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1. HR-MS-, IH-NMR-, and C-NMR spectra as well as HPLC chromatograms

5-{2-(tert.-Butyldimethylsilyl)-o-carboran-1-yl}pentyl 4-methylbenzenesulfonate (6). 'H NMR
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S-{2-(tert.-Butyl

70.826

——

[—]
]
' \ﬁ
' @
b

dimethylsilyl)-o-carboran-1-yl}pentyl 4-methybenzenesulfonate (6). Bc NMR

43
i
]

21,249
AR

et et et e e sttt ettt e

S4



5-{2-(tert.-Butyldimethylsilyl)-o-carboran-1-yl}pentyl 4-methybenzenesulfonate (6). HR-ESI-MS: found: m/z 521.3434

L0810081 281 (5.154) AM (Cen,4, 80.00, Ar,0.0,0.00,1.00); Sm (SG, 2x3.00): Cm (169:309) TOF MS ES+
521.34%4 9.78e5
100~
522.3410
/
520.2552
W % N
472.6725 5232401
510.2654
477.2337
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3-(5-{2-[tert.-Butyldimethylsilyl]-o-carboran-1-yl}pentan-1-yl)thymidine (7). 'H NMR
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3-(5-{2-|tert.-Butyldimethylsilyl]-o-carboran-1-yl}pentan-1-yl)thymidine (7). "C NMR
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3-(5-{2-[tert.-Butyldimethylsilyl]-o-carboran-1-yl} pentan-1-yl)thymidine (7). HR-ESI-MS: found: m/z 591.4304.

LO71709D 114 (2.090) AM (Cen,4, 80.00, Ar,0.0,0.00,1.00): Sm (SG, 2x3.00); Cm (113:187) " TOF MS ES+
100+ 501.4304 5.42¢5
| 5004312
4726810
004423
o 1728840
6226010
0224055
540456
o 7aeq 132408 7725133 02307 199070
c I | ) I I 1 m/Z
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3-(5-{o-Carboran-1-yljpentan-1-yl)thymidine (1). 'H NMR
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3-(5-{o-Carboran-1-yl}pentan-1-yl)thymidine (1). HR-ESI-MS: found: m/z 477.3546.

LO52909H 236 (4.328) AM (Cen,4, 80.00, Ar,0.0,0.00,1.00); Sm (SG, 2x3.00); Cm (232:285) TOF MS ES+
4773546 1.29¢5
100+
4783521
3863400 |
172.8840
» %
30,3333 6225053
0223004
470.3581
332.3027
306.285 772.4065
107.0706 10723049 42002468
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4-(2-{5-Iodopentyl}-o-carboran-1-yl)methyl-2,2-dimethyl-1,3-dioxolane (9). 'H NMR

1 ppm (t1)
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4-(2-{5-lodopentyl}-o-carboran-1-yl)methyl-2,2-dimethyl-1,3-dioxolane (9). “C NMR
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4-(2-{5-Iodopentyl}-o-carboran-1-yl)methyl-2,2-dimethyl-1,3-dioxolane (9). HR-ESI-MS: found: m/z 477.2257.

LO71709B 487 (8.932) AM (Cen 4, 80.00, Ar,0.0,0.00,1.00): Sm (SG, 2x3.00); Cm (437:487) TOF MS ES+
100 4772257 769
472.6725 175 2260
\/
172.8065
m %]
4132681
622.5688
470.2184 225250
386.3351
301.1542
9324619 1072 280 12220760
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3-(5-{2-[(2,2-Dimethyl-1,3-dioxolane-4-yl)methyl]-o-carboran-1-yl}pentyl)thymidine (10). 'H NMR
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3'-L-Valyl-3-(5-{o-carboran-1-yljpentyl)thymidine (11). 'H NMR
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3'-L-Valyl-3-(5-{o-carboran-1-yljpentan-1-yl)thymidine (11). PC NMR
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3'-L-Valyl-3-(5-{o-carboran-1-yl}pentan-1-yl)thymidine (11). HR-ESI-MS: found: m/z 554.4145.

L100109K 237 (4.346) AM (Cen 4, 80.00, Ar,5000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (227:202) TOF MS ES+
100, 1728861 554.4145 3.30e5
5554120
7
553.4271
N
m %
322.7840 62,5720
002.3568
7724744 10722477
232.?790 SWBIES l 1222i1349
c""'lll"'.'l.':'ll'“'l"ll""l."'I""I""I""'I""l""l'"'I""l""l"'I"" R ML miz
200 400 600 800 1000 1200 1400 1600 1800

S17



3'-L-Valyl-3-(5-{o-carboran-1-yl}pentan-1-yl)thymidine (11). HPLC chromatogram (method A1, Table 3 in manuscript), retention
time: 18.82 min.

1000 DAD-265-nm 1000
AJS-3"-valine-N5 (RT)}5-5-19-10
Up Slope Similarity
— ESTD concentration -
800+ 800
600 600
=) 7 . =)
< <
£ £
4004 400
200 200
0 ‘J 0
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Minutes
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3'-L-Valyl-3-(5-{o-carboran-1-yl}pentan-1-yl)thymidine (11). HPLC chromatogram (method B1, Table 3 in manuscript), retention
time: 33.03 min.

