
COMMUNICATIONS 

Synthesis of Lactose-Operator Gene Fragments by the Improved 
Triester Method1 

K. ITAKURA, N .  KATAGIRI, AND S. A. NARANG 
Division of Biological Sciences, National Research Council of Canada, Ottawa, Canada K I A  OR6 

Received August 19, 1974 

K. ITAKURA, N. KATAGIRI, and S. A. NARANG. Can. J. Chem. 52.3689(1974). 
The synthesis of lactose-operator gene fragments have been achieved by the improved 

triester n~ethodology and new phosphorylating and condensing reagents. 

K. ITAKURA, N. KATAGIRI, et S. A. NARANG. Can. J. Chem. 52,3689(1974) 
La synthese des fragments du g&ne operant de la lactose a ete realisee par la methode amelio- 

ree du triester en utilisant de nouveaux agents de phosphorylation et de condensation. 
[Traduit par le journal] 

The lactose-operator gene constitutes a unique 
sequence of 21-24 bases in E. coli which has the 
remarkable property of regulating the biological 
function of the lactose-operon (1). Recently 
Gilbert and his co-worker (2) have presented a 
unique sequence of 24 base pairs (see Scheme 1) 
by determining the sequence of RNA transcrip- 
tion copies of this fragment. In this communica- 
tion, we wish to report the application of our 
improved triester approach for the chemical 
syntheses of pentadeca- (I), dodeca- (2), nona- 
(3), and hexanucleotides (4) representing the 
twofold symmetrical region of the lac-operator 
gene sequence. 

The basic feature of the triester approach as 
reported by most other laboratories (3-6), in- 
volved a "two-step", reaction, i.e. phosphoryla- 
tion followed by subsequent coupling at each 
synthetic step. However, we observed that the 
initial phosphorylation did not give a pure 3'- 
phosphodiester component in quantitative yield 
thus leading to very complicated reaction mix- 
tures on addition of the second component. We 
overcame this pr'oblem by using 5'-protected 
nucleosides containing fully protected 3'-phos- 
phate groups 5 as starting material (7). Thus 5'- 
dimethoxytrityl nucleoside 6 was phosphoryla- 
ted with bistriazolide of p-chlorophenyl phos- 

'NRCC No. 14252. 

phate 9,' a new and highly efficient phosphory- 
lating reagent (8). This reaction went to comple- 
tion in 6 h at room temperature and on subse- 
quent treatment with P-cyanoethyl alcohol, a 
fully protected mononucleotide 5 was obtained 
in quantitative yield after isolation by silica gel 
chromatography. Treatment of 5 with 80% acetic 
acid afforded 5'-hydroxy 3'-fully protected nu- 
cleotide 8, whereas a very mild alkaline treatment 
(0.05 N sodium hydroxide, dioxane-water) se- 
lectively removed the P-cyanoethyl group to give 
a 5'-protected nucleoside 3'-phosphodiester 
product 9. Using triisopropylbenzenesulfonyl 
chloride (TPS) as condensing reagent and the 
synthetic path outlined in the scheme, we ob- 
served that the yields of oligonucleotides con- 
taining purine bases (especially guanine) were 
consistently low (ca. 207,) (9, 10). By introducing 
two new condensing reagents, mesitylenesulfonyl 
triazolide (MST) (10) and p-nitrobenzenesul- 
fonyl triazolide3 (m.p. 147-149") (8) (p-NBST), 

'It was prepared by condensing p-chlorophenyl phos- 
phodichloridate (1 equiv.) with 1H-1,2,4-triazole (2 
equiv.) in the presence of triethylamine (2 equiv.) in 
dioxane. Due to extremely labile nature of bistriazolide 
of p-chlorophenyl phosphate, the reaction mixture was 
used immediately after the removal of triethylammonium 
hydrochloride. 

31t was prepared in the quantitative yield according to 
the published procedure (10). It was characterized satis- 
factorily by elemental and spectral analyses. 
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(I)  p-NBST 
5 8 

R- 0 
( 1 1 )  Slllca gel chromatogrdphy 

1 1 1  
( 1 1 1 )  OH- 

(M~O)~T~O$O-P-O- 
1 R- 0 R- 0 4 (mo)2TroJ/&-!-o- 

C1 

9 

R- 0 R- 0 R- 0 
(i) p-NBST 

10 + 8 
/ I  / I  

(ii) (iii) OH- Silica gel chromatography (McO)JrO\t7~\tq\t*!-0 
0 0 

I 

CI C1 C1 

11 
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( i )  p-NBST R- = Thymine 
N-benzoyladenine 

