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Abstract: Novel silicon-containing folate derivatives were synthesized as potential inhibitors of folate-
dependent enzymes in an attempt to deveiop more effective antitumor agenis. A dimethyisilyl moiety was

inserted into the sidechain of two known antifolates with the aim of 1 1mprnv1ng ?n:clve transport p[npgrngs

ai13va

and sidechain conformational flexibility. An efficient, convergent palladium-catalyzed coupling
methodology was used to link known heterocycles to novel, highly functionalized vinyl and ethynyl
silanes. © 1999 Elsevier Science Litd. All rights reserved.
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INTRODUCTION
As a part of our program on the synthesis of potential inhibitors of folate-dependent enzymes as antitumor
agents, we were intrigued by the potential consequences of replacement of the -CH,CH,- bridge in DDATHF (1)’
and in LY231514 (MTA, 2)* by a 1,1-dimethyl-1-silapropyl bridge. The present paper describes some novel
applications of vinyl and ethynyl silanes in the synthesis of the target silicon-containing analogues 3 and 4.
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‘"‘t"'yze coupling methodology previously developed for the synthesis of DDTHF.# The key vinyldimethyisilane
as readily accessible from commercially available chlorovinyldimethyisilane and the Grignard reagent
generated from the protected 4-bromobenzoic acid 5° (Scheme 1). Meyers’ dimethyloxazoline carboxylic acid

equivalent proved to be the ideal protecting group in these cases.” The normal deprotection protocol as developed

'-

by Meyers involving quaternization followed by basic hydrolysis was compatible with the phenyl-silicon and

Coupiing with dimethyl L-giutamate using 2-chioro-4,6-dimethoxy- 1,3,5-triazine as the coupling agent’ completed
the synthesis of 8.
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(a) i. Mg, |2, THF, refiux; ii. chiorodimetr y|V|ny|&udne o7, { b) i. Mel, MeCN; ii.1N NaOH, 93% {combined
yield (c) i. 2-chloro-4,6-dimethoxy-1,3,5-triazine, N-methyimorpholine; ii. dimethyl L-glutamate
hydrochloride, 84%

Heck coupling of 8 with 2-pivaloyl-6-bromo-5-deazapterin (9), readily available in multigram amounts

by previously developed methodology,7 proceeded smoothly and in excellent yields (Scheme 2). Although
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(a) cat. PA(OAc)y, P(o-tol)s, Cul, TEA, MeCN, 85%. (b) PtO,, Hp (50 psi), MeOH, it, 12 h,
95% (c) 1 N NaOH, 3 days, 80%

coupling at the o-position is sometimes observed with silylated alkenes, presumably due to the well-known
electronic effects of the silicon atom, in
coupling at the sterically more accessible 3-position. Hydrogenation of 10 in the presence of a catalytic

amount of platinum oxide reduced the sidechain olefin and the pyridine ring in one step. Final saponification
provided 3 in high yield.

However, an attempt to effect a similar Heck coupling of 2-pivaloylamino-4(3H)-oxo-5-iodo-7H-

rA A 11

pyrrolo{2,3-dipyrimidine (20, Scheme 4)° with the vinyldimethylsilane 8 led to very low yields of the desired
coupling product; the major product was the reductively dehalogenated heterocycle. Attempts to suppress this
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I
: conversion to product. As a consequence, since the ongma! synthesis of

4
decreased reactivity and incomple
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LY231514% had utilized a copper iodide-mediaied paliadium-cataiyzed coupling between the pyrroiof2,3-
d]pyrimidine 20 and dimethyl 4-ethynylbenzoyl glutamate, we decided to proceed via an ethynylsilyl
intermediate.

After considerable experimentation, the sensitive 4-ethynylsilylbenzoyl glutamate 19 (Scheme 3) was

prepared from dichlorodimethyisilane following methodology developed by Batcza.'" Our first attempts
utilized the Grignard reagent formed from the oxazoline-protected p-bromobenzoic acid equivalent 5. The key
to ensuring monoaddition to the doubly electrophilic dichlorosilane proved to be formation of the Grignard
reagent in the presence of a large excess of the dichlorosilane under carefully controlled conditions. The
hydrolytically sensitive chlorodimethylsilane 13 was not isolated but, after removal of excess
dichlorodimethylsilane by low pressure distillation, was treated directly with ethynylmagnesium bromide in

Scheme 3
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fresh tetrahydrofuran. The oxazoline-protected ethynylsilane 15 was produced in moderate but consistently
reproducible yields of 50 - 55% over the two steps on a multigram scale. All attempts, however, to remove the
oxazoline protecting group without concomitant hydrolysis of the sensitive ethynyl-silicon bond failed.

