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1. HPLC methods.

Preparative HPLC was performed with a Gemini Spu C18 column (21.20 mm x 250 mm, 5
um particle size) supplied by Phenomenex Inc. CA, USA on a Hitachi HPLC system (L-
2130) with a Windows based data acquisition and a Hitachi Diode array detector (L-
2455). Purification was accomplished using a water (0.1% trifluoroacetic acid)/methanol
(0.1% trifluoroacetic acid) gradient at 7 mL/min flow rate (method: 100:0 to 50:50 over

70 min followed by 50:50 to 0:100 over 40 min).

Table S1. HPLC method used for the purification of the compounds.

Time Water Acetonitrile Flow rate
(minutes) Concentration Concentration (mL/min)
A (%) B (%)

0.00 100.0 0.0 1.0
1.0 100.0 0.0 7.0
70.0 0.0 50.0 7.0
110.0 0.0 100.0 7.0
119.0 100.0 0.0 7.0
120.0 100.0 0.0 1.0

Analytical HPLC was carried out with a Gemini S5u C18 110A Column (250 x 4.6 mm)
supplied by Phenomenex Inc. CA, USA using the HPLC system above. Two different
gradients [water (0.1% trifluoroacetic acid)/acetonitrile (0.1% trifluoroacetic acid) and
water (0.1% trifluoroacetic acid)/methanol (0.1% trifluoroacetic acid)] were used at 1
mL/min flow rate (method: 100:0 to 75:25 over 20 min followed by 75:25 to 100:0 over

10 min).
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2. High resolution mass-, '"H-NMR-, and *C NMR spectra and analytical HPLC traces in two different solvent systems
3-(Cyanomethyl)thymidine (2). 'H NMR
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3-(Cyanomethyl)thymidine (2). HR-ESI-MS found: 304.0888.

L052909C 413 (7.593) AM (Cen 4, 80.00, Ar,0.0,0.00,1.00); Sm (5G, 2x2.00}); Cm (359:425) TOF MS ES+
100 4726827 6.10e4
304 0888
172.8840
304.2583
Ofb_
386.3499
622 5864
922 3741
77248350
1072 2834
188.0461 4292381 1222 1934

I( I 1372.0912
o |I|'l'| g b LI L B I I ---.----|----|----|----|----|----|----|----|----|--|--|----|----m!z
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3-[2-Imino-2-(propylamino)ethyl]thymidine (3a). °C NMR
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3-[2-Imino-2-(propylamino)ethyl]thymidine (3a). HR-ESI-MS found: 341.1799.

LO70209F 107 (1.962) AM (Cen 4. 80.00, Ar.0.0,0.00,1.00): Sm (SG, 2x3.00): Cm (107) TOF MS ES+
341 1799 1.93e3
100+
360.3238

B % 2251375

172 8884

472.6725
322.1009
361.3360
205,053 386.3502

O||||||||||||||||||||||||||||I||||||||=||||||I|||||||||||||I||||||I||||I||||I|||||||||||I|||||||||||||i||I||||||||||||||||||||||||||||||||||||I|||||||||||||||I||||||||||||||||||||||||||||||I||||I|mfz

160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500

S9



3-[2-Imino-2-(propylamino)ethyl]thymidine (3a). Analytical traces in Water:Acetonitrile gradient
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3-[2-Imino-2-(butylamino)ethyl] thymidine (3b). °C NMR
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3-[2-Imino-2-(butylamino)ethyl]thymidine (3b). HR-ESI-MS found: 355.1985.

