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SYNTHETIC COMMUNICATIONS, 23(9), 1295-1305 (1993) 

MlTSUNOBU REACTIONS FOR THE SYNTHESIS OF CARBOCYCLIC ANALOGUES OF 

NUCLEOSJDES: EXAMINATION OF THE REGIOSELECTIVITY~ 

Akemi Toyota,* Nobuya Katagiri and Chikara Kaneko 

Pharmaceutical Institute, Tohoku University, 
Aobayarna, Sendai 980, Japan 

ABSTRACT: In order to provide a general synthetic merhod for carbocyclic nucleo- 
sides. regioselectivities in Mitsunobu reaction of purine, pyrimidin-2-one and their 
substituted derivatives with a variety of alcohols were examined and found to 
depend upon both substituents of the bases and kind of the alcohols. 

Due to intense current interest for carbocyclic nucleo~ides,2~3 much efforts 

have been paid for development of the method generally applicable to the prepara- 

tion of these analogues. Attachment of cyclopentane or other substituents to purine 

bases via direct alkylation with cyclopentyl halides and their equivalents (e.g. 

mesylated cyclopentanols) yields both N9- and "-substituted derivatives.4 Though 

vinyl epoxide ring opening by 6-chloropurine (or even adenine) was reported to 

give the N9-substituted derivatives selectiviely, this method inevitably gives the 

products that are hydroxylated in an undesirable position.5 Since stepwise con- 

struction of purine and pyrimidine ring systems from the corresponding cyclo- 

pentylamines requires multistep and is tedious.6 we have chosen the direct intro- 

duction of cyclopetane moiety to the purine bases at the N9-position by the corre- 

sponding alcohol as the best choice. To this purpose, two methods have so far been 

disclosed: 1) Mitsunobu reaction' of purines with cyclopentanols and 2) application 
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1296 TOYOTA, KATAGIRI, AND KANEKO 

of Palladium(0)-catalyzed allylic alkylationg of the bases by cyclopentenyl acetates. 

In this line of works, we previously investigated thc Mitsunobu reaction of 6- 

chloropurine with three alcohols (cthyl alcohol, benzyl alcohol and rnonosilylated 

cis-2-cyclopentene- 1.4-diol) and found that, while the monosilylated diol afforded 

a single N9-product (for which we tentatively assigned the 1.4-lrans structure by 

an analogy of the well settled S N ~  replacement in the Mitsunobu reactions7), the 

N7-products were obtained irrespective of the alcohols.9 By using this alkylation 

reaction as the key step, we have succeeded in the EPC (gnantiomerically pure €om- 

pounds) synthesis of (-)-BCA [(1~,4~,511)-9-(4.5-bishydroxymethylcyclopent-2-en- 

1 -yl)-9H-adenine)lO having a potent anti-HIV activity from (-)-Corey lactone in 

quite short steps.11 In this case, the N7-substituted purine was obtained in a small 

amount (ratio of 9-substituted purine/7-substituted purine = ca. 4). 

Since the selective 9-alkylation of purine derivatives (6-chloropurine, 2.6- 

dichloropurine, and even purine itself) was considered as the most important ad- 

vantage of the Mitsunobu reaction for the preparation of carbocyclic nucleosides.12 

it is important to clarify to what extent one can enhance the regioselecivity (en- 

hancement of the yield of the N9-substituted purine derivatives) either by altering 

substituents on the purine ring or by changing the kind of alcohols. In this paper, 

we will report the detailed result of Mitsunobu reactions of purine bases having 

fluorine, chlorine, iodine, and other substituents at the 6- and/or 2-positions of 

purine ring with different kinds of alcohols. The same reaction using 4-ethoxy- 

pyrimidin-2-one as the base was also carried out in order to develop a general 

synthetic method for the pyrimidine nucleosides. The results of these studies are 

described in the following three items. 

