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w--- The synthesis of cis-3-amino-1-cyclobutanemethanol has been 

performed in six steps (59.6% yield) tivm cis-1.3-cyclobutanedicarboxylic 
anhydride. This allowed us to obtain two new carbocyclic analogues of 

oxetanocin A and oxetanocin G related to 7-deazaadenosine and 7- 

deaziguanosine 

Cyclohut-A and cyclobut-G are cartacyclic analogues of oxetanocin A and oxetanocin G respectively, and have 

been found to be hmad-spectnun antiviral agents, particularly potent against human immunodeficiency virus 

W ) . 1  Compounds (5) and (6) have also been found m exert antiremviral activity against HIV-1 in viuo? 

1 (Cyelobut-A): XsCH2 2 (Cyclobut-C): X=CH, 5: Y = N ~ : Y = N  

3 (Oxetsnocin A): X=O 4 (oxelanwin c): X=O 7:  Y = CH 8: Y = CH 
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Therefore the analogues (7) and (8) seemed of inmst ,  since in addition potent activity of some 7-deaza- 

guanosinc5'-triphosphate against the HIV revem msaiptasc has been reportod.3 
The synthesis of the disubstimted cyclohutane moieties ofcarbocycli analogues of oxetanocin A and oxetanocin 

G was already reported. 2.4 Staning materials were either a protected 3-hydroxymethyl-cyclobutane-I-yl- 
methanesulfona& or the mixture of stereoisomrs of 3-hydroxymthy~ocyclobutanes.2 In the later case, the 

cis and wans isomers of 6-chlom-9-[3-(hydroxymethyl)cyclobutyl]pne, obtained in several steps, were 

sepmted only after tritylation, with some difficulties.2Therefore we attempted to prepare specifically the cis- 

aminoalcohol(14) , considered as a useful starting material for the stereospecific preparation of 7.8 and related 
compounds. 

The anhydride (11) was obtained from pentacrythritol in 29.1 % yield (instead of 11.4 %) by using several 

modifications of the conditions described in reference 5. Starting from this anhydride (11). the six step sequence. 
summarized in Scheme 1, led specifically to the expected cis-amino alcohol (14) in 59.6% yield. 

12 a : R = C O O H  13 a : R = NH Boc 
b: R = CONH2 b : R = NH3 +, CI- 
C : R = NH Boe 1 4  : R = N H t  

a) 2 TsCI, Pgr; b) CH2(COOEt)2 , NaH, DMF, KI; c) KOA; d) HNO3; e) 18S0C; 

0 CH3COCI; g) MeOH, Et3N; h) CICOOEt, EtjN then NH3; i) Pb(OAe)4, tBuOH, A ; 

j) Ca(BH&; k) HCI-MeOH; I) Dowex 50 W-X4 

Scheme 1 

Condensation of the pyrimidines (15)6 and (16)" with amine (14) was performed in n-butan-1-01 at 

100°C for 24 h under an inert atmosphere. Hydrolysis and cyclition of resulting 17 and 18 proceeded 

smoothly on treatment with O.2N HCI in aqueous dioxane solution. Whereas chlorine aminolysis in 19 was 

Mtried out at 1 1O0C under pnssu~~, in methanol saturated with ammonia and led to 7,7deazaguanine derivative 

(8) was obtained by hydrolysis of the chlorine atom of 20 in boiling hydrochloric acid.(Scheme 2) 
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20 
IN HCI, A - 8 

Scheme 2 

Compounds (19,20,7 and 8) have been tested ir?* in CEM cells against human immunodeficiency virus 

type- 1 (HW- 1) and were found inactive. 

EXPERIMENTAL 

Ethvl 2-ohenvl-1.3-dioxasoird3.5lnonane-6.6-dicboxvlate La. A solution of 99 (190 g, 0.848 mol) in 
pyridine (550 ml) was cooled by an ice-water bath and tosyl chloride (404 g. 2.12 mol) was added gradually to 

this solution with stirring. ?he reaction mixture was then allowed to reach room temperature. Stirring became 

impossible after ca. 1 h but reaction was allowed to proceed without stirring for 10 h. Afterwards ice (450 g) 

and 10 % aqueous HQ (400 ml) were added. The resulting mixhlre was stirred, the solid was separated by 

vacuum fduation, washed with a small amount of 10 % aqueous HQ and with iced water to provide 2-phenyl- 

5.5-ditosyloxymethyl-1,3-dioxacyclohexane. Yield after recrystallization (acetone) : 365 g, 81 %. mp 170- 
172°C. 'H-Nmr (90 MHz, CDCl3 + acetone-dg) 6 : 7.80-8.05 (m, 13H, H mom.) ; 5.43 (s, lH, H-2); 4.43 (s, 

2H, CH2) ; 3.94 (m. 6H, 3M2) ; 2.44 and 2.47 (2s. 6H. 2CH3). Anal. Calcd for C26HaOgS2 : C. 58.63 ; H, 
5.30 ; S, 12.04. Found : C, 58.90 ; H, 5.33 ; S, 12.21. 

