
Tetrahedrort Vol. 49, No 44. PP. 10089-10098.1993 

Pmtcd in Great Britain 

oo4o-4020193 $6.00+.00 

@ 1993 Pqamon Press Ltd 

Enzymatic Acylation and Alkoxycarbonylation of a-, Xylo-, 

Anhydro-, and Arabino-Nucleosides. 

Francisco Morfs and Vicente Gotor* 

Depaaamento de Qtiica Qq@ca e Inorgan~ca, Fact&ad de Quhtca, Uruversldad de Owdo, 3307 1 Ovtedo, Spam 

(Received in UK 29 June 1993; accepted 27 August 1993) 

Keywords Oxtme esters, Oxune carbonates, enzymattc aCyk2hOn. enzymattc alkoxycarbonylatton. regtoselecttvtty 

Abstract: 5’-0-acyl and 5’-0-alkoxycarbonyl dertvattves of a-, anhydro-. xylo - and arabtnonucleostdes could be obtatned 

through a lipase-medtated reaction with SP 435 hpase (from R by tutng acetoxwne butyrate or butyrtc anhya+tde, 

together wtth benzyloxycarbonyl-0-acetoxtme as acylattng agents Alkoxycarbonylatton gave poorer ytelds than acylatron and other 

hpases tested gave non-selective reachon or not reachon at all 

INTRODUCTION 

Selective protection and deprotectton of polyfunctional molecules 1s a critical problem in organic 

synthesis.1 In nucleoside chemtstry this problem IS accentuated by the presence of multtple hydroxy functions 

of very similar reactivity. For this reason, the achievement of selective reactions on them is an interesting 

challenge.2 since successful advances m this field may lead to new synthetic methods of nucleoside analogues, 

which are compounds of high significance in some areas of medicinal chemistry.3 and show antineoplasic4 and 

antiviral activity.5 

An important and synthettcally relevant example of this problem IS the selective acylation and 

alkoxycarbonylation of the sugar moiety of these compounds in order to obtain denvatives with antitumour 

acttvrty,6 and also represents a way of introducmg protective basic-labile groups, 1 which play an tmportant role 

in the synthesis of ohgonucleotides.7 

On the other hand, enzymatic approaches to natural products esterification have received keen attenuon in 

recent years.8 This is due to the much higher regtoselecttvity of acylation achievable by enzyrmc as compared to 

conventional chemical methods.9 In the case of nucleosides, few examples are known dealing with 

regioselective acylation. Subtilisin 10 and a modified derivative11 was employed with trihaloethyl butyrates or 

enol esters, but selectivity was low or the catalytic material was difficult to achieve. Nozaki has tried lipases on 

2’-deoxynucleostdes, the results depended on the solvent and only in one case the regioselectivity was almost 

complete.12 As a part of our ongoing program to design new regtoselective enzymatic transformations of 
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polyhydroxy compounds, we have described recently the preparation of 3’-0-acylated derivatives13 and 3-O- 

carbonate0 from unprotected Z’deoxynucleosides through an enzymatic acylation or alkoxycarbonylation 

reaction using oxime esters or 0-alkoxycarbonyloximes and lipase from Pseudomonas cepacia (PSL). We have 

also found that lipases from Cut&& axnz~ctica (CAL) are able to acylater5 or alkoxycarbonylate 16 both 2’- 

deoxynucleosides and ribonucleosides at S-OH. 

In view of these results, we believed that nucleosides with different orientation of the hydroxyl groups, 

which have not been tested in enzyme-mediated reactions, could be an interesting subject of study from a 

synthetic standpoint as well as to get information about the preference of some lipases with regards to the 

geometry of the substrate employed. In this study we carried out a systematic investigation of the usefulness of 

this enzymatic approach for the synthsis of 5’-0-butyrates and S-O-carbonates of nucleosides bearing various 

configurations in the sugar moiety. This could be made with a lipase from C. MtcucticD using butyric anhydride 

or acetoxime butyrate and benzyloxycarbonyl-0-acetoxime. Other enzymes tested, like PSL. Porcinepancreatic 

lipase (PPL) and Candida cylindrucea lipase (CCL) were not, in general, as effective as CAL in this kind of 

enzymatic processes. 

