s -

solution evaporated in a vacuum The oily g) 2 - azidocarbonyl - 2 -

nmethyl - 5 - benzyl - residue is taken up in nethylene chloride, the
170b - hydroxy - 3,6 - dioxo - octahydro- sol uti on washed a numnber of
times with water oxazol o[ 3,2 - a]pyrrolo[2,1 - c]pyrazine. and

dried over sodium sul phate. After 12 g of 2 - chlor®¥&¥nyl - 2 -

methyl - 5- 5 evaporation of the sol vent! & col-ourl ess oi |l benzyl - I Gb -
hydroxy - 3,6 - dioxo - octa- 65 results fromwhich the 2 - carbet hoxy
- 2- hydro - oxazolo[3,2 - a]pyrrolo[2,1 - c]- met hyl - 5 - benzyl -

10b - hydroxy - 3,6- pyrazine are dissolved in 500 cc of acetone -

di oxo - octahydro - oxazolo[3,2 - a]pyrrolo- and a solution of 2.58 g of
sodi um azide in 8 [2,1 -c]pyrazine, isomer B, crystallizes upon cc of
wat er i s added dropw se whil st stirring. the addition of a little ethyl
acetate. Melting The reaction mxture is then stirred vigorously 70

poi nt 202-204, [[err]][err]=-35err] (c=1in for 1 hour, the solution
evaporated in a pyridi ne). The nDther Ilquor is again vacuum the
residue stirred into 100 GXkQSES BERRatinNg EREECRedoi | fornms and
recrystal- water and the agueoms A DShech A1t h lized froma
little ethyl acetate. |soner A, nethylene ch oride. After evaporation of
the 15 nelting point 135-136[err], [[err]][err]=-34[err] (c= sol vent the
2 - azidocarbonyl -2 Thhmttqﬂentlﬁﬁ relaﬁeé to gy rimprowed process

5 - benzyl -oxazoo B;Bfggf %&Faxét;? ilprotected 2, 3-hydroxy-

oct ahydro - yrro

pyrazi ne resul ts.mg Alo Faneg ?ﬁthe ormgla2 - carboxy - 2 - nethyl -
5 - benzyl- approx mately 100[err] (deconposition), [[err]][err] =

| @ - hydroxy - 3,6 - dioxo - octahydro- -42[err] (c=0.3 in pyridine).

| soner B: nelt- 80 oxazolo[ 3,2 - [errdpyrrolo[2,1 - c]pyrazine.

i ng point approximtely 130[err] (deconpositj 20 65 cc of a 1 N

sodi um hydroxi de sol ution [ [ eP¥qY{QnHT S % c=1in CHO [err]).

are added to 10 g of 2 - carbethoxy - 2- A hyloR 5 - benzyl - | Qo -
hydroxy - 3,6- h) 2 - isocyano - 2 - nethyl -§5benzyl - | Qb- di oxo -
octahydro - oxazol o[ 3,2 - a]pyrrolo- ﬁ‘% 3,6 - dioxo - octahydro -
oxazol o- [2,1 - c]pyrazine. The clear so tition is left to [3,2 -

alpyrrol o[ 2, 20- c]pyrazine (isonmer 85 25 stand at roomtenperature- for
two hours and wherein Prot is a protectlng group by treating the
cyclobutanone of the formula
(11)

-

Prot-0-H;C —Q'=O

15 Prot-O-HC

with a reducing agent selected from dialkylaluminum
chlorides, alkylaluminum dichlorides, trialkyl-
aluminum compounds, hydrogén in the presence of the
20 catalysts ruthenium black or ruthenium on alumina,
diphenylsilane in the presence of tris(triphenyl-



65 cc of a 1 N hydrochloric acid are added 193 ng of 2 - azidocarbonyl -

2 - nmet hyl - whil st cooling with ice and the m xture left 5 - benzyl -
‘I b - hydroxy - 3,6 - dioxo- to crystallize at O[err]. 2 - carboxy - 2
- nmethyl- octahydro - oxazolo[3,2 - a]pyrrolo[2,1 - c] 5 - benzyl -

| G - hydroxy - 3,6 - dioxo- pyrazine arg heated in 2 cc cﬁ tol uene for 4
90 30 octahydro - oxazolo[3,2 - a]pyrrolo[2,1 - c]- mnutes to 130[err]

with the formation of nitro- pyrazine results. Isomer A nelting point
gen. Upon cooling the 2 - isocyano - 2- | 20-122[ err],
[[err]][err] =[ - 1(Hkﬁf§dh1né€}rﬁoaz.mﬁ(pydhloﬁlﬂé))’hnd Sriabenzyl - | Qb - hydroxy

3, 6- di ne) Iso melti p0|nt 02[ err dIOXO- ctahydro
oxazolo[3,2 - aIﬁVFF' lorlde(agc (Rﬁ%ﬁ%ﬂff °% 8# % rr] (c=1
inpyri- [2,1- %] q:;w:hnedesysedileJ@utmnitb ﬁ@tmula%rfs di ne) .

tion in an a'”Dsézifﬁﬂhhkﬁkbvﬁoytﬁé(hndggﬂfeﬂglsomerlc compound of

poi nt 153-154[err in an evacuated

[[err]][err]=*45] forgwia , cHO [err].). f)2 - chloroforyl - 2 -

methyl - 5 - benzyl - | Ob - hydroxy - 3,6 - dioxo - octahydro- a) 2

- benzyl car banoyl If% met hyl - b5- oxazol o[ 3,2 - a]pyrrolo[2,1 -

c] pyrazi ne. benz { 10b - hydroxy - 6 - ol 0Ox0- 100 1.115 g of

sodi um and then 17.4 g of §F°t4}8bé h oxazolo[3,2 - a]pyrrolo- 40
- carboxy- 2 - nethyl - 5 - benzyl - 1 [2,1 - c]pyrazine. hydr oxy

- 3,6 - dioxo - octahydro - oxazol o- 72 mg of 2 - isocyano - 2 nethyl-
5 [3,2 - a]pyrrolo[2,1 - c]pyrazine §re dissolved benzyl - 10b -
hydroxy - 3,6 - dioxo - octa- prdgro2@dccc of absol ute net hanol whil st
cooling hydro - oxazolo[3,2 - a]pyrrolo[2,1 - c]- 105 ‘" with ice until
the solution is clear i BIRee SﬁyP§zFHés|%P!PQﬁ%Qﬁ camsyrilézeckg| al cohol

ar elgg[ so; uttipon mItha@bﬁEObﬂt Eétrindl £ ryn dss 159 spthesl Bl atcﬂ;rn%hm EUt es
to err] acco vac um e.r ue_i a hig
vacuum a strongn%élqutalngé 5P R ¢ 7 %%nre%‘r e?i%gsgs 28] %%d‘l Hrd’ur at

100[ err] and sus;ﬁdncﬁe&utnatsbnccthdaaiagdr@ Wn:dbbusasubset]lﬂ:mﬂqlaevapor ated

ina of oxalyf Il i bt £§$¥ jcg and high vacuum and
t he residue recry 1 3 X 6ﬁ 19$$1Qé§; rS|ongthen stered well at O

for half fron1et l¥7? ti¥e CH¥ur and at room
tenperature figr Jb\hmrrol chhdLhen] be [ ¢ivddted th=ad[ epticdrmp. 3 in
pyr i di ne). The: 1058 1942k agBhOrdla 145 1ARD (dhsbpl bash o - | somer

B: nelting point 224-225 % r], in a vacuum the residue taken up-in
absolute [[err]]gmimg-9-I25 eb&§(de#oxxmqghmldpme}obutyllT&ﬂ&nn ene :
chloride, the scﬂdguya}dushpgﬁggn_gggﬁél evaporated to dryness and the

resulting 2- | Ob-

chl orof ormyl - 2 - netfb? quyessbgge§p¥s §@%pntloq“€§g099 gtbilzﬁloxo -
octahydro - @Qazalhe cyclobaydnong of fdrmuldi TI0as théahyckmic oxazol o-

(32 - 21 pyrT 0l Ol domburl B4 BRLBF SNQUYon the bdsraq®] PYrrolol2.1 -

c] pyrazi ne recrys
cyclobutanol of formula I will also be optically

inactive, i.e., (1«,2B,38). This racemic

cyclobutanol can then be converted to an antiviral
25 agent in racemic form such as (%)-(1la,2B,30a)-2-

amino-9-[2, 3-bis(hydroxymethyl)cyclobutyl]-1,9-

dihydro-6H-purin-6-one.

