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NUCLEOSIDES & NUCLEOTIDES, 7(1), 23-35 (1988) 

NUCLEOSIDE H-PHOSPHONATES. IX .  POSSIBLE SIDE-REACTIONS DURING HYDROGEN 

PHOSPHONATE DIESTER FORMATION 

* 
Tor Regberg, Jacek Stawinski , Roger Strbmberg 

Department o f  Organic Chemistry, Arrhenius Laboratory, 

University o f  Stockholm, 106 91 Stockholm, Sweden 

Abstract 
Possi b I e side- reactions during hyd rogenp hosphona t e  d iester f o r  ma ti on 

in the  presence o f  various condensing reagents (e.g. arenesulfonyl deriva- 
Si,ves, chlorophosphates and acyl chlorides) have been investigated using 

P NMR spectroscopy. 

J NTRODUCTION 

The reaction o f  nucleoside 3'-hydrogenphosphonates w i t h  suitably 

protected nucleosides in  the  presence o f  a condensing agent o f fe rs  an 

experimentally simple and e f f i c ien t  way f o r  the  formation o f  dinucleoside 

H-phosphonates,' which under mild conditions can be  converted in to  the 

natural phosphorodiesters.' This approach has recently been successfully 

applied t o  the synthesis of DNA3" and RNA5 fragments & H-phosphonate 

i ntermed iotes. 

However, in  a l l  methods o f  oligonucleotide synthesis,' which involve 

activation o f  a nucleotidic component by a condensing agent, some 

side-reactions between the coupling agent and the s tar t ing materials or 

products, are observed. 7.8 

This prompted us t o  investigate the reaction o f  5'-Q-dimethoxytrityI- 

thymidine 3'-H-phosphonate w i th  suitably protected nucleosidet having a 

f ree  3 '-hyd roxyl group (DMT-dGiSb-OH, DMT-dAbZ-OH, DMT-dCbZ-OH, 

DMT-T-OH) in the  presence of various coupling agents. These condensations 

should be slower, and therefore competing side-reactions should be  more 

pronounced than in the corresponding, normal condensation o f  a 3'-hydro- 

genphosphonate w i t h  a 5'-hydroxyl group. To evaluate the s tab i l i ty  o f  the  
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24 REGBERG, S T A Y I N S K I ,  AND STROHBERG 

hydrogenphosphonate diester bonds under the condensation conditions, 

model react ions o f  5'-Q-d i methoxy tr i t y l  thy mid in8 3'-H-p hosp hona t e  w i th  

3'-Q-benzoylthymidine, in the presence o f  large excesses o f  condensing 

agents and during prolonged reaction times, were also investigated. 

gESUl TS AN0 DISCUSSION 

During oligonucleotide synthesis Uig the phosphorotriester approach, 

coupling reagents, i. e. aryl sulfonyl derivatives may react no t  only w i th  

the phosphate center o f  nucleotides but also w i t h  other nucleophiles 

present.'" causing sulfonation o f  a hydroxyl function in the nucleosidic 

and/or modif icrt ion o f  heterocyclic bases.' However, since 

these side-reactions are much slower thrn the condensation (usually 

several h w r s  10-60 min condensrtion time). they can practical ly be 

neglected in syntheses o f  medium size oligonucleotides. 6.10 

I n  t h i s  respect, synthesis o f  oligonucleotides u the hydrogenphos- 

phonate approach seems t o  be safer because o f  even shorter condensa- 

t ion time (ca 1-2 mid. This was clearly demonstrated using benzene- 

sulfonyl chloride, which was found t o  promote fas t  H-phosphonate diester 

formation without any noticeable sulfonation o f  the hydroxylic compo- 

nent. 

1,3-5 

1 

Thus, the only sites f o r  side-reactions during oligonucleotide synthe- 

s is  u the H-phosphonate approach should be the  phosphorus centers, 

w i t h  P-H bonds, and the guanine residues having the rather reactive 

heteroaromatlc lactam systems.' ' The l a t t e r  source o f  side-reactions can 

12'13 however in the present be eliminated Q -protection o f  guanosine; 

studies Q -unprotected guanosine derivatives were used in order t o  

evaluate t o  what extent the lactam function may in te r fe re  in oligo- 

nucl eot ide synthesis u the H- p hosp hona t e  approach. 