Several strategies were examined before it was discovered that the simple 1,3-dioxolane 16 could be converted

to the carboxylic acid 18 in excellent overall yields. Startmg from the 1,3-dioxolane 12, the

athunyuyldimathvloilul AnmmnaiimAd 1L vone meanarard m tha cnmes a3 oo 1z Jh L om PO T LIS U5 DU, PSSPt
Culyily1GiiniCuiy1sity COMIPOUNa 16 wWas piepaica in the same way as 19, and in comparaoi€ yi€ias. 1reatment
of 16 with silica gel impregnated with aqueous oxalic acid"! provided the aldehyde 17 in virtually quantitative
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yields. Mild sodium chlorite oxidation of the crude aldehyde in buffered conditions'? provided the acid
18 in excellent yields. Glutamate coupling proceeded without incident to give 19.

Palladium-catalyzed coupling of 2-pivaloylamino-4(3H)-oxo-5-iodo-7H-pyrrolo[2,3-d}pyrimidine (20)
with the ethynylsilane 19 in the presence of copper iodide (Scheme 4) was accomplished in moderate yields
(50 - 60%). Reduction to 22 and deprotection under standard conditions completed the synthesis of 4.
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activity. It seems possible that the increased steric bulk of the iwo additional sidechain methyl groups

precludes recognition by the enzyme.

EXPERIMENTAL SECTION

2-[4-(Vinyldimethylsilyl)phenyl]-4,4-dimethyloxazoline (6). The 2-(4-bromophenyl)-4,4-dimethyloxazoline
5(2.98 g, 11.73 mmol), prepared as described by Mf:yelrs,5 in dry THF (75 ml) was added slowly with mild
heating and stirring under nitrogen (10-15 mi at first to initiate the reaction) to Mg turnings (0.32 g, 12.99

mmol) and an I; crystal at such a rate as to maintain a gentle reflux. When the addition was complete (1.5 h),

the reaction mixture was maintained at reflux a further 4 h until most of the Mg had been consumed. The
reaction mixture was then cooled to 4 °C and commercially available chlorovinyldimethylsilane (1.43 ml,
11.81 mmol) in dry THF (10 ml) was slowly added dropwise. The reaction mixture was allowed to warm
slowly to rt overnight, heated to reflux 1 h to ensure completion of the reaction, cooled, quenched with H,O
(75 ml) and saturated NH,Cl (30 ml) and extracted with Et,0O (2 x 100 ml). The organic layers were
combined, dried (MgSO,) and concentrated under vacuum to a pale oil which was chromatographed over

silica gel (10% EtOAc-hexanes) to give 6 (2.1 g, 8.11 mmol, 69%) as a colorless oil. 'H NMR (300 MHz,
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CDCl;) 8 0.35 (s, 6H), 1.37 (s, 6H), 4.09 (s, 2H), 5.78 (dd, 1H), 6.07 (m, 2H), 7.55 (dd, 2H), 7.91 (dd,
2H). FABMS m/z calcd for CsH;,NOSi (MHY) 260.1471, found 260.1463

4-(Vinyldimethylsilyl)benzoic Acid (7). 2-[4-(Vinyldimethylsilyl)phenyl]-4,4-dimethyloxazoline (6) (2.0 g, 7.72
mmol) and Mel (2.40 ml, 38.6 mmol) in MeCN (50 ml) were heated at 120 °C in a sealed tube for 2 d. After
cooling, the solution was concentrated to 20 ml and diluted with Et,O (50 ml). The pale yellow crystals which
formed were collected by filtration, washed with cold Et,0 and immediately dissolved in 1N NaOH (50 ml). The
reaction mixture was stirred at rt for 24 h and neutralized with 6N HCI. The precipitate that formed was collected
by filtration, washed with HyO and dried under reduced pressure at 50 °C for 6 hours to give 7 (1.48 g, 7.18 mmol,

93%) as a white solid suitable for further use: mp 62 - 64 °C. 'H NMR (300 MHz, CDCl;) 8 0.31 (s, 6H), 5.73 (m,
1H), 6.10 - 6.26 (m, 2H), 7.59 (dd, 2H), 7.88 (dd, 2H). HRMS m/z calcd for C;H,40,Si: 206.0763, found
206.0751.

