% INTRERNATION AL ATOMIC ENERGY AGENOCY
UNITRD NATIONS EDUOCATIONAL, SOIENTIFIO AND CULTURAL ORGANIZATION

INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS

34100 TRIESTE (ITALY) - P.0. B. 80 - MIRAMARE - STRADA COBTIERA 11 - TELEPHONER: $34851/8/04/5°8
CABLE: CENTRATOM - TRELEX 480392+

SMR/111 - 19

SECOND SUMMER COLLEGE IN BIOPHYSICS

30 July - 7 September 1984

Lecture 1. DNA Synthesis in Solutionm
Lecture Z- RNA Synthesis and the Introduction of Terminal Phosphates

Lecture 3. DNA Synthesis on a Solid Support

G.A. VAN DER MAREL
Gorlaeus Laboratories
Department of Chemistry
University of Leiden
2300 RA Leiden
The Netherlands

These are preliminary lecture notes, intended only for distribution to participants.
Missing or extra copies are available from Room 230.






®

Lecture 4
Reviews Nucieic Acid  Chemistry ‘ 0
1 JH van Boou, Heterocydles, 1 "9y (93D H3C
2. C.B. Reese , Tetrahedron 3y aiws (1933). \(\/{1}4
3. SR Nosong, R. Brousseau, H.M. Haiun 1] Michniewsica,

HO N~ O
Methods Enl\imafosy b5 éio (1q&0). 0
4. E. Ontsuka, M. Tkehora \D. S&ll, Mudeic Acids fles. 10 6ssa (1a82)

Cremical and Emuymakic Sythesis of geve Cragmews 0
Edited by MG Gassen, Alang. \erlag Cremie  Weinhein (1g&2)

£ Recent aspects of chewmishn of nuciessides , nuckhtides, and wadleic acids 0
Boited C.B. Raese T:l

Qo hedn  SYMPOSIA ~in- print  wuamber 13
Tetvohedon 4o 3-163 (198%)

o NN
0
0
. N
HO-P=0 (f
0 N N7
0
HO



£ N
OCH3

NH, NH, | HO | @u DMTO B
<fJ f\J ko—; Qo w

’ UEHB

HO—I | TMSO HO | )
(CH3)3SiICL {TMS-CL) < 7 {DMT -CL)
pyridine |

ti—

HO TMSO
0 .
| MT H
O R, ey ey
H\N/KED pyridine 0 NJ\@ I | H*
/NfN N SN (8220) 0Bz .
<1 1)

=

HO— o N N TMSO7 o NN ,
NH3 / Hp0
Tr: R'= R%= R’z H

HO TMSO © |
RB—QC— MMT: R'= OCH; R’=R:H

DMT: R'= R%= OCH; R’=H
0 CH; 2
0 }*\‘hd R
EL )

A H

Pt 0 CHB,
HO o N7 NN HO4 G N0 O O C[c* HCO
Y T Bt

HO



HO
| | TPS-Cl
l TPS-Cl
DMTO— B H07 o B
+
0 OBz
RO~=0
o) |
TPs-Cl
™
DMT
04 , B  DMTOq B
;;;3 lf:o:h
0 0 0 B
RO-P=0 RO~P=0 RO-P=0
0 04 ,. B 09 ,.B
0 ;;;:
B ODMT OBz 0Bz
3-3 3-5 5'-5

R = ~CHCHiCN,  -CHCXs, ().
X

+

© 5

Monofunctional phosphorylating agents

B
;Cl
0

|
DMTO, —OH + Cl*lﬁ’“OR
0

|
7 ?\Cl

DMTO, -0-P—0R

///////////“‘“\\\\\\\\\

R = (Hp(X3 R = (HaCHCN

Zn {CHgl3N /7 pyridine / Hy0

5 L
Cl
o)

DMTO, 0—p-0~



[

Ditriazolide method

P Ny ] s
0-P-Cl + 2 HN_ — QO—I?—NJ\\L N
N
cl Cl cl
B N
N RN
DMTO_FOH  + [ N-P-N_},
0
O
| |
- B ~
2 NS
DMTO, |0 g N
o8
" .
(CoHs)3N MHZOH NN
B B

0 0
I -
0-p-07 29N pMTO, |-0-B-OCH,CH,CN

0
o ¥y
l = .

DMTO

o
)
)

N

DMTO, —0-

O=TD-

o
(&)

Condensation

B B QCB
|
activa- (l)
HO , FOR M. pMTO . FO-P-0, [OR
ﬂgenf 6

0
i /e.-.-N
MS S—X X = NT
Q& ‘N"‘No2
¥ No
TPS S-X X= -N Te
0 ' N
9
Qs %g,—x X= —Cl
N\ 0
HyC-N,
O,N 0,N
Side-reactions ZN)/‘§ C )F'}l
i CH
fj/ ’ «N]ka
B 0N N““NNHR'
9
Q’f;—o OR RO, F-OR RO. F-OR
0