DAD-265 nm
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5'-L-Valyl-3-(5-{o-carboran-1-yljpentyl)thymidine (12).

P R fommene 5.0
Lppm 1) : |
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5'-L-Valyl-3-(5-{o-carboran-1-yl}pentyl)thymidine (12). BC NMR
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5'-L-Valyl-3-(5-{o-carboran-1-yl}pentan-1-yl)thymidine (12). HR-ESI-MS: found: m/z 554.4227, and 576.4076.

55,4226
| %
5534237
556.4126
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552 4255
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5'-L-Valyl-3-(5-{o-carboran-1-yl}pentan-1-yl)thymidine (12). HPLC chromatogram (method A1, Table 3 in manuscript), retention

time: 18.09 min.

DAD-265 nm
1200 -] AJS-S —yallme.—NS (RT)-6-5-19-10 [ 1200
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5'-L-Valyl-3-(5-{o-carboran-1-yl}pentan-1-yl)thymidine (12). HPLC chromatogram (method B1, Table 3 in manuscript), retention
time: 31.29 min.

mAU

DAD-265 nm
AJS-5'-Valine-N5- Methanol-3-09-15-2010
1 Up Slope Similarity
350__ ESTD concentration 350
3004 300
250 250
200 200
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100 100
50 - J 50
0 A o
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Minutes
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3',5'-Di-L-valyl-3-(5-{o-carboran-1-yl}pentan-1-yl)thymidine (13). 1HINMR

_ppm (t1)
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3',5'-Di-L-valyl-3-(5-{o-carboran-1-yl}pentn-1-yl) thymidine (13). °C NMR

S26



3',5'-Di-L-valyl-3-(5-{o-carboran-1-yl}pentan-1-yl)thymidine (13). HR-ESI-MS: found: m/z 653.4932.

L100109J 108 (1.980) AM (Cen 4, 80.00, Ar,5000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (93:111) TOF MS ES+
172.8702 7.28e4
1004
472.6602
622.5500
%] 322.7754
0223431
653.4032
772.4610
666.3062 1072.2311
327.2410
[ 327.7478
200.9508 |/339.3105 55.5000 P——
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3',5'-Di-L-valyl-3-(5-{o-carboran-1-yl}pentan-1-yl)thymidine (13).HPLC chromatogram (method A1, Table 3 in manuscript),

retention time (13.91).

DAD-265 nm
AJS-3',5'-Divaline-NS (RT)}1-5-20-10
400 4 Up-Slope-Similarity 400
ESTD concentration
350 350
300 300
250 250
=) p =
2 200 200
£
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100 100
50 50
0 PR — L 0
T T T T T T T T T T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
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3',5'-Di-L-valyl-3-(5-{o-carboran-1-yl}pentan-1-yl)thymidine (13). HPLC chromatogram (method B1, Table 3 in manuscript),

retention time: 27.63 min.

] DAD-265 nm
3 - AJS-3'-5'-Divaline-N5- Methanol -4-09-16-2010 L
: Up Slope Similarity
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500 F 500
4004 Fa00
2 3
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2004 F200
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3'-Glycinyl-3-(S-{o-carboran-1-yl}pentan-1-yl)thymidine (14). 'H NMR
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(14). *C NMR
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3'-Glycinyl-3-(5-{o-carboran-1-yl}pentan-1-yl)thymidine (14). HR-ESI-MS: found: m/z 512.5839.

L122309e 180 (3.300)
100

100 200

208.4252

300

400

TOF MS ES+
512.5839 922
513.5725
/
511.5053
N
514.5850
/
510.6182
N 1024.2102
] 186.3015 ‘ 1(23.213i | .1026.1893
0— TTJrrrryrrrrrfrrrr mz
500 600 700 800 900 1000 1100
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3'-Glycinyl-3-(5-{o-carboran-1-yl}pentan-1-yl)thymidine (14). HPLC chromatogram (method A2, Table 3 in manuscript), retention
time: 18.43 min.

4 DAD-265 nm -
AJS-3'-Glycine-N5-1-08-09-10
Up Slope Similarity
10007 ESTD concentration 1000
800 800
600 600
=) =)
< T o <
€ €
400 400
200+ 200
0 I\J L Py Fo
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
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3'-Glycinyl-3-(5-{o-carboran-1-yl}pentan-1-yl)thymidine (14). HPLC chromatogram (method B2, Table 3 in manuscript), retention
time: 30.61min.

mAU

700 DAD-265-nin F700
] AJS-5'-Glycine-N5- Methanol-2-09-17-2010
E Up Slope Similarity E
ESTD concentration
600 600
500 F500
400 F400
300 F300
2004 200
100 F 100
0 i Fo
T T T T T T T T T T 4 u T 4 T T u T y T T u y y
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Minutes
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5'-Glycinyl-3-(5-{o-carboran-1-yljpentan-1-yl)thymidine (15). 'H NMR
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5'-Glycinyl-3-(5-{o-carboran-1-yljpentan-1-yl)thymidine (15). “C NMR
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5'-Glycinyl-3-(5-{o-carboran-1-ylipentan-1-yl)thymidine (15). HR-ESI-MS: found: m/z 512.3798.