6 

6 

T h e  condensation o f  5'-Q-dimethoxytritylthymidine 3'-H-phosphonate 1 
wi th  suitably protected nucleoside a in the presence o f  3 equiv. o f  an 

rrenesulfonyl derivative (TPS-CI, BS-CI. TPS-Te) in pyridine afforded, a f t e r  

ca 2-3 min (time necessary t o  record the 31P NMR spectrum). the H-phos- 

phonate dlesters a as the sole reaction product (see Table 1 and 2). 

The reaction o f  nucleoside H-phosphonate monoesters w i th  aryl 

sulfonyl chlorides, reported by Hata  e t  al.14a and fu r ther  investigated 
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HYDROGEN PHOSPHONATE DIESTER FORMATION 

Table 1 

25 

0 

H 
NO-F-ON, 9 condensing NO-P-0' + HO-N, 

agent H 
2 - - 1 

9 9 9  
NO-?-ON, NO-C;'-O-Y-ON 

9 
NO-?-ON, 

SAr CI ON, ON, 
4 6 - 5 - - 

6-diF 

3 - 

8 
Oe 

NO-?-ON, 

7 - 

?nylphosphory 

I 

a, Nl=DMT-T- h, N=DMT-T-, N1=DMT-dCiSb(06-pivaloyl) 
s, N1=DMT-dG i S b -  
u, Nl=DMT-dAbZ- 
k, N1=DMT-dCbZ- triisopropylphenyl 

b, 5. 5. 1. N=DMT-T-. 

h, N=DMT-T-. N 1 =-T-OBz, Ar=2,4.6- 

- 4 b .  N=DMT-T-. N 1 =-T-OBz. Ar=phenyl 
N 1 =-T-OBt &, N=DMT-T-, N 1 =-T-OBz. Ar.4-nitrophenyl 

&, N = N  =DMT-1- 1 
&, N=DMT-1-, N 1  =DMT-dGiSb- 

u, N=DHT-T-, Nl=DMT-dAbz- 
&, N=DMT-T-., N =DMT-dCbZ- 

1 

Ibbreviations 
For protected nucleosides. abbreviations as suggested by UIPAC-IUB 

( 1 9 7 0 1 ,  Biochemistry. 9. 4022. For other compounds : 2,4,6-triisopropyl- 
bentenesulfonyl chloride and tetrazolide, TPS-Cl and TPS-Te respectively; 
3enzenesulfonyl chloride and 4-nitro derivative, BS-C1 and N02BS-C1 
respectively; pivaloyl chloride, PV-C1; diphenylphosphorochloridate, 
IPCP; bis-oxazolidonylphosphorochloridate, OXPC 
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26 REGBERG, STAWINSKI, AND STROMBERG 

b y  has been shown t o  a f f o r d  nucleoside 3'-phosphates and nucleo- 

side S-aryl 3'-phosphorothioates as f inal  products. This react ion is, 

however, apparent ly much slower than t h e  coupling react ion o f  H-phos- 

phonate monoesters w i t h  nucleosides, and we d i d  n o t  observe any oxida- 

t i o n  products f r o m  t h e  H-phosphonate monoester 1 in t h e  react ion 

mixtures, using 31P NMR spectroscopy. However, since we suspected t h a t  

the  produc t  o f  coupling (i. e. H-phosphonate diesters) may undergo 

subsequent oxidation by ary l  sulfonyl derivatives, we carr ied ou t  conden- 

sations in t h e  presence o f  5-10 molar excess o f  TPS-CI. 

Wi th  5 equiv. o f  TPS-CI, the  coupling 1 + was as clean as in t h e  

react ion w i t h  3 equiv. o f  the  condensing reagent, b u t  a f t e r  ca 10 min a 

small signal (ca 5%) in t h e  31P NMR spectrum a t  -13.1 ppm (mul t ip le t )  

appeared. Addi t ion o f  another 5 equiv. o f  t h e  condensing reagent 

resul ted in  f u r t h e r  oxidation, and a f t e r  1 h ca 40% o f  H-phosphonate 

diester a had been oxidized and converted i n t o  species w i t h  31P NMR 

resonances a t  ca: 24 p p m  ( t w o  singlets). 4 p p m  ( t w o  singlets) and -13 

ppm (mult ip let .  six signals). O n  t h e  basis o f  chemical shi f ts.  spl i t t ing 

p a t t e r s  and chemical reac t iv i t y ,  we assigned these signals to: 5'-Q-di- 

methoxytr  i t y l  thymid ine(3'-5')-3'-Q- benzoyl thymid i ne s- t r i isopropy l  phenyl 

phosphorothioate ( t w o  diastereoisomers, 24.4 and 24.2 ppm, compound h), 
5'-Q-d i methoxy tri t y l  thymid ine(3'-5')-3'-Q- benzoyl thymi d i ne phosp horochlori - 