RESULTS AND DISCUSSION 

Enzymatic acylation and alkoxycarbonylation of a-Thymidine (1): To the best of our 

knowledge there is no teport dealing with enzyme-mediated acylation of a-nucleosides. The a-configuration 

could involve severe steric hindrances to acylate 3’-OH whereas S-O position has no impediments to be 

esterified. Our previous experience have shown that the l3-countetpart is acylated at the primary hydroxyl group 

with a lipase from Candida amrcrica (CAL SP435L) 17 whereas PPL, CCL and PSL present reversed 

regioselectivity, namely towatds secondary hydroxyl group. 13.15 However, a-thymidine was tested with these 

four enzymes and none of them were able to acylate 3’-OH (Scheme I). In all cases acylation takes place 

exclusively at 5’-OH , though, as it can be seen in Table I, CAL and PSL gave the best results. The reactions 

were carried out in THF or 1 ,Cdioxane with oxime butyrate, although butyric anhydride can be also employed 

without affecting regioselectivity. It is of note that PSL changes its preference depending on configuration at 

the anomeric site. This effect is also observed with PPL and CCL but the conversion falls down with respect to 

that achieved with the g-counterpart. With regards to CAL regioselectivity is now complete, in contrast with l3- 

thymidine, which gave little amounts of other regioisomers. 15 Thus, the bulky group in the anomeric site has a 

dramatic influence with regards to the specificity or even the conversion of the reaction. 

SP 4351, I THF 
PSL, PPL/Dioxane 
ccl, SP 435L / THF 

SCHEME I 
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In view of these results, PSL and CAL seemed the most suitable catalysts to perform the 

alkoxycarbonylation of a-thymidine. CAL was selected because the advantage of using an immobilized enzyme 

is the possibility of reusing the lipase. The alkoxycarbonylating reagent was acetone-O- 

(benzyloxy)carbonyloxime, which had been already employed by us to achieve Cbz-derivatives both of 

sugarsts and nucleosidesJ4J6 As it is shown in Scheme I the unique product was S-O-benzyloxycarbonyl-a- 

thymidine, 3, whose characteristic data, together with those of S-0-butyryl-a-thymidine, 2, are depicted in 

Table II. Tables III and IV give tH- and W-NMR spectral data. 

Enzymatic acylation and alkoxycarbonylation of xylo-Thymidine (4):19 The 3’-“up” 

configuration of the secondary hydroxyl group in this nucleoside becomes it an interesting substrate. The 

secondary hydroxyl function is placed at the same face that the base moiety, so steric hindrances play an 

unfavorable role to achieve acylation at this position. Furthermore, this particular configuration becomes 

hydroxyl at 5’ more hindered than in thymidine. The triad of lipases most widely used in synthesis, namely 

PPL, PSL and CCL when employed with thymidine exhibited preference towards 3’-OH and only CAL could 

acylate S-OH. In the case of xylo-thymidine only CAL was able to convert in good yield the substrate into S- 

0-butyrylxylothymidine, S (Scheme II). As with a-thymidine, CCL, PPL and PSL gave poorer conversions 

with the same regioselectivity towards primary hydroxyl and acylation at 3’-OH was not observed in any case 

(see Table I). It is noteworthy that the selectivitiy of CCL, PPL and PSL is reversed due to the change in the 

configuration at 3’ site, as it also occurrs in the case of a-thymidine and these three lipases (see above). 

In view of the good result achieved for the acylation, the alkoxycarbonylation reaction was made with 

CAL using acetone-0-(benzyloxyhcarbonyloxime, giving in high yield a unique product, S-O- 

benzyloxycarbonylzylthymidine, (6). Acetone oxime moiety played the role of leaving group and di- or 3’- O- 

acylated compounds could not be detected. Tables II, III and IV summarize physical and spectral properties of 

both compounds 5 and 6. 