Diethyl malonate (91 g, 0.57 mol) was added dropwise at 7VC, under argon, to a stitred suspension of oil free 

NaH (13.44 g, 0.56 mol ; obtained from 22.4 g of 60 5% mineral oil dispersion) in DMF (560 ml). After 30 min 
at 70°C. the reaction mixare was heated to 1 W C  and 2-phenyl-5,5-ditosyloxymethyl-1,3-dioxacyclohexane 

(151 g, 0.28 mol) and KI (4.6 g, 0.028 mol) were added quickly. After 12 hat this temperature, the mixture was 

cooled to room temperature and saturated NH&I aqueous solution (500 ml) was added dropwise with stirring. 
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Extraction (4 x 400 ml of hexane then 2 x 250 ml of ether), washing (2 x 100 ml of water). drying (MgS04). 
evaporation and distillation (condenser at 70'0 led to 10 as a solid Yield : 90.5 g, 93 5%. bp 181-195°C, mp 64- 
65'C. lH N m  (90 % CDC13) 6 : 7.44 (m. 5H, H mm.) ; 5.43 (s, lH, H-7) ; 4.07-4.44 (m, 6H, 3CHz-0) ; 

3.79 (m, 2H, 1 C*-0) ; 2.23 and 2.79 (2s. 2 x 2H. 2cHz cyclobut.) ; 1.27 (5 I= 8.1 Hz, 3H. CH3). Anal. 

Calcd for C1gH2406 : $65.50 ; H, 6.94. Found : C, 65.74 ; H, 6.76. 

. ?his prepamtion was run according to ref 5 by saponification of 
diester (10) (80 g. 0.23 mol) (yield of this saponification : 92 9%). funher hydrolysis of the acetal group. total 
oxidation inm tenaacid, decarboxylation into cis- and warn-1.3cyclobutanedicarbxylic acids and reaction with 

acetyl chloride to convert the cis isomer into the anhydride (11) which was isolated by distillation. The 
following impmvements in the oxidation and decarboxylation steps led to higher yields and more reproducible 

results. At the end of the oxidation, water and nihic acid were removed under reduced pressure (20 Tom) until a 

few ml of liquid phase only remained Water (50 ml) and NaCl (up to saturation) were then added. Continuous 

liquid-liquid extraction by ether (12 h), drying of this ether solution (MgS04). partial evaporation and 
crystallization by addition of cyclohexane led to 1,1,3.3-cyclobutanetetracarboxylic acid. Yield from the 

saponification product 94 % instead of 88.5 % (ref 5). Tetraacid was decarboxylated by heating (18$~) under 

reduced pressure (from 60 to 20 TOR). When C& formation ceased (20 Tom) heating was stopped. A mixture 
of cis- and trans-diacids was thus obtained and it was used without further purification for preparation of 

anhydride (11). Yield h m  tetraacid 58 % instead of 43 % (ref 5). 

~s-1.3-Cvclobutanedica~bxvlic acid w v l  ester 12% Dry MeOH (56 ml) and Et3N (2.8 g, 36.4 mmol) 

were added at O°C under nitrogen, with stirring to anhydride (11) (3.53 g. 28 mmol) in dry THF (56 ml). 