1 2  d a t e  ( t w o  diastereoisomers, 4.0 and 3.4 ppm, compound 5 )  and P ,P 

~5'-~-dimethoxytritylthymidine(3'-5')-3'-Q-benzoyIthymidine) pyrophosphate 

(mult ip let .  six signals a t  -13.2 ppm, compound 5). The st ructures o f  t h e  

oxidat ion p r o d  u c t t  were add i ti ona I l y  conf i rmed by independent synthesis 

o f  u, 3 and 5. 

When other  a ry l  sulfonyl chlorides were used as coupling agents, 

similar pa t te rns  o f  signals were observed in the 31P NMR spectra,  w i t h  

t h e  exception t h a t  t h e  signals f o r  were replaced by t w o  singlets a t  

22.9 and 22.5 ppm (compound u, i n  the  react ion w i t h  BS-Cl), o r  by t w o  

singlets a t  21.2 and 20.9 ppm (compound &. in t h e  react ion w i t h  

pN02-BS-CI). Upon addi t ion-  o f  water  t o  these react ion mixtures, t h e  

signals a t  ca 24 ppm (compounds la, yZ or  &) remained unchanged while 

those a t  ca 4 and -13 ppm were replaced by a resonance a t  -1.1 ppm 

(phosphorodlester 1). The r a t i o  o f  4 t o  1 in a l l  react ion mixtures a f t e r  

hydrolysis was 1:2. 
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HYDROGEN PHOSPHONATE DIESTER FORMATION 27 

Reaction o f  H-phosphonate 1 wi th  the nucleoside a i n  the  presence 

o f  TPS-Te (10 equiv.). followed a similar pathway and a f t e r  1 h, all 

H-phosphonate diester had been oxidized and converted i n to  and 

5. As expected, we did no t  observe any 31P NMR signals ca a t  4 ppm, 

which we previously assigned t o  the chlorophosphate 3. 
To evaluate the influence o f  Pi-methylimidazole and triethylamine on 

the r a t e  o f  condensation and the  subsequent oxidation o f  H-phosphonate 

diester a, we carried out the reaction 1 + a w i t h  TPS-CI i n  the 

presence o f  these bases. 

Both H-methylimidazole and triethylamine had rather  l i t t l e  e f f e c t  

on the r a t e  o f  condensation, b u t  they accelerated the  r a t e  o f  oxida- 

t ion substantially. With 5 equiv. o f  TPS-CI and 10 equiv. o f  Pi-methyl- 

imidazole, ca 501  o f  a had been oxidized a f t e r  15 min, and converted 

in to  & and 6. I n  a similar experiment when H-methylimidazole was 

replaced by triethylamine, the rates o f  oxidation o f  the  s tar t ing 

material and o f  the product  a were even higher and became compar- 

able t o  the r a t e  o f  condensation. The 31P NHR spectrum in  t h a t  case 

revealed the  presence o f  a together w i t h  i t s  oxidation products as well 

as oxidation products o f  1. 14b In  agreement w i t h  these findings, 

oxidation was almost 3 times slower when the  coupling was carr ied out 

w i t h  5 equiv. o f  TPS-CI in the presence o f  10 equiv. o f  pyridinium 

hydrochloride. Wi th  this large excess o f  pyridinium hydrochloride, we d id  

not  observe NMR) any formation o f  phosphorothioate u, but only 

the chlorophosphate 5 and pyrophosphate 5. After  the  additon o f  water 

only phosphorodiester 1 was detected. 

