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these conditions results in part from surface catalysis obtained with the 
partially stainless steel pressure bottles we employed. Thus, thermolysis 
of 2 in a sealed, base washed, pyrex tube (3 mg/mL in hexane) for 8 hat  
140 O C  resulted in only 20% conversion to 4. The addition of stainless steel, 
iron powder, or powdered pyrex (less effective) to identical reaction mix- 
tures produced significant rate accelerations and afforded 4 in good 
yield. 
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Synthesis and Properties of S,S-Diary1 Nucleoside 
Phosphorodithioates in Oligonucleotide Synthesis 

Summary :  A new class of phosphorylating agents, S,S-diary1 
phosphorodithioates, for the synthesis of oligothymidylates 
is described and properties of the  bis(pheny1thio) and bis(4- 
met hoxyphenylthio) groups are also discussed. 

S i r :  In oligonucleotide synthesis, the so-called “triester ap- 
proach” has recently been generalized and reported in a 
number of However, only a few examples are 
known of the synthesis of oligonucleotides bearing the 5’- 
phosphate end group utilizing this meth0d.l.l Recently, we 
have investigated the  chemical synthesis14 of 5’-terminal re- 
gions of mRNAs from cytoplasmic polyhedrosis virus 
(m‘G’’pppAmpGpUp. . . discovered by Furuichi and  
Miura“). For the large-scale synthesis of the terminal struc- 
ture of mRNAs an  “activatable” protecting group for the  5’- 
terminal phosphate is required to construct the triphosphate 
structure. 

In this paper we wish to report the synthesis of oligothym- 
idylates bearing 5’-terminal phosphate by use of S,S-diary1 
phosphorodithioates as the preliminary study for the chemical 
synthesis of defined mRNAs. Two kinds of cyclohexylam- 
inonium S,S-diary1 phosphorodithioates ( la  and lb) were 
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readily prepared by the reaction of bis(trimethylsily1) hypo- 
phosphite, formed by the silylation of hypophosphorous acid, 
with 2.05 equiv of diaryl disulfide in 83  and 5570 yields, re- 
spectively.I6 Compounds la and lb (1.1-1.2 equiv) were 
condensed with appropriately protected thymidine derivatives 
(2-4) by the use of 2,4,6-triisopropylbenzenesulfonyl chloride 

2 R = MMTr .  R’= H 6 R = MMTr R ’ d 4  X.C6H4.S)2P(O) 
3 R : Tr R - H 7 R = Tr R z i4 -X  c#,.S)piO) 

OR’ 5 R I H I  R = H 9 R = (4-X.C6HkS)2p(OI R’; H 
4 R = H ,  9 = A C  8 R r ( ~ - x c g & s ) 2 P ( o )  R’= A c  

11 R = H , R’=(HO)IPhS) P i c )  
16 R R =(,-X.yr~S)2PTpiSC6H4-X.4)2 

(TPS) (2.2-2.4 equiv)” in pyridine for 20-24 h. The  phos- 
phorylated products (6-8) were obtained in 88-96% yields. In 
a similar manner, unprotected thymidine was phosphorylated 
selectively on the  5’-hydroxyl group of the  sugar moiety to  
afford S,S- diaryl thymidine 5’-phosphorodithioates (9a and 
9b) in 66 and 71% yields, respect.ively.lX The products 9a and 
9b were found to  be quite stable in dry or aqueous pyridine 
and also in alcohols for several weeks. Selective removal of the 
monomethoxytrityl or trityl group from 6a, 6b, 7a, and 7b was 
performed without any loss of the arylthio group by treatment 
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with 80% acetic acid a t  room temperature for 6 h or a t  100 “C 
for 15 min. The corresponding detritylated products (loa and 
lob) were obtained in more than 94% yields in each case. Even 
when 6a was heated in 80% acetic acid a t  100 “ C  for 1 h, 10a 
was isolated in 91% yield.Ig 

Contrary to  facile removal of the phenylthio group from 
S-phenyl nucleoside phosphorothioates (diester-type) by 
treatment with iodine in aqueous pyridine,20 the bis(ary1thio) 
groups of 6-9 were extremely stable toward oxidizing agents 
such as iodine, sodium periodate, hydrogen peroxide, iodo- 
sobenzene, and N-chlorosuccinimide. However, both phen- 
ylthio groups of 6a-9a could be readily removed from 6a-9a 
by treatment with 16 equiv of silver acetate or silver nitrate 
in aqueous pyridine a t  room temperature for 16 h to afford the 
corresponding thymidylates in quantitative yields.“ For 
complete removal of the two 4-methoxyphenylthio groups 
from 6b-9b, 20 equiv of silver acetate was required.?2 

S-EthylZ:’ and S-pheny12” nucleoside phosphorothioates 
are known to react with oxidizing agents and metal salts t o  
generate metaphosphate intermediates, which react with 
nucleophiles to give the corresponding phosphorylated 
products. Accordingly, selective removal of one arylthio group 
f’rom 6-9 is important in connection with the chemical syn- 
thesis of the 5’-terminus of mRNAs. 