(ii) Silic_a gel chromatography N-benzovlcvtosine 
12 

(iii) OH' 9 N-acetylguakne 1 

R - 0  R-0 R-0 R - 0  R - 0  R- 
(i) p-NBST 

11 + 13 
I /  I l  

(ii) Silica gel chromatography (Me0);TrO\tf J/,&f\tP&/\toAc 
0 0 0 0 0  

SCHEME 1. Lactose-operator gene sequence 

substantially higher yields were realized at each 
step. For example, the protected dodecanucleo- 
tide [(MeO),Tr]dbzA-bzA-T-T-acG-T-acG-bzA- 
acG-bzC-acG-acG(Ac) was synthesized by con- 
densing [(MeO),Tr]dbzA-bzA-T-T-acG-Tp(C1- 
Ph) (0.5 mmol) with dacG-bzA-acG-bzC-acG- 
acG(Ac) (0.4 mmol) in the presence of p-nitro- 
benzenesulfonyl triazolide4 (p-NBST) (2.5 mmol) 
for 2 days. The reaction was then taken up in 
chloroform (25 ml) which was washed with 0.1 
M triethylammoniumbicarbonate buffer (5 ml x 
3) and finally with water (10 ml). The organic 
layer was dried over anhydrous sodium sulphate 
and evaporated. The resulting residue was co- 
evaporated with toluene three times to remove 
pyridine and applied to silica gel column5 (10 x 
5 cm) in chloroform (10 ml). The column was 
eluted with a mixture of chloroform-methanol 
(lo%, 1 1). Fractions of 2 m1/5 min were collected 
at room ternperat~re.~ The fully protected do- 
decanucleotide (0.98 g) was isolated from frac- 
tion 36-44 in 41%. By using the similar experi- 
mental conditions, we obtained the following 
isolated yields of hexa- (60-65%), nona- (55- 
60z)), and pentadecamer (30-40%) (see Table 1). 

The complete deprotection of fully protected 

41t did not cause any sulfonation of 5'-hydroxyl group 
of oligonucleotide. Moreover the condensation reaction 
using (p-NBST) afforded the very clean reaction as com- 
pared with TPS. 

5Thin-layer chromatographic silica gel was used for 
column chromatography. 

%very second fraction was checked on silica gel t.1.c. 
plates in chloroform-methanol (9: 1) solvent. 

dodecanucleotide (0.1 g) was carried out with 
0.1 N sodium hydroxide - dioxane (100 ml) at 
room temperature for 48 h. After neutralization 
with Dowex-50 (pyridinium form), the concen- 
trated residue was treated with concentrated 
ammonia (50 ml) for 2 days at room tempera- 
ture and finally with 80% acetic acid (50 ml) for 
20 min at room temperature. The deprotected 
compound was isolated by gel filtration on Se- 
phadex 6-25 (SF). 

The homogeneity of each unprotected com- 
pound was checked rigorously by (i) t.1.c. on 
silica gel using aqueous solvent systems (11); 
(ii) homochromatography of 5'-32P-labeled com- 
pound according to Sanger (12) and Wu (13) 
techniques; (iii) complete digestion with snake 
venom or spleen phosphodiesterase enzymes to 
their expected ratios of nucleoside to nucleotides. 
Finally the sequence of each frag~nent was con- 
firmed by two-dimensional chromatography 
(electrophoresis on cellulose acetate strip at p H  
3.5, pyridine-acetate buffer followed by homo- 
chromatography on DEAE cellulose thin-layer 
plates in 2% partially hydrolyzed RNA con- 
taining 7 M urea) of 5'-labeled oligomers par- 
tially digested with snake venom phosphodies- 
terase enzyme. Each oligomer gave the expected 
finger-printing pattern (14). 

In conclusion, with this improved triester 
approach and the new phosphorylating and 
condensing reagents, we have been able to 
achieve large scale syntheses of longer oligonu- 
cleotides of defined sequence in high yields using 
approximately equimolar ratios of each com- 
ponent. 
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TABLE 1.  Reaction conditions of various condensation steps and the yields 

Product 
3'-Phosphodiester component 5'-Hydroxyl component 

- . -- Completely deblocked compound 0 
Amount Amount p-NBST' Yield -- > 

Identity (mmol (g)) Identity (mmol (g)) (mmol) Identity (% (g)) Identity Yield (%) 
I 

[(MeO)2Trl%db~A-bzCC-bzAp(CIPh) 1 . I  (2 1) dbzA-T-T(Ac) l (1 .3 )  3 [(MeO),Tr]dbzA-bzC-bzA- 62 (2) A-C-A-A-T-T 71 0 
bzA-T-T(Ac) 4 ZZ 

[(MeO),Tr]dbzA-T-bzAp(C1Ph) 0.5 (0 95) dbzA-bzC-bzA-brA-T-T(Ac) 0.48 (1.40) 2 [(MeO),Tr]dbzA-T-bzA- 57 (1.30) A-T-A-A-C-A-A- 
brA-bzC-bzA-bzA- T-T 
T-T(Ac) 3 

64 

< 
[(Me0),Tr]h~A-bzA-T-T-acG-Tp(CIPh) 0 .5  ( 1  62) dad-b7A-acG-bzC-acC-acG(Ac) 0.4 (1.10) 2.5 [(MeO),Tr]dbzA-bzA-T-T- 41 (0.98) A-A-T-T-G-T-G-A- 0 

acC-T-acG-bzA-acG- G-C-G-G 52 r 
bzC-acC-acC(Ac) 2 VI 

[(MeO),Tr]dbzA-bzA-T-T-d-Tp(CIPh) 0.15 (0.49) dT-brA-T-bzC-b7C-acC-hzC-T-hzC(Ac) 0.1 (0.43) 0.65 [(MeO)2Tr]dbrA-brA-T-T- 35 (0.26) A-A-T-T-G-T-T-A-T- 
N 

acG-T-T-hzA-T-bzC- C-C-G-C-T-C 45 ;; 
brC-acG-bzC-T-bzC(Ac) 1 4 

e 

p-NBST signifies p-nitrobenzenesulfonyl triazolide, a new condensing reagent used in the present studies. 
bAbbreviation are as  suggested by the IUPAC-IUB Commission (15). 
CBenroyl protecting group was found t o  be stable under the reaction condition uslng 11-nitrobenzenesulfonyl triazolide a s  condensing reagent. 
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