The experiments discussed above indicate t h a t  the condensation o f  

H-phosphonate 1 wi th  nucleoside a, i n  the presence o f  arenesulfonyl de- 

rivatives in pyridine. i s  substantially faster than the oxidation o f  

bo th  s tar t ing material and the product  o f  coupling. However, the rates 

o f  oxidation may become comparable t o  the r a t e  o f  condensation if a 

strong base i s  present i n  the reaction mixture. This indicates t h a t  

abstraction o f  the proton f rom H-phosphonate diesters may be the 

l imit ing step during the i r  oxidation. This i s  in agreement w i t h  other 

studies on the oxidation o f  H-phosphonates. 15 

The r a t i o  o f  compounds A, 5 and 6 in the  reaction mixtures varied, 

depending on the  amount o f  condensing agent, oxidation time, and the 

reaction conditions. However, the r a t i o  o f  phosphorothioates t o  the  
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28 REGBERG, STAWINSKI, AND STROMBERG 

phosphorodiester 1 a f t e r  hydrolysis was usually 1:2. This seems t o  

indicate that ,  as it was found previously for the  reaction o f  H-phos- 

phonate monoesters w i th  aryl sulfonyl  derivative^,"^ the sulfonyl deriva- 

tives are reduced t o  sulfinyl and sulfenyl derivatives during the course 

o f  oxidation and tha t  these react  faster than the sulfonyl compound 

w i t h  the H- p hosp hona t e d iester . 
Formation o f  chlorophosphate p during the oxidation was expected in 

light o f  our studies on the  reaction o f  pyrophosphates w i th  ary l  sulfonyl 

chlorides.16 However, the reaction pathway tha t  leads t o  the pyrophos- 

phate 5 i s  not  a l l  together clear and fu r ther  studies are in  progress. 

ChloroDhosohates as co-na as- 

Two types o f  chlorophosphates were investigated as coupling reagents 

f o r  the H-p hosphona t e  d iester f o r  ma tion: d iphenylp hosp horochlorida t e  

(DPCP) and bis-oxazolidonylphosphorochloridate (OXPC). 
1 17 

The coupling reactions o f  1 + in pyridine in  the  presence o f  

DPCP (3 equiv.) proceeded rapidly (reactions were over a f t e r  recording 

the f i r s t  spectra, ca 2 min) and a f fo rded H-phosphonate diesters 3P-e 
as the Sole nucleotidic material ( P NMR and TLC analysis). However, in  

reactions W i t h  the guanosine nucleoside (reaction 1 + & --- a) ad- 

dit ional resonances (8.3 and 8 ppm), downfield f rom the  original signals 

from & (7.9 and 7.4 ppm). appeared a f t e r  15 min. Addition o f  another 3 

eqUiV. of DPCP t o  the reaction mixture resulted in fu r ther  increase o f  

the farmer signals and in  the gradual decrease o f  the resonances f rom 

x. A t  the same time an additional signal a t  -19.5 appeared in the 31P 

NMR spectrum. Af ter  20 min, ca 752 o f  ;ir was converted in to  the new 

intermediate. The 31P NMR spectrum without 'H-heteronuclear decoupling 

showed tha t  t h i s  new compound s t i l l  had a P-H bond ( J =715 Hz) and 

the  sp l i t t ing pa t te rn  (four t r ip le ts ,  3JpH=8.5 and 7.4 Hz) indicated on 

the  H-phosphonate dicster. The singlet a t  -19.5 ppm remained unchanged 

in  the undecoupled spectrum and thus  can be assigned t o  the  phosphorus 

nuclei in a diphenyl phosphorotriester. We in terpreted these findings as 

an indication f o r  Q -phosphorylation o f  the guanine residue" hy 

diphenylchlorophosphate which resulted in the formation o f  z. As a 

support f o r  such an interpretat ion, we have found tha t  5',3',N -tri- 

isobutyryldeoxyguanosine reacts w i t h  DPCP (1 equiv.) in pyridine yielding 

presumable the  p -phosphorylated der ivat ive le  (singlet a t  -20.0 ppm in 

31 

1 
PH 

6 in 

2 

6 
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HYDROGEN PHOSPHONATE DIESTER FORMATION 29 

Table 2. 31P NHR data for compounds 1, 2 .  A ,  5 ,  5 and 1. 

t* 
Compound Chemical shift (ppm) * 'PH ( H z ) * *  'Jpn ( H z )  

2.5 

8.1 

9.6 

7.3 

7.9 

7.) 