L122309e 386 (7.080) AM (Cen,4, 80.00, Ar,5000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (269:426)
512.3798

1007
172.8840
m %
322.7706
208.1529242 1451
O lllllll‘:"i’f"
100 200 300

340.2264

400

511.3860
N

4726670

513.3782
/

514.2809

500

34.3646 7724557

600 700 800

0223365

900

1000

1072.2283

1100

“TOF MS ES+
6.67e4
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5'-Glycinyl-3-(5-{o-carboran-1-yl}pentan-1-yl)thymidine (15). HPLC chromatogram (method A2, Table 3 in manuscript), retention
time: 17.57 min.

500

300

mAU

200

1004

DAD-265 nm
AJS:5'=Glycine=NS5-Acetonitrile-2:09-17:2010@
Up Slope Similarity

ESTD concentration

500

400

300

mAU

200

100
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5'-Glycinyl-3-(5-{o-carboran-1-yl}pentan-1-yl)thymidine (15). HPLC chromatogram (method B2, Table 3 in manuscript), retention
time: 30.40 min.

DAD-265 nm
AJS-3'-Glycine-N5-1-08-10-10 (MEOH)
1 Up Slope Similarity r
ESTD concentration
400 400
3009 300
=) =)
< <
E 200 k200 £
100 4 100
0+ r-J \ i -0
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Mnutes
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3',5'-Di-glycinyl-3-(S-{o-carboran-1-yl}pentan-1-yl)thymidine (16). 'H NMR
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3',5'-Di-glycinyl-3-(5-{o-carboran-1-yl}pentan-1-yl)thymidine (16). 13C NMR
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3',5'-Di-glycinyl-3-(5-{o-carboran-1-yl}pentan-1-yl)thymidine (16). HR-ESI-MS: found:

m/z 569.3975.

L122309g 357 (6.548) AM (Cen 4, 80.00, Ar,5000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (303:400) TOF MS ES+
172.8791 5.40e5
100+
322 7754 560.3975
570.2075
L/
m % 4726689
568.4061
N 6225667
7724644 922.3530
225.1993 567.41004 1072.2499
N
471.3783
0ll'l[llll]lllJ=|l.llll]lllllllkl'll[llll=l ll]vllllll ll‘]l Tr [ rrrr[rrrr[rrrr[rrrrr[rrrr[rrrrrrrrrprrrrrprrrrrrrrrrrrrr mfZ
100 200 300 400 500 600 700 800 900 1000 1100
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3',5'-Di-glycinyl-3-(5-{o-carboran-1-yl}pentan-1-yl)thymidine (16). HPLC chromatogram (method A2, Table 3 in manuscript),
retention time: 14.67 min.

3 DAD-265 nm E
AJS-3'.5"-Diglycine-N5:Test-08-05:10
E Up Slope Similarity E
600 ESTD concentration 600
5004 500
4004 400
2 300 300 <3(
€ €
200 200
1004 100
0 0
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
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3',5'-Di-glycinyl-3-(5-{o-carboran-1-yl}pentan-1-yl)thymidine (16). HPLC chromatogram (method B2, Table 3 in manuscript),
retention time: 26.45 min.

500 4

400
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1007
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3'-L-Glutam-5-yl-3-(5-{o-carboran-1-yl}pentan-1-yl)thymidine (17). IH NMR

T S 1 A1V | O B -
. . . ) K
L g =] B | S ST SRS IR S
X \[::JLN " . r -

: .NAO : : R
L ! 1O : . : T 50000
[ — : _____ - e e e e N —— - Jl. _________ heccsccscaalichcacccsecsnsnenifnesdacsccacsadeacnsh caae e = N P P —
NHo 2 |
Ho\n)\;/\",,O ~
o ‘ o - :
- Y N | R R B I

S45



' i i i i ' i '
| 1 1 | ) | ) |
| ) 1 | ) | ) |
| ] 1 ) 1) | ) |
“ L) () L% ) nun L% ) 0
o & & & &1 & ] ]
? & a 3 8 ® _ "
@) (¥ (&) - - wr [ I |
TS AT R SR R S B A "
| ] 1 ] ] |
I ] 1 ] ] |
D | " .
X 1 1 1 " 1 1
PP GG 1 | 1 1 |
| | 1 | | |
17107 = 1 1 ' 1 '

n-1

3'-L-Glutam-5

S46



3'-L-Glutam-5-yl-3-(5-{o-carboran-1-yl}pentan-1-yl)thymidine (17). HR-ESI-MS: found: m/z 606.3813.