Dimethyl N-[(4-Vinyldimethylsilyl)benzoyl]-L-glutamate (8). 2-Chloro-4,6-dimethoxy-1,3,5-triazine (1.61 g,
9.17 mmol) was added as a solid, with stirring under nitrogen at 4 °C, to a mixture of the crude acid 7 (1.78 g, 8.64
mmol) and N-methylmorpholine (1.00 ml, 9.10 mmol) in dry CH,Cl, (75 ml). After 2 h a second aliquot of N-
methylmorpholine (1.00 ml, 9.15 mmol) followed by dimethyl L-glutamate (1.60 g, 9.17 mmol) were added, and
the reaction mixture was allowed to warm slowly to rt overnight. The reaction mixture was diluted with additional
CH>Cl; (50 ml), washed with 5% Na,COj; (50 ml), 0.5 N HC1 (50 ml), H,O (50 ml), dried MgSO,) and
concentrated under reduced pressure to a pale oil which was chromatographed over silica gel (2% MeOH-CH,Cl,)

to give 8 (2.63 g, 7.24 mmol, 84%) as a clear, colorless oil. 'H NMR (300 MHz, CDCl;) 6 0.35 (s, 6H), 2.12 - 2.60
(m, 4H), 3.64 (s, 3H), 3.76 (s, 3H), 4.79 - 4.81 (m, 1H), 5.73 (dd, 1H, J = 18.2 Hz), 6.05 (dd, 1H, J = 3.71 Hz),
6.25 (dd, tH, J = 14.6 Hz), 7.12 (d, 1H, J = 7.3 Hz), 7.57 (dd, 2H), 7.8 (dd, 2H). HRMS m/z calcd for
CgH,¢NOsSi (MH™): 364.1580, found 364.1591.

Dimethyl N-{4-[3-(2-Pivaloylamino-4(3H)-oxopyrido{ 2,3-d|pyrimidin-6-yl)-1,1-dimethyl-1-sila-2-
propenyl]benzoyl}-L-glutamate (10). A mixture of 2-pivaloyl-6-bromo-5-deazapterin 9’ (0.65 g, 2.0 mmol),
triethylamine (1.32 ml), palladium acetate (4.5 mg), cuprous iodide (2.0 mg) and tri-g-tolylphosphine (12.2 mg) in
dry, degassed MeCN (35 ml) was heated to reflux under nitrogen. Dimethyl N-[4-(vinyldimethylsilyl)benzoyl]-L-
glutamate 8 (0.87 g, 2.4 minol) in MeCN (5 ml) was added, and the reaction mixture was heated under reflux for
12 h. The solvent was removed under reduced pressure and the resultant solid was taken up in EtOAc, washed
with H,O, and dried (MgSQO,). Removal of the solvent under reduced pressure and chromatography over silica gel
(3% MeOH-CH,Cl,) provided 10 as a white solid (1.03 g, 1.70 mmol, 85%): mp 101 - 104 °C. 'H NMR (300

MHz, CDCls) 6 0.48 (s, 6H), 1.33 (s, 9H), 2.15 - 2.54 (m, 4H), 3.66 (s, 3H), 3.78 (s, 3H), 4.82 - 4.84 (m, 1H), 6.78
(d, 1H, J = 19.2 Hz), 6.95 (d, IH, J = 19.2 Hz), 7.15 (d, 1H, J = 7.4 Hz), 7.63 (dd, 2H), 7.80 (dd, 2H), 8.35 (br,
1H), 8.55 (d, 1H, J = 1.73 Hz), 8.90 (br, 1H), 12.06 (br, 1H). FABHRMS m/z calcd for C3oH3sNsO,Si(MH*):
608.2541, found: 608.2528. Anal. Calcd for C3;oH3;Ns0,Si: C, 59.29; H, 6.10; N, 11.41. Found: C, 59.01; H, 6.10;
N, 11.41.