CbzO HO 
SP 435L / THF 

* 
0 

PhCH,oKO’Ny 

PSL, PPL, CCL 
SP 435L / THF 

Butyric anhydride 

“PlCO* 

6 I 4 S 

SCHEME II 

Enzymatic acylation and alkoxycarbonylation of anhydronucleosides 7 and 10: 2,3’- 

anhydrothymidine, 7, was subjected to the action of the four aforementioned lipases. This nucleoside only 

possesses one alcoholic group but its structure represents an interesting target to test the capability of the lipases 

to acylate such a hindered hydroxyl. This case is similar to that of xylothymidine with regards to the 

configuration of 3’-site but the presence of the base moiety fixed at this position involves more steric 

hindrances than in the xylonucleoside. As it can be seen in Table I, PPL can not accept 2,3’-anhydrothymidine 

as substrate whereas CCL, PSL and CAL (higher conversion in this order), were able to convert it in the S-O- 
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HO 

CbzO 

I 7 8 

SP 435L / THF SP 435L I THF 

Butyric anhydride 
OH 

SCHEME III 

butyryl-2,3’-anhydrothymidine, 8. The low yields obtained were presumably due to the poor solubility of the 

substrate in organic solvents; THF was the most suitable and the acylating agent had to be butyric anhydride, 

since oxime butyrate is a weak one to accomplish this acylation. In the case of 2,2’-anhydrouridine, 10, only 

CAL and PSL gave reaction with butyric anhydride. Again, the conversion was poor, because the 

anhydronucleoside is hardly soluble in 1 ,Cdioxane or THF. Selectivity towards SOH could only be achieved 

with CAL, since PSL yielded a mixture of 3’-O-butyrate and diacylated nucleoside. 2,2’-anhydrouridine has 

the same configuration that 2’-deoxynucleosides with regards to the possible sites of acylation so could be 

expected that PSL would acylate the secondary hydroxyl selectively. This is not possible due to the steric 

hindrances produced by the 2,2’ linkage, which forces the nucleoside to an unfavorable position inside the 

binding pocket of PSL. PPL and CCL gave no conversion with this substrate. 

With these results in mind, we choose CAL to alkoxycarbonylate selectively at primary hydroxyl group 

both 7 and 10 with yields similar to the acylation. The agent employed to achieve this goal was the same that in 

aforementioned cases, acetone-O-(benzyloxy)carbonyloxime. Cbz-nucleosides 9 and 12 are characterized in 

Table II, together with butyryl esters 8 and 11. Tables III and IV show spectral data (IH- and IX-NMR) of 

these compounds. 

Enzymatic acylation and alkoxycarbonylation of nrabinonucleosides 13 and 1520 

Aruhlnonucleosides assayed were araundineJ3 and N-butyryl-arucytidine, 15. Arucytidine was previously N- 

acylatedzl to be tested in enzymatic proccesses, since cytosine nucleosides remain unreactive under conditions 

throughout this work.15 The shape of these substrates leaves 3’-OH in the same conditions that in 2’- 

deoxynucleosldes, so it could be expected that PSL would acylate 3’-OH selectively. With regards to urauidine 
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HO 
OU 

? 

PPL, CCL / Butyric anhydride 
HO SP 435L / Oxime butyrate 

OH 
THF 

OH 

13 14 

CbzO 

PPL, CCL / Butyric anhydride 
SP 435L / Oxip-te butyrate 

THF OH 

17 15 16 

SCHEME IV 

the enzymes tested were not only able to acylate thts position but primary hydroxyl was the preferred site to all 

of them, though in the case of PSL this was accompanied by other byproducts including di- and triacylated 

derivatives. As it can be seen in Table I, CAL was the best catalyst to obtain S-0-butyrylarauridine, 14. In the 

case of N-butyryl-aracytidine, PSL gave no conversion and only CAL converted the substrate in N,5’-O- 

dtbutyrylaracytidine, 16. PPL and CCL gave a mixture of products and the converston was low (30%). 