HKW-2B
LO52909E 12 (0.219) AM (Cen,4, 80.00, Ar,0.0,0.00,1.00); Sm (SG, 2x3.00); Cm (12:182) TOF MS ES+
355.1985 2.87eb
100+
LT
356.2104
358.3183
0 T T T T I| T T T m/z
351 352 353 354 355 356 357 358
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3-[2-Imino-2-(butylamino)ethyl|thymidine (3b). Analytical traces in Water:Acetonitrile gradient
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3-[2-Imino-2-(phenylamino)ethyl]thymidine (3c). °C NMR

.
o o ! ® o ®» o O w© ' '
o W — 0 © N WD — B~ o [ve] <t —~ o w
8 == © O © w® © o © = © ST <
© W o~ ~ W0 — O W o N w0 o™ «© ~ -
© © w ™® O m ™o = o~ ~ o~ o < ©
— — — v v v — — w @ P~ w | < <r —
B S T T Y S S TR PO S T S T S S T P I Lo oo, B e e—————e S T H
. :
A /
H :
- U SR I So...m R I H
!
Ol\ H
. .
' MNH =
: N’go:
. .
B Ho. L O R S e PN e e ee—————ns :
H H
. .
. .
. OH '
:
- U SRR I IR | R I H
:
[m]

Lppm 1)

S16



3-[2-Imino-2-(phenylamino)ethyl]thymidine (3c). HR-ESI-MS found: 375.1677.

L111510F 250 (8.789) AM (Cen 4, 80.00, Ar,5000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (250:269) TOF MS ES+
3751677 1.42e5
1004
W %
259.1189
375.4403  471.1644
e o L L e e e L B e e B s B e T M/Z
100 200 300 400 500 600 700 800 900 1000 1100
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3-[2-Imino-2-(phenylamino)ethyl]thymidine (3c). Analytical traces in Water:Acetonitrile gradient
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3-[2-Imino-2-(benzylamino)ethyl]thymidine (3d). 'H NMR
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3-[2-Imino-2-(benzylamino)ethyl]thymidine (3d). B NMR
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3-[2-Imino-2-(benzylamino)ethyl]thymidine (3d). HR-ESI-MS found: 389.1808

LO52509N 350 (11.115) AM (Cen 4, 80.00, Ar,0.0,0.00,1.00); Sm (SG, 2x3.00); Cm (295:351) TOF MS ES+

389.1808 8.49e3
100+
W %

389.3398
l
O e e MfZ
389.000 389.050 389.100 389.150 389.200 389.250 389.300 389.350 389.400
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3-[2-Imino-2-(benzylamino)ethyl]thymidine (3d). Analytical traces in Water:Acetonitrile gradient
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3-[2-Imino-2-{2-(closo-1,7-carboranyl)ethylamino}ethyl|thymidine (3e). HR-ESI-MS found: 469.3476.

HKW-20
L122110B 175 (6.127) AM (Cen,4, 80.00, Ar,5000.0,0.00,0.70); Sm (SG, 2x3.00);, Cm (149:178) TOF MS ES+
4693476 1.48e5
100+
470.3459
1 472 6707
o _|
% 468.3598
471.3575
1 AB7 3761
472.9643
0 T T [ T —— f II | — — T T T T T r miz
463 464 465 466 467 468 469 470 471 472 473 474 475 476 477 478 479 480
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3-[2-Imino-2-{2-(closo-1,7-carboranyl)ethylamino}ethyl|thymidine (3e). Analytical traces in Water: Acetonitrile gradient
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3-[2-Imino-2-{3-(closo-1,7-carboranyl)propylamino}ethyl|thymidine (3f). Be NMR

o

| ppm (t1)

...............................................

S28



3-[2-Imino-2-{3-(closo-1,7-carboranyl)propylamino}ethyl]thymidine (3f). HR-ESI-MS found: 483.3611.