In the diprotected 2, 3-hydroxymethyl cyclo-

butanol of formula I, the relative stereochemistry
30 of the substituents on the cyclobutyl ring are

drawn to indicate that the hydroxy substituent is



|ized fromether. Isoner A: nelting point A solution of 11 g of 2 -

benzyl - carb- 125-126[err]. lsonmer B: nelting point 173- anoyl - 2 -
methyl - 5 - benzyl - 10b- 120 60 174[err], [[err]][err] =+14[err] (c=0.5
in CHCl [err]). hydroxy - 3,6 - dioxo - octahydro - @%zol 0-

6 1,011,112 [3,Z -
al]pyrrolo[2,1 - c]pyrazine in 200 cc added whilst stirring. The resulting
sol utions of a m xture of equal parts of methanol and of the
anhydride is imediately used for fur- met hyl ene chl ori de containing 8

'Cct ﬁf al ot hﬁrdreaeiiiso!&o the vicinal -Cﬁz—o-Prot substit;uentd%'i_’xg tt:hat:

met hanol i ¢ hydroc ric _ac € . er cc) is added to_a
suspensi on of 24 gtlhof o bﬁ? @%ﬁiﬁ*@&l’:&g(‘gﬁgﬁrﬁﬁ% SRans to each,

pre- hydr ogenat ed md&hleadi um on al um num 1 gof 2 - amno - 2 - nethyl - 5
- benzyl - oxi de i a I ﬁhq I ngai n- - hydroxy
- 3,6 - dioxo - oct_ahy?ryggr%%.tghlgngﬁgoé%glo n&%%)?l é%_ekéﬁ%Jf?égf The

reacti on oxazol oWith 2 pedycing Agent selerppdafrem dialkvdialumisums shaken
for 45 mnutes at chlemideshsaslohyslrditisobut9IBlum @bl tidle,9, 1- 70 10

tenperature in an f hydro .. dihydro, - .(+) - _.lysergic acid
chl ori de hydro- aa&%ggggﬁigﬁhwgﬁéﬁ‘%%gi ﬁ&cgs%ﬁ.lsﬁé“)é@ﬂl“égfm%chl ori de
are suspended in Sdchdopide, ntxiakkylalunipuhi tompaunds fsdahoms t he resul ting
colourless of chleietebitgish tirhind lylyg_%agﬂl 11&3\%}4& %E%Fﬁcﬁu?@ ution, the

m xture evaporated.in _a vacuum a soglution of . yl ame in 50
and the residue t ZREnCAPArYSEE T3 Ithaniam: klark. or rutdienivm oane sol vent
m xture is added adamina75dipherdylidridlameotint bRe apt-éerniee @i tati ng as an

W se, the m xture.,l ' [ Q3 r us wder. The
latter is washed tt F?égkkﬁé’r?%“ﬁ&ﬁ‘%%ﬂ#§%§8,&?‘ﬂéléﬁ?rﬁ&eﬁt%%evég rated in
times with absol uitidinmrtetwpchloarifie dn therpresenarinfi t he resi due

di | ut ﬁd with ethy hosphﬁPﬁ@Wﬂ% maégdeeamfpwafé%i Qr,bdehor acetate
benzyl - 5% acet Pg?fé%f»%ma«rﬁ&lﬁ”évcﬁl%gaﬁeataiee§| SR do 180 OPEBRReAny dr oxy -
3,6 - dioxo - octahypredomisanmcaidcalthel undesitéd Noddntdrdic compguadt r act ed
oxazol o[ 3,2 - a]gyreglmhza 1(III)C_-] pyrazine wth ethyl acetate, the

solution dried over
The term *alkyl" refers to straight or

branched chain groups of 1 to 20 carbons,
preferably 3 to 10 carbons.

Prot is a hydroxy protecting group. Suitable
protecting groups include hinder:ed éilyl groups
such as t-butyldimethylsilyl, t-butyldiphenylsilyl,
(triphenylmethyl)dimethylsilyl, methyldiiso-
propylsilyl and triisopropylsilyl. Suitable
protecting groups also include benzyl and
substituted benzyl groups such as p-methoxybenzyl,
and acyl grbups of the formula @

- -Rl

wherein R1 is a straight or branched chain lower
alkyl of 1 to 6 carbons, or phenyl, with benzoyl,
i.e. R; is phenyl, the preferred acyl protecting
group.



chl orohydrate results. Isomer A: nelting sodium sulphate and evaporat ed.

By chromat o- poi nt range 170-183. Isoner B: nelting graphing the
‘evaporation residue on al m nium poi nt 131-133[err] (deconposition)
(amor phous, oxide and crystallization from aqueous acet % 5 85 25 [Iight
yel | ow, hygroscopi c powder). 9,40_- di hydro - % ? er got am ne
results in t he form of
prisms having a nelting point of k) (+)-lysergic acid chloride

hydr ochl ori de. 239-240, [[err]][err]0=-63[err] (c=0.2 in pyri- 536

mg of (+)-lysergic aci ﬂh@ﬁetﬁénﬁédhcﬁlw%ent empitp@engdedrea 10 cc of
freshly distilled

or,us ox chlprlde of finely
0) (+)-ergotani nepgocess ot ull 1%9§5 But R i @@ﬁ%ﬁpggﬁ? UMs bl i mat ed
phosphor us Thechigpridegatwitabde sodiventsefor rthéﬁ&-eact:.pann.achhdnei de are

added thereto whilg 7 am no- 2-
ring. The reaction %e%ﬁ\ée |a?1gﬁakegog ag& é&?ﬂ]ﬁ% %e?ﬂy?%n%zyl - 1o -
hydroxy - 3,6-5 chhprides taluesem @@ﬁpéhatwee tﬁ‘éqe weack#oR ocaRj oxo -
octahydro - OvaObe[Buﬂ ataelpdé'nfpézature o80Eeom | awdist |-&fecat té huse

tenperature for utes razi orohydrate (isomer A) 95
35 The phospho %&ﬁ‘?ﬁ‘iﬁ gf’ soﬁ.&egg é?ﬁ?rh}?’o QSP"‘( MY sergic

acid chloride -&O%QJ.orta:t @bouftf 0PQ. a mterpqesﬁembdyuataabouhe
hydrochloride in a4 g‘a@ner anal ogous to that remai ni ng powder dissol ved
twi ce in n-hexane escribed in sub-section n). Melting point and the

sol vent agai @vapor at #ltepnthe EeANFANT AgensyERRLeYed 1HD e | |
[[err]][err]=-158bebtéss coP.this inven8iohOis AW\l kylalumlintinl e i npurities

hydr ochl or de e EREEE a8 Bl b apubutylaluphdl it iletbr s
al kal oi d of di hydroiglkylaluminume cospdund heucl ageltridigoputyid - of

310-315[err]  aluminun @ﬁw&a@ 381vents! forltHe ¥@42tiln! thelude
10 g of 9,10 -_d dro -

hoi 4 ohl of i delhy (RBERRGH IR Spmotics SLVeRts Such ag jiethylene
9, 10-di hydr o- ( +) - th¥eride, asolheried anddehe 1iké: crhe)fre[ayzltudnneantbe30[err]

and 8 g of 2- 105 nzaF Jhﬁﬂ@/ga%qyeo%'ferSR 8 §B°Eyd5:§av| ng*)- amno -

2 - nethyl - 5 - I'C acl chlor de ng a nelting
poi nt  hydroxy - Qoﬁllb@tm&m-'r oLt té??a?ﬂ-ﬁ?!;trz prefieralilyyx §rom abggt

ﬁZg 33%[9”11 (decoml td&%du&: preduckslen Pte Cffé&u%:.lag* agéhgyraZl ?e B)
ydrochl ori - ser Ci i soner
are added. THE mﬂ“ﬁi 3 Vlﬁ?‘ygﬁlﬁéﬁ%‘gp e\ 6’3’6{& Fhﬁt descri bed
in sub- heated tprobeutimgnmcmmm'oandanhen boe iberepydl0 50 section k).
for a further hour. Thg,h% ig@tré&u&jr?fCHg%tn%demployed uz Sh

in a vacuum and the resi I vi ded - lysergic acid
sul phuric acid nBFAgPEsE kﬂ’%r‘-’r}tﬁé Amyerntien; i 15}%mgchlond

anhydri de. in the presérided!idfophospRotyapcid, osuitabldee of the
25 solvents for the reaction include hydroxylic
solvents such as water, methanol, propanol,
isopropanol and the like or mixtures thereof such
as water-isopropanol. The reaction can be run at a
temperature of from about 50°C. to about 100°C.,
30 most preferably at about 80°C.