Reaction was allowed to proceed for 10 h at room temperature. Evaporation, addition of water (100 ml), 
acidification of aqueous phase to pH 3.3 with citric acid, extraction by ether (5 x 50 ml), drying of orgaiic 

phases (MgS04) and evaporation led to crude 12a5 as an oil. Yield : 4.02 g, 91 %.lH-Nmr (90 MHz. CDCI3) 
6 : 8.72 (br s, 1% COOH) ; 3.73 (s, 3H, CHj) ; 3.10 (m, 2H, 2CH) ; 2.34-2.75 (m, 4H, 2CH2). 

cis-Methvl 3-carboxamidocvclobufanecarboxvlate m. Et3N (2.6 ml) was added under nitrogen to a solution of 

acid ester (12a) (2.5 g, 15.8 mmol) in dry CHZCIZ (150 ml) at O°C, with stirring. ClCOOEt (1.8 ml, 18.7 
mmol) was then added dropwise. After 30 min at 0% saturated solution of NHj in dry CHzC12 (130 ml) was 

added in 20 min. The reaction mixture was stirred for 1 h at O°C and 2-3 h at room temperature (until 

decolmtion). Filtration and removing of solvents h m  filtrate by evaporation led to the cmde amide (12b) as a 

solid which was purified by addition of Et2O (100 ml), stirring and filtration. Rltrate was purified by the same 
work up but using only 15 ml of Et20. The total amount of pure 1Zb thus obtained was dried under reduced 
pressure. Yield : 2.38 g, 96 %. mp 105-107°C. lH-Nmr (90 MHz, CDCl3) 6 : 5.70-6.40 (br s, 2H, NH2) ; 

3.73 (s, 3H, CH3) ; 2.80-3.23 (m, W, 2CH) ; 2.31-2.67 (m, 4H, 2CH2). Anal. Calcd for C7HllN03 : C. 

53.40;H,7.05; N.8.90.Found: C.53.12; H.7.15 ;N,9.12. 

~3-l(t-butoxvcarbonvl)aminolcvclobutanecac Pb (OAC)~ (27 g. 61 mmol) was quickly 

added to a stixred mixture of amidoester (12b) (1.88 g, 11.98 mmol). tBuOH (70 ml) and DMF (35 ml) at 40°C. 

The reaction mixture was then heated at reflux for 20 min. Cooling, evaporation and filtration of the crude 

product through a column of silicagel (20 g ; eluant : 300 ml of Et20) led to a solution which was washed 
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successively with 10 % aqueous solution of NaOH (2 x 40 ml) and water (10 ml). Drying (MgSO4) and 

evaporation led to 12c which was used in the following step without further purification. Yield : 2.68 g, 98 %. 
lH-Nm (90 MHz, CDC13) 6 : 4.59-5.01 (hr s, IH, NH) ; 3.68 (s, 3H, CH3) ; 1.86-3.08 (m, 6H, cyclobut-H) ; 

1.42 (s. 9H. mu). 

- -  - &-3-Hvdroxymethvl 1 Kt h ~ o l c v c l o ~  139 and the comsnondine hvdrochlonde 13h. 
Dry CaClz (0.43 g, 3.9 mmol) was added under nitrogen to a stimd solution of 12c (0.35 g, 1.53 -01) in 
absolute ethanol (15 ml). NaBH4 (0.22 g, 5.8 mmol) was then added gradually. Reaction mixture was allowed 
to proceed for 12 h at room temperature and solvent was evaporated. Water (50 ml) was added. Extraction by 

CHzClz (4 x 60 ml), drying (MgS04) and evaporation led to cnulc 13a as an oil which crystallized on standing. 
Yield : 0.294 g, 96 %. mp 808I0C. 1H-Nnu (90 MHz, CDCl3) S : 4.69-5.16 (br s, IH, NH) ; 3.61 (4 J = 6 

Hz, 2H, CXzOH) ; 1.86-2.89 (m, 6H, cyclobut H) ; 1.45 (s, 9H, mu). Stirring of 13a (3.5 g, 17.32 mmol) 

with methanolic HCl(2M solution. 400 ml) for 4 h at room temperature followed by evaporation led m the crude 

hydrochloride (13b) as an oil. Yield : 2.15 g. 100 %. 

- - O-1-c- (14). A solution of 13b (470 mg, 3.41 mmol) in ethanol (5 ml) was passed 
slowly through a column (30 x 2 cm) of Dowex SOW-X4 cation exchange resin (H+ form) prepared in ethanol. 
The column was washed thoroughly with ethanol and the free amhe was then eluted with a 2N solution of 

ammonium hydroxide prepared in ethanol-water (8 : 2). Evaporation of the solvents gave 14 as a pale yellow 

syrup which was dried in vacw over pellets of potassium hydroxide for several days. Yield : 250 mg. 72.5 
%.'H-Nmr (200 MHz, DMSO-dg) 6 3.32 (d, J = 6.05 Hz, 2H, =OH) ; 3.08 (m, lH, H-3) ; 2.44-2.88 (br. 