One of the arylthio groups could be removed from S,S- 
diaryl nucleoside phosphorodithioates (for example, 6a and 
6b) by treatment with 0.2 N NaOH-dioxane (1:l. v/v) a t  room 
temperature for 15 minZ4  However, these conditions are 
similar to those for removal of acyl groups used often in olig- 
onucleotide synthesis. Therefore, we have developed an al- 
ternative method for selective deprotection of‘ one arylthio 
group from 6-9. I t  was found that a solution of phosphorous 
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acid in pyridine was remarkably effective for this purpose. 
When 8a was treated with 4 equiv of phosphorous acid in 
pyridine a t  room temperature for 24 h, S-phenyl 3’-0- 
acetylthymidine 5’-phosphorothioate (12a) was obtained 
quantitatively. On the other hand, on treatment of 6a under 
the same conditions, the monomethoxytrityl group remained 
intact and S-phenyl 5’-0-monomethoxytritylthymidine 3’- 
phosphorothioate (13) was isolated in 86% ft is note-  
worthy tha t  n o  deacylation and no detritylation occurred 
under these conditions. 26 The  specific effect of phosphorous 
acid should be emphasized because monoalkyl phosphates 
such as 2,2,2-trichloroethyl phosphate had only negligible 
effect. 

Next, the synthesis of thyniidylyl(3-5’)thymidine 5’-  
phosphate (pTpT) was examined starting t’rom 9a and 9b. For 
this purpose, the 2.,2,2-trichloroethyl group? was chosen as the 
protecting group of the internucleotidic phosphate. First, 9a 
was condensed with 1.2 equiv of 2,2,2-trichloroethyl phosphate 
a t  room temperature for 8 h and then the phosphorylated 
product (14a) was coupled with thymidine using two kinds of 
condensing agents, TPS and (4-nitrobenzenesu1fonyl)tria- 
zole (NBST),6 a t  room temperature for 18 h. T P S  gave a better 
yield (92%) of the fully protected dinucleotide ( 15a) than 
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NBST (44%). The difference between TPS and NBST seems 
attributable to  1,2,4-triazole, which can accumulate as NBST 
reacts and attack the phosphoryl group of 14 and 15 to give 
phosphorotriazolides which hydrolyze during workup to  
water-soluble nucleotidic substances. This view is supported 
by the fact that  treatment of 8a with 1 equiv of 1,2,4-triazole 
in pyridine a t  room temperature for 70 h a t  the same con- 
centration as that  of the coupling reaction using NBST gave 
12a in 30% yield. On the other hand, when 9b was employed 
in a similar coupling reaction, the corresponding protected 
thymidylate ( 1  5b) was obtained in 90% yield even in the case 
of NBST. In fact, an independent experiment in which 8b was 
mixed with 1 equiv of 1,2,4-triazole in pyridine a t  room tem- 
perature for 70 h resulted in only 2.3% formation of 12b. 

Removal of all protecting groups from 15a and 15bZ7 was 
carried out by treatment with 16-20 equiv of silver acetate in 
aqueous pyridine followed by treatment with zinc powder in 
the presence of acetylacetone in dimethylformamide-pyridine 
(21, V / V ) . ~ ~  pTpT was isolated by paper chromatography in 
more than 9970 yields from 15a and 15b. The  following one- 
step removal of two phenylthio groups and 2,2,2-trichloroethyl 
group should also be noted. When 15a was treated only with 
zinc-acetylacetone for 30 h, direct conversion to pTpT (65%) 
was realized. I t  appears that an active cation, ZnC1+, formed 
as a result of removal of the 2,2,2-trichloroethyl group, a t -  
tacked the phenylthio group. This deprotection reaction was 
accelerated by addition of 4 equiv of benzenethiol (84% of 
pTpT after 2 h). Mild treatment of 15a and 15b with 4-6 equiv 
of phosphorous acid in pyridine containing a small amount 
o f  water for 1-2 days gave PhSpTp( t c )T  and 4-  
MeOC,;H4Sp?'p(tc)T. The remaining arylthio groups were 
easily removed quantitatively by silver acetate (16-20 equiv) 
for 24 h or iodine (20 equiv) for 1 h in pyridine-water (21, v/v). 
All the dithymidylates obtained through several routes de- 
scribed above were completely degraded by snake venom 
phosphodiesterase to  pT.'; In a similar manner, (4 -  
MeOCcH4S)apTp(tc)Tp(tc)T was synthesized in 82% yield. 
This  trinucleotide derivative was also deprotected by the 
above methods and converted to pTpTpT in 75-97'% yields. 
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U n s a t u r a t e d  Nitrosamines.  Formation a n d  
Equi l ibrat ion of Vinylic a n d  Allylic Nitrosamines 

Summary: Vinylic nitrosamines (N-nitrosoenamines), which 
heretofore have been difficult to  prepare, can be formed in 
good yields by crown ether/potassium hydroxide elimination 
of the corresponding 0-tosyloxy nitrosamines, by base-cata- 
lyzed equilibration of the corresponding allylic isomers, or by 
oxidative elhination%-phenylselenyl nitrosamines. 

Sir: Little is known about the chemistry and biological ef- 
fects of a,P-unsaturated nitrosamines, partly due to a lack of 
generally useful synthetic methods. Only three members of 
the class have been reported. N-Nitrosomethylvinylaminel 
and N-nitrosoethylvinylamine? have been reported and 
characterized. The very unstable divinylnitrosamine has heen 
reported2 hut  its characterization is poor. We wish to report 
three methods of preparation of this interesting class of 
compounds, which should provide the basis for the study of  
their chemistry. 

The aforementioned nitrosamines were prepared by simple 
dehydrohalogenation of alkyl(@-chloroethy1)nitrosamines 
using methanolic potassium hydroxide. However, with longer 
/3-chloroalkyl chains, the elimination occurred to give the 
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