Mitsunobu Reaction of Purine and its Derivatives with Benzyl Alcohol 

In order to examine how the regioselectivity of the reaction depends upon the 

substituents, we have carried out Mitsunobu reaction by using benzyl alcohol as the 

common alkylating reagent 10 append the heterocyclic rings, purine (1). 6-fluoro- 

purine (2), 6-chloropurine (3), 6-iodopurine f4), 6-azidopurine (5), 6-dimethyl- 

aminopurine (61, 2.6-dichloropurine (7). or 2-chloro-6-iodopurine (8). 

The results of these reactions are shown in Table 1. In order to compare each 

reaction strictly, all of the reactions were carried out in THF at 0 O C  (1 h) and then 
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CARBOCYCLIC ANALOGUES OF NUCLEOSIDES 1297 

Table 1. Mitsunobu reaction of purine ( I ) ,  its mono- (2-6) and disubstituted 
derivatives (7 and 8) with benzyl alcohol 

1-8 9-1 6 17-24 25-32 

Entry Substrate X Y Product (%) 
1 1 H H  9 (70) 17 (9) 25 (21) 
2 2 H F 10 (64) 18 (16) 26 (none) 

4 4 H I  12 (74) 20 (13) 28 (13) 
5 5 H N3 13 (24) 2 1  (69) 29 (none) 
6 6 H NMe2 1 4  (64) 22 (none) 30 (36) 
I 7 0 0 15 (69) 23 (26) 31 (none) 
8 8 a 1  16 (85) 24  (10) 3 2  (none) 

3 3 H 0 11 (67) 19 (23) 27 (9 )  

at room temperature for further 10 h. 

practically insoluble to the solvent. However, as reaction proceeded, all of 1 gradu- 

ally dissolved and gave three benrylated products (9 .  17, and 25) with the yields 

of 9 > 25 > 17. 

Unlike to other purines, purine (1) was 

The result of Mitsunobu reaction using mono-substituted purines (2-6) shown 

in Table 1 is summarized as follows: (1) In the mono-halogenated series (Entries 

2-4), the yields of 9- (and 3-benzylated) products increase with the order of F c C1 < 

I. (2) None of the N7-benzylated product was detected in the reaction using di- 

methylamino derivative (Entry 6) .  (3) No N3-benzylatcd product was detected in 

the reactions of 6-fluoro- and 6-azidopurines (Entries 2 and 5) .  (4) While all the 

purines except the azidopurine (5) gave the N9-substituted products as the major 

ones. 5 gave the N7-benzylated product as the major one. 
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1298 TOYOTA, KATAGIRI, AND KANEKO 

The fact that any N3-bcnzylated product was not obtained in the reactions of 

the dihalogenated purines (Entries 7 and 8) indicates that the presence of chlorine 

at the 2-position prohibited thc formation of the N3-substitulion. Like mono- 

halogenated series, rhe ratio of N9-/N7-benzylated products is higher for 8 than 

that for 7. It seems reasonable to assume that the steric factor of iodine at the 6-  

position has prevented the formation of the "I- isomer.  

Mitsunobu Reaction of 6-Chloro- (3), 6-lodopurines (4) a n d  their 2- 

Chloro Derivatives (7 and 8)  wi th  a Variely of Alcohols 

In order to examine how the kinds of alcohol affect the regioselectivity, the 

same reactions have then been extended to two purines (3 and 4) using a variety 

of alcohols. These alcohols are classified broadly into two groups: 1) alkanols: etha- 

nol (b), ethylene glycol mono tert-butyldiphenylsilyl ether (c) as the primary alka- 

no1 and isopropanol (d), cyclopropanol (e), and the substituted cyclopropanol (f) as 

the secondary alkanol and 2) secondary allyl alcohols: cis-2-cyclopentene- 1.4-diol 

mono rerf-butyl-dimethylsilyl ether (g), and the substituted cyclopentenol (h ) ,  

The characteristics derived from the results shown in Table 2 are as follows: 

(1) use of alkanols resulted in higher ratios of N9-/N7-alkylated products than 

those obtained from 

depended upon the kinds of primary and secondary nature of the alcohols. Thus, in 

both series of compounds (3 and 4);the secondary ones gave higher ratios of N9- 

/N'-isomers than those of the corresponding primary ones. 