Dimethyl N-{4-[3-(2-Pivaloylamino-4(3H)-0x0-5,6,7,8-tetrahydropyrido[2,3-d }pyrimidin-6-yI)-1,1-dimethyl-
1-sila-2-propyl]benzoyl}-L-glutamate (11). A mixture of 10 (0.607 g, 1 mmol) and PtO, (40 mg) in MeOH (25
ml) was shaken under an H, atmosphere (Parr apparatus, 50 psi) for 12 h. The reaction mixture was filtered
through Celite, the solvent was removed under reduced pressure, and the resulting solid was chromatographed on

silica gel (3% MeOH-CH,Cl,) to give 11 (0.582 g, 0.95 mmol, 95%) as a white solid: mp 205 - 207 °C. THNMR

(300 MHz, DMSO-dy) 6 0.23 (s, 6H), 1.15 (s, 9H), 1.34 - 3.30 (m, 13H), 3.54 (s, 3H), 3.60 (s, 3H), 4.40 - 4.46 (m,
1H), 6.40 (br, 1H), 7.57 (dd, 2H), 7.80 (dd, 2H), 8.73 (d, 1H, J = 7.37 Hz), 10.56 (br, 1H), 11.16 (br, 1H) .
FABHRMS m/z caled for C30HyuNsO7Si(MH): 614.3010, found 614.3004. Anal. Calcd for C3gH43N507Si: C,
58.71; H, 7.06; N, 11.41. Found: C, 58.41; H, 7.34; N, 10.98.

N-{4-[3-(2-Amino-4(3H)-oxo0-5,6,7,8-tetrahydropyrido[2,3-d ]pyrimidin-6-yl)-1,1-dimethyl-1-
silapropyllbenzoyl}-L-glutamic Acid (3). A suspension of 11 (0.220 g, 0.36 mmol) in 1IN NaOH (4 ml) was
stirred at rt for 3 d. The mixture was carefully acidified with concentrated HCI with cooling in an ice bath. The
white precipitate which formed was collected by filtration, washed with H,0, Et,0 and dried to give 3 (0.144 g,
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0.288 mmol, 80%) as a white solid, mp 234 °C dec. 'H NMR (300 MHz, DMSO-dg) 6 0.22 (s, 6H), 0.77 -
3.40 (m, 13H), 4.40 - 4.35 (m, 1H), 7.00 (br, 1H), 7.19 (br, 2H), 7.50 (dd, 2H), 7.81 (dd, 2H), 8.61 (d, 1H, J = 7.41

Hz), 11.88 - 11.97 (br, 3H). FABHRMS m/z calcd for Cy3H3nNsOSi(MH™): 502.2122, found: 502.2096. Anal.
Calcd for C,3H3NsO¢Si: C, 55.07; H, 6.23; N, 13.96. Found: C, 54.21; H, 6.31; N, 14.21.

2-[4-(Ethynyldimethylsilyl)phenyl]-4,4’-dimethyloxazoline (15). To a flask containing Mg turnings (0.97 g,
39.92 mmol), an I crystal, mercuric chloride (5 mg), and commercially available dlchlorodlmethylsuane (12.06

ml, 99.45 mmoli) in dry THF (10 mi), 2-(p-bromophenyli)-4,4’ —dlmethyloxazolme (8) (5.0 g, 19.86 mmol) in THF
(50 ml) was added with stirring under nitrogen and mild initial heating to 40 °C. The first 10 ml were added
quickly to initiate the reaction and then at such a rate as to maintain the temperature below 50 °C. When the
addition was complete (45 min), the reaction mixture was stirred at 45°C for 2 h. The solvent and excess

GlCﬂlQrOCllIIlﬁ[ﬂyl&llane were removed under reduced pressure, and the residue was washed with Gl'y THF (5U m_l)
which was subseaguentlv removed under reduced nressure. The washed residue was taken up in fresh drv THF (75

VALl WWAS SLUSULHLTLLLY IRALUVIA VUL L IRALNVLU PRUESUIL. 100 WASHLU ALSIL0T WaAaS LGQATA WP Al 2101, ix22

ml) and transferred via cannu]a away from the excess Mg into a new dry flask under nitrogen. Commerc:ally
available ethynylmagnesium bromide (79.56 ml, 0.5 M solution in THF) was ddded dropwise at 4 °C over 30 min.