When the reducing agent employed in the
process of this invention is hydrogen in the
presence of the catalyst ruthenium black, suitable
solvents for the reaction include hydroxylic




212 mg of lithium hydroxide are added to organic phase is purified by
chromat ography 115 a solution of 1.43 g of (+)-lysergic acid on

"al um ni um oxi de using chloroform con- 55 nonohydrate in 50 m “of

met hanol and the maining increasing quantities of alco A frac-
solvent is evaporated in a vacuum The ragidue tion which crystallizes
from acetone in the Is dissolved in 100 m of anhydrous dinethyl
shape of col ourl ess needles having a nelting formam de, half the
solvent is distilled off for point of 190-198[err] is eluted with

CHCl [err] 120 sclReenty m&a as mémaiagt i&opeopendY Al o fmixfttairegont ai ni ng

1% of al cohol. [{hézréc]t{ %y“ #[, q‘oase gn{,ngc%x?r tli)% resul ting

anhydr ous sol u- V|n A1 6% is cool ed
to O[err] and 10 ¥Hn gt @ Lenmleaﬁtuéermfui:mm fadomyl Q?C to the

Clerr]Herr]Jer rﬂd\i[ﬁrxfgl point SECER®-solventl! b&bearamﬁqwarﬂoutn di met hyl
formam de qui gkl y s%mer of dé )Y a)

(+)-ergotani ng. 9°C. to about 5 'l'zé‘qu%npge\;&EgHiry %Y' i%‘[“erﬁ Cduring the
The sol ution of the (-+yhéystheiredncidgsagent camplasyed id[ ehe] hours to yield

L - Teueyl - L Gocend W LA BCLA ANV e ryBrbgRt Y] gl mam e

proline-lactam e Ccrude IS Cry St tal ned according to
sub-section m | PRRAEDHE °|fl f—bg gytmbe&q rthegivmean palumingal by recrystal -

5 to Oferr] and ﬁxﬁbﬁl@%b@ﬁeﬁi:ﬂf&r chhéﬁac'&‘ibﬁ 1n£111&é' on from et hyl
acetate to y hydr oxy - 3, 6-

L- -
L- prol i ne-| a h’féﬁﬂ’?é‘& ﬁﬁﬂ??ﬂﬁs p%’f‘m acﬁ me%p‘aéPBXO WRIht ahydro -
oxazol o[ 3, 2 - a] pysrp:taferrw ¢4barol |ang [tdrer lliker bfie+@dt 4[err] (c=l in

water). 70 [ 2 a2| C g{gﬁi Epel $AHE 30 cc of
- di net hyl formam de |er @ﬁf Péié r%En b%enz s ééznpera thyl - 0 -
ethyl - 10 of trltt}m%lpfarﬁrﬁé‘ abeufdoee G (‘}ﬁwtgé H{Jlg{-@g rpoint py| onyI ) -
1,4 - diketo - 3 of i olvent, bgeﬁmsﬁar@tlycst itor gge¢ oy a further 10

water and soum gtost pRfgraedY s AR or L - 1aueyl L L

sat ur at ed aqueous sodiWhenr Hihe ireducdingt aganarsnplmwd de- khet am are

suspended in 6 np Jq{) @Amf tﬁﬁs :uz éx&'@f&ﬂlieé“fdlbh?ﬁgﬁ }aﬁé'dinttﬁfe

ergotamne |ute xane, g | 1 nol ute
presence of tn (tr:.phenylphosphme)rhodmm (1)

chloride, suitable solvents for the reaction

20 include benzene, toluene, hexane, cyclohexane, and
the like, preferably toluene or, alt__ernatively, the
reaction can be run in the absen'be of solvent. If
the reaction is run in the presence of a solvent,
then the reaction is carried out at a temperature

25 of from about 0°C. to the boiling point of the
solvent, preferably at about 25°C. If the reaction
is performed without a solvent, then the reaction
is carried out at a temperature from about 0°C. to
about 120°C.

30 In the preferred process of this invention the
reducing agent is a dialkylaluminum chloride, most
preferably diisobutylaluminum chloride,



15 extracted by shaking 10 tines, each tine pyridine are first, added and

then 13.5 g (50 with 50 M of ethyl acetate. The conbined mllinol) of
2 - methyl - 2 - benzyl oxy- ethyl acetate extracts are shaken 5 tines,
mal oni ¢ acid ethyl ester chloride. The m xture each t4 with 50 m of

a 50% aqueous is then heated to 70[err] gfar 1[err] hours whilst stir- 80
acetic acid solution, the conbi ned agueous ring. After cooling, the
reaction mxture is 20 extracts nade alkaline with NaHCOJ err] and diluted
with ether and ice cold 2 NHO, is again extracted wth ethyl.
acetate. The thenhexpraeéwh.ng tdroupe Pyt eis i PertzdyaC@nar the organic

phase is dried ov ain.w Lce.water. The
et her eal and € a ora %maar%%&nét 1(5%% ﬁl?ﬁgodﬁ ﬁ%rmé%ﬁu#?oﬁg e dried
t horoughly with N&B@[ eptjcalbly aCtlmﬁéSatr@ms)r efgxue on al umi ni um oxi de
and and the sol vent cahefl dptYcAEIPVEStiveD- (259t2hndp dfﬁyggégtlédzatl on from

aqueous aceto uLe honey-.| i_ke, t abl e crude product
ergotam ne res Itg 5 h¥%‘é ’@ﬁﬁ%"é‘y ﬁgﬁt‘ta‘é%‘ﬁt Iq"QT“E‘nl?sFaFPPZEQ resul ts
as a residue. phapangdaasmiésa:g}qedl by BisdB8fieret al. in U.S. Melting

gg'[ gﬁrr”def' ned ap,RRRE X! 684 Y1, by Norbeck ety #l. in European

EXAMPLE 2. Patent AmpiigiaNEom\B6EREES! NpwEIchikawa et gl) $n-

et hoxycar bony! - QuroﬁB&xh)d’ateﬂ @.caﬁloﬁ'ﬂ@@.riwe%mﬂirizh ecprolyl - L
- leucine di 0X0-

dr
net hyl est er. 1§98 inmirdpddl (Ljry §ﬁ§d%‘8phca'b’ﬁ&ﬁo4|53[ 329, or B yrrol o-
A sol ution of 45 gh(nadZiZn nEddopsfandiPayent- Applic@stiion dJ58y643i.neThe

benayl oxy - 2 gEacemE “%%‘SJ&?E‘E’%ESE{’%Q% 3RS 6 5 ety
- 0 - ethyl - mal Sl’iﬂ? t“anPQ If*@FEm 351 @3n) Q)fprLenaé’e& A8 net hyl ester
and 50 g (0.2 3 desepibéd|by SluisalyHyR et P¥I! AP Eurlobedn Patent noI) of