HDO, m, OH) ; 2.18 (m, 2H, H-2, H-4) ; 1.83 (m, lH, H-1) ; 1.33 (m, W, H-2, H-4). 

&-3-114-Chloro-5-f2.2-diethoxvethvl~ o- . . .  
inolcvclohutanemethano~ (17). A solution of 156 

(530 mg, 2 mmol), mine (14) (202 mg, 2 mmol), triethylamine (3 ml) in I-butanol(30 ml) was heated under 
argon at 100°C for 24 h. The mixture was then cooled and evaporated to dryness. The residue was coevaporated 

several times with heptane before it was redissolved in chlorofam (200 ml). This organic phase was washed 

with water (3 x 20 ml), dried (MgS04). filtered, and evaporated to dryness to give an oily residue which was 

subjected to silica gel column chromatography (40 x 2.5 cm) prepared in dichloromethane. The columnwas k t  

washed with dichloromethane (500 ml) to eliminate the unreacted pyrimidine and some impurities and eluted then 

with 5 % ethanol in dichloromethane to provide a slightly colored oil which was dried in vocuo over potassium 
hydroxide. Yield 515 mg, 78 %. IH-Nnu (DMSO-6) S : 8.19 (s, IH, H-2) ; 7.07 (d, J = 7.1 H4 W ,  NH) ; 

4.65 (5 J = 5.2 Hz, IH, CH-ethyl) ; 4.53 (5 J = 5.2 Hz, IH, OH) ; 4.38 (m, lH, H-3') ; 3.64 (m, 2H, CHZ- 

ethoxy) ; 3.49 (m, 2H, CH~cthoxy) ; 3.40 (m, 2H, -OH) ; 2.95 (d, J = 5.3 Hz, W, C&-CH) ; 2.34 (m, 
2H, H-2'. H-4') ; 2.12 (m, lH, H-1') ; 1.79 (m, 2H, H-2', H-4') ; 1.1 (t, J = 6.9 Hz, 6H, 2 x CH3). Anal. 

Calcd for C15H24N303CI : C, 54.62 ; H, 7.33 ; N, 12.74 ; C1, 10.75. Found : C, 54.77 ; H, 7.45 ; N, 12.60 ; 
CI. 10.59. 

&-3-14-Chloro-7H-ovrmlol2.3-dln~midin-7-vllcvclohunemethanol(19). A solution of 17 (450 mg, 1.78 

mmol) in dioxane (50 ml) and 1N HCI (10 ml) was stirred at room temperature for 48 h. Concenuated 

ammonium hydroxide was then added in excess to the mixture which was evaporated to dryness. The residue 

was dissolved in AcOEt (100 ml) and washed twice with water (10 ml portions). The organic phase was dried 
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(MgS041, filtcrcd and evaporated to dryness. Purification was carried out by column chromatography (silica gel) 
eluting with dichloromethane-ethanol(98 : 2). Yield : 275 mg, 84 %. An analytical sample was obtained by 
crystallization from cyclohexane. mp 102°C. 1H-Nmr OMSO-Q) 6 : 8.62 (s, lH, H-2) ; 7.96 (d, J = 3.7 Hz, 

lH, H-6) ; 6.69 (d, J = 3.7 Hz, lH, H-5) ; 5.14 (m, lH, H-3') ; 4.65 (t, J = 5.3 Hz, lH, OH) ; .3.49 (t, J = 

4.7 Hz, W, aOH) ; 2.60-2.21 (m, SH, 2 x a, H-1'). Anal. Calcd for CllH12N30CI : C, 55.59 ; H 5.09 
; N, 17.68. Found : C, 55.66 ; H, 4.85 ; N, 18.01. 

0-7H-D -n - 7 - vllcvc- (7). A solution of 19 (100 mg, 0.42 
mmol) in methanol-ammonia (1-1, 100 ml) was heated at llO°C in a stainless steel vessel for 2 days. The 
mixflue was evaporated to dryness and subjected to column chromatography on neutral alumina (Brockmann No 
N grade) eluting with dichlommethanezthanol9 : 1. The pure tractions were. combined and evaporated to a 
mlorless oil. Yield 76 %. IH-Nmr (DMSO-Q) 6 : 8.07 (s, lH, H-2) ; 7.36 (d, J = 3.3 Hz, lH, H-5) ; 6.97 (s, 

2H, NHz) ; 6.58 (d, J = 3.3 Hz, 1% H-6) : 5.05 (m, lH, H-3) ; 3.50 (d, J = 4.7 Hz, W, a d O H )  ; 2.6-2.2 
(m, 5H, 2 x CR, H-1'). Anal. Calcd for CllH14N40 : C, 60.53 ; H, 6.47 ; N, 25.67. Found : C, 60.18 ; H, 
6.34 ; N. 25.38. 