HKW-2C
LO52909B 145 (2.659) AM (Cen,4, 80.00, Ar,0.0,0.00,1.00); Sm (SG, 2x3.00); Cm (138:192) TOF MS ES+
483.3611 3.26e5
100+
i 484 3599
482 3708
0’{:_
485 3663
481.3805
381.2545 599 4266
1 998 4316,
o l
Ot T AELBARER T T T frr T T T T R B I S I UL I UL I S Rl 114
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400
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3-[2-Imino-2-{3-(closo-1,7-carboranyl)propylamino}ethyl]thymidine (3f). Analytical traces in Water:Acetonitrile gradient
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(5). '"H NMR
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3',5'-(Di-tert.-butyldimethylsilyl)-3-cyanothymidine (5). "C NMR
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3',5'-(Di-tert.-butyldimethylsilyl)-3-cyanothymidine (5). IR-spectra
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3',5'-(Di-tert.-butyldimethylsilyl)-3-cyanothymidine. (5). HR-ESI-MS: 518.2462.

LO71709E 337 (6.199) AM (Cen 4, 80.00, Ar,0.0,0.00,1.00): Sm (SG, 2x3.00); Cm (243:370) ' ' ' "~ TOF MS ES+
100- 472.6725 518 9462 1.89e5
N %]
519.2549
e L L L g S I g W L L B 0 UL L WL s Wy w114

465 470 475 480 485 490 495 500 505 510 515 520 525 530 535
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3-(Propylcarbamimidoyl)-3',5'-(di-zert.-butyldimethylsilyl)thymidine (6a). Be NMR
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3-(Propylcarbamimidoyl)-3',5'-(di-zert.-butyldimethylsilyl)thymidine (6a). HR-ESI-MS found: 555.3376
L100109C 476 (8.731) AM (Cen 4, 80.00, Ar,5000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (434:478) TOF MS ES+
100+ 595.3376 1.43e6
W %
556.3484
0 T T T T T T — m/z
553 554 555 556 557 558 559
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3-(Butylcarbamimido
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3-(Butylcarbamimidoyl)-3',5'-(di-zert.-butyldimethylsilyl)thymidine (6b). HR-ESI-MS found: 569.3551 and 591.3370.

LO72809E 157 (2.879) AM (Cen,4, 80.00, Ar,0.0,0.00,1.00); Sm (SG, 2x3.00); Cm (126:167) TOF MS ES+
591.3370 427e4

100+

269.3551
4932513
B %
472 6725
494 2600 570.3656 o 622.5792
429 2251 i )
OIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIII|IIII|IIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII||||mfz
420 440 460 480 500 520 540 560 580 00 620 640 660 680
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3-(Phenylcarbamimidoyl)-3',5'-(di-fert.-butyldimethylsilyl)thymidine (6¢). 'H NMR
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3-(Phenylcarbamimidoyl)-3',5'-

=

™ " '

(di-tert.-butyldimethylsilyl)thymidine (6¢). °C NMR
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3-(Phenylcarbamimidoyl)-3',5'-(di-zert.-butyldimethylsilyl)thymidine (6¢). HR-ESI-MS found: 589.3251.

LO90209F 80 (1.485) AM (Cen,4, 80.00, Ar,5000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (25:182) TOF MS ES+
_ 589.3251 8.84eb
100
W %+ 1728747
537 8797
590.3333
533.8873
1743715 392 7749 591.3406
O ||||L|||r!IILl*Jl%J|l4%%|L||l|*IL|||l|‘II|L||||l|||l||J||||||J.=|||L|I||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| mllrz
100 20 300 400 500 G600 700 8200 900 1000 1100 1200 1300 1400

S43



bt 5 & S ot “

2 = 3 g 2 |

o m - - m o H

_ L1 | _ L1 | ___ [ | _ .
wew N o ﬂO

o

UGB
186}
P86 |
L9zt

..... biZ2-

2077

Lot
88e'¢c
00€¢C
LOET

L

10

T
deceemee=—-

I
207"

- S —

30

- S

idine (6d). 'H NMR

thym
GG

)

thylsily

dime

I S S I LI (RIS IS | SIS (IS | S I | I I (e

o

[
B0

N —

e

70

carbam

R L S I S S | SRS (ISR (M [N RS | SN S P [

S I .