the reactions using allyl alcohols and (2) the same ratios also 

The characteristic (1) probably reflects that the allyl alcohols are more 

reactive than the saturated alcohols and hence lowers the regioselectivity of the 

reactions. Since more bulky alcohols in each series gave the lesser amount of the 

N7-substituted products, it is reasonable to assume that the N7-substitution is more 

a : R = B n  'OH T B D P S 0 4 0 H  
b: R = Et C 

e d 

// (OTBDMS 
TBDPSO TBDMSO I 

W - O H  TBDMSO- Q -OH %-OH 

h TBDMSO' 
9 
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CARBOCYCLIC ANALOGUES OF NUCLEOSlDES 1299 

Table 2. Mitsunobu reaction of 6-chloro (31, 6-iodopurines (4 )  and their 2-chloro 
derivatives (7 and 8) with a variety of alcohols 

3, 4 ,  7 ,  8 11,12,15,16 19,20,23,24 27,28,31,3 2 

Entry Substrate Alcohol Product (%) 
CompdX Y 

9 3 H C1 b l l b  (81) 1 9 b  (14) 2 7 b ( G  
10 3 H C1 e l l e  (87) 1 9 e  (3) 27e (10) 
11 3 H C1 f l l f  (65) 19 f  (9) 27f (none) 
12 3 H C1 g l l g  (58) 1 9 g  ( 1 1 )  2 7 g  (4) 
13 3 H CI h l l h  (48) 1 9 h  (12) 27h (d 
14 4 H I c 1 2 c  (92) 20c  (7) 28c (a 
15 4 H I d 1 2 d  (87) 2 0 d  (4) 28d  (9) 
16 4 H I e 1 2 e  (89) 20e  (none) 28e  (11) 
17 7 C1C1 c 1 5 c  (81) 2 3 c  (9) 3 1 c  (none) 
18 8 Cl I c 16c (91) 24c  (3) 3 2 c  (none) 

sensitive toward steric hindrance caused by the C6-substituent than the N9-substi- 

tution. The complete lack of the N3-benzylated products in the reactions of the di- 

halogenated purines (7 and 8) (cf. Table 1) as well as the above-mentioned charac- 

teristic (1) then led us to examine Mitsunobu reaction of these two purine bases (7 

and 8) with the monosilylated ethylene glycol (c). As expected, the yields of the 

N9-alkylated products increased and the 9-alkylated purine (26c) was obtained in 

91% yield. 

Mitsunobu Reaction of 4-Ethoxypyrimidin-2-one (33) with a Variety of 

Alcohols  

Mitsunobu reaction of 33 with benzyl alcohol (a) gave the N1-substituted 

(34a) and 0-substituted products (35a) in 86% and 13% yields, respectively. 

Though the amounts of the 0-alkylation products increased by using primary satu- 

rated alcohols (b and c), the 0-alkylation products become the major products only 

when the secondary alcohols (e.g. e and h) were used. 
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1300 TOYOTA, KATAGIRI, AND KANEKO 

Table 3. Mitsunobu reaction of 4-ethoxypyrimidin-2-one (33) with a variety of 

alcohols 

N$ 
ROAN 

N T  -__a N 5  
O N  A O A N  " 33 f3 34 35 

Entry Alcohol Product (%) 
1 9  a 34a (87) 35a (13)  
2 0  b 34b (53) 3 5 b  (42) 
2 1  C 34c (57) 3512 (30) 
2 2  e 34e (d 35e (96) 
2 3  h 3 4 h  (13) 35h (82) 

Conclusion 

In summary, the following could be said: 1) The condensation of purines with 

alkanols by Mitsunobu reaction provides one-step route for the preparation of 9- 

alkylated purines and, hence, for that of carbocyclic nucleosides. 2) Since the re- 

placement of hydroxyl group of the alcohols occurs in S N ~  fashion, one can use this 
reaction for the EPC synthesis of carbocyclic nucleosides from chiral cyclopentanols. 

