosy1)uracil @).-A mixture of l-(5'-0-benzoyl-3'-O-mesyl- 
2'-~-tosyl-~-~-lyxofuranosyl)uracil (4) (0.3 g, 0.518 mmol) and 
sodium benzoate (0.3 g, 2.1 mmol) in dry DRIF (5  ml) was heated 
at  90" for 30 min under stirring and poured into ice-water (100 
ml). The precipitate was filtered, dried on a porous plate, and 
recrystallized from methanol to give pale-yellow needles, which 
were collected by filtration (0.13 g, 43%, mp 120-135') and 
identified with 4 by ir and uv spectroscopy. The filtrate was 
concentrated and submitted to preparative thin layer chroma- 
tography with the use of a silica gel plate and a solvent mixture, 
chloroform-ethyl acetate @ : I ) ,  to give 50 mg (20%) of 5 :  mp 
149-151' (methanol); X:2H 227 nm (e 26,300) and 258 (8900); 

6.8, Jz,,a! = 4.7 HZ, H z t ) ,  5.6 (1 H ,  dd, JS,6 = 8, J6,NH = 

(1 H ,  dd, Js,e = 8, JL,NH = 2.25 Hz, Hs), 6.1 (1 H,  d, OH, lost 

li 

II 
I1 I'Y II 

7 6 3 2 6 ( P Q N )  ' 
Figure 1.-Nuclear magnetic resonance spectrum of 1-(5'- 

O-benzoyl-3'-deoxy-2'-O-tosyl-p-~-glycero-pent- 2'- enofuranosy1)- 
uracil in DMSO-do f DsO at  60 MHz. 

nmr (DMSO-d6) 6 2.4 (3 H,  s, methyl in the tosyl group), 4.50 (2 

5.15 (1 H,  octet, J1,,4, = l .q Hz, J 3 , , 4 ?  = JV,V = 3.2 Hz, Hu), 

1.6, J 3 , , 4 ,  = 3.2 Hz, Hv), and 7.8-8.0 (10 H,  m, aromatic pro- 
tons); mass spectrum m/e 373 (M - base), 362 (M - BzOH), 
349,251, and 207. 

Anal. Calcd for CZ~HZONZO&~: C, 57.02; H,  4.16; N, 5.78. 
Found: C, 56.77; H, 4.25; N, 5.93. 
5'-O-Benzoyl-3'-deoxy-2'-ketouridine (6).-A mixture of 1- 

(5'-~-benzoy~-3'-~-mesy~-2'-~-tosy~-~-~-~yxofuranosy~)urac~~ (4) 
(1.14 g, 1.95 mmol) and sodium benzoate (1.3 g, 9.1 mmol) in 
DMF (25 ml) was stirred at  120". An aliquot of the reaction 
mixture was taken every 20 min and examined by tlc with the use 
of silica gel and a solvent mixture, chloroform-ethyl acetate 
(2: 1). The appearance of 5 as the single product was indicated 
during the first 20 min, following which 5 gradually disappeared 
with the appearance of a new product which moved on the tlc 
plates slightly slower than the former. Concomitant increase in 
resinous products was also indicated by the deep coloration of the 
mixture. qtfter 1 hr no spot for 5 was observed on tlc. After 3 
hr, during which most of the starting material was consumed, the 
black mixture was evaporated in vacuo to  give a tarry residue, 
which was triturated with water (30 ml) and extracted with ethyl 
acetate (200 ml). The extract obtained after evaporation of the 
solvent was left a t  room temperature with a small amount of 
ethanol to  give a crystaljine substance, which was collected by 
filtration. Preparative thin layer chromatography on the filtrate 
gave a small amount of second crop. The combined product was 
crystallized from methanol t o  give 70 mg (11%) of colorless 
granules: mp 195"; ir (KBr) vc-0 1680, 1705, and 1750 cm-l; 

mar 228 nm (E 16,500) and 258 (11,400); nmr (DMSO-da) 6 2.8 
(2 H,  t ,  J = 8 Hz, 5'-CHy), 4.5 (2 H, q, J = 7.8 and 4 Hz, 3'- 
CHZ), 5.0 (1 H,  complex multiplet, HQ), 5.6 (1 H,  s, HI?), 5.65 
(1 H ,  d, J5,6 = 8 Hz, H5), and 7.2-8.1 (10 H,  aromatic protons 
containing H6); mass spectrum m/e 330 @I+), 219 (At - base), 
195 (Nl - BzOCHZ), and 208 (M - BzOH). 

Anal. Calcd for C16H14NzOe: C, 58.18; H ,  4.27; N,  8.48. 
Found: C, 58.26; H, 4.41; N, 8.48. 