Alkoxycarbonylation reaction was made as usually with CAL but in the case of arauridine could not be 

effected with satisfactory yield. N-butyrylaracytidine was converted into its 5’Cbz derivative, 17, albeit in low 

yield, showing that aranucleosides are poor substrates for enzymatic alkoxycarbonylation. Tables II, III and IV 

depict the characteristic data of compounds 14,16 and 17. 

Table 1. Acylation of nucleostdes 1,4,7,1O,13,15 with several lipases in organic so1vents.a 

Substrate PSL PPL CCL CAL 

Solv. T t Yield Solv. T t Yield Solv. T t Yield Solv. T t Yield 

oC h % oCh % oCh % oCh 8 

lb Dioxane 60 4 95 Dioxane 60 24 22 THF 60 72 16 THF 30 3 97 

4c THF 60 72 12 THF 60 48 12 THF 60 72 19 THF 60 12 94 

7c THF 60 24 28 THF 60 12 - THF 60 48 12 THF 60 12 41 

1OC Dioxane 60 24 d Dioxane 60 48 - THF 6048 - THF 60 16 52 

13e THF 6024 d THF 60 20 15 THF 60 72 20 THF 607 81 

15c THF 6040 - THF 6036 d THF 6036 d l-l-IF 60 6 84 

a Ymld\ calculated with respect to subsbates on pure lsolatcd prcducts (if %K%) or by W-Nh4R aoalysys of crude reactions. 

h Ox~mc hutyrate. c Butync anhydndc d Mlxture of products. e Butync anhydridc for PSL. PPL, CCL: oxime butyrate for CAL. 
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Table II. Compounds 2-17 prepared with Cundida antarctica 1ipase.a 

Product R t Yieldb m.p.c IRd [al25o (c. solvent) 

(h) (%) (OC) u (cm-r) 

2 CH3-(CWh- 3 97 

3 Ph-CH2-O- 12 94 

5 CHa-(CH& 12 94 

6 Ph-CH2-O- 20 90 

8 CH3-(CH&- 12 41 

9 Ph-CH2-O- 24 32 

11 CH3-(CH&- 16 52 

12 Ph-CH2-O- 24 30 

14 CH3-(CH2)2- 7 81 

16 CH3-(CH&- 6 84 

17 Ph-CH2-O- 24 25 

syrup 

syrup 

syrup 

syrup 

187-8 

187-8 

179-80 

155-6 

127-8 

160-l 

145-6 

1695 +8.24 (1.65. MeOH) 

1747 +30.5 (10, MeOH) 

1697 +16.0 (1.20. MeOH)e 

1753 +10.9 (1.0, MeOH)e 

1734 -24.6 (0.45, DMSO)e 

1753 +7.70 (0.13, MeOH) 

1739 -38.4 (0.51, DMSO)e 

1751 -2.50 (0.40, MeOH) 

1736 +122 (0.50, MeOH) 

1710 +116 (0.30. MeOH)e 

1749 +104 (0.41, MeOH)e 

a All reacuons carried out at 60 Oc except that for la (30 “c). b Calculated wtth respect to 1-6 on pure isolated products. 

c Uncorrected. d Partial. c Measured with Hg lamp (I = 578). 