3) Though the regioselectivity 1s not high (formation of the 9-substituted purines as 

major products with significant amount of the 7-and/or 3-substituted ones), appro- 

priate choice of the purine substituents as well as alcohols could suppress the by- 

product formation and. gives practically selective formation of the 9-substituted 

purines (for instance, Enties 14 and 18). 4) In case of Mitsunobu and related reac- 

tions using triphenylphosphine as one of the reagent for the preparation of alkyl- 

ated purines, one should take care for the isolation of 7-alkylated purines, because 

their polarity on silica gel chromatography is nearly the same with triphenyl- 

phosphine oxide. 

Experimental  

General Procedure for the Alkylation of  Purine Bases (1-8) with a 
Variety of Alcohols by Mitsunobu Reaction. Diethyl azodicarboxylate (0.05 
ml, 0.15 rnmol) was added in portions to a mixture of the purine (0.15 mmol), the 
alcohol (0.3 mmol). and triphenylphosphine (79 mg, 0.3 mmol) in THF (2.7 ml). The 
mixture was stirred at  0 "C for 1 h and then at room temperature for further 10 h. 
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CARBOCYCLIC ANALOGUES OF NUCLEOSIDES 1301 

Table 4. Physical and spectroscopic data for benzylated purines 
Compd.mp UV(Me0H) IH-NMR 
No. ( O C )  kmax n m  6 (CDCl3) 
9-Isomer 
913 96-98 
1014 --a 248 5.53 (2H, s), 7.43 (5H, s), 8.18 and 8.77 (each IH, s, 

263.5 5.50 (2H, s), 7.38 (5H, s ) ,  8.12, 9.06 and 9.20 (each, lH, s, 

(248) purine-H x 2). 
111s -a 265 . 

1216 -a 276 

1 3 1 7  -b 25 3 
262 
288 

1418 -b 27 8 

1 5 1 9  150-152 273 
(146- 147) 

16C 163-165 283 
7-Isomer 
1713 140-142 266 

1 8 1 4  -b 25 5 

1915 -b 

2 0  -b 28 1 
2117 -b 254 

263 
2 8 6  

(144-145) (266) 

2 3  128-131 282. 
2 4  -a 
3-Isomer 
25'3 oil 279 

2 7 d  oil 282 
(277.5) 

2 8 e  oil 297.5 

i.47 (2H, s). 7.35 (5H, br s, CsHs), 8.15 and 8.80 (each lH, s, 
purine-H x 2). 
5.43 (2H, s), 7.33 (5H, s), 8.12 and 8.66 (each lH, s, purine- 

5.43 (2H x 3/8, s). 5.58 (2H x 5/8, s), 7.26-7.90 (5H, m), 7. 
7.97 (1H x 3/8, s), 8.18 (1H x 5/8, s), 8.71 (1H x 3/8, s). 9. 
9.52 (1H x 5/8, s). 
3.53 (6H, s), 5.36 (2H, s), 7.30 (5H, s), 7.40-7.90 (lH, 

H x 2). 

masked by the signals of the phosphine oxide), 8.41 (lH, 
4. 
5.43 (2H, s), 7.38 (5H, s), 8.07 (lH, s). 

5.41 (2H, s), 7.38 (SH, s), 8.08 (1H. s). 

5.47 (2H, s), 7.40 (5H, rn), 8.33, 8.80 and 9.18 (each IH, s, 
purine-H x 3). 
5.53 (2H, s), 7.40 (5H, m). 8.30 and 8.80 (each lH, s, 
purine-H x 2). 
5.70 (2H, s), 7.30-7.50 (5H, masked by the signals of the 
phosphine oxide), 8.35 and 8.87 (each 1H. s. purine x 2). 
5.87 (2H, s), 8.24 and 8.82 (1H each, s, purine-H x 2). 
5.83 (2H, s), 7.3-7.9 (5H, masked by the signals of the 
phoshine oxide), 8.30 and 9.56 (each lH, s, purine-H x 2). 