032910H 480 (8.804) AM (Cen 4, 80.00, Ar.5000.0,0.00,0.70): Sm (SG, 2x3.00): Cm (478:500) TOF MS ES+
606.3813 2.31e5
100+
6073760
/
605.3804
N\
m % 6225380
608.3781
604.3000
5854142 63,4071 628.2613
.428&1 | | 85 4047 600.3740 | | | (5303588
c T 'Il T l 'r‘ll 'Il."l L l-"|"| I T T T T [ ‘.' "' I‘-"l 'l'lll'l' T T l 'Al '.' l 'll l-“l 'mfz
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3'-L-Glutam-5-yl-3-(5-{o-carboran-1-yl}pentan-1-yl)thymidine (17). HPLC chromatogram (method A3, Table 3 in manuscript),
retention time: 13.99 min.

800 ____ DAD-265nin 80
AJS-3' Glutamate N3 (RT)2-3-4-10
Up Slope Similarity L
ESTD concentration
600 600
) 400' '400 o)
q q
£ £
2004 200
0 \ i 0
T T T T T T T T T T T T T T T T T T LA RN T LR R | T T T T T T T T T T T T T T
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3'-L-Glutam-5-yl-3-(5-{o-carboran-1-yl}pentan-1-yl)thymidine (17) . HPLC chromatogram (method B3, Table 3 in manuscript),
retention time: 32.05 min.

] DAD-265 nm F
] AJS-3"-Glutamate-N5- Methanol-2-09-14-2010
1 Up Slope Similarity [
8007""ESTD concentration 600
500 F500
400 F400
2 3004 F300 2
£ ] £
200 F200
100 F 100
o] . L,\ o
R B o AR B o o R B o R A s s s s o  MUMMAAS RS s Aa s s B e s NARAS AR na s B ARSI ASSas ARn
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

S49



5'-L-Glutam-5-yl-3-(S-{o-carboran-1-yl}pentan-1-yl)thymidine (18). IH NMR
- " ' ' ' ' '
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5'-L-Glutam-5-yl-3-(5-{o-carboran-1-yl}pentan-1-yl)thymidine (18). ’C NMR
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5'-L-Glutam-5-yl-3-(5-{o-carboran-1-yl}pentan-1-yl)thymidine (18). HR-ESI-MS: found: m/z 606.3793.

032910H 142 (2.603) AM (Cen,4, 80.00, Ar,5000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (75:157)
o 201.0811

W % 279 .094J
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032910H 142 (2.603) AM (Cen,4, 80.00, Ar,5000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (75:157) ' ' ' ' TOF MS ES+

100- 606.3793 B07 3768 1.08e5
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5'-L-Glutam-5-yl-3-(5-{o-carboran-1-yl}pentan-1-yl)thymidine (18). HPLC chromatogram (method A3, Table 3 in manuscript),
retention time: 13.69 min.
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5'-L-Glutam-5-yl-3-(5-{o-carboran-1-yl}pentan-1-yl)thymidine (18) . HPLC chromatogram (method B3, Table 3 in manuscript),
retention time: 31.64 min.
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3',5'-Di-L-glutam-5-yl-3-(5-{o-carboran-1-yl}pentan-1-yl)thymidine (19). 'H NMR
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3',5'-Di-L-glutam-5-yl-3-(5-{o-carboran-1-yl}pentan-1-yl)thymidine (19). Bc NMR

oom (t1)
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3',5'-Di-L-glutam-5-yl-3-(5-{o-carboran-1-yl}pentan-1-yl)thymidine (19). HR-ESI-MS: found: m/z 735.4203.

032910G 55 (1.008) AM (Cen,4, 80.00, Ar,5000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (55:92) " TOF MS ES+
301.0800 2.86e5
100+
270.00%4
N\
N %
413.2642
388.0021 S
188.2425 14.2679 601.3531
230.2464 5204730 ' 394203 go7 gots 853.7087
0_ ll’ll'lllll!llll'lll'lll]l"! ml‘z
100 200 300 400 500 600 700 800 900 1000 1100

S58



032910G 55 (1.008) AM (Cen,4, 80.00, Ar.5000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (55:92) ' ' ' ' " TOF MS ES+
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3',5'-Di-L-glutam-5-yl-3-(5-{o-carboran-1-yl}pentan-1-yl)thymidine (19). HPLC chromatogram (method A3, Table 3 in
manuscript), retention time: 8.92 min.
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3',5'-Di-L-glutam-5-yl-3-(5-{o-carboran-1-yl}pentan-1-yl)thymidine (19). HPLC chromatogram (method B3, Table 3 in

manuscript), retention time: 26.50 min.
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3'-Glycinyl-3-[5-(2-{2,3-dihydroxyprop-1-yl}-o-carboran-1-yl)-pentan-1-yl|thymidine (20). 'H NMR

---------------------

_____________________
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3'-Glycinyl-3-[5-(2-{2,3-dihydroxyprop-1-yl}-o-carboran-1-yl)-pentan-1-yl|thymidine (20). P“C NMR

[
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3'-Glycinyl-3-[5-(2-{2,3-dihydroxyprop-1-yl}-o-carboran-1-yl)-pentan-1-yl] thymidine (20). HR-ESI-MS: found: m/z 586.4059.