3-(Benzyl

S44



3-(Benzylcarbamimidoyl)-3',5'-(di-tert.-butyldimethylsilylthymidine (6d). *C NMR
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3-(Benzylcarbamimidoyl)-3',5'-(di-tert.-butyldimethylsilyl)thymidine (6d). HR-ESI-MS found: 603.3331 and 625.3253.

100+

B %

L081008D 166 (3.044) AM (Cen,4, 80.00, Ar,0.0,0.00.1.00); Sm (SG, 2x3.00); Cm (102:176)

603.3331

604.3492

605.3544

622 5667

625.3253

626.3348

TOF MS ES+
9.98e4
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3-[2-(closo-1,7-Carboranyl)ethylcarbamimidoyl]-3',5'-(di-zerz.-butyldimethylsilyl)thymidine (6e). Be NMR
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3-[2-(closo-1,7-Carboranyl)ethylcarbamimidoyl]-3',5'-(di-zert.-butyldimethylsilyl)thymidine (6¢). HR-ESI-MS found: 683.5076.

HKW-20
L122110B 482 (16.878) AM (Cen,4, 80.00, Ar,5000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (482:487) TOF MS ES+
683.5076 1.63e5
100-
684.5117
682.5286
0’{,_
6585.5334
681.5535
01— ML ML UL T T L L AR | ML L HERIPL LA BN SRR m/z
100 200 300 400 500 600 700 300 900 1000 1100
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3-[3-(closo-1,7-Carboranyl)propylcarbamimidoyl]-3',5'-(di-zert.-butyldimethylsilyl)thymidine (6f). HR-ESI-MS found:

697.5167.

LD81008E 190 (3.503) AM (Cen,4, 80.00, Ar,0.0,0.00,1.00); Sm (SG, 2x3.00); Cm (161:276) TOF MS ES+
_ £98.5140 557ed4

100

697 5167
B %
96 5232 699.3117
695.5291 700.5142
0 1 T T 1 T T 1 T T T T T T T T T T T miz
689 690 691 692 693 694 695 696 697 698 699 700 701 702 703 704 705 706
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3-[4-(closo-1,7-Carboranyl)butylcarbamimidoyl]-3',5'-(di-zert.-butyldimethylsilyl)thymidine (6g). HR-ESI-MS found: 712.5307.

L101910C 239 (4.383) AM (Cen 4, 80.00, Ar,5000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (238:298) TOF MS ES+
772.4611 1.34e4
100 712.5307
711.5376
N
N %
710.5497 || 713.5350
709.6054 772.8469
LR RN LR L LS LA AR RS LSRR L ML LA LS LN MR AR RS LU AR LARS LAY LAARE LRLLS LS LRSS LUALE RLRLN RARES RALLN LS AL LY LN L
650 660 670 680 690 700 710 720 730 740 750 760 770 780 790 800 810 820
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3-(Propylcarbamimidoyl)thymidine (7a). B NMR
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3-(Propylcarbamimidoyl)thymidine (7a). HR-ESI-MS found: 327.1654.

L100109D 565 (10.363) AM (Cen 4, 80.00, Ar,5000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (560:587) TOF MS ES+
3271654 1.82e5
100+
W %
3281739
0 — = T T T T T T m/z
326 327 328 329 330 331 332 333
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3-(Propylcarbamimidoyl)thymidine (7a). Analytical traces in Water:Acetonitrile gradient
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3-(Butylcarbamimidoyl)thymidine (7b. °C NMR
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3-(Butylcarbamimidoyl)thymidine (7b). HR-ESI-MS found: 341.1853.