The er(,HOﬂ rmxture was duUWCU {0 warm blOle iort OVlegﬂ[ and renuxca IOf i ﬂ l ne reauion mixture was
cooled to rt, quenched by addition of H,O (25 ml) and the THF was removed under reduced pressure. The residue

was panmoned between Et;O (100 ml) dnd saturated NH4Cl1 (50 ml), the ethereal layer was separated washed with
H»O and brine, dried (MgSO4) and concentrated to give an amber oil which was chromatographed on silica gel
(5% EtOAc-hexanes) to give 15 (2.94 g, 11.45 mmol, 58%) as a clear, colorless oil that slowly crystallized to a

white solid upon standing; mp 54 - 55 °C. 'H NMK (300 MHz, CDCl,) 8 0.43 (s, 6H), 1.36 (s, 6H) 2.53 (s, 1H),

ANQ /e NMIN 77T A8 7AA "’U\ '7('\") A4 ILIV. RAC ..a fvalativa imtancitay) IKT (AN YA F1NNCLN D2 QO 1QA

VO D, 411 ), .U \Uu, &i1l), 1. 74& \WUL, L1121, 1V1D ”U(, \l.CLauVU llllcllbll‘y} ol T \“r /Ul, L&ta \1VV V), 44 \O /), 10U
(209) 82 (25%) IR (neat) 2053 2025 28RA 1430 1300 sm=-1 Anal Caled for C..H..NOKi- C 600Q00- H 7 - N
V), 82 (L2 0) LN\ NEAL) LT3, 274D, 4880, 1420, 137U CIM T, AAL, LaICA I0T LUishijoiNOS1 L, 00599 1, 71.9450 N,
5.44. Found: C, 70.32; H, 7.63; N, 5.22

Bromobenzaidehyde 1,3-dioxolane (12) (6.0 g, 26.2

gen and gentle heating (bhath te mperature initially
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4-(Ethynyldimethylisilyl)benzaldehyde 1,3-dioxolane (16). p-
r 'frn

murnvl\ n rlrv THF (F\n mn was added with stirrine unde
40°C)toa suspenswn of Mg turnings (1.278 g, 52.59 mmol), an I, crystal and dichlorodimethylsilane (14.92 m
2

131 mmol) in dry THF (10 ml) as described above for the preparation of 15. The reaction mixture was stirred
at 50 °C and treated as described above. Ethynylmagnesium bromide (105 ml, 0.5 M solution in THF) was added

and the reactinon mivtire wac allawed tn warm clawlv ta 1t nvernioht and worked nn ac hefare ta give a nala nil that
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on chromatography over silica gel (10% EtOAc in hexanes) gave 16 (3.45 g, 14.87 mmol, 57%) as a colorless oil.
'H NMR (300 MHz, CDCl;) 4 0.47 (s, 6H), 2.55 (s, 1H), 4.05 - 4.18 (m, 4H), 5.86 (s, 1H), 7.51 (dd, 2H), 7.68 (dd,
2H). HRMS m/z calcd for C3H,0,Si (MH*) 232.0920, found: 232.0928.

4- (“ihynylalmemylsuyi)benzaluehyde (17). Silica gel (4.0 g,M erck Kieseigel 60) was su penaea nC
m Ao 13 A 1 n

N with vigorous stirring and a 10% agu
L WILL VIgorous sumng ar 7o aque

a few minutes until the oxalic acid solution had been adsorbed onto the silica gel, and 4-
(ethynyldimethylsilyl)benzaldehyde 1,3-dioxolane (16) (1.0 g, 4.31 mmol) was then added neat. After 2 h the
reaction mixture was diluted with CH,Cl, (30 ml), filtered through Celite and concentrated to give 17 (0.81 g, 4.31

mmol, quant.) as a pale oil suitable for further use. 'H NMR (300 MHz, CDCl) 6 0.45 (s, 6H), 2.59 (s, 1H), 7.81