5.70 (2H, s), 7.33 (5H, m), 8.22 (lH, s). 
5.77 (2H. s), 7.0-7.55 (5H, m), 8.33 (lH, s). 

5.86 (2H.s). 7.47 (5H, s), 8.70 (2H, s, purine-H x 2), 9.07 

5.82 (2H, s), 7.47 (5H, s), 8.42 and 8.55 (1H each, s, pur 
purine-H x 2). 

5.75 (2H, s), 7.41 (5H, s), 8.27 and 8.53 (1H each, s, pur 
purine-H x 2). 

( lH, s, purine-H). 

3018 142-145 2 9 9  3.20-4.20 (6H, b), 5.52 (2H, s), 7.35 (5H, s), 7.95 and 8.04 
(144-145) (1H. each, s, purine-H x 2). 

a. Contaminated with bis(ethoxycarbony1)hydrazine. 
b. Contaminated with triphenylphosphine oxide. 
c. Anal. Calcd for C12HgCINsI: C. 38.89; H, 2.18; N. 15.12. Found: C, 39.01; H, 2.21; N, 
15.19. 
d. High-resolution MS m/z  Calcd for C12HgN4CI = [244.0515]. Found: [244.0483]. 
e. High-resolution MS mlz Calcd for C12H9N4I = [335.9870]. Found: f335.98791. 
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1302 TOYOTA, KATAGIRI, A N D  KANEKO 

Table 5. Physical and spectroscopic data for alkylared purines 
Compd. mp UV(Me0H) I H - N M R  

No. ("C) hmdx n m  8 (mch) 
9-Isomer 
l l b 9  -b 

l l e  -a 

l l f z o , f  oil 

265  1.60 (3H, t, J = 8 Hz), 4.38 (2H, q, J = 8 Hz), 8.17 and 8.77 
(each lH, s, purine-H x 2). 

2 6 6  1.96 (SH, nil, 5.03 (lH, m), 8.20 and 8.75 (each lH, s, purine- 
H x 2 ) .  

264 0.07 and 0.08 (each 6H, s), 0.90 and 0.93 (each 9H, s), 1.70- 
2.55 (3H, m. C3'-H, (25,-H x 2), 3.10 (IH. dd, J = 18, 10 Hz, Cz- 
H), 3.73 (2H, 1, J = 4 Hz, CHzOTBDMS), 4.57 (lH, m, C40-H), 5.00 
(3H, m, Ci,-H, C7.-H x 21, 5.77 (lH, m, Cs-H), 8.13 and 8.73 
(each IH, s, purine-H x 2). 

11g9.gl26-127 2 6 6  0.119 and 0.121 (each 3H, s, SiMep), 0.92 (9H, s, CMes), 2.34 

Hz, Cy-H), 5.25 (lH, m, CH-0). 5.95 (lH, m, CH-N), 6.05 (lH, 
ddd, J = 5, 2, 1 Hz, Cy- or C38-H), 6.35 (lH, ddd, J = 5,  2, 2 Hz, 
Cza- or (130-H), 8.03 and 8.77 (each lH, s, purine-H x 2). 

2 6 6  0.02 (6H. s, SiMeZ), 0.82 and 1.07 (each 9H, s, t-Bu x 2), 2.35 
(1H. m, CY-H). 2.91 (lH, m, C45-H), 3.75 (lH, m, CHH'OTBDPS), 
3.78 (2H, m, CHzOTBDMS), 3.83 (lH, m, CHXOTBDPS), 5.73 
(lH, m, CI*-H). 5.78 and 6.13 (each 1H. rn. olefinic-H x 2). 
7.40 and 7.63 (each 5H, m,  Ph x 2). 8.10 and 8.59 (each lH, 
s, purine-H x 2). 

2 7 5 0.99 (9H, S, f-Bu), 3.98 (2H, m, -0CH2). 4.30 (2H, m, NCHp), 
7.33 (10H. m), 8.20 and 8.47 (each 1H. s, purine-H x 2). 