The structure of all the products were determined on the basis of their spectral data. For example, their 

W-NMR spectra showed a shift on C5’ of cu. 3 ppm. towards lower fields with respect to the same carbon 

atom in the starting nucleosides. In addittion, H5’, H5” showed a shift of cu. 1 ppm. downfield with respect to 

the nucleosides without modification. Assignment of Cl’ and C4’ was readily made on the basis of the coupled 

1%NMR spectra, since tJct~,u.cr’ exhibit values around 165 Hz whereas the other rJc, H of the sugar moiety 

(for example, *Jc~,H_c~) are 15-20 Hz smaller.22 

CONCLUSION 

In the present work we described a convenient method to obtain 5’-O-carbonates and butyrates of some 

unusual-configurated nucleosides under mild conditions through a lipase-mediated reaction. The procedure 

represents an easy way to introduce modifications on these kind of nucleosides, which can be used as 

intermediates in synthesis of novel derivatives with potential antiviral and antitumour activities. On the other 

hand, we have screened the possibilities of some unrelated lipases to achieve this goal and this could be useful 

to get more knowledge about the active sites of these enzymes in regard with the shape of the substrate. 

Interestingly the stereochemistry at Cl’, C2’ and C3’ seems to have no influence in the regioselectivity of the 

reaction in the case of CAL. Since the procedure offers versatility in order to introduce different groups in the 

nucleoside, and the commercial availability of the enzymes in large quantities (hundred of grams) and relatively 
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Table IILIH-NMR spectral data for compounds 2-17 (only non-interchangable signals) S (ppm)? 

10095 

Base& SupaLmpiuv 

Me H6 Hl’ (H2’,H2”) H3’ H4 (HS’,HY) 

2 1.73(s) 7.70(s) 6.08(&i) 2.53(m) 1.94(m) 4.18(m) 4.27(m) 4.00(m) 0.82 (3H, 1); 1.45 (2H, m); 

2.18(2H. t) 

3 1.78(s) 7.48(s) 6.07(t) 2.61(m) 2.45 (m) 4.35(m) 4.52 (m) 4.13 (m) 5.15 (2H, s); 7.35 (5H. s) 

5 1.78(s) 7.76(s) 6.08(dd) 1.90(m) 2.61(m) 4.33b 4.00(m) 4.27(m) 4.33b 0.89 (3H, t); 1.56 (2H, m); 

2.29 (2H, t) 

6 1.73(s) 7.61(s) 6Ndd) 228(m) 2.50(m) 4.45b 4.02(m) 4.36(m) 4.45b 5.09 (2H, s); 7.28 (5H, s) 

8 1.75(s) 7.58(s) 5.860 2.59(m) 2.5oe 5.30(m) 4.42(m) 4.29(m) 4.08(m) 0.83 (3H, t); 1.47 (2H. m); 

2.17 (2H, t) 

9 1.76(s) 7.51(s) 5.85(d) 2.58(m) 2.5ob 5.31(m) 4.47(m) 4.17(m) 4.37(m) 5.13 (2H, s); 7.37 (SH, S) 

Base ring sunarmoietv Acy&&cty 

H5 H6 Hl’ Hz’ H3 H4 (HS, H5”) 

11 5.86(d) 7.87(d) 6.33(d) 5.25(d) 4.37(m) 4.29(m) 3.%(m) 

12 6.20(d) 7.93(d) 6.56(d) 5.50(d) 4.70(m) 4.60(m) 4.33(m) 

14 5.55(d) 7.49(d) 6.02(d) 4.03(m) 3.93b 3.93b 4.26(m) 

16 7.64(d) 8.30(d) 6.41(d) 4 4qm) 4.26(m) 4.35(m) 4.39(m) 4.75(m) 

17 7.5fP 8.30(d) 6.41(d) 4.48(m) 4.23(m) 4.35(m) 4.53(m) 4.78(m) 

0.82 (3H, t): 1.45 (2H, m); 

2.18 (2H, t) 

5.26 (2H, d); 7.55 (SH, s) 

0.89 (3H, t); 1.56 (2H, m); 

2.30 (2H, 1) 

1.15 (6H, m); 1.87 (4H. m); 

2.55 (4H, m) 

5.41 (2H, s); 7.5W; l.lq3H. 