(A4 21\ 7 QQ fd4 27HY 1004 (¢ TN
GG, 211), /.66 (GG, 2xi), 1V.VUS (S, 111},

i
ic acid solution (400 me) was adde
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4-(Ethynyldimethylsilyl)benzoic acid (18). To crude 4-(ethynyldimethylsilyl)benzaldehyde (17) (0.81 g, 4.31
rmnol) in MeCN (20 ml) and H,O (10 ml) was added NaH,PO,-H,O (140 mg) in H,O (10 ml) and 30% H,0, (2.5

AT TYN

mi). The pH was adjusted to 2-3 with 6N HCI, and sodium chiorite (546 mg) in nzu (10 mi) was added siowly
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the excess H,O, was quenched by cautious addition of Na,SO, (500 mg). The reaction mixture was diluted with
H,O (25 ml), extracted with CH,Cl, (2 x 50 ml), dried (MgSQ,) and concentrated under reduced pressure to give
18 (0.77 g, 3.77 mmol, 88%) as a white solid suitable for further use: mp 93 - 94 °C. 'TH NMR (300 MHz, CDCl5)

8 0.24 (s, 6H), 2.48 (s, 1H), 7.65 (dd, 2H), 7.88 (dd, 2H), 12.5 (br, 1H). IR (neat) 3620 - 3200 (br, s), 2960, 2687,
2543, 1889, 1555, 1419, 1291, 1283, 1100, 835 cm™'. MS m/z (relative intensity) 204 (25%), 203 (14%), 190

(ANCLN 1QQ F1NNOLNY 142 (1ACLN
\IU/0), 107 \1UUT0), 195 (1947/0).
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Dimethyl 4-(Ethynyldimethylsilyl)benzoyl-L-glutamate (19). To crude 4-(ethynyldimethylsilyl)benzoic acid
(18) (145 g, 7.1 mmol) and N-methylmorpholine (0.95 ml, 8.69 mmol) in dry CH,Cl; (75 ml) with stirring under
nitrogen at 4 °C was added 2-chloro-4,6-dimethoxy-1,3,5-triazine (1.53 g, 8.70 mmol). After2 h at4 °C,
additional aliquots of N-methylmorpholine (0.95 ml, 8.69 mmol) and dimethyl L-glutamate hydrochloride (1.84 g,
8.69 mmol) were added. The reaction mixture was allowed to warm slowly to rt overnight, washed with HO (2 x
50 ml), 5% Na,SO, (50 ml), 0.5 N HC1 (25 ml), brine (25 ml), and then dried (Na,SO,) and concentrated to a pale
syrup which on chromatography over silica gel (40% EtOAc-hexanes) gave 19 (1.98 g, 5.47 mmol, 77%) as a

colorless, viscous oil. 'TH NMR (300 MHz, CDCl;) 8 0.45 (s, 6H), 2.1 - 2.52 (m, 4H), 2.55 (s, 1H), 2.65 (s, 3H),
2.78 (s, 3H), 4.79 - 4.85 (m, 1H), 7.1 (br, 1H), 7.71 (dd, 2H), 7.85 (dd, 2H). MS m/z (relative intensity) 361 (4%),
302 (42%), 203 (20%), 188 (48%), 187 (100%), 174 (45%). Anal. Calcd for C;gH,3NOsSi: C, 59.81; H, 6.41; N,
3.87. Found: C, 59.93; H, 6.35; N, 3.95.

Dimethyl 4-[3-(2-Pivaloylamino-4(3H)-oxo-7H-pyrrolo[2,3-d]pyrimidin-5-yl)-1,1-dimethyl-1-sila-2-
propynyl]benzoyl-L-glutamate (21). Tetrakis(triphenylphosphine)palladium (642 mg, 10 mol %), Et:N
(0.78 ml, 5.56 mmol), Cul (212 mg, 20 mol %), 2-pivaloylamino-4(3H)-0x0-5-iodo-7H-pyrrolo[2,3-
d]pyrimidine (20)* (1.0 g, 2.78 mmol), and dimethyl 4-(ethynyldimethylsilyl)benzoyl-L-glutamate (19) (1.32
g, 3.66 mmol) were dissolved in dry DMF (40 ml) and the mixture was heated at 60 °C with stirring under
nitrogen for 2 h. The DMF was removed under reduced pressure, and the resulting dark solid was taken up in
CH,Cl7 (50 ml) and filtered through a pad of Celite to remove the palladium salts. The filtrate was washed
with H,O (2 x 50 ml), dried (MgSO,) and concentrated to give a dark solid. This was washed with Et,0 (25
ml) to give a light brown powder which was chromatographed over silica gel (1% MeOH-CH,Cl,) to give 21