A m i n o - 4 - c h l m o - 5 - ~ 2 . 2 - d i e t h o x v e t h v l ~ ~ v ~ e m e t h a n o  (18). This 
compound was prepared in the same manner as 17 as an oil after column chromatography. Yield 74 %. A slight 
contamination by the c y c l i  compound (20) was observed (nnx) in this experiment. Therefore it was engaged 
directly in the next step of cyclization. lH-Nmr DMSOQ) 8 : 6.48 (d, 1 = 7.6 Hz, lH, NH) ; 6.27 (s, W ,  

NHz) ; 4.52 (m, 2H, OH, CE-ethyl) ; 4.42 (m, 1H. H-3') ; 3.66 (m, W, C&-ethoxy) ; 3.45 (m, ZH, CH2- 

ethoxy) ; 2.75 (d, J = 5.2 Hz, ZH, m-ethyl) ; 2.31 (m, 2H, H-2'. H-41 ; 2.05 (m, lH, H-3') ; 1.71 (m, 
W, H-2'. H-4') ; 1.13 (t. J = 7 Hz. 6H, 2 x CH3). 

~ i s ~ ~ ~ ~ ~ ~ ~ ~ n o ~ ~ ~ c ~ ~ o r o ~ ~ ~ ~ u ~ o ~ o ~ ~ . ~ ~ ~ ~ D m m ~  . . in-7-vllcvclobutanemethanol (20).The pyrrolo [2.3d]- 
pyrimidine (20) was obtained as described for the preparation of 19 except that wlumn chromatography was not 
necessary since 20 crystallized from toluene. Yield 85 %, mp 156°C. lH-Nmr (DMSO-&) 6 : 7.41 (d, J = 3.7 

Hz, lH, H-5) ; 6.62 (s, W,  NHz) ; 6.36 (d, J = 3.7 Hz, lH, H-6) ; 4.93 (m, lH, H-3') ; 4.68 (t, J = 5.3 Hz, 
lH, OH) ; 3.50 (m, 2H, m O H )  ; 2.46-2.08 (m, 5H, 2 x CH2, H-1'). Anal. Calcd for CllH13N40CI : C, 
52.28 ; H, 5.19 ; N, 22.17. Found : C, 52.51 ; H, 4.88 ; N, 21.86. 

2-Amino-3.4-dihvdro-7-lcis-3-~hvdroxvmethvl-cvclobut-1-vll-7H-nmolo~2.3-dl~vrimidin-4-onp (8). A 
solution of 20 (200 mg, 0.86 mmol) in 1N HCI (30 ml) was stirred under reflux for 8 h. The mixture was 
evaporated to dryness and the residue was dissolved in hot water (1-2 ml). This solution was neutralized with a 
few drops of 6N NaOH and cooled. The precipitate was collected by fdtration and washed with cold water. The 
solid was adsorbed on neutral alumina (Brockmann No N type) and chromatographed on a column filled with 
the same alumina (Aldrich). Elution with dichloromethane-ethanol 1 : 1 containing 5 % (in volume) of 
concentrated ammonium hydroxide afforded pure 8 as an amorphous solid after evaporation and drying. Yield 
38 %. mp > 260°C. 1H-Nmr (DMSO-dg) 6 : 10.28 (s, lH, NH) ; 6.95 (d, J = 3.5 Hz, lH, H-5) ; 6.28 (d, J = 

3.5 Hz, lH, H-6) ; 6.19 (s, 2H, NH2) ; 4.82 (m, lH, H-13 ; 6.43 (t, J = 5.4 Hz, lH, OH) ; 3.48 (t, J = 4.8 
Hz, 2H, a O H )  ; 2.55-2.10 (m. 5H. 2 x C&. H-3'). Anal. Calcd for CllH14N402 : C. 56.40 ; H. 6.02 ; N. 
23.92. Found : C, 56.25 ; H, 5.70 ; N, 23.58. 
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