L111910C 1224 (45.314) AM (Cen 4, 80.00, Ar,5000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (1239:1305) TOF MS ES+
172.8842 2.36e5
100+
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L 572.9576 586.4059 772.4684
100 200 300 400 500 600 700 800 200 1000 1100
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L111910C 1294 (45.314) AM (Cen 4, 80.00, Ar,5000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (1239:1305) TOF MS ES+

100+ 586.4059 8.18e3
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T T S T ey Ly L T — = T T . T miz
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3'-Glycinyl-3-[5-(2-{2,3-dihydroxyprop-1-yl}-o-carboran-1-yl)-pentan-1-yl]thymidine (20). HPLC chromatogram (method A2,
Table 3 in manuscript), retention time: 14.00 min.
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3'-Glycinyl-3-[5-(2-{2,3-dihydroxyprop-1-yl}-o-carboran-1-yl)-pentan-1-yl]thymidine (20). HPLC chromatogram (method B2,
Table 3 in manuscript), retention time: 28.30 min.
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5'-Glycinyl-3-[5-(2-{2,3-dihydroxyprop-1-yl}-o-carboran-1-yl)-pentan-1-yl|thymidine (21). "H NMR
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5'-Glycinyl-3-[5-(2-{2,3-dihydroxyprop-1-yl}-o-carboran-1-yl)-pentan-1-yl|thymidine (21). HR-ESI-MS: found: m/z 586.4107.
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5'-Glycinyl-3-[5-(2-{2,3-dihydroxyprop-1-yl}-o-carboran-1-yl)-pentan-1-yl]thymidine (21). HPLC chromatogram (method A2,
Table 3 in manuscript), retention time: 13.51 min.
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5'-Glycinyl-3-[5-(2-{2,3-dihydroxyprop-1-yl}-o-carboran-1-yl)-pentan-1-yl]thymidine (21). HPLC chromatogram(method B2,
Table 3 in manuscript ), retention time: 28.28 min.
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3',5'-Di-glycinyl-3-[5-(2-{2,3-dihydroxyprop-1-yl}-o-carboran-1-yl)-pentan-1-yl|thymidine (22). 'H NMR '
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3',5'-Di-glycinyl-3-[5-(2-{2,3-dihydroxyprop-1-yl}-o-carboran-1-yl)-pentan-1-yl]thymidine (22). HR-ESI-MS: found: m/z

643.4391.
L111910C 915 (32.042) AM (Cen 4, 80.00, Ar,5000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (891:916) TOF MS ES+
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3',5'-Di-glycinyl-3-[5-(2-{2,3-dihydroxyprop-1-yl}-o-carboran-1-yl)-pentan-1-yl]thymidine (22) HPLC chromatogram (method
A2, Table 3 in manuscript), retention time: 10.55 min.
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3',5'-Di-glycinyl-3-[5-(2-{2,3-dihydroxyprop-1-yl}-o-carboran-1-yl)-pentan-1-yl|thymidine (22) HPLC chromatogram (method

B2, Table 3 in manuscript), retention time: 23.52 min.
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2.'"H-NMR data and R/ values for Boc-protected forms of the amino acid ester prodrugs 11-22

The progress of the formation of the Boc-protected forms of the amino acid ester prodrugs 11-22_was monitored by TLC (ethyl

acetate:hexanes, 8:5).

3'-Boc-L-valyl-3-(5-{o-carboran-1-yl}pentyl)thymidine. R, 0.5; 'H-NMR (CD;OD): 8 0.95-1.01 (m, 6H, CH(CHs),), 1.34-1.40 (m,
2H, NC,H4CH>), 1.42 (s, 9H, C(CHs)3), 1.48-1.61 (m, 4H, NCH,CH», and CH>,CH2-Cearborane), 1.93 (s, 3H, CH3), 2.04-2.35 (m, 5H,
CH>-Cearborane, H-2", H-2', and CH(CH3)»), 3.82-3.90 (m, 2H, H-5", and H-5"), 3.90 (t, J = 6.8 Hz, 2H, CH,N), 3.98 (d, /= 4.4 Hz, 1H,
OCCHNH), 4.14-4.20 (m, 1H, H-4"), 4.51 (s, 1H, carboranyl-CH), 5.31-5.38 (m, 1H, H-3"), 6.30 (t, /= 6.8 Hz, 1H, H-1"), 7.86 (s, 1H,
H-6).

5'-Boc-L-valyl-3-(5-{o-carboran-1-yl}pentyl)thymidine. R/ 0.3; 'H-NMR (CD;0D): 8 0.93-0.97 (m, 6H, CH(CHs),), 1.28-1.35 (m,
2H, NC,H4CH>), 1.42 (s, 9H, C(CHs)3), 1.48-1.65 (m, 4H, NCH,CH», and CH,CH2-Cearborane), 1.93 (s, 3H, CH3), 2.04-2.35 (m, 5H,
CHb>-Cearborane, H-2", H-2', and CH(CH3),), 3.89 (t, J = 6.8 Hz, 2H, CH2N), 4.03 (d, J = 4.4 Hz, 1H, OCCHNH), 4.09-4.15 (m, 1H, H-
3"), 4.31-4.41 (m, 3H, H-5", H-5', and H-4"), 4.52 (s, 1H, carboranyl-CH), 6.26 (t, J = 6.8 Hz, 1H, H-1"), 7.49 (s, 1H, H-6).