7 . )  

7.2 

7.3 

7.2 

8.3 

8.0 

8.2 

7.9 

2b .b;2b.2 

22.9; 22.5 

21.2;20.9 

3.4;3.9 

12.9;13.0: 

13.1;13.2; 

13.3;13.4 

- 1 . 1  

618 

716 

718 

714 

71b 

716 

715 

7 1 b  

115 

7 1 8  

714 

713 

71) 

713 
- 
- 
- 
- 
- 

- 

8.6 (two doublets) 

8.5 (four quartets) 

8 . 6  

7.9 

8.6 

7.3 

8.6 

7.3 

8.6 

8.5 

(two triplets) 

(two triplets) 

(two triplets) 

(two triplets) 

(two triplets) 

(two triplets) 

(two triplets) 

(two triplets) 

7.3 (two triplets 

8.6 (two triplets 

7.3 (two triplets 

7.8 

7.8 

7.8 

9.3 

(not 

two quartets 

two quartets) 

two quartets) 

two quartets) 
estimated) 

8 . 1  (quartet) 

t 

** 
In pyridine as solvent. Chemical shifts relative to 2 1  H PO 

Spectra without 'H-heteronuclear decoupling. 

in D 2 0 .  
3 b  
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30 REGBERG, STAWINSKI, AND STROMBERG 

the 31P NMR spectrum). A f t e r  addi t ion o f  water  t h i s  compound underwent 

hydrolysis, which was completed 8 f t e r  lh, and TLC analysis revealed 

recovery o f  t h e  s ta r t ing  mater ia l  , tr iacyla t e d  deoxyguanosine. 

When OXPC was used as a condensing agent in t h e  react ion 1 + a, 
the  f inal  p roduc t  o f  t h e  condensation. a, did n o t  undergo any changes 

dur ing 1 h in t h e  presence o f  an excess o f  condensing agent (9 equiv.). 

This i s  in agreement w i t h  t h e  phosphorylating proper t ies o f  OXPC. This 

reagent (1  equiv.) was found t o  b e  unreact ive towards 5'.3',N - t r i iso-  

butyryldeoxyguanosine in pyridine, dur ing 1 h, as revealed by  31P NMR 

spectroscopy . 

2 

From these studies, it seems t h a t  bis-oxazolidonylphosphorochloridate 

i s  a mild b u t  s t i l l  e f f i c i e n t  condensing reagent which can b e  used in t h e  

H-phosphonate diester synthesis w i t h  less r isk  o f  heterocycl ic base 

modification. Diphenylphosphorochloridate. on t h e  other  hand, being a 

more react ive coupling agent can cause guanine base modi f icat ion and 

thus does n o t  o f f e r  any advantage over t h e  former,  milder agent. 

pivalovl chlor ide as a condensina 

PiValOYl chlor ide (PV-CI) was found t o  b e  t h e  coupling reagent o f  

choice i n  t h e  automated solid phase synthesis o f  DNA3" and RNA5 

fragments t h e  H-phosphonate approach. 

The coupling reactions 1 + in t h e  presence o f  PV-CI (3 equiv.) 

were f a s t  and the  31P NMR spectra were  indistinguishable f r o m  those 

when arenesulfonyl der ivat ives or  chlorophosphates were  used as conden- 

sing agents. 

As in the  react ion w i t h  DPCP, we observed a subsequent react ion of 

t h e  condensing reagent (PV-CI) w i t h  t h e  guanine residue. In  a typ ica l  

experiment, when 1 and a were reacted in pyr id ine in t h e  presence o f  

PV-CI (3 equiv.). the  31P NMR spectrum revealed ( a f t e r  2 min) only the  

presence o f  H-phosphonate diester x. A f t e r  another 15 min react ion 

time, however, additional signals (ca 5x1, downf ie ld f r o m  appeared. 

These signals (8.2 and 8.0 ppm) became t h e  predominant ones when 

another 6 equiv. o f  PV-CI were added and t h e  react ion was l e f t  f o r  

another 15 min. Both signals showed a large coupling constant (715 Hz), 
character ist ic f o r  t h e  P-H bond and a small one ( four  t r ip le ts ,  JpH=B.O 

Hz) indicating on t h e  dinucleoside H-phosphonate diester,  probably  w i t h  

a modif ied guanine residue (compond a). Addit ion o f  water  t o  such a 

3 
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HYDROGEN PHOSPHONATE DIESTER FORMATION 31 

react ion mix tu re  showed ra ther  slow conversion i n t o  a. A f t e r  1 h t h e  

react ion was almost completed b u t  dur ing t h a t  t ime t races o f  H-phos- 

phonate i n t e r  nucleoti d i c bond cleavage were detected. 
2 

TLC analysis o f  a model react ion showed t h a t  5',3',N - t r i i sobuty ry l -  

deoxyguanosine reacts in pyr id ine w i t h  pivaloyl chlor ide yielding presum- 

1 8 8 1 9  This compound hydrolysed slowly in ably the  Q -acylated derivative. 

water-pyr id ine (ca 1 h) and more rap id ly  in 2% ammonia in aqueous 

pyr id ine (a few minutes) t o  a f f o r d  t h e  s t a r t i n g  nucleoside (TLC analy- 

sis). 