e oo of motRRHERREAHE b Saobronelf. 3F BEne BiFoEea o 4
pal | adi um on act i ?atent Applisatiions elthorhﬁck -t ALY rramngathﬂl[mrr] :
Subse- charcoal gB%py ﬂ&k%n@kb@%eoatﬁhé(ﬁﬁeﬁatm&%oﬁo‘% quently the

reaction mxture is heated t he , and at norma ressure. After 20 hours
the 40 boil at rePFﬁRa¥'b‘Pgo'-'rﬁe [PREicathy agEEeR %Wﬁéo?gti cal
quantity of hydrofermikatEkeis describedxyy Godfxdio@dt @ildeinsudeconposed
with 2 Mer%on F r]ﬂ;ttai on ceases. The m of glacial acetic
acid and the separa &d is filtered off and the sol vent renoved
di cycl ohexyl urea fil téﬁe&aﬁﬂ t IneBisaqohdt eti 8l. kndUaSicRahenthe 15.5 g of
oi ly residue 105 5,064j961 t¥es et ivallyaadees) EIS-](ISIDJZF i3@n jand .
crystallizes upon standl n 222 ar bon I - then. wth water, dried
with Na[err]Sq er?}p’éﬂﬁe‘ft%'ed 3; i"ﬁfgf éY“‘ ol 8f_ i sobutyl -

sol vent renoved. Foemalade qarodiectrelted wiclh tos#]oﬂnlor&déabydr o -

0xazol 0L 3,2 -2l - give LfS!IAdURESEBhDOEES If YRS PAERTLNEP! 2Ne

pyrrolo[2,1 - c] pyra)2| ne i s recrystal



and yields N - carbobenzoxy - L - prolyl - L- isopropyl ether/heptane in

the formof rod- 110 | euci ne nethyl ester in the formof colour- |ike
‘crystals having a nelting point of 100- 50 |ess pointed rodl ets having a
melting point 101[err]. [[err]][err]=-21[err] (c=l in e&@ggol) of

76-77[err]. -9 e) 2 -
carboxy - 2 - nethyl - 10b - hydroxy- b) 3- |sobutyl - 1,4 - dioxo -
octahydro- 5 - isobutyl - 3,6 - dioxo - octahydro-

pyrrolo[1,2 - a]pyrazine. oxazol o[ 3,2 - a]pyrrolo[2,1 -
c]pyrazine. 115 Th@gt&ﬁlo cbﬁ?o{iﬁh)oﬁffé\i‘muwrﬁoagnéﬁéﬁ - L- 153 g

of crude 2 - ethoxycar - | eucj ne_ net ester are
hydro- met hyl ﬁ%%#i %ﬁyﬁfex§ﬁe ez @VP“ ng g q@ﬂ in 750 m
of absolute nethaﬁdl with dioxo - octahydro - oxazolo[3 2 - a]pyrrolo-

25 g of prehydrogenated pall adiumcatalyst on [2,1 - c]pyrazine are

dissolved in 10 m of al um ni um oxi de 5@6 ight Pd) at room
nmet hyl al cohol and 100 ml of 1 N NaOHO'IZG erature and nor mal
pressure. After three solution de Ist co ng. The m xture is 60
hours the taking up of hydrogen/ Ieft to stand for 2[err] hours at
20[err] and is then pl et ed, st filtered off and the sol vent
extracted twice with ether so as'ﬂ renoved in a vacuum 41.8 g
"of oily L-prokyl- the non- saponuiled conponents t he agqueous L -
| eucine - nmethyl ester result and this is nethanolic solution is then
filtered through 125 8 active charcoal
and the filtrate trigive adcamppund oBrhe formudeol ute chloroformfor 1[err]
hour s, 60 M of 2 NHC. The resulting crystalline the volatile
conmponents of the, reaction m x- 2 - carboxy - 2 - nethyl - Qo -
hydr oxy- ture re ed in a vacuum and the residue 65 5 - isobutyl. -
3,6 - dioxo 10oct ahydro- recrystallized fron1nethy|ene chloride/ethyl 5
oxazolo[3,2 - a]pyrrolo[2,1 - c]pyrazine is th ing crystalline
2- benzyl oxycar- . recrystallized a nunbgr ti from bonyl -

amno - 2 - nmethyl - 1 Qo - hydroxy- yi el di ng col ourl ess
needl es having 5 - isobutyl - 3,6 - dlqéb t orllydro-

Prot-0-HyC

CH;-0-Prot

Removal of the protecting groups from the
compound of formula VI yields the antiviral
15 agent [1R-(1a,2B,.3a)]-2-amino-9-[2,3-bis-
(hydroxymethyl) cyclobutyll]l -1, 9-dihydro-6H-purin-
6-one.
The following examples are illustrative
of the process of this invention.



a nelting point of 192-193[err]. [[err]][err]= oxazol o[ 3,2 -
alpyrrolo[2,1 - c]pyrazine in 70 -25.5[err] (c=l in pyridine).
the formof rodlets having a melting point
of 212-213 (deconposition). [[err]][err]=+ 10 f) 2 - chggsgcarbonyl 2 -

met hyl - | Ob- 19.1[err] (c=2 in ethanolg..- hydroxy - 5- isobutyl -
3,6 - dioxo- octahydro - oxazolo[3,2 - a]pyrrolo- i) 2 - amno
- 2 - nmethyl -10b- hydroxy- [ 2, 1-c] pyrazi ne.

5 - isobutyl- 3,6 - dioxo - octahydro- 75 9.8 g (30 mlIlinol) of
finely pulverized oxazolo[3,2 - a]pyrrolo[2,] - c]pyrazine 15 2 -
carboxy - 2 - nethyl - | b - hydroxy ydr ochl ori de. i sobutyl -
3,6 - dioxo - octaghyd 0X3 3mII|m)I)of2-

benzyl oxycar - . oymaax ' : o pnalgssd bonyl - am no
- 2 - methyl - 10@;Wgh vacuum and 18.7 g of freshly
5 - isobuyl 3,6 - finely

di ct ah r 0-
pul veri zed phésphoru 2o$9<a]zol cgfﬁyggﬁ?lfj[%"rlppedmﬁ?it&z?ne in 20
pent achl ori de armeclmmmaidsﬁtlrrar, 280 imdernéd lulllgdli:aﬂret hanol contai ni ng

7.4 mllinol of n[?eﬁ‘% tirr re eous HA ,
i's hydrogenated w t%{@a QJ aﬁ&g@‘%or?%n%% reC| %$?éeﬁ)l ¥ tered of f
with hydrogenat éﬁﬁ%m%ﬁ'@&bﬁ%? Bh. a%ﬁlamwéaous m%%i@!l%ﬁ? the filter
r§SI|ciute wafﬂed V\Bd:lkld!'itddb fo&reﬁoaﬁoﬂ.ﬁi’{gbﬂovﬂ@b Pﬂitlgél;’bﬁiypi _h%/ﬂ_rO- 285
absol ute e [y an ried in.a_hi are.ta p within

m nut es wher pong]'uc'im gﬁﬁlgfaég 6%%6 %%&Em}e_, ig%'y t he

hydr ogenat i on ceas@beq 'Dhevam »dded.i sTo th:l_rg/dmiadysolﬁtionsmutyl - 3,6 -
dioxo - octa- stidd&dl &;_.rcfaugur{,@gr ddids Eggg gyre hydro -

oxazol o[ 3,2 - a]pyrr "fﬁf[ at no rogen i s taken up.
The pyrazi ne 2 ﬁl?llPFh@np%f n(-?%*rtrﬂlsizr?[:érr] catal yst is then
filtered off and lb:he[ Ghéﬂzroqttlexy9ﬁethy11@8¢ﬂldtﬁxtanone (235 g., '

concentr at ed .0 er

upon scrat chi tr?g gss roét’ﬁgigﬁé %tbl%rd)d‘zz ‘5°8z‘|‘%okar b%t?ﬁll - 2 -

met hyl - |0b- crw%nﬂqmm%manotcménm -fCasfoy antadditional hydroxy -

5 - isobutyl - 3,fp -mihes. @ﬁbareaébfoﬁf%d%@e&& ledﬁ} éﬂéer 0{'36 tpﬁ
iluted w

m X- - hydro azolo 3,2 - a]pyr - C
absol ute et her toada‘g [f glgthanlf bélﬂdiéhé ng quench the
of appr ox. 200 Mteﬁémﬁnd resiengrofn abeut -40°CAteoRrRGRPE I adwek aqueous

sol ution of g{%ﬁl al &.hgngog&y' 'vyhé"‘r}&n%@ &agﬂany he 2- 35 of
sodluma2|de|sa ed dropwi Se to a So hyl - 10b - :
hydroxy - 5- saratied agugous e@lse!élqp -ofcﬁmpaéumb@hwnda- i sobutyl -