3',5'-Di(Boc-L-valyl)-3-(5-{o-carboran-1-yl}pentyl)thymidine. R, 0.8; 'H-NMR (CD;OD): § 0.95-1.05 (m, 12H, 2CH(CHa),), 1.34-
1.42 (m, 2H, NC,H4CH>), 1.47 (s, 18H, 2C(CH3)3), 157-1.62 (m, 4H, NCH,CH,, and CH>CH3-Carborane), 1.90 (s, 3H, CH3), 2.08-2.17
(m, 4H, CH»-Cearboranes H-2", and H-2"), 2.23-2.30 (m, 1H, CH(CHj3),), 2.61-2.70 (m, 1H, CH(CHs),), 3.92 (t, J = 6.8 Hz, 2H, CH,N),
3.98 (d, J=4.4 Hz, 2H, 20CCHNH), 4.14-4.20 (m, 1H, H-4"), 4.52-4.63 (m, 3H, H-5", H-5', and carboranyl-CH), 5.29-5.35 (m, 1H,
H-3"), 6.31 (t,J= 6.8 Hz, 1H, H-1"), 7.49 (s, 1H, H-6).
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3'-Boc-glycinyl-3-(5-{o-carboran-1-yl}pentyl)thymidine. R, 0.2; 'H-NMR (CD;OD): & 1.27-1.34 (m, 2H, NC,H4CH,), 1.43 (s, 9H,
(CH3)3C), 1.55-1.65 (m, 4H, NCH,CH,, and CH>CH,-Cearborane), 1.93 (s, 3H, CHj3), 2.23-2.29 (m, 4H, CH>-Ccarborane, H-2" and H-2"),
3.80-3.85 (s, 4H, OCCH,NH, H-5", H-5"), 3.89 (t, J = 6.4 Hz, 2H, CH)N), 4.25-4.33 (m, 1H, H-4"), 4.52 (s, 1H, carboranyl-CH), 5.32-
5.41 (m, 1H, H-3"), 6.28 (t,J = 6.7 Hz, 1H, H-1"), 7.51 (s, 1H, H-6).

5'-Boc-glycinyl-3-(5-{o-carboran-1-yl}pentyl)thymidine. R, 0.16; 'H-NMR (CD;OD): § 1.27-1.34 (m, 2H, NC,H4CH,), 1.42 (s,
9H, (CH3);C), 1.46-1.64 (m, 4H, NCH,CH», and CHyCHa-Cearborane), 1.92 (s, 3H, CH3), 2.20-2.30 (m, 4H, CH>-Cearborane, H-2" and H-
2", 3.81-3.84 (s, 2H, OCCH;NH), 3.89 (t, J = 6.4 Hz, 2H, CH,N), 4.06-4.12 (m, 1H, H-3"), 4.30-4.42 (m, 3H, H-5", H-5', and H-4"),
4.51 (s, 1H, carboranyl-CH), 6.26 (t,J= 6.7 Hz, 1H, H-1"), 7.50 (s, 1H, H-6).

3',5'-Di-Boc-glycinyl-3-(5-{o-carboran-1-yl}pentyl)thymidine. R, 0.42; 'H-NMR (CD;0D): & 1.27-1.34 (m, 2H, NC,H4CH>), 1.43
(s, 9H, (CH3);5C), 1.45 (s, 9H, (CH3);C), 1.50-1.65 (m, 4H, NCH,CH,, and CH,CH2-Ccarborane), 1.93 (s, 3H, CH3), 2.26 (t, J = 6.6 Hz,
2H, CH>-Cearborane), 2.40-2.47 (m, 2H, H-2" and H-2'), 3.89-3.95 (m, 6H, CH,;N, and 20CCH,NH), 4.27-4.31 (m, 1H, H-4"), 4.40 (dd, J
=11.9, and 3.4 Hz, 1H, H-5"), 4.45 (dd, J=11.9, and 3.4 Hz, 1H, H-5"), 4.51 (s, 1H, carboranyl-CH), 5.32-5.39 (m, 1H, H-3"), 6.26 (t,
J=6.7Hz, 1H, H-1"), 7.50 (s, 1H, H-6).