6 

These results would indicate t h a t  react ion o f  guanosine w i t h  pivaloyl 

chlor ide dur ing oligonucleotide synthesis does n o t  pose any serious 

problem. The acyl groups (most l ikely 0 -acyl) can b e  removed f r o m  t h e  

guanine residues dur ing f i n a l  deprotect ion w i t h  ammonia, and also th is  

acyl group introduced in s i t4  may serve as a guanosine p r o t e c t i n g  group 

dur ing t h e  oligonucleotide synthesis. I t  remains t o  be  proved i f  

guanosine w i thout  in i t ia l  p -p ro tec t ion  can be  used f o r  t h e  prepara t ion  

o f  oligoguanylic nucleotides a the  H-,phosphonate approach. 

6 

6 

We also carr ied out  some experiments t o  f i n d  out  i f  a react ive 

species generated f r o m  H-phosphonate monoester 1 and PV-CI may r e a c t  

w i t h  t h e  P-H bonds present i n  t h e  H-phosphonate diesters. Thus, H-phos- 

phonate 1 was act ivated w i t h  PV-CI ( 3  equiv.) in  pyr id ine in t h e  presence 

o f  d ie thy l  hydrogenphosphonate. No react ion between H-phosphonate 

monoester and H-phosphonate diester was de tec ted  by  31P NMR spectros- 

COPY. 

We also could n o t  detect ,  using 31P NMR spectroscopy, any react ion 

a t  t h e  phosphorus center o f  H-phosphonate diesters w i t h  PV-CI dur img 30 

min. However, it should b e  remembered t h a t  such a react ion may oc- 

Cur2' w i t h  a large excess o f  a condensing agent, especially in t h e  pre-  

sence of s t rong nucleophilic catalysts. For example, 5 ' -p-dimethoxytr i tyI-  

thymidine 3'-methyl hydrogenphosphonate was found t o  be  completely re-  

s i s t a n t  towards acet ic anhydride (6 equiv.) in pyr id ine  dur ing 1 h, b u t  

t h e  addi t ion o f  3 equiv. o f  4-dimethylaminopyridine (DMAP) caused rap id 

formation of a compound showing absence o f  P-H bond ( two signals a t  8.0 

and 6.9 ppm in t h e  31P NMR spectrum). This compound, presumably acyl- 

phosphonate20, can b e  converted back i n t o  t h e  H-phosphonate diester.  

however, Probably n o t  w i thout  p a r t i a l  degradat ion o f  internucleot id ic 

bonds." It is par t i cu la r ly  impor tant  t o  be  aware about such a react ion 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
1
8
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



32 REGBERG, STAWINSKI, AND STROMBERG 

since acetic anhyd r i d  e/DHAP or  acetic anhydride&- met hy I i mi dazol e are 

routinely used as capping reagents in the phosphorotriester and the 

p hot p horoamid i t e  approaches t o  oligonucleotide synthesis. 

CONCLUSIONS 

These studies have shown t h a t  the ra te  o f  H-phosphonate diester for -  

mation using arenesulfonyl derivatives, chlorophosphates and acyl chlori- 

des, i s  high enough t o  ensure clean and practically quantitative formation 

o f  d inucleoside H-p hosp hona tes. 

However, t o  evaluate the ut i l i ty  o f  various condensing agents, distin- 

ction should be made between the "solution" and "solid phase" synthesis 

o f  oligonucleotides. 

I n  the former one, equimolar amounts o f  nucleotidic and nucleosidic 
1 components are used together wi th 2-3 equiv. o f  coupling reagents. 