0; 1.87 (2H, m); 2.60 (2H. t) 

* All samples measwed in DMSO-d6 except 3.6 (CDCl3) and 12.16, 17 (CD30D). Signals of the sugar moiety assigned 

through selective uradiad0ns.b Superimposed signals. c Overlapped by DMSO-da 

unexpensive, this method appears suitable to preparative regioselective acylation of nucleosides, which are 

compounds of importance in some areas of medicinal chemistry. 

EXPERIMENTAL 

Lipase from CanuWantarc~ SP 435Lt7 was kindly gifted by Novo Nordisk Company. Nucleosides 

were purchased from Sigma. THF and 1,4-dioxane were distilled over LiAlI& in order to avoid moisture. 

Pre-coated TLC alumina sheets silica gel 60 Fm from Merck were used, and for column chromatography, 

Merck silica gel 60/230-400 mesh was used. Melting points were taken on samples in open capillary tubes 

using a Bilchi melting-point apparatus and are uncorrected. Optical rotations were measured using a 

Perkin-Elmer 241 polarimeter. IR spectra were recorded on a Mattson 3000 FT spectrometer. NMR spectra 
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Table IV. W-NMR chemical shifts of compounds 2-17 6 @pm).a 

B?&e&lg tv hvl or carbonatetv 

C2 C4 C5 C6 Me Cl’ C2’ C3’ 0%’ C5’ C=O R 

2 150.72 164.08 109.17 137.07 12.52 85.23b C 70.71 85.23b 64.00 172.82 13.58; 18.13; 35.47 

3 150.82 164.76 109.01 137.39 12.16 87.92 40.31 71.43 86.44 67.25 154.68 69.83; 128.22; 12844; 

128.49; 134.66 

5 150.74 163.97 109.14 137.12 12.61 83.88 c 69.10 81.44 63.12 172.93 13.58; 18.06; 35.43 

6 150.93 164.58 109.85 137.90 12.37 85.94 40.77 69.50 82.14 65.88 155.15 69.98; 128.14; 128.30; 

128.53; 134.73 

8 153.69 171.09 116.21 136.94 13.21 87.08 32.91 77.42 81.99 61.86 172.58 13.58; 18.02; 35.22 

9 153.42 171.02 11627 136.84 13.21 8708 32.82 77.19 81 91 6605 154.27 69.37; 128.37; 128.57: 

128.66; 135.39 

11 159.81 171.27 108.92 137.05 - 90.21 88.84 75.02 85.79 63.20 172.72 13.51; 18.13; 35.07 

12 161.88 175.43 109.99 138.47 - 92.45 91 14 76.89 88.09 67.67 156.01 70.71; 129.4; 136.85 

14 150.72 163.61 100.40 142.50 - 85.70 7638 74.91 82.00 63.70 173.04 13.67; 18.22; 35.53 

16 157.79 164.10 97.02 147.80 - 89.74 78.35 75.43 84.99 64 71 17500 13.90; 19.38; 36.79; 

39.93; 175.70 (CON) 

17 157.80 164.06 97.09 147.83 - 89.70 78.02 75.84 84.73 68.22 156.54 13.89;19.39; 39.93;70.74; 

129.20; 129.46; 129.57; 

136.90: 175.64 (CON) 

a Samples measured in DMSO-da except 3.6 (CDC13) and 12.16 and 17 (CD30D). b Supenmposed signals. c Overlapped by 

DMSO4 

were recorded using a Bruker AC300 spectrometer. Mass spectra were obtained on a Hewlett-Packard 5897A 

spectrometer. Microanalyses were performed on a Perkin-Elmer mode.1 240 instrument. Acetoxime butyrate and 

benzyloxycarbonyl-O-acetoxime, were prepared as described in aforementioned papers. 