3, 6b- d: 0><03- Gocteswrna S wsezabfed. AN Heirries fohyﬂs%urds5 -
Ioi?aﬁ%ro - bxazoélbﬁf Mt“]rpﬂy”or%ﬁs e%k#‘%"t?g Aok gugn t he :‘gi((r)n of
“mcroscopi cal ly magrieésitm sullfutezi(5@2ig.)l=hdrithef fiteeonealee waom snal |
rodliets poinbed afadild) t¥RFPughly @Yt hethylene chloride. The

filtrate was concentrated at reduced pressuré and

the residue was dried under pump vacuum at 35°C. to

give 287.3 g. of crude product. The slightly wet

solid was crystallized from about 2 1. of methanol

30 and about 400 ml. of water to give 160.6 g. {yield

68%) of [1S-(1a,2P,3PB)]-3-hydroxy-1,2-cyclobutane-

dimethanol, dibenzoate ester; m.p. 75 - 77°C.

TLC(silica gel; 40% ethyl acetate/hexane) Rf =

0.39.



40 tenperature. The mxture is then stirred for 2 a nelting point of

192-193[err] (deconposi - hours at 20[err] and the major portion of the
tion). acetone renoved in a vacuum wi t hout heat - j) Ergosine
and er gosi ni ne. 105 ing The residue is shakegypet ween met hyl ene

0.59g (15 mllimol) of 2 am no-2-nethyl- g - chloride and sodi um

bi carbonate solution. The 10b - hydroxy - 5 - isobutyl - 3,6 - dioxo- 45
nmet hyl ene chloride is renbved in a vacuum at ocrahydro - oxazol o[ 3,2 -
alpyrrolo[2,1 - c]- 20[err] and the crude azi de suspended in ether,
pyrazine chlorohyggpt e ang 30089 of1 | ¥ S&dflidroformh he {H%i 48y ed off and
the residue, the E%%i’d chl oridt(a hydr ochl ori de ?3% mﬁii;@rml {are 110

crude 2 - azi docamboradrabaz-cyanbhydlumrd,Olvatex+apapdritrinel0 nl of absol ute
nmet hyl ene hy %#/ - [ utyl-3,6 - dioxo - octa- chloride and
cooled to 0 5.5 o‘eﬁioPﬁfgggo hydro - oxazolo[3,2 - a]pyrrolo[2,1 -
clpyra- pyridi nédfndle £8d€ddat £8HELC20H2005 suspen- zine is imediately
processed furBher after si6n AeBIhdr SaddiioH,@ x@eRE stirred for a

careful Iy drying pdur:hi gh gacgeimat @0[semrl, g dburgher. [err] hour at 0. The
ice bath is then 115 wi t hout further puri fication.

renoved and the mi xture heated to r ocEXAMBLE 2

perature and stir_[mmﬁrﬁ.m -1 ) 2 -
benzyl oxycar bonyl _- am no -, et hyl - err]. of a saturated soda
solution and 55 4imgghanolqdibenzy] utyl - 3,6 - dioxo- 20 m of

chl orof orm ane added t® sdPuthik of (2S-0£4R8Y<RZ B-bis[Abanay bRy~ -

a] pyrrolo- brown | ut,i on.and. the m e is,stirred, for, 120 [2,1 -
c] pyrazi ne. mest%yli}cyclogutano g}m‘;gerg'ﬁ 1m%:'ru¥“88.13$rﬁenm xte is then
45 g of crude 2 -tokiaecddbody) wag-added drepwiseht80ansobiticin efof or m and

20 m thyl s . ' t . B; t d the t
met hy stré(%i:go‘laﬁ(yixﬁ%ﬂﬁﬁ aPchl .71 & ?g[}é%a{l@.aei .an e two

phases separ at ed X0 - octahydro - oxazo pyrr ol o-
each ot her by nedWs of2-489218i A r{ el . The miytyre was,allowed and 2. 76
g of absol utas The aieogdowdi/utdOotodm tenpetatarel yvext Achasksl25 benzyl

al conol are heat egblg Bl 3hg' 86k 0 Middtedd'Sh LBbRCLhSESaeldd]

chloroform the
1,011, 112 the mixture was allowed to stand ag 0°C. overnight.

After dilution with ethyl acetate, the reaction
mixture was quenched with 10% hydrochloric acid.

20 The organic phase was washed with brine, dried
‘{magnesium sulfate) and the solvent evaporated to
give (1s-(l1la,2B,3f8)1-3-hydroxy-1,2-cyclobutane-
dimethanol, dibenzyl ether; TLC (50% ethyl
acetate/hexane) R¢g = 0.53.

25 EXAMPLE 3

A solution of (25-trans)-2,3-bisl (benzyloxy)-
methyl]cyclobutanone (0.2 g., 0.645 mmole) in
-30 toluene (4 ml.} was added dropwise over 10 minutes
to a solution of triisobutylaluminum (0.91 M in
hexane, 0.9 ml., 0.816 mmole) in toluene (2 ml.) at
-40°C. The mixture was stirred at -50°C. for 4
hours and at -40°C for one hour. A solution of



chl orof orm sol uti ons boiled once wth water, during the course of half an

hour, whereby 65 dried well and the solvent renoved. After the
tenperature slowy rises to 35[err] and a renoval of the pyridine in a
hi gh vacuum 1.0 precipitate of N Nerr] - dicyclohexylug results. g
of a dark resin result, this is dissolwedgin Heating to the boil is
subsequently effected 5 nethanol, filtered through active charcoal and
for one hour, the reaction mxture is then evapor at ed once nore. The

remai ning residue cooled and percipitated NNJerr] - dicycl ohexyl- 70
i s chromat ogr aphewkmso’ﬁﬁtgrmfluﬁmuumi {1am gelo 9ar afol ) fwdd eddtbddf f. In

order to renove W5 the I]X% e flfg,_&%éeo tﬁr sgxfg?ﬁ?ﬁg‘l’%r. e con-

reacted starting matertal's to 1% of
met hanol is used mmutxesetheasegebnomumﬂ aphenchiedebiicadding i ¥8&% washed 10

elution. After Crh&ﬁdﬁdﬂl@z‘lﬁ: h@QdeWaﬁf )tV&t‘}e-lld"W Ce’rﬂét&@axﬁéo‘j' um

bi carbonate s Iutlon th arﬁ iroﬁere %smlne results in the
each time wit "faﬁeﬁ'aghﬁ (MagRestuR | our | ess

needl es havi ng a smlﬂatmg anﬂetherosmlverit Washegapobated ctacgreand poi nt

of 190 191ferr] (p@cg@% t3B(;>E). sy depctoblicg/ber until neutral.
After subse-. adm xture w th natural er905| n| ne no depres- quently

extracting the adqliRgihanedscdibaneyl atheny FRCof(3AB| eyl poi nt was

observed. [[err]]|{cetdte/hexahel)i RE Mg /8.1 Inher produet hesnedilie@t her eal
+390[ err] (c nthetic _s are dried and

5|n chI r of or The s ol ut i on
the sol vent } S%r Emeaﬁﬁm[' ?lafict?}p&“nérgogPﬁl ﬁioi)e?ﬁ?)’éd
evapor at ed, V\hereax.;e@tcﬂﬂmahes‘sshw s oil, identically when
tested with thin |ayer bbvpriesgll ts, which is further worked
- chr omat ogr aphy bo
purification, as e - =sol vent systens.
benzyl oxycar bonylmmmmmmwm The IR spect ra taken in