276. 1.68 (6H. d, J = 6.5 Hz), 4.96 (lH, 99, J = 6.5 Hz), 8.26 and 
8.66(each lH, s, purine-H x 2). 

276  1.97 (SH, m), 5.00 (IH, m), 8.17 and 8.61 (each lH, s, purine- 
H x 2). 

2 7 3  1.02 (9H, s), 4.03 (2H, m), 4.33 (2H, m), 7.35 (10H. m), 8.13 
(IH, s). 

2 8 4  1.02 (9H, S), 4.01 (2H, m), 4.27 (2H, m), 7.33 (lOH, m), 8.12 
(lH, s). 

2 9 2  1.02 (9H, s), 4.33 (2H. m), 4.58 (2H, m), 7.38 (10H. m), 8.31 
(lH, s). 

1.63 (3H. t, J = 11 Hz), 4.58 (2H, 9. J =11 Hz), 8.30 and 8.87 
(each lH, s, purine-H x 2). 
1.93 (SH, m), 5.30 (lH, m), 8.35 and 8.87 (each lH, s, purine- 
H x 2). 

2.97 (lH, dd, J = 18, 9 Hz), 3.78 (W, t, J = 4 Hz), 4.42 (lH, m), 

Hmns). 5.63 (2H. rn, Ci,-H, C6--H), 8.42 and 8.90 (each lH, s, 
purine-H x 2). 

19g9 -a 2 6 9  0.103 and 0.11 (each 3H, s, SiMe2), 0.91 (9H, s, CMe3), 2.27 

(lH, ddd, J ~ 1 3 . 5 ,  7.5, 4 Hz, C~S-H),  2.48 (lH, ddd, J = 13.5, 9, 4 

l l h 1 2 . h  oil 

1 2  c1 130- 1 3 2 

1 2 d  -a 

1 2 e  -a 

1 5 c J  100-102 

1 6 c  125-128 

2 4 c  -a 

7-Isomer 
19b9121-122 

1 9 e  -b 

19fzo~k oil 2 7 1  0.10 (12H, s), 0.92 and 0.95 (each 9H, s), 1.73-2.87 (3H, m), 

( 1  22- 123) 

4.88 (lH, dd, J = 9, 3 Hz, C7'-Hcis). 5..12 (1H. d, J = 3 Kz, CT- 

(lH, ddd, J = 15, 7.5, 3.5 Hz, C5*-H), 2.50 (lH, ddd, J ~ 1 5 ,  7.5, 5 
Hz, Csv-H), 5.14 (lH, m, CH-0), 6.14 (1H. ddd. J = 5 ,  2, 1 Hz, 
C2,- or C3*-H), 6.23 (lH, m, CH-N), 6.38 (lH, ddd, J = 5, 2, 2 Hz, 
C y -  or Cy-H). 8.18 and 8.90 (each lH,  s, purine-H x 2). 

2 7 2  0.15 (68, s. SiMep), 0.94 and 1.25 (each 9H, s. r-Bu x 2), 2.51 
(lH, m, C5'-H).3.13 (lH, m, C4'-H), 4.03 (4H, m, CH2OSi x 2), 

1 9  h oil 
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Table 5 Continued 

6.07 (lH, m, olefinic-H), 6.37 (2H, m, Cia-H and olcfinic-H), 
7.73 (10H. m, Ph x 21, 8.56 and 9.10 (each 1H , s, purine-H x 
2). 

2 8 0  1.00 (9H. s), 4.30 (2H, m), 4.60 (2H, m), 7.30 (IOH, m), 8.27 
and 8.70 (each lH, s, purine-H x 2). 

280  1.73 (6H. d, J = 6.5 Hz), 4.83 ( IH.  m), 8.43 and 8.73 (each IH, 
s, purine-H x 2). 

2 8 3  1.01 (9H, s>, 4.04 (2H. m), 4.54 (2H, m). 7.37 (lOH, br s), 8.27 
(1H, s). 