1-( S'-O-Benzoyl-2 '-0-mesyl-3 '-0-tosyl-p-D-1yxofuranosyl)uracil 
(7).-To a stirred ice-cold solution of the acetonate of 3 (0.35 g, 
0.69 mmol) in anhydrous pyridine (3 ml) was added mesyl chloride 
(0.08 ml, 1 mmol) and the mixture was left a t  0' overnight. The 
brown-colored solution was mixed with ethanol (1 ml), left a t  
room temperature for 1 hr, and evaporated in vacuo. The 
residual paste was extracted with ethyl acetate (2 X 50 ml) in the 
presence of water (10 ml). The combined ethyl acetate solution 
was then washed with 5% sodium bicarbonate (10 ml) and water, 
and dried with sodium sulfate. Evaporation of the solvent gave 
360 mg (goy0) of a homogeneous foam (7). A portion of this 
material was further purified for elemental analysis by thin layer 
chromatography using silica gel and chloroform-ethyl acetate 
(1: 1). 

H ,  d ,  J4!,6! = 3.2 Hz, 5'-CHz), 4.90 (1 H,  d, J5,6 = 8 Hz, Hb), 

6.25 (1 H,  t, J l r , 3 ,  = J l , , C !  1.6 Hz, HI,), 6.58 (1 H, dd, J i t , a *  = 

XEtOH 
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Anal. Calcd for CZ~HZ~NZO~ISZ:  C, 49.66; H, 4.17; N, 4.83. 
Found: 

Reaction of l-(5’-0-Benzoy~-2’-0-mesy~-3’-O-tosy~-p-~-~yxo- 
furanosy1)uracil (7) with Sodium Benzoate.-A mixture of 7 (360 
mg, 0.62 mmol) and sodium benzoate (270 mg, 1.86 mmol) in 
DMF (4 ml) was stirred at  100” for 20 min. Thin layer chro- 
matography with an aliquot of the reaction mixture indicated one 
main product and essentially no starting material. The mixture 
was poured into ice-water (50 ml) and extracted with ethyl 
acetate (2 X 50 ml). The ethyl acetate solution was dried with 
sodium sulfate and evaporated to a foam, which was submitted to 
preparative thin layer chromatography using silicic acid and 
chloroform-ethyl acetate (1: I) to give 37 mg (18%) of a crystal- 
line substance, mp 192-194’. Its identity with 6 was confirmed 
by ir and uv spectroscopy. 

1- (S’-O-Benzoyl-P ’ ,3 ’-di-O-mesyl-p-n-lyxofuranosyl)uracil (9). 
-A solution of 1-(5’-0-benzoy~-~-~-~yxofuranosy~)uraci~ (1) (0.32 
g, 0.92 mmol) in dry pyridine (3 ml) was treated with mesyl chlo- 
ride (0.17 ml, 2.2 mmol) a t  0” overnight and the mixture was 
worked up as in the case of compound 7. The finally obtained 
pasty product contained trace amounts of impurities as indicated 
by tlc. Preparative thin layer chromatography with the use of 
silica gel and ethyl acetate as developer gave 0.36 g (7870) of a 
homogeneous foam, which was used as such for the next elimina- 
tion reaction, nmr (CDCl,) 6 3.15 (6 H, d, two mesyl). 

Reaction of l-(5’-0-Benzoyl-2’,3’-di-O-rnesy~-p-~-~yxofurano- 
sy1)uracil (9) with Sodium Benzoate.-A mixture of 9 (0.36 g, 
0.72 mmol) and sodium benzoate (270 mg, 3.6 molar equiv) in 
DMF (5 ml) was stirred at 110’. Thin layer chromatography 
with the use of an aliquot of the reaction mixture indicated that 
over SOY0 of the starting material was converted to another faster 

C, 49.91; H,  4.33; N,  5.11. 
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moving substance after 15 min of reaction. After 35 min, the 
rest of the starting material was remarkably reduced with the 
appearance of a slight amount of a new product and with increase 
in resinous substances. It took totally 2 hr of stirring for the 
complete disappearance of the starting material. The mixture 
was now evaporated in vucuo as far as possible and the residue wm 
extracted with ethyl acetate (4 X 30 ml) in the presence of water 
(15 ml). The ethyl acetate solution was dried with sodium sul- 
fate and evaporated to a paste, which was submitted to prepara- 
tive thin layer chromatography with the use of silica gel and ethyl 
acetate. Elution of the main band with ethyl acetate gave a 
crystalline substance, mp 192-193” (50 mg, 21%), whose identity 
with an authentic sample of 6 wm confirmed by ir spectra and the 
mixture melting point determination. 