LO90209H 120 (2.200) Cm (115:136) TOF MS ES+

. 341.1853 5.79e3
100

2251247
W %
172.8793
242 2864 242 2162 537.9314
C |||||||||j||||||‘|I?||||I|||‘|||||||||||L|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| erZ
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400
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3-(Butylcarbamimidoyl)thymidine (7b). Analytical traces in Water: Acetonitrile gradient
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3-(Phenylcarbamimidoyl)thymidine (7c). 'H NMR
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3-(Phenylcarbamimidoyl)thymidine (7c). '°C
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3-(Phenylcarbamimidoyl)thymidine (7c). HR-ESI-MS found: 361.1532

LO90209E 231 (4.236) AM (Cen 4, 80.00, Ar,5000.0,0.00,0.70), Sm (SG, 2x3.00); Cm (15:286) TOF MS ES+
100+ 361.1532 1.46e5
341.1752
3227782
B %
360 9636 3619428
342 1841 358.9543 363.9522 393.3032
316.9738 3292203 336.8957 ( 4469518 T ‘ ( 263 9681 381 3090383.1584 391.3148
-4 oo L O [ EI"‘."ll."‘.'"!"".“"l.‘ Ii-!_ill |.' !""l.' ' :L: f I...Ilall.nil !I_!||.I !I | '!'/I. n i !n._:; .Jll ls |! | !l Jua ] ?ll M| .i‘.'l"!| !._L!.. !....l.l II. |.i .‘J |I pl ||| " l!‘l. l.‘ I ‘I.:l'.“ i|| ‘ lli :llll |=.|.J|i_4|mn pha !J pure m/z
315 320 325 330 335 340 345 350 355 360 365 370 375 380 385 390 395
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3-(Phenylcarbamimidoyl)thymidine (7c). Analytical traces in Water:Acetonitrile gradient
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3-(Benzylcarbamimidoyl)thymidine (7d). HR-ESI-MS found: 375.1673

L090209G 279 (5.117) AM (Cen 4, 80.00, Ar,5000.0,0.00,0.70); Sm (SG, 2x3.00); Sm (SG, 2x3.00); Cm (244:378) TOF MS ES+
3751673 2.96e5
100~
m %]
3761792
0 T 1 T — T T T 1 T T T T —! T T T T 1 T T — m/z
368 369 370 371 372 373 374 375 376 377 378 379 380 381 382 383 384 385 386 387 2388 389
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3-(Benzylcarbamimidoyl)thymidine (7d). Analytical traces in Water: Acetonitrile gradient
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3-[2-(closo-1,7-Carboranyl)ethylcarbamimidoyl]thymidine (7e). HR-ESI-MS found: 455.3270

HKW-4wW
LD10311C 71 (2.485) AM (Cen,4, 80.00, Ar,5000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (52:79) TOF MS ES+
- 4553270 9. 37e4
100
456.3254
o, |
454 3348
457.3285
453.3424
DI'"'I'"'I'"'I""I""I""I""I""I""I'"'I"I"'lll‘!|!l"I""I""III""I""I""I""I""I""Imfz
400 405 410 415 420 425 430 435 440 445 450 455 460 465 470 475 480 485 490 495 500
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3-[2-(closo-1,7-Carboranyl)ethylcarbamimidoyl]thymidine (7e). Analytical traces in Water:Acetonitrile gradient
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3-[3-(closo-1,7-Carboranyl)propylcarbamimidoyl]thymidine (7f). HR-ESI-MS found: 469.3382.

L062910E 3105 (56.957) AM (Cen 4, 80.00, Ar,5000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (2085:3153) TOF MS ES+
202.2552 7.99e5
100
203.2538
201.2639
Oib_
4693382
470.3371
468.3474
200.2730(|204.2582 353.3020
54.2984
352.3071 471.3404
467.3547
355.2960
B, - ,....,....|....,..:'".,....|....,....|... m/z
175 200 225 250 275 300 325 350 375 400 425 450 4¥5 500 525 550 575 600 625 650
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3-[3-(closo-1,7-Carboranyl)propylcarbamimidoyl]thymidine (7f). Analytical traces in Water: Acetonitrile gradient
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3-[4-(closo-1,7-Carboranyl)butylcarbamimidoyl]thymidine (7g). 'H NMR
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3-[4-(closo-1,7-Carboranyl)butylcarbamimidoyl] thymidine (7g). *C NMR
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3-[4-(closo-1,7-Carboranyl)butylcarbamimidoyl]thymidine (7g). HR-ESI-MS found: 483.3558.