Under such conditions the reaction can be stopped by quenching with 

aqueous buffers long before any side-products (arising from the sub- 

sequent reactions) can be detected. Thus, a l l  coupling agents investigated 

during these studies seem t o  be potentially useful in solution synthesis of 

01 igonucl eoti des . 
On the other hand, in the solid phase synthesis. when 10-20 molar 

excess o f  a nucleotidic component and 50-100 molar excess o f  a coupling 

agent are used, the subsequent reactions o f  H-phosphonate diesters 

with condensing agents can probably no t  be completely excluded. For 

these reasons, aryl sulfonyl derivatives may be unsuitable as condensing 

agents, because they cause oxidation o f  H-phosphonate esters wi th a 

concomitant formation o f  phosphorothioates 4. 

3-5 

The modifications o f  guanine residues, especially t h a t  caused by piva- 

loyl chloride, a r e  not disadvantageous from a synthetic point o f  view, 

since they are reversed during the f i na l  deprotection. Because PV-CI does 

not produce any detectable amount o f  acylphosphonates (reaction a t  the 

P-H center) during the condensation time, t h i s  reagent i s  considered as 

safe and eff icient both in solution and solid phase synthesis o f  oligo- 

nucleoti des the H-p hosp hona t e  approach. 

Finally , it should be mentioned t h a t  bis-oxrzol idonylphosp horochlori - 
date also seems t o  be a promising condensing agent. It was found t o  

be the only one which does not produce any side-products, even when 

used in large excess. A t  the same time. it promotes f a s t  and eff icient 

f or  mat ion o f  H-p hosp hona t e  d ies ters. 
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Haterials and methods 

5'-p-d i methoxytr i t y  I t hy mi d i ne tr i ethyl - 
ammonium s a l t )  , 2,4,6- triisopropylbentenesulfonyl tetrazol ide , bis- 

23 oxazol idonylp hosphorochlorida te22 

were prepared according t o  published procedures. 

3'- hyd r ogenp hosp hona t e  (1, 
1 21 

and a l l  suitably protected nucleosides 

Di p heny I p hosp hor ochlor i d a te, p ivaloyl chloride, benzenesul f ony I chloride, 

4-ni trobenzenesul fonyl chloride, 2,4,6- t r i isopropyl benzenesul f onyl chloride, 

M-methylimidatole (Aldrich) and acetic anhydride, 4-dimethylaminopyridine 

(Merck) were commercial grades. 

Anhydrous pyridine and triethylamine were pur i f ied as described 

31P NMR spectra were recorded on Varian Associates XL-100 FT (40 .48  

MHz) or on Jeol JNM GX 400 FT (161.7 MHz) spectrometer. A l l  chemical 

shif ts are reported relat ive t o  21 H3P04 in D 0 (inner tube). 

1 
previously . 

2 
The following compounds were synthesized in order t o  compare w i th  

reaction products or intermediates observed during reactions. 5'-Q-di- 

methoxytr~tylthym~dine~3'-5'~-3'-~-bentoylthym~d~ne phosphorodiester was 

prepared a oxidation o f  w i th  2L I2 in pyridine-water (98:212'3 and 

found t o  be identical w i t h  compound 1. P ,P -(5'-Q-dimethoxytritylthy- 

midine(3'-5')-3'-Q-benzoylthymidine) pyrophosphate 6 was prepared from 1 
in a reaction w i t h  3 equiv. o f  TPS-CI. 5'-Q-dimethowytritylthymidine(3'-5')- 

3'-Q-benzoylthymidine S-phenyl phosphorothioate a was synthesized from 

5' -9-dimethoxy tr i t y  I thy mid i ne and s- p heny I p hosp horochlor i da  t e  ( 1.1 equiv. ) 

in pyridine, followed by the addition o f  3'-Q-benzoylthymidine. J'-Q-di- 

methoxy tr i t y  I thy mid i ne(3 ' - 5 * 1-3 ' -Q- benroy I thy mid i ne 5 
was prepared in a analogous way using POC13 instead o f  S-phenylphos- 

p horochlorid a te. 

1 2  

phosphor ochl or i d ate 

r a l  orocedure f o r  c o w t l o n s  (svnthesis o f  3 a - d  

Compound 1 (0.1 mmol) and 2 (0.1 mmol) were rendered anhydrous by 

repeated evaporations o f  added pyridine. and the  resulting foam was 

dissolved in pyridine (2.5 ml). A n  appropriate condensing reagent (3 

equiv. or as stated in the  tex t )  was added and 31P NMR spectra were 

recorded direct ly a f t e r  mixing o f  the reagents. 
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