° 0 8 0 9
e N I N
N 0 | N 0 %-D cl 9 HO-N' oN N “N-0-P-0-N/ *N
¢ :H\)\,ﬁ'\H MS-CL ¢ ¥ NO 0-P-Cl + 2 — 0
NN NH, N N“NH, Cl cl
R R -
N
HOD HOBT I
OzN 02N ~
0 0 B B8 W
N ~ 9 x>
¢ l]/kjl\ R-C-Cl (,N | 1 C
NN NH(")R — NN ~NH, I + DMTO [FOH —| DMTO O—I?—O—N\NaN
R 0 R
0 ~
CH: N= I =N B
C})-B\I\Nl RIS
| OR OR’
R
[ B B B B
NO;
3 Qe | 9
. © DMTO, |-OF-0R  DMTO, F0R0-/ DMTO, |-0P-0, 1-OR’
CNJ D 0 0 0
NH, N 0 ‘ @,a @,Cl @,Kl
f\erHB w4 s o) % CH, O
0 l\|] 0 !I\l 0 II\I R = ~CHpCHyCN R = _EQ
R R "R

= ~CHEX3 _D'E_OG
= ~CHyCHy < )-NO, i C



B B

B B 7
Q Q
DMTO, -0-7-0BT + HO, FOH —— DMTO, [-0-8-0, {-oH
0 0

@Cl @Cl

ol s
wfy

2

1
B B B B

9
HO FO~P-0, |-0Bz

érm

Il g
+  DMTO, FO-P-0  FO-P-0BT

é,CI (Oj,Cl

N-Methylimidazole

Bz GBz CBz Bz

NDy
(CH3loN . _N(CH3)
hd
h / NH
OH
Bz B

CBz GBz Z

1 NH3 /Hy0

2. H*

G C G
0 2 0
| | ]
HO\LO—#—O\LO—,—O\LO—E-O\LOH
0{-) O(—] 0

(—)

Venom Spleeh

dC + 2pd6 + pdC  2dCp + dGp

+ dG



1 B?
Q
DMTO | [FO-F-0 [-OR
0
o
B’] 82 . 81 BZ
7 1
It -}
DMTO, 0-R-07% HO, FOR DMTO, [OH +70-P-0

0

DMTO, +O-P-0, [FOR

&°
Q- /_Q

"O—P'O OH

=lg- PO

U
~ OR

1 B
OT/_—I;R2 R': CHO— )-C-

e
g

=) 1

Llectore 2 OCH3

R0-P=0 s
5 B
0 Cl
R3: ‘@
RO OR
0 NH, 0
NH N~ NH
5 (‘ f 8
I\II’LO J N NANH
u c G

0 0 Q//O

/@,C\ ©,c\ HC-C!
H;CO O

An Bz DPA

OCH; H3c CHs
R U fﬁ ~t-si- QCHZ

ch CH; NO,
THP MTHP TBOMS  NO,Bn



Lo 2 ()

HO U AcO AcO U TIPSCL
0~ CH3C(OCH;)g 0 H' 0 2
2 (CH3E)ZO HO OH .
HO OH 0__0 AcO | OH
H3CO><CH3 |O
HO U P ‘p T84
NH3
-— OTHP
H
O OTHP AcO OU 1. {CH3kgSICL [2. Og—u 3. NH,OH

Bz
. HO A
l ;O—\(|
G N,
}s.< y 0 O‘N ., HO OTHP
HO )—s. y An
; | (T|PSCIZ} SI,\OQ HO 0 7
HO OH —(c-sr OH b 1. TIPSCL,
HO OH (O—OEHZ?ZO
HO CAn 0 CAF’I
TBAF
— ?’\Q HO GDPA
0 0
Yo

HO OTHP ~\0-5-Q OTHP
~ Y

< 0, QTHP
=Y

0 G

_(o
—\ 0‘5.’% OCCH20—©

1 {§ P),CHCCL 2. N



OMT-ClL

HL(0CH3)

HO OH

DMTO B

-
4
—1
o
Q’
w,
+
=
=
I
?
_-IU =
Q@
pd
N\,
/4
pd

L l
DMTO g )
BZ
0
. S
0-P=0 =/
HO OTHP NIV
. ~
y
DMTO- B
B2
Cl O OTHP 0
0-P=0 Q

09 & 0RO 0T
0
&%

HO OTHP



BTO-R-O0BT 1 . ‘5

OCH;

! DMT = —C

H33t160©

N N-CH

B B :
L OR  -OR -
0P 00
DMTO, -0-£-0, |~OH
0 \ 0
| "
B B B
—0OR —0OR —OR
0@ 0p
DMTO, -0-§-0, F0-£-0BT  HO, |-OH
| o N 9§ \
N-Melm
B B B
_OR _OR _OR N-Melm =
|
DMTO, 0-P-0, -0-P-0. |-0H
SN
11
2. 1/ N-Melm
B B B B
OR (OR kFOR  |OR
8 | 0B | og
DMTO, 0-P-0_|-0-P-0, -0-P—-0 —0H
C") \ li \ 8 w