General procedure for the synthesis of compounds 2-17 : 0.5 mmol of 1, 4, 7, 10, 13 or 

15, 1.5 mmol of the corresponding oxime ester, anhydride or carbonate and O.lg of lipase from Candida 

anrurcticu SP 435 A or SP 435 L was suspended in 5 mL of THF or dioxane. The mixture was allowed to react at 

6OoC for the time indicated in Table I. Then, the enzyme was filtered off and washed with MeOH, the residue 

was evaporated under vacuum, and the product was subjected to flash chromatography (AcOEt for a- and xyfo- 

thymtdme and ar~inouridine; CH2C12 : MeOH 92 : 8 for anhydronucleosides and N-butyryl-urabinccytidine). 

Crystallization was obtained from AcOEt or diethyl ether. 

Compound 2 Mass spectra (7OeV) m/z,%: 312 (M+, l), 187 (2). 127 (15), 81 (IOO), 71 (46); Anal. Calcd for 

Ct4H2eN&: C, 53.84; H, 6.45; N, 8.97. Found: C, 53.70; H, 6.56; N, 9.01. 

Compound 3: Mass spectra (7OeV) m/z,%: 376 (M+, l), 251 (2), 127 (IO), 91 (100); Anal. Calcd for 
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CtsH2cN207: C, 57.44; H, 5.36; N, 7.44. Found: C, 57.40, H, 5.56; N, 7.31. 

Compounds: Mass spectra (7OeV) m/z,%: 312 (M+, 2), 187 (36), 126 (19). 81 (lOO), 71 (49); Anal. Calcd for 

C14H2cN206: C, 53.84; H, 6.45; N, 8.97. Found: C, 53.74; H, 6.56; N, 8.69. 

Compound 6: Mass spectra (70eV) m/z,%: 376 (M +, l), 251 (l), 126 (21), 91 (100); Anal. Calcd for 

CtsHaeN207: C, 57.44; H, 5.36; N, 7.44. Found: C, 57.34; H, 5.44; N, 7.31. 

Compound 8: Mass spectra (70eV) m/z,%: 294 (M+, 2), 223 (5), 127 (63), 81 (lOO), 71 (46); Anal. Calcd for 

Ct4HtsN&: C, 57.10; H, 6.15; N, 9.54. Found: C, 57.05; H, 6.16; N, 9.61. 

Compound 9: Mass spectra (70eV) m/z,%: 358 (M+, 3), 224 (2) 126 (33), 91 (100); Anal. Calcd for 

CtsHrsN&: C, 60.33; H, 5.06; N, 7.82. Found: C, 60.20; H, 5.16; N, 7.71. 

Compound 11: Mass spectra (7OeV) m/z,%: 296 (M+, I), 225 (IO), 185 (30) 97 (56), 71 (100); Anal. Calcd for 

C13Hr6N206: C, 52.70; H, 5.44; N, 9.45. Found: C, 52.71; H, 5.46; N, 9.31. 

Compound 12: Mass spectra (7OeV) m/z,%: 112 (13), 108 (82). 91 (100) 77 (65); Anal. Calcd for 

Ct7Ht6N207: C, 56.67; H, 4.48; N, 7.77. Found: C, 56.59; H, 4.34; N, 7.41. 

Compound 14: Mass spectra (70eV) m/z,%: 314 (M+, l), 202 (23), 113 (36), 71 (100); Anal. Calcd for 

CrsHtsN207: C, 49.68; H, 5.77; N, 8.91. Found: C, 49.79; H, 5.66; N, 9.11. 

Compound 16: Mass spectra (70eV) m/z,%: 365 (M+-18, l), 182 (30), 150 (50), 112 (loo), 71 (75); Anal. 

Calcd for Ct7H25N307 C, 53.26; H, 6.57; N, 10.96. Found: C, 53.08; H, 6.56; N, 11.15. 

Compound 17: Mass spectra (70eV) m/z,%: 336 (M+-111, l), 182 (21), 151 (42), 112 (lOO), 91 (79); Anal. 

Calcd for C2tH2sNsOs: C, 56.27; H, 5.65; N, 9.33. Found: C, 56.08; H, 5.56; N, 9.35. 
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