1-(2’-0-Tosyl-p-~-lyxofuranosyl)uracil (10) .-Compound 4 (0.3 
g, 0.517 mmol) was combined with saturated ethanolic ammonia 
(16 ml) in a pressure tube, which was heated in an oil bath a t  100- 
105’ for 16 hr. After cooling, the solvent and excess ammonia 
were evaporated and the solid residue was crystallized from 
methanol t o  give 94 mg (450j0) of colorless needles of 10: mp 
259-261”; 225 nm (e 14,000) and 260 (9100); nmr (DMSO- 
&) 6 2.43 (3 H, s, methyl in the tosyl group), 3.6 (3 H, br m, 2 
HE’ + H*r), 4.15 (I H, dd, Jzr,at 3.7 Ha, H3,), 5.25 
(1 H, dd, Jlc,z, = 6.8, Jzt,,, = 4.7 Hz, Hz,), 5.6 (1 H, d, Js,a = 8 

4.7, Jar ,4 t  

Ha, HS), 6.15 (1 H, d, Jl,,zt = 6.8 Hz, HI#),  and 7.2-7.8 (5 H, m, 
aromatic protons containing HB). 

Registry No.-1, 38359-50-1; 2, 38359-51-2; 3, 
38359-52-3; 4, 38359-53-4; 5 ,  38359-54-5; 6 ,  38359- 
55-6; 7, 38431-66-2; 9, 38431-65-1; 10,38359-56-7. 
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Papain promoted very rapid reactions a t  pH 4.5 between small molecular weight N-(alkoxycarbony1)amino 
acids and m- or p-anisidine. Hindrance toward reactions was evident when ortho-substituted anilines were used. 
For N-(tert-butoxycarbony1)- and hr-(tert-pentyloxycarbonyl)-DIralanines, resolution amounted to -95 to 100%. 
A few N-(alkoxycarbony1)glycines were used in which the asymmetric center was placed in the alkoxycarbonyl 
group. These groups included (R,S)-N-(sec-butoxycarbonyl), (R,S)-N-( 1-methylbutoxycarbonyl), (R,S)-N-(2- 
methylbutoxycarbonyl), and (S)-N-(2-methylbutoxycarbonyl). A preference for one enantiomer was shown for 
each racemic mixture investigated. Anisidides formed from (R,S)-N-(2-methylbutoxycarbonyl)glycine displayed 
a preponderance of the S enantiomer to the extent of -56% after an early period of incubation. This conclu- 
sively demonstrated the ability of papain to exert a modest stereochemical control, even though the asymmetric 
center is removed four or five atoms away from its usual position in N-acyl-DIramino acids. 

N-(tert-Butoxycarbony1)- and N-(tert-pentyloxycar- 
bony1)amino acids have been used in solid-phase pep- 
tide syntheses of bradykinin,2 ferredoxin, ribonuclea~e,~ 
and human growth hormone.6 Although papain has 
been used to catalyze the synthesis of anilides of many 
N-acylamino acids,6 anilides of low molecular weight 
N-(alkoxycarbony1)amino acids have not been pre- 
pared in this manner. It was the purpose of the present 
research to  explore the use of papain as a catalyst for 
reactions between a few substituted anilines and such 
N-acylamino acids, which contain only four or five 

(1) Presented before the Pacific Conference on Chemistry and Spec- 
troscopy, Tenth Pacific Meeting, Seventh Western Regional Meeting, 
Anaheim, Calif., Oct 19, 1971. 

(2) R .  B. Merrifield, J .  Amer. Chem. Soc., 86, 304 (1964). 
(3) E. Bayer, C. Jung, and H. Hagemeir, Tetmhedroa, 24, 4853 (1968). 
(4) B. Gutte and R.  B. Merrifield, J .  Bid.  Chem., 246, 1922 (1971). 
(5) (a) C. H.  Li and D .  Chung, Int. J .  Protein Res. ,  3, 73 (1971); (b) W. 

Danho and C. H. Li, ibid., 8, 81, 99 (1971); (c) K. Kovacs, Y. Kovacs- 
Petres, and C. H. Li, ibid., 3, 93 (1971). 

(6) (a) M. Bergmann and H. Fraenkel-Conrat, J .  B i d .  Chem., 119, 707 
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carbons in the alkoxy group. By placing an asym- 
metric center in the alkoxy group of N-(alkoxycar- 
bonyl)glycines, the zone of stereochemical control ex- 
erted by papain would be substantially altered and a 
considerably different perspective would therefore be 
achieved. 

Four principal objectives were attained through this 
research. First, the use of N-tert-alkoxycarbonyl de- 
rivatives of glycine, DL-alanine, and L-alanine permitted 
a comparison to  be made of their relative rates of reac- 
tions with known rates of more familiar N-acyl deriva- 
tives of these same amino acids. Second, by careful 
selection of ortho-, meta-, and para-substituted anilines, 
the effect of position and kind of substituent on the 
ability of this type of base to participate in such reac- 
tions was disclosed. Third, the extent of resolution of 
racemic N-(alkoxycarbony1)aqino acids was revealed 
through comparison of specific rotations of their reac- 
tion products with specific rotations of corresponding 
products from single enantiomers of the given N-acyl- 