2 9 2  1.02 (9H, s), 4.33 (2H, m), 4.58 (2H, m), 7.38 (IOH, m), 8.31 
(lH, s). 

2 0 c  -a 

2 0 d  -b 

2 3 c  oil 

2 4 c  -a 

3-Isomer 
2 7 e oil 

2789 oil 

281.5 2.05 (8H, m), 5.35 (lH, m), 8.46 and 8.48 (each lH, s, 
purine-H x 2). 

2 8 0  0.118 and 0.125 (each 3H, s, SiMe2), 0.92 (9H, s, CMe3). 15. 8, 
4 Hz, Cy-H), 5.23 (IH, m, CH-0). 6.10 (lH, ddd. J = 5, 2, 1 Hz. 
C2*- or C3*-H), 6.41 (lH, m, CH-N). 6.46 (lH, ddd, J = 5, 2, 2 Hz, 
C2*- or C 3*-H), 8.32 and 8.55 (each 1H. s, purine-H x 2). 
MS mlz (M+): 350. 

2 9 4  1.79 (6H, d. J = 7 Hz), 5.28 (lH, qq, J = 7 Hz), 8.37 and 8.51 
(each lH, s, purine-H x 2). 

297.5 2.07 (8H, m), 5.40 (lH, m), 8.42 and 8.55 (each lH, s, 
purine-H x 2). 

2 8 d oil 

2 8 e oil 

a,b. The same as in Table 4. 
f. High-resolution MS mlz Calcd for C25H43N402Si~CI (M+): 522..2614. Found: 
5 22.265 0. 
g. Anal. Calcd for Cl&23CIN40Si 1/4&0 C, 54.07; H, 6.66; N, 15.77. Found: C, 53.96; 
H, 6.36: N, 15.62. 
h. High-resolution MS mlz Calcd for C30H36CIN402Si2 (M+-I-Bu): 575.2063. Found: 
575.2021. 
i. Anal. Calcd for C23H2sN4IOSi: C, 52.27; H, 4.77; N. 10.60. Found: C, 52.51; H, 4.75; N, 
10.52. 
j. Anal. Calcd for C23Hz4C12N40Si: C, 58.59; H, 5.13; 11.88. Found: C, 58.59; H, 5.16; N, 
11.86. 
k. High-resolution MS mlz Calcd for C25H44N402Si2CI (M+ t H): 523.2629. Found: 
523.2675. 

After removal of the solvent in  vacuo, the product was separated by flash chro- 
matography (silica gel). Elution was carried out in the order of hexane-ethyl 
acetate, ethyl acetate, ethyl acetate-methanol, and chloroform-methanol as the 
solvents. As a result, the products were eluted in the following order: the 9- 
alkylated derivatives, then, 7-alkylated derivatives, and finally the 3-alkylated 
derivatives. The yields of the products using benzyl alcohol are given in Table 1 
and those derived from the other alcohols in Table 2. The yields of products that 
correspond to footnotes a and b were calculated from the intensity of the IH-NMR 
signals. Melting points and chemical analysis data as well as spectroscopic data (UV 
and IH-NMR) are given in Tables 4 and 5 .  
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1303 TOYOTA, KATAGIRI, A N D  KANEKO 

Table 6. Physical and spectroscopic data for the alkylation products of 4-ethoxy- 
pyrimidin-2--0ne (33) with a vaiiety of alcohols 
Comud.mu UV(Me0H) IH-NMR 
NO. cod) L,,, n m  6 (CDC13) 
1 -Alkyl-4-O-ethyluracil 
3 4 a 2  oil 2 7 7  1.34 (3H, t, J = 7HZ), 4.43 (2H, q, J = 7 Hz), 5.03 (2H, s). 