3'-Boc-L-glutam-5-yl-1-tert.-butyl-3-(5-{o-carboran-1-yl}pentyl)thymidine. R, 0.2; 'H-NMR (CD;OD): & 1.20-1.27 (m, 2H,
NC,H4CH,), 1.41 (s, 9H, (CH3)3C), 1.44 (s, 9H, (CH3);C), 1.48-1.64 (m, 4H, NCH,CH,, and CH,CH»-Cearborane), 1.92 (s, 3H, CH3),
2.20-2.41 (m, 6H, CH2-Cecarborane, H-2", H-2', and CH,CHNH), 2.45 (t, J = 6.2 Hz, 2H, CH,COO), 3.77-3.81 (m, 2H, H-5", and H-5"),
3.87 (t, J= 6.2 Hz, 2H, CH;,N), 4.06-4.10 (m, 1H, OCCHNH), 4.41 (m, 1H, H-4"), 4.53 (s,1H, carboranyl-CH), 5.29-5.33 (m, 1H, H-
3"), 6.28 (t,J=6.1 Hz, 1H, H-1"), 7.51 (s, 1H, H-6).
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5'-Boc-L-glutam-5-yl-1-fert.-butyl-3-(5-{o-carboran-1-yl}pentyl)thymidine. R, 0.4; 'H-NMR (CD;OD): & 1.20-1.26 (m, 2H,
NC,;H4CH>), 1.43 (s, 9H, (CHj3)5C), 1.44 (s, 9H, (CH3)3C), 1.48-1.64 (m, 4H, NCH,CH», and CH>,CH2-Cearborane), 1.92 (s, 3H, CH3),
2.15-2.35 (m, 6H, CH>-Ccarborane, H-2", H-2', and CH,CHNH), 2.47 (t, J = 6.2 Hz, 2H, CH,COO), 3.85-3.92 (m, 3H, CH;N, and H-3"),
4.23-4.32 (m, 2H, OCCHNH, and H-5"), 4.33-4.41 (m, 2H, H-4', and H-5"), 4.53 (s,1H, carboranyl-CH), 6.27 (t, /= 6.1 Hz, 1H, H-1"),
7.51 (s, 1H, H-6).

3',5'-Di-Boc-L-glutam-5-yl-1-tert.-butyl ester-3-(5-{o-carboran-1-yl}pentyl)thymidine. R, 0.7; 'H-NMR (CD;OD): & 1.27-1.38
(m, 2H, NC,H4CH>»), 1.44 (s, 18H, 2(CHj3)5C), 1.47 (s, 18H, 2(CHj3);C), 1.55-1.70 (m, 4H, NCH,CH,, and CH>CH3-Cearborane), 1.92 (s,
3H, CH3), 2.05-2.18 (m, 4H, CH2-Cearborane, H-2", and H-2'"), 2.23-2.29 (m, 4H, 2CH,CHNH), 2.40-2.52 (m, 4H, 2CH,COO), 3.89 (t, J
=7.2 Hz, 2H, CH;,N), 3.93-4.99 (m, 2H, 20CCHNH), 4.25-4.31 (m, 1H, H-4"), 4.35 (dd, J=11.9, and 3.4 Hz, 1H, H-5"), 4.44 (dd, J =
11.9, and 3.4 Hz, 1H, H-5"), 4.52 (s,1H, carboranyl-CH), 5.26-5.31 (m, 1H, H-3"), 6.25 (t, J= 6.1 Hz, 1H, H-1"), 7.52 (s, 1H, H-6).

3'-Boc-glycinyl-3-(5-{2-[(2,2-dimethyl-1,3-dioxolane-4-yl)methyl]-o-carboran-1-yl} pentyl)thymidine. R, 0.5; 'H-NMR (CD;OD):
0 1.28-1.41 (m, 8H, (CHj3),C and NC,H4CH>), 1.43 (s, 9H, (CH3)3C), 1.53-1.64 (m, 4H, NCH,CH», and CH>CH»-Cearborane), 1.91 (s,
3H, CH3), 2.19-2.40 (m, 4H, CH-Cearboranes H-2" and H-2"), 2.45-2.61 (m, 2H, CHCH»-Cearborane)> 3-45-3.77 (m, 2H, CH,0), 3.79-3.88
(m, 2H, H-5"and H-5'), 3.89-3.97 (m, 4H, CH,N, and OCCH,;NH), 4.01-4.09 (m, 1H, CH,CHO), 4.31-4.36 (m, 1H, H-4"), 5.40-5.46
(m, 1H, H-3"), 6.23 (t, /= 6.7 Hz, 1H, H-1"), 7.46 (s, 1H, H-6).

5'-Boc-glycinyl-3-(5-{2-[(2,2-dimethyl-1,3-dioxolane-4-yl)methyl]-o-carboran-1-yl}pentyl)thymidine. R, 0.4, 'H-NMR (CDsOD):
0 1.24-1.40 (m, 8H, (CHj3),C and NC,H4CH>), 1.44 (s, 9H, (CH3);C), 1.51-1.62 (m, 4H, NCH,CH,, and CH>CH3-Cearborane), 1.91 (s,
3H, CHs), 2.18-2.38 (m, 4H, CH>-Ccarborane, H-2" and H-2'"), 2.51 (d, J = 4.4 Hz, 2H, CH»>-Cearborane), 3-27-3.36 (m, 2H, CH,0), 3.72-
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3.80 (m, 1H, H-3'), 3.82-3.94 (m, 4H, OCCH,NH, and CH,N), 4.02-4.08 (m, 1H, CH,CHO), 4.31-4.38 (m, 1H, H-4"), 4.43 (dd, J =
11.7, and 3.6 Hz, 1H, H-5"), 4.49 (dd, J= 11.7, and 3.6 Hz, 1H, H-5"), 6.24 (t, J = 6.7 Hz, 1H, H-1'), 7.44 (s, 1H, H-6).