(0.874 g, 1.473 mmol, 53%) as a pale powder: mp > 167 °C dec. 'H NMR (300 MHz, CDCl5) 8 0.44 (s, 6H),
1.26 (s, 9H), 1.94 - 2.16 (m, 2H), 2.41 - 2.52 (m, 2H), 3.56 (s, 3H), 3.64 (s, 3H), 4.41 - 4.50 (m, 1H), 5.74 (s,
1H), 7.84 (AA’BB’, 4H), 8.79 (d, 1H, J = 6.2 Hz), 10.92 (s, 1H), 11.90 (s, 1H), 12.05 (s, 1H). MS m/z (relative
intensity) 482 (27%), 387 (12%), 373 (13%), 372 (32%), 371 (100%), 258 (26%), 193 (33%). Anal. Calcd for
C,4H35Ns0O58Si: C, 58.67; H, 5.94; N, 11.80. Found: C, 58.57; H, 5.81; N, 11.91.

Dimethyl 4-[3-(2-Pivaloylamino-4(3H)-oxo-7H-pyrrolo[2,3-d]pyrimidn-5-yl)-1,1-dimethyl-1-
silapropyl]benzoyl-L-glutamate (22). A mixture of 21 (0.345 g, 0.582 mmol), 20% Pd(OH), on carbon (50 mg)
in dry MeOH (20 ml), and dry CH,Cl, (20 ml) was hydrogenated (50 psi of H,, Parr apparatus) for S h. The
reaction mixture was filtered through Celite, concentrated and the residual material was chromatographed over
silica gel (2% MeOH-CH,Cl,) to give 22 (0.236 g, 0.396 mmol, 68%) as a pale powder, mp 184 - 185 °C, dec. 'H

NMR (300 MHz, CDCl,) 8 0.29 (s, 6H), 1.23 - 1.29 (m, 2H), 1.34 (s, 9H), 2.21 - 2.54 (m, 4H), 2.82 - 2.86 (m, 2H),
3.68 (s, 3H), 3.81 (s, 3H), 4.86 (m, 1H), 6.37 (s, LH), 7.16 (d, 1H, J = 7.06 Hz), 7.49 (dd, 2H), 7.63 (dd, 2H), 8.60
(s, 1H), 8.71 (s, 1H), 11.76 (s, 1H). MS m/z (relative intensity) 598 (38%), 597 (100%). 582 (27%), 371 (24%), 319
(34%), 318 (29%), 262 (23%), 261 (70%), 234 (24%). HRMS m/z calcd. for C,0H39N507 Si 597.2591, found
597.2584.

Dimethyl N-{4-[3-(2-Amino-4(3H)-oxo-7H-pyrrolo[2,3-d |pyrimidn-5-yl)-1,1-dimethyl-1-silapropyl]benzoyl}-
L-glutamic Acid (4). A suspension of 22 (0.215 g, 0.360 mmol) in 1 N NaOH (2.5 ml) was stirred at rt for 3 d.
Neutralization with 6 N HCI and drying of the filtered solid at 50 °C under reduced pressure provided 4 (0.093 g,

0.192 mmol, 53%) as a pale tan solid, mp > 243 °C, dec. 'H NMR (300 MHz, DMSO-d;) 6 0.43 (s, 6H), 1.22 -
1.31 (m, 2H), 2.26 - 2.61 (m, 4H), 2.83 - 2.88 (m, 2H), 4.92 (m, 1H), 6.36 (s, 1H), 7.42 (d, 1H, ] =7.128 Hz), 7.83
(dd, 2H), 7.89 (dd, 2H), 8.79 (d, 2H), 11.94 (s, 1H). FABMS m/z (relative intensity) 485 (13%), 470 (100%), 440
(6%), 245 (12%), 240 (8%), 219 (11%). Anal. Calcd for C,,H,;N50Si: C, 54.42; H, 5.60; N, 14.42. Found: C,
54.31; H, 5.41; N, 14.23.
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