OCHs

B B B
—0OR -0OR —OR
(IJQ) ?(D ?@
DMTO, —0O4R-0, -0=P-0, —-0OH BTO—?-OBT
NS N 6N 0
. /2 I
H20
B [ B B B[ B)] B
-OR -OR —0OR -OR -OR FOR
0 | o | @, || W
DMTO, |0-R-0, -0-0, 0-2-d”  HQ F0p-0, F0+P-0, FOR
| OB ROV
~ 2 S~ /tt
0
SN | eenT)
0 ‘N’J\Noz
B [ B B
lOR|  [OR| ~ |OR
(?Gﬂ (?05
DMTO, —0+P-0, —0+tR-0,\ -OR’
N W3 N T8 N




CA[’I GDPA ABZ
—OR ~0R —OR —OR’
Cop | 0 | of |
DMTO, r0-P-0, rO-P-0, FO-RP-0, FOR
NT6 N8 N 4N
1 @;NOQ ; (CH3)2NYN(CH3)2
NH
. N
~0H
2. Nrs
3 o
UpCpGpA
I
Venom Spleen Takadinstase 71 RNAse Takadiastose T2
U+ pC+pG+ pA
]
Up+ Cp+ Gp +A
UpCpGp + A
Up + Cp + GpA

Up + Cp + Gp + A

@
B[ B )
0" f* 0" "o
HO-R-0, FO1R-0, -0-k-0
0O N [0 0
.. “T
R=H
R= OH
0" 9 O
“0-f-0-F-0-F07 5. A
0 O O
HO R
R = OH
R = NH,
oo 0o 0
-0-R-0-R-0-R-0— O
0o 0 O
0 OH
_0-P=0
Q
_0-P=0

OH



I

I

+

VA 1] .
o N-B-Cl
OR
Rl
R= ~CHy(Bry
H;C-5-b-Cl
0
Cl
cl
B
HO, F-OR
B
Q q
X-p-0, F-0-p
Y 0

T ot
N~P~Cl
i
H oR
R = —</ >—Cl
Cl
R = ~CH,CBry
I Q
N—-P~N
by
B
Q 9
X-P~Cl X-B-0, FOR
Y Y
[-I¥
5
?
OR X=R-0, FOH
Y

10 et "
i N
RO-P-Cl + HO-N "N ——=BTO P OBT  Rr=< )0,
Cl \ ) (I)R = —CHyCBr3
=—§ -l
i a
B B
HO, -OR" —— BTO- P O, FOR’
OR \
o, NH )N HS )
]
B B B
koo Lor <vsbo Low
0 N-R-0 N Oﬁ-ﬁ’-o OR —OS-FI’-O\—OR
0 0 0
(ij CH,CBg Cl
NO, Cl
1 oximate 1 Zn /H' 1 oximate
2. NH3 /H) 2. /L/\ONO 2. 1/ H0
3 001N HC 3 NHy /Hp0 3 NHy/HyO
]

pB



B & 12
[
BTO—[ID-OBT + HO FOR’
[N] BT = —NJiN
| 0 | l @
N-Melm . | N-MeIm = HyC-N"N
B
N~ ﬂ>— LOR
ot L
g B
0 .
ROH / N-Melm ’
d:N—lf—o\—OR
. 0—
B
Base
d_N- b— —OR'
5\
R = =CHpCHoCN
R = -CHyCHy§ N0y -
R 9 ¢
~0-P-0-P-0-P-0, OR’

| | r
0. O. O

@ 13
G GOPA GOPA
Fote g g, Fome . bone
{Levo0}
DMTO, FOH DMTO, —OlLev HO, (—OlLev
\ N\ \
Q
BTO-P-0BT
)
GoPA GOPA (SOH GoPA
- T - —
OTHP NHo N Q OTHP o, OTHP
W [
RO—I?—O\—OH RO-P-0, —OlLev BTO- P— —OLev
0) o [Nj N
0 0 0
BTO-P-0BT
)
0P,
o ™ = \ﬁoj
—OTHP N
- "0
N 1l
RO-P-0, {-0-P-0BT
[{{lj N R = -CHpCHy < )-NOy
o



D (GPA 14 L)

—OTHP | e bure 5
- Q N Solid Support with
OZN'QCHZCH'IO“?“O —0-P-0-N_'N 1st Nucleoside
Ny NN S
[ ] [ j \ / attached
0 0 . .
1. (CoHghN 7 Ha0 | 2. H3POy, Deblock s N
GDPA ______._________-;
Condensation Intermediate
-otwp |t 1 | solvent wash
0 0 0 - 7
[ 1 _ Cappin |
0N< ) CH,CH,0-F-0, |-0-5-0-F-0 e — 1.
N N 0. O
(0] Remove Phosphate
1. DBU [2. HyPy0y protecting group
|
GoPA | Cleave off DNA chain
L OTHP Deprotect
0 8.0 .8 ¢ i
~0-R-0-F-0-P-0, -0-P-0-p-0~ . Deblock (5°)
0. 0O- O. O- O-
. Purify
1 NH3 / Ho0 |2. H
G
—OH
0O 0
| i 1 it n
“0-P-0-F-0-F-0, |-0-P-0—-p-0
0. 0. O N 0. o




2 &
DNA Synthesizer
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