L102210C 231 (4.236) AM (Cen 4, 80.00, Ar,5000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (173:236) TOF MS ES+
483.3558 4. 68e3

100+

484 3559
B %%
482 3634
4853582
4813808 |
0 T T | | L. T I f o |'| ey T T | T T T — miz
478 479 480 481 482 483 484 485 486 487 438 489 490 491 492 493
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3-[4-(closo-1,7-Carboranyl)butylcarbamimidoyl]thymidine (7g). Analytical traces in Water:Acetonitrile gradient
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3-(Tetrazol-5-ylmethyl)thymidine (8). 'H NMR
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3-(Tetrazol-5-ylmethyl)thymidine (8). HR-ESI-MS found: 325.1275, 347.1108 and 649.2494.

LOY02098D 178 (3.264) AM (Cen 4, 80.00, Ar,0.0,0.00,1.00); Sm (SG, 2x3.00); Cm (21:186) TOF MS ES+
209.0766 2.95et
100+
649.2454
1 472 6613
3251275

W %% 347.1108

1 622.5649

b 922.3497

671.2443 772 4659
] 322.7801
1072,2508 1222 1476

R L B e B L  Aa ""I""I""I'"'I""I""I"'L"I""I""I""I""I"|"I""I""I"I"I""I""
LO70209D 178 (3.264) AM (Cen,4, 80.00, Ar,0.0,0.00,1.00); Sm (SG, 2x2.00); Cm (21:186) TOF MS ES+
100— 325.1275 1.84e5

347.1108
W %%
322.7801
326.1380 348.1199
L L o o o e o I L e B L B L B o LA B o B T L L e I ML me o s
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3-(Tetrazol-5-ylmethyl)thymidine (8). Analytical traces in Water: Acetonitrile gradient

1000 3

Analytical traces in Water: Methanol gradient
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3-[1(2)-Propyltetrazol-5-ylmethyl]thymidine (9a). °*C NMR
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3-[1(2)-Propyltetrazol-5-ylmethyl]thymidine (9a). HR-ESI-MS found: 389.1536, 405.1545 and 755.3516)

L111910C 42 (1.470) Sm (SG, 2x3.00); Cm (35:62) TOF MS ES+
389.1536 3.63e4
100
W %
405.1545
755.3516
e o L B e L s o e e e VAL Iy U el T
100 200 300 400 500 600 700 800 900 1000 1100
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3-[1(2)-Propyltetrazol-5-ylmethyl]thymidine (9a). Analytical traces in Water: Acetonitrile gradient
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Analytical traces in Water: Methanol gradient
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3-[1(2)-closo-1,7-Carboranylethyltetrazol-5-ylmethyl|thymidine (9b1/2).
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3-[1(2)-closo-1,7-Carboranylethyltetrazol-5-ylmethyl]thymidine (9b1/2). HR-ESI-MS found: 495.3372.

L100509c 137 (2.512) AM (Cen.4, 80 00, Ar.5000.0,0.00,0 70). Sm (SG, 2x3 00). Cm (82-143) TOF MS ES+
495 3372 2 T4e4
100+
| 496.3325
0| 494 3388
497.3308
493.3460
492 3564
4983259
0 .I..||.|||.||I|.|.|I I win | |I||I||| il |I||I| Lt 1 way T TP I Y L PP S TN BT el L Ll Ly Ll T Lpal
490 491 492 493 494 495 496 497 498 499 500 501 502 503 504 505 506 507 508 509
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3-[1(2)-closo-1,7-Carboranylethyltetrazol-5-ylmethyl]thymidine (9b1/2). Analytical traces in Water:Acetonitrile gradient

Analytical traces in Water:Methanol gradient )
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3-[1(2)-closo-1,7-Carboranylethyltetrazol-5-ylmethyl|thymidine (9b1/2). 'H-"H NOSEY NMR

[ N3-CH, N°-CH,
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3-[1(2)-closo-1,7-Carboranylpropyltetrazol-5-ylmethyl]thymidine (9¢1/2). HR-ESI-MS found: 531.3341.