5.80(1H, d, J = 7.2 Hz), 7.31 (5H, s ) ,  7.35 (lH, d, J = 7.2 Hz). 
1.37 (6H, t, J = 7 Hz), 3.91 (2H, 4. J = 7 Hz), 4.45 (2H, 4, J = 7 
Hz), 5.87 (lH, d, J = 7 Hz), 7.43 (IH, d , J  = 7 Hz). 
1.03 (9H, s ) ,  1.38 (3H, t, J = 7 Hz), 3.97 (4H, s), 4.47 (2H, q, J = 
7 Hz), 5.80 (1H. d, J = 7 Hz), 7.27-7.70 (11H, m). 

-a 2 8 0  0.03 ( 6H, s), 0.85 (9H, s), 1.08 (9H, s ) ,  1.33 (3H, t, J = 7 k ) ,  
2.10 (lH, m), 2.90 ( lH,  m), 3.70 (4H, m), 4.37 (2H, q. J = 7 
Hz), 5.60 (2H, d, J = 7 Hz), 5.70 (2H, m, olefinic-H and Clq-H), 
6.07 ( I H ,  rn), 7.27-7.77 ( l IH ,  m). 

2-0-Alkyl-4-0-ethyluracil 
35a2  1 oil 2 5 9  1.38 (3H, t. J = 7 Hz), 4.38 (2H, q, J = 7 Hz). 5.45 (2H. s), 

6.36(18, d,  J = 5 Hz), 7.44 (5H, m), 8.23 (lH, d, J = 5 Hz). 
35b22 oil 260 1.38 (3H, I, J = 7 Hz), 1.42 (3H, 1, J = 7 Hz), 4.48 (4H, q, f = 7 

Hz). 6.38 (lH, d, J = 6 Hz), 8.23 (IH, d, J = 6 Hz). 
3 5 c  oil 2 6 0  1.07 (9H, s), 1.36 (3H, t, J = 7 Hz), 4.01 (2H, m). 4.50 (2H, m), 

4.52 (2H, q, J = 7 Hz), 6.30 ( lH,  d, J = 5.5 Hz), 7.23-7.80 (IOH, 
m), 8.33 (lH, d, J = 5.5 Hz). 

oil 2 6  1 1.50 (3H, t, J = 7 Hz), 1.98 (8H, m), 4.40 (2H, q, J = ~ H z ) ,  5.43 
(lH, m). 6.33 (lH, d, J = 6 Hz), 8.22 (lH, d, J = 6 Hz). 

oil 260.5 0.06 (6H, s). 0.87 (9H, s), 1.10 (9H, s), 1.37 (3H, t, J = 7 Hz), 
2.37 (lH, m), 2.87 ( lH,  m), 3.78 (2H, d, J = 6 Hz), 3.89 (2H, d, 
J = 5 Hz), 4.43 (2H, q, J = 7 Hz), 5.98 (2H, m, olefinic-H x 2), 
6.03 (IH, m), 6.32 (IH, d, J = 5.5 Hz), 7.30-7.83 (lOH, m), 8.18 
(lH, d, J = 5.5 Hz). 

34b22  

3 4 c  

-b 2 7 7  

-a 2 7 6  

3 4 h  

35e2 1 

3 5 h  

a,b. The same as in Tables 3 and 4. 

General  Procedure for the  Alkylation of 4-Ethoxypyrimidin-%one (33) 
with a Variety of Alcohols by Mitsunobu Reaction. Diethyl azodicarboxylate 
(0.05 ml, 0.15 mmol) was added in portions to a mixture of the pyrimidinone (0.15 
mmol), the alcohol (0.3 mmol), and triphenylphosphine (79 mg, 0.3 mmol) in THF 
(2.7 ml) at 0 "C. The mixture was stirred at the same temperature for 1 h and then 
at  room temperature for further 10 h. After removal of the solvent in VIICUO, the 
product was separated by flash chromatography (silica gel). Elution was carried out 
by hexane-ethyl acetate as the solvents. The 0-alkylated products were eluted first 
and then 1-substituted ones followed. The yields of the products are given in Table 
3. Melting points and chemical analysis data as well as spectroscopic data (UV and 
IH-NMR) are given in Table 6. 
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