3',5'-Di-Boc-glycinyl-3-(5-{2-[(2,2-dimethyl-1,3-dioxolane-4-yl)methyl]-o-carboran-1-yl} pentyl)thymidine. R, 0.7, 'H-NMR
(CD;0OD): 8 1.25-1.42 (m, 8H, (CH3),C and NC,H4CH»), 1.43 (s, 9H, (CH3);C), 1.45 (s, 9H, (CH3);C), 1.53-1.64 (m, 4H, NCH,CH,,
and CH,CH»-Cearborane), 1.91 (s, 3H, CHj3), 2.22-2.40 (m, 4H, CH>-Ccarborane, H-2" and H-2'), 2.46-2.60 (m, 2H, CH>-Ccarborane), 3.45-
3.71 (m, 2H, CH,0), 3.82-3.98 (m, 6H, CH,N and 20CCH,NH), 4.01-4.06 (m, 1H, CH,CHO), 4.32-4.37 (m, 1H, H-4"), 4.49 (dd, J =
11.7, and 3.6 Hz, 1H, H-5"), 4.59 (dd, J=11.7, and 3.6 Hz, 1H, H-5"), 5.42-5.48 (m, 1H, H-3"), 6.23 (t, /= 6.7 Hz, 1H, H-1"), 7.46 (s,
1H, H-6).
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3. The percentage of the remaining concentrations of the amino acid ester prodrugs following incubation in phosphate buffer

saline (PBS), Bovine serum, and Bovin cerebrospinal fluid (CSF) at 37 °C at various time intervals

a. The percentage of the remaining concentrations of the amino acid ester prodrugs 11-19, and 21 following incubation in PBS at 37

°C at various time intervals.

3'-L-Valyl-3-(5-{o-carboran-1-yl}pentan-1-yl)thymidine (11).
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5'-L-Valyl-3-(5-{o-carboran-1-yl}pentan-1-yl)thymidine (12).
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3',5'-Di-L-valyl-3-(5-{o-carboran-1-yl}pentan-1-yl)thymidine (13).
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3'-Glycinyl-3-(5-{o-carboran-1-yl}pentan-1-yl)thymidine (14).

Rermaining concentration (%)
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5'-Glycinyl-3-(5-{o-carboran-1-yl}pentan-1-yl)thymidine (15).

Remaining concentration (%)
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3',5'-Di-glycinyl-3-(5-{o-carboran-1-yl}pentan-1-yl)thymidine (16).

Remaining concentration (%)
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3'-L-Glutam-5-yl-3-(5-{o-carboran-1-yl}pentan-1-yl)thymidine (17).

Remaining concentration (%)
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5'-L-Glutam-5-yl-3-(5-{o-carboran-1-yl}pentan-1-yl)thymidine (18).

Remaining concentration (%)
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3',5'-Di-L-glutam-5-yl-3-(5-{o-carboran-1-yl} pentan-1-yl)thymidine (19).
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5'-Glycinyl-3-[5-(2-{2,3-dihydroxyprop-1-yl}-o-carboran-1-yl)pentan-1-yl|thymidine (21).

Remaining concentration (%)
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b. The percentage of the remaining concentrations of the amino acid ester prodrugs 12,15, 18, and 21 following incubation in Bovine

serum at 37 °C at various time intervals.

5'-L-Valyl-3-(5-{o-carboran-1-yl} pentan-1-yl)thymidine (12).
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5'-Glycinyl-3-(5-{o-carboran-1-yl}pentan-1-yl)thymidine (15).
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5'-L-Glutam-5-yl-3-(5-{o-carboran-1-yl}pentan-1-yl)thymidine (18).
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5'-Glycinyl-3-[5-(2-{2,3-dihydroxyprop-1-yl}-o-carboran-1-yl)pentan-1-yl|thymidine (21).
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c. The percentage of the remaining concentrations of the amino acid ester prodrugs 12, 15, 18, and 21 following incubation in CSF at

37 °C at different time intervals.

5'-L-Valyl-3-(5-{o-carboran-1-yl} pentan-1-yl)thymidine (12).
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5'-Glycinyl-3-(5-{o-carboran-1-yl}pentan-1-yl)thymidine (15).
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5'-L-Glutam-5-yl-3-(5-{o-carboran-1-yl}pentan-1-yl)thymidine (18).

Remaining concentration (%)
3
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5'-Glycinyl-3-[5-(2-{2,3-dihydroxyprop-1-yl}-o-carboran-1-yl)pentan-1-yl|thymidine (21).
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