L100509d 204 (3.759) AM (Cen 4, 80.00, Ar,5000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (203:214) TOF MS ES+
531.3341 2.02e5

100+

532.3299
0’{,_
530.3386
533.3326
529.3476
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3-[1(2)-closo-1,7-Carboranylpropyltetrazol-5-ylmethyl|thymidine (9¢1/2). Analytical traces in Water: Acetonitrile gradient

Analytical traces in Water:Methanol gradient
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3-[1(2)-closo-1,7-Carboranylbutyltetrazol-5-ylmethyl]thymidine (9d1/2). HR-ESI-MS found: 523.3672 and 545.3411.

LD12710b 242 (4.438) AM (Cen,4, 50.00, Ar,5000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (98:260) TOF MS ES+
523.3672 4.03e4
100+
524.3665
0’{,_
5223748
545.3411
546.3367
525.3669
544.3453
'D"l'"'|""'|""'|""|""|"'|'|"'I"|""|""|"|'|"'|""|"'mf2
515 520 525 530 535 540 545 550 555 560 565 570
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3-[1(2)-closo-1,7-Carboranylbutyltetrazol-5-ylmethyl]thymidine (9d1/2). Analytical traces in Water:Acetonitrile gradient

Analytical traces in Water:Methanol gradient
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3-(Tetrazol-5-y)thymidine (10). °C NMR
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3-(Tetrazol-5-yl)thymidine (10). HR-ESI-MS found: 333.0939.

L100109H 192 (3.521) AM (Cen 4, 80.00, Ar,5000.0,0.00,0.70); Sm (SG, 2):3.00); Ccm (1[]2:21 8) TOF MS ES+
333.0939 3.98e5
100+
W %
334.0986
0 T T T T ! T T T T T T T m/z
329 330 33 332 333 334 335 336 337 338 339
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3-(Tetrazol-5-yl)thymidine (10). Analytical traces in Water: Acetonitrile gradient

% 550 L sso
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Analytical traces in Water:Methanol gradient
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I-5-yl]thymidine (11a).
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3-[1(2)-Propyltetrazol-5-yl|thymidine (11a). ’C NMR
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3-[1(2)-Propyltetrazol-5-yljthymidine (11a). HR-ESI-MS: 375.1409.

' TOF MS ES+

L111910C 355 (12.431) AM (Cen 4, 80 00, Ar 5000.0,0.00,0.70): Sm (SG, 2x3.00): Cm (353-366)
375.1409 3.45e4
100+
. l:,b_
375.3659
0 T T T I I ! T T I T T T I I T - miz
370 371 372 373 374 375 376 37T 378 379 380 381 382 383 384 385 386
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3-[1(2)-Propyltetrazol-5-yl|thymidine (11a). Analytical traces in Water:Acetonitrile gradient

mAl

Analytical traces in Water:Methanol gradient
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3-[1(2)-closo-1,7-Carboranylethyltetrazol-5-yl|thymidine (11b1/2). B NMR
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3-[1(2)-closo-1,7-Carboranylethyltetrazol-5-yl|thymidine (11b1/2). HR-ESI-MS found: 503.3067.

HKW-4P
L120710C 334 (11.678) AM (Cen,4, 80.00, Ar,5000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (307:335) TOF MS ES+
503.3067 6.80e3
100-
504.3037
0’{,_
502.3114
505.3069
501.2949
U""|"l'|"| ||T1Ll|1" T S AR B T Y T T T & r miz
480 490 500 510 520 530 540 550 560 570 580 590 600
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3-[1(2)-closo-1,7-Carboranylethyltetrazol-5-yl|thymidine (11b1/2). Analytical traces in Water: Acetonitrile gradient

Analytical traces in Water:Methanol gradient
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3-[1(2)-closo-1,7-Carboranylpropyltetrazol-5-ylthymidine (11¢1/2). 13| C NMR
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3-[1(2)-closo-1,7-Carboranylpropyltetrazol-5-yl|thymidine (11¢1/2). HR-ESI-MS found: 517.3128.