Nuj ol suspension and Lor in a
met hyl ene chIS‘Lgrl de sol‘ge'}"’tt}\(tl a| n @%o%g%‘"g’e 2 %%%I\d) &ﬂ{&ﬁﬁ&g to be
identical. W byetahﬂlcymlobmangne (@33 @yl -0-. 896t mnglieb. spectra:

[err] 242 nferr] {}ff fte%%)acﬁmsr&@& (0.016 g., 9ybr49b0&uilafé)al pyrazine. 25
mMerr] (log e 3. ni num at 0. 070 nol s) of

9 nferr]
crude N benzyl oxyglz"sph“%&st éF"QI Z?r?ﬁf sﬂ)'rre %%e&'“??-ﬁ&t?%‘%s‘s%ﬁerer go-
carbonyl - L - pr¢dy3 ml L 4dinvakbpeop®idly| (3 ml.9i ‘waserapuesdosi ne V\Ath

met hyl ene chly @I’I d& L ar ghgyg{,fgg t,,?ﬂ-, wagg}gngd%naagfé

contai ning 1.5% of Tre anol prac |ca charco
by wei ght of evapaxater.s &het @%Wﬁmmmuﬁhmrewkon-

Ea| | adi U”z : In 150ad:’étéﬁe %&Wha@ﬁéaaé@?@é‘éklmﬁeuthal?ﬁngt 2‘&/0 of methanol .
y recrystallizi aci al etic ac [ e taking up

twi ce from met hyﬂ%’é%‘aciﬁé’ 80?86?? gg%”?"e’ctan éf% 5&8 Ben di nini shes the
hydr ogenati ng bioegypbonatel.at Ehehamalgua Traytein mgspdr:hédof 224- flask is

ted angghydg W %%%fe% m | t
'?'xgcg?ygt afig haze .nueg mﬁifgs_ﬁ 9 é:fhe 1 S aq El nstgaE t ‘:&n)tL:Sgane

aI yst (5%

shape as natural ¥ % °"é’f’ ogen is
t aken up. dimethanol, dibenzyl ether; TLC (40% ethyl
acetate/hexane) Re = 0.51.
EXAMPLE §
30 -3- -1.2- -

A suspension of ruthenium black (20 mg.) in
isopropanol (1 ml.) was pre-hydrogenated under 1
atmosphere of hydrogen for one hour at room



35 ture with autentic ergosine caused no depres- Wien hydrogen is no

1 onger taken up, the sion of the nelting point- [[err]][err]—-l50[err]
‘catalyst is filtered off, the solvent is renoved (c=0.45 in

chl oroform.. The synthetic pro- and the oily residue i ted in a high
100 duct and the natural ergosine bepaved iden- vacuumfor 4 hours to
120-130[ err], whereby - - ticafly in thin |ayer chromatography both on
crystallization occurs after approximately one 40 silica gel and al uni ni um
oxide plates. W hour. After recrystallization from ethyl spectra:

[err] 239|.5 n{ ervenpelraguiel r |Teh. dl)s aiskrdtre, pceimde-NB-e 1d4 égdi50XO - 3
- i sopropy a :

oct ahydro - pyrr(}ﬂ [ﬁi)%lxz&% g{#am néa'l%géllﬁ%gég&m Ezoﬁf'%}gﬁ'} he IR
spectra, which mmsepmpénﬁn b mel )t weg pddﬁ@ and 1igee erbined i s obtai ned
in met hyl engichliokl 48s a@@li‘fbd\'lﬁrﬂeraﬁdai:ﬁ@s%e d¥e eflf

col ourl ess needl es, %kerr#%é;;@d—- 45 5 ah aken_in Cl [err], were
al so identicaP B mt ??F(ﬂlﬁ%%ﬁF) Purs ¢ HPLSw conpounds. L -
di - para - tol ylindicatedrthetpregengenifet(ile, 3Bg3B) r-hydraysdogi-cal |y )
2 - (2 - benzyl 0)8_(/ 1|o§utaﬂgam{ét|: ar ,é/ @1%& zoa éé@éﬂ' ?lo%cgt gyl ar

crystals having Fsopropyl- 110
poi nt of 199- 200‘3 g ASOPRFLC FOR rile, 2 (!W@r‘”%y?‘rﬁro[l -

a] pyrazine. 50 E@%ﬂbﬁuﬁ&ﬁe&iﬁb@h&dﬁﬂﬂtHﬁb@ﬁ&@&ﬂ@deéﬁétfin a 33:869 (0.3
nols) of 1,4 dioxqQ - 3 - iso- nmel ting point of 199-200[err],

[[err]][err]l°62[€rr' f" propyl - octahydro - pyrrolo[1,2 - a]pyrazine
(c=0.5 in ethanol). EXAMPLE € are suspended in 40 ml of
absol ute di Oxa”eliﬂrlﬁglﬂf.ﬂ:&dng:l.h%unhmmm and
23.7 g (0.3 nol s) absol ute Ine 11 EXAMPLE 3.
are added theret s) of nethyl - ERGOVALI NE,

ERGOVALI NI NE AND 9 10-a mlxtlueazylfowrangﬁlz),m-qnacp(ﬁeahbyiogs;.er chloride 55
Dl HYDRO- E L1 NE

| a) N - benzy xyé“&FS‘B%}FY"l?b“t%’? I e%gd 081\% %E] ﬁh‘é‘%ﬁt@ug? (ﬁ) i

m nut es and heat iadgmina (10 mg.) in methianod r(2th}!) exaserstirred is
subsequently eff gglqee ﬁanﬂB%ﬁiré Yt Weﬁoaesr&?& temperat%§e4 g (0.75

nol s) of L-valine methyl twnnghaA ter cool |ng the reaction

M X- (boi | i AFEES AP B@‘["é‘l"r If'%f rﬁﬂ gresence @i s poured on
ice, an excess of (12ni2fy 3Pd- 36md@m1%3mépbutam®HWMoar bonyl - L-

hl d di | ved
BRI i i wstn bt kv oty
ether and 171.0 d¢ fridy xsﬁrmJe-r?qcyaalpbu&ﬁeefwg'fhmJned with a

sodi um bi car bonarﬁbgggoate eSY&F oi}pwl—rgcgrybggtg_m de in 250 ml of absolute
solution and then with water. After e - ether are added

dropwi se whilst stirring well ether wi th sodi um sul phate and
r emov- m&w&_ﬂw = —d.d=

25 dibenzoate ester
Diphenylsilane (27.4 pl., 0.148 mmole) was

added dropwise to a stirred solution of (trans)-
2,3-bis|[ {(benzoyloxy)methyl]cyclobutanone (50 mg.,
0.148 mmole) and tris-(triphenylphosphine)-rhodium

30 (I) chloride (1.4 mg., 0.0015 mmole) in toluene
{0.75 ml.) and kept for 15 minutes at room
temperature under an argon atmosphere. The
reaction mixture was then concentrated to an oil
which was then stirred at room temperature for 1



10 ing the solvent a crystalline crude product is [0b hydroxy - 3,6

- dioxo - octahydro- obt ai ned which is recrystallized from ether
“oxazol o[ 3,2 - a]pyrrolo[2,1 - c]pyrazine are and yields 2 - (2 -
benzyl oxy - 2 - nethyl- suspended in 250 m of absolute gﬁ%er and a 65
o - ethyl - malonyl) - 1,4 - dioxo - 3 _- 4hbS0- total of 5% g of freshly
subl i med phosphorus 5 propyl - octahydro - pyrrolo[l,2 - a]pyrazine
pentachl oride is added portionw se to the having a nelting point of

110-111[err]. Further suspension. The reaction mxture is subse-
portions of acyl aiduin w1k, a&aéb@g xﬁetmﬂrial (quamt bYCéﬁtéix?ﬂagata room

tenperature for err 0 of bt ai ned
hours and the pré%? 4¥ﬁﬁﬁqu€§EaE% QTﬁ? 5% hie &8 ? not her

l'i quors by repeatmiktoumestwals- conhentraieed d idn euédwhi&hfwasn tﬂtnn et her
solution, 10 1izaf) ’ho[xle%r b%l:&@éﬁ]wé*éé?[a%{cf lehl? §EBEROL) - The S Washed

wel | mnth absol ut' e er and
at 20[err] inSa YWl aekatezlayen| wasomshnd with satyrabed et hoxycar bony

- 2 - methyl - 5 aqiédus s%dmfﬁebmaérboﬁate IS bRk, di‘ﬂbd ovesdr oxy-

propyl - |0b - hydrox dIOX oct a- oct hyd
oxazol o[ 3, 2 - n%ous s°dﬁ %'3(%’2&”6’[ §§‘f ?‘oé}'ﬁ?{.’(r{ﬁ% ‘?‘?
pyrrolo[2,1 - c] pwaafﬁurd ] mgngoﬁoa ntleeBS-0il. HPLQyofizimbs oil

" 134[err] (deCOWpOﬁldidHt)ed [cher bkkkened <o 8{Ri,/ 4B, (3<B=fL3lﬁydro:219-g,z(46 5
m | linols) of qéz - benzyl ox

CHC [ er - nmeth
ethyl - mal o ql qput:anedlmeg%nolg d’%%’&ﬂa]&)ﬁyﬁsmﬁc?ﬁmr"b"% pyrr oI o-
g 2 - a2|docarb0¢b¢ isamerigechppound {(1ks2, 3G)-31hydzoxYa}p9ra2|ne are
hydr ogenat ed at dr X0 - octa-
80 nor mal &gj&rxleut%%%ge%gﬁgi I%}f e et e?é)ér ﬁﬁdé 082_ dioé;azol o[ 3,2
- a]pyrrolof 2, 1 -rafjio20 acetate and 20 g of prehydrogenated pal | a-
pyrazi ne. di umon active charcoal (5% of palladium as 18.7 g (56.5
mllinmols) of 2-chlorocarbonyl - catal yst. After the theoretical anount
of 2 - nmethyl - 5 - isopropyl - |IGb - hydroxy- hydr ogen has been
taken up (approxinmately 3,6 - dioxo - octahydro - oxazolo[3,2 - a]- 85
15 hours) hydrogenation stops. The catalyst is pyrrolo[2,1 - c]pyrazine
are dissolved at room25 then filtered off, the residue is washed well
tenperature in absolute acetone which is free with ethyl acetate and
the solvent is renoved of nmethanol and 7.3 g of sodiumazide in 18 in
a vacuum After repeated recrystallization m of water are added to the
sol ution, whereby



e e

" fromisopropyl ether pure 2 - ethoxycarbonyl- a portion of the sodium é:;
azide crystallize methyl - 5 - isopropyl - 10b - hydroxys—’
agai n on conbi n| ngmmm HHHH m The 30 3,6 - dioxo - octahydro -

oxazol o[ 3,2 - - *suspensu0n5|5*st|rred at 20[err] for half an hour
pyrrolo[2,1 - c]pyra2|ne having a nelting and is subsey@sntly
concentrated al nost to poi nt of 1641305[err], is obtained.
[[err]][err]=- dryness at 20[err] in a rotatory evaporator. The
7[err] (c=2 in ethanol). Utraviolet gpgeairum residue is shaken out
between an ice cold 95 [err]=200"5 mferr] (log e=4.17 in ethanol).

sodi um bi carbonate sol ution and net hyl ene

chloride and the blcqnbOQQFgoggggtfgg bSeprikd g‘uxﬁﬁﬁgﬁyﬁf 2ne nMethyl - 5
- isopropyl- extracted a turther twice wth nethyl ene 10b - hydroxy
- 10b - hydroxy 2T84§2 chloride. The nethyl ene chloride sol ution of

di oxo - octahydro - oxazolo[3,2 - [err]] 2 - azido - carbonyl - 2 -

methyl - 5 - iso- 100 pyrrolo[2 razi ne.

propyl - 10b - hydroxy - QI %b 52.5 g (0.154 nols) of
finely pulverized hydro - oxazo of 5™ a] d? 1 - c] 40 2 -

et hoxycarbonyl - 2 - methyl - 5 - iso- pyrazkne iS5 washed once with ice
wat er, dried propyl - 10b - hydroxy - 3,6%- dioxo - octa- well and the
solvent is renoved in a vacuum hyaot-O-Bxazol o[ 3,2 - a]pyrrolo[2,1 -
c]- at 20[err] as the azide is |liable to conpose. 105 pyrazi ne are

di ssolved at roomtenperature in Crystalline 2 - azidocarbonyl - 2

met hyl - 230 rerein Ncke diinamat rabstd taeat] dst cis so- theopropyl - 10b -
hydroxy - 3,6 - di9x81 48up-sb-asvbd cgub’sﬂlweixt laﬁdo't%r -hﬁzLob@f@ée the
octahydro - oxazolo[ 3,2 - a]pyrrolof2,|l - carbory - 2 -

methyl - 5 - isopP %%&‘F uents, ape (frans Jw @iaﬁé’doﬁ'yelrec?’?éﬁﬁl lization from

| Ob - hydroxy - 3mprisék oxeat et ahWbnpound@®eOEy lctre felthalhde/ petrol eum
ether. Fine, 110 oxazolo[3,2 - a]pyrrolo[2,1 - c]pyrazine cotton wool
| i ke needl es having a nelting whi ch resul acidification is effected
with point of 98[err] (deconposition), [[er err =-22[err] 50 60 m of
4N hydrochl oric acid, wherebyProe-O{iE:f ). Infrared spectrum
nost acid crystallizes out. After f||trat an the resi due inportant
bands at 3480- 3400 (broad) 2250, |s recrystalllzed from met hanol / wat er :
col our- 2190, 2145, 1721, 1686 and Qg%frr] (in 115 | ess needl es
having a nelting point of 187- nmeth 2 rlde) 188[err],
[[err]][err]=-16.5[err] (c=2.2 in pyrldlne) 55 Ul traviolet spectrum

[err] =201 nmerr] I e I I yl - amno - 2- e=4.16
i n ethanol). ﬁ QgreﬁﬁcfhgrﬁgeAk’B@ié%@%%ﬁf?%ﬁ - isopropyl - 10b -

hydr oxy- 1lkylaluminum chlorides, alkyl- ' 36" - di oxo -

oct ahydro - oxazolgiur didMIorides? tﬁ@lﬁk&q&%&@aﬁh toﬁpbuﬂ@& hyl - 5 -

o oy 5% 2 e Pk i Sresencs ofo thentarptuss) shesbiiun %
azi docarbonyl - ick ohysflitheniuaznal ¢lamdna,afpphesl0k2ldne £h- 2 - nethyl

- 5 - isopropyl - lg&%éené% &Y% ris (triphenylphosphine)rhodium (I)

.oride, and iridium tetrachloride in the presence
phosphorous acid wherein alkyl is straight or
nched chain of 1 to 20 carbons, Prot is a

dered silyl group, benzyl, substituted benzyl or

R1 wherein'Rl is straight or branched lower alkyl

u|||iiﬂ’i‘iilfﬁﬁ‘ ufﬂn




~ 60 pyr azi n_e B 3,6 - dioxo - octahydro-
oxazol o[ 3,2 - a]- 15.6 g (50 mllinols) of finely pulverized

- pyrrolo[2,1 - m of abso- 2 - carboxy - 2 - nethyl -
5 isopropyl - ‘mma‘mmmﬂjum‘oh are heated to the boiG¥3® 125
reflux in 40 m *of €absol Hit € chl oroform1‘01C one wth nethylene chloride,
the nethyl ene - hour. The reaction mxture is then freed from chloride
sol uti ons whi ch have been washed 65 the readily volatile conponents
and subse- until peutral_ are._conbined, dried w} err err
quently the ngj or‘”ﬁ&r %P SFEPRDSe PLBEePY ZWOVM‘%@CS %% renoved
in a vacuumt he Tredldiolyplagentr depaedrinlRly ba BlimMaou Wompdiurgl Pratude

product results as a brown resig from recrystallization from ethyl
acetate the residue which ergoﬂal i ni y be separated directly

yields 2 - N - benzyl oxycar'bony @ 2- by recrystallization from

e

nmet hanol . After fur- yI | sopropyl - |0b - hydroxy - 3, 6-
ther recrystalli zatdmst fgeom rret hanol e ergo- di oxo - octahydro -
oxazol o[ 3,2 - a] pyrrol alinine is thin_layer .chromato- 10
[2,1 - c]pyrazine hawgg aXn%f?ces%s p%fl n gﬁfetﬁlg{ﬁ? SIFEY angul ar
pl ates, nelting agemtgZs|gsddedky aépmpumosbkomdeatna:%lt@r@ sdiple  poi nt
221-222[ err], [[edddderdd = & ?hli:] ok CEParchéd cha:LQ'f gpaund is

repeatedly recrystalllzed chl oro err rr err] (C=0.5in

pyri- 75 Ml etthyarhonsat énd\AﬁEPEbthﬂe]l’lr’&‘???%q Sp‘g\ll di ne),

CK:g: I er'I s col ou_r rs@(fijmlt;nm ;\é%%n%ih_ LW
ourless pris erilx 14k Bh LDy J%yf: an

[[err]][err] +13 l(agnﬂ anol’)™ ! 1é“’rl'ﬁn(:llog

[err]=3.93). M nimethatl )2Emediny1268y3, methyldiisopropylsilyl, and

nferr]. 1) 2 th |-~ o= gﬂﬁg,m)_ther | i quor

remai ni ng after cry?’trgq%qmpgg'ml% ¥+r Eréthjy%fﬂg%w nlet e} -

oct ahydro- |izatisy¥¥le SO &eeze¥taphed on 95 g of - oxazol o[ 3, 2 -

alpyrrolo[2,1 - c]pyraginea grédd WE Qi CMaheksinAchyrfbget goantity
hydrochlorlde

| | uted f
Trer ool 56 i perfagmed in theoPERsERos OF i SRR RPlvagE o O

met hyl ene chl ori delauted ovond methawok,
chloride and toluene at a temperature of from about
~90°C. to the boiling point of the solvent, the

reducing agent is diisobutylaluminum chloride, and
Prot is benzoyl.

4. A process of C]_.aim 1 wherein the reducing
agent is an alkylaluminum dichloride, the term
alkyl refers to a straight or branched chain group
of 3 to 10 carbons, and Prot is a hindered silyl
selected from t-butyldi- - '

methylsilyl, t—butyldiphenylsilyl, {triphenyl-
methyl)dimethylsilyl, methyldiisopropylsilyl, and
triisopropylsilyl, or Prot is benzyl, p-methoxy-
benzyl, or benzoyl.

5. A process of Claim 4 wherein the reaction

is performed in the presence of an aprotic solvent

selected from methylene
chloride and toluene at a temperature of from about

\\II\I\\ \|“iiﬁ ﬁ\i’ m‘i
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-

carbonyl - amno - 2 - nethyl - 5 - iSopropyI- foll owed by fractions which
are a mxture of 85" | Ob - hydroxy - 3,6 - dioxo - octahydro-

ergoval i ne Practically pure oxazol o[ 3,2 -

a] pyrrol o[ Zﬂmm Eﬁmhgﬂ"gﬂﬂ ergoval i.ne can be el utgdz2§romthe col um
di sgol vedr1 m of absol vt @snet hanol and nethyl ene chloride

and 0.2 to 0.5% of 25 the solution is added to a suspension of 5 g

met hanol . After crystallization from ethyl of prehydragenat ed

pal | adi um active charcoal acetate this conpound is pure in the thin |ayer
90 cat al yS't'QQqS!% ¢lo e mmgi poddtnbfothabsolventy cmed dgreamm
practically colguk 44 TN oh i fore

hydr ogenat i on needja&gs é ti ng psg:% nt@%gg%m erD&rl]FL de%:[lo(pg ), 11 m of

an 11% sol ution of 6hyd%9596¢$§ OF[%MW[Jeerf]ereys r}'e‘i(l€9=996 in
ﬂ” Or]O}‘ <[3rm)] ez@@lﬂsl&@bfa ﬁlmhmpboabeuﬁddeahé%étﬂ@

err err rid ure and
hydr ogenat i on ‘?Js}q&'f %‘?%’tﬁf &9 aSpse"'ti‘:t f’é'r E%aﬂ%eﬂ{@?ﬂn (qlb%]lff err]=4.32)
and 95 r apf 3 ye@sl posasrbadres, AfntdePrioprdisganhindarddssiBAl. 5 nferr]
(log[err]=3.97 elé%tg%d’rgfxfé 23@ vaBfhgi- _been conpleted. the catalyst is

filtered off t f||trate|s concentrated to

appr oxi mat el y whyl@@owqu@mylﬁnmleotmmyh ke 35 nl at
approxi mately MWIﬂdﬁi&l@léﬂl@ﬁi Wntéthyuagdbeﬁréwnsma}mr&{d mel ting
poi nt 205- absol ut e Dle-th r gupon - 2- 206[err]
(deconp. ), [[eFFHIT&5S ?S’é“a[é%rr] Pg dS5bFHZ¥go O Prethyl - 5 -

i sopropyl - | Ohethdmybenayl. 3,6- water). di oxo - octahydro -
oxazol o[ 3,2 - a] pyrgol oy %roces )of é?aﬂ{\g%gﬁféx%r gxo‘éﬁe FSacFion[z 1 -

c] pyrazine hydrochloride ¢rystallizes
2- ani no- 2- met hi$ -pofonmgd d‘}fy thy pnesenes s éﬂféﬁ?@ﬁlctﬁél‘(ﬁféél pitate 5 -

i sopropyl - | Cpele&wét{ Odom  Imefthyldhe0X0- is washed well with absol ute
et her and drle ydr oxazol 3 2- a rrolo[2,1 - c],- 105 at
20[err] in a hf lﬁﬁé)cﬁﬂjéﬁqee %E%/’Wrepéga’;zl?% Ychl ori de

and 980 ng (3 M0%C.- to ther %Iild.ﬂlgOpb&dtrTbﬁl’ﬁhéy&bNéﬂlm,e groldgie hav-  nol s)
of 9,10 - di hy er.qgj - a nelting point of 163[err]
(deconposi tion &Cclhrf%r é#&h % %5%1%'& b&@"&?gg@ﬁgﬁ%hded in 50

cc of absol ute net h§lenad pm:@ewleof Glain gf Wierein the ipdEcgoyal i ne and:

ergoval i ni ne. nt P IH/QRRE 3148 bekBheeSyEPPRERON @k Olerr], 110
209(625m| | Is of2amr102 hyl. - adarksolutlonresultlng
qui ckly. This Rk "HP rog is |356‘&F’(§€5ﬂed SP-éﬁl sSa{eFeRYd frdWe - dioxo- tion
is stirred fort-hatfldaretraueintl,Otand. sub- m‘fah\/rlrn - m(a7n| o[3,2 -

alpyrrolo[2,1 - c]+::.8€ nt.l.y .for, 1[.ecr ou] roo rature.

pyrazi ne hydro‘%‘h‘?"]&‘?’é’g‘%}:}’ = 1( 12(%]11‘#‘14"?&’“3%%6?& %?t d sodi um

car bonat e sol uueuhy}ﬁﬁlsuﬁxsjpydfsmylysan'@ d:r&msdprdxﬁ:xalsxﬂeyhychrmchl oride are
added to the r 40 11 nded in 40 cc
of absolute ne ene bg%q{iri} %ﬂ%@r}xgg(?&bghéxhcgrﬁ?%