HKW-4Q
L120710D 21 (0.734) AM (Cen, 4, 80.00, Ar,5000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (11:90) TOF MS ES+
217.3128 2.66e4
100+
518.3095
0"{.,_
516.3172
519.3130
515.3290
0 T T 'I'"LllTL'l"l.I""I""I""I""I'"'I""I""I""I""""I" T e e e miz
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3-[1(2)-closo-1,7-Carboranylpropyltetrazol-5-yl|thymidine (11¢1/2). Analytical traces in Water:Acetonitrile gradient

iU
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Analytical traces in Water:Methanol gradient
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3-[1(2)-closo-1,7-Carboranylbutyltetrazol-5-yl|thymidine (11d1/2). HR-ESI-MS found: 509.3475, 531.3385 and 547.3081.

LO12710c 227 (4.163) AM (Cen,4, 80.00, Ar,5000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (61:253) TOF MS ES+
531.3385 5.37e3
100+
532.3311
0’{,_
530.3409
533.3350
529.3447
5093475 547.3081
508.35??7 ‘ ‘ 528.3298 ‘
U + r T . NETER v . .l T . ’ ¢ ; . y ' 1 4 . T 1 r peatnadia oty |i |mll Ly . II.I TR RPRTI ’ T + " t ; I. .l y . .l T + ’ + " T + m’fz
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3-[1(2)-closo-1,7-Carboranylbutyltetrazol-5-yl|thymidine (11d1/2). Analytical traces in Water: Acetonitrile gradient

Al

Analytical traces in Water:Methanol gradient
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3. Purification of hTK1 and determination of its concentration
The hTKI1 content in the enzyme preparation was 538.7 pg/mL (Table S2) and was
estimated to be ~40% of the purified protein cocktail.

Figure S1. SDS gel with known BSA & hTK1

680000

660000
657046

640000

620000

600000

580000

560000

540000
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Figure S2. Standard curve for spot intensity of known conc. of BSA & hTK1

Table S2. Protein concentration calculation.

Protein type Protein Conc. Integrated

(ng/mL) Density

BSA 50 561768
BSA 100 588345
BSA 200 626901
BSA 250 648071
BSA 300 670455
hTK1 Unknown 657046

(50 % solution in glycerol, v/v)

Equation: Y =424.65X+542670
Conc. of h\TK1/mL X =269.34 pg/mL
(50% in Glycerol, v/v)

Conc. of hTK1 X =538.68 ng/mL
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4. LR-ESI-MS for hTK1 enzyme assay of 7f with *'P-ATP

Thymidine monophosphate and 3-[2-(closo-1,7-

Carboranyl)propylcarbamimidoyl]thymidine monophosphate (7f-MP). LR-ESI-MS

+ + .
found: 323.1 [M+H]" and 549.3 [M-PO;H, + H] ', respectively.
(21020128 1506 (28.337) AM (Cen4, 80.00, Ar8000.0,0.00,1.00); Sm (SG, 2¢3.00); Cm (1490:1532) TOF MS ES+
100+ 1.04e4
O
\TKNH
N” O
HO\ o)
Ho Ry © L
O NH
OH 1 | X
YN A /| é
Calcd: 323.1 \ ‘,{
N/&O H N
HO 0
Ho T
(e}
o Calcd: 5493
365.2
5483
2812
3711 sa7 3| 02
3371 3531 - 2822
3241 | 3391 5513
3632 5072
335.1 4912 5132 sp9p 0463
ok L\\l 1T miz
320 340 360 380 400 420 440 460 480 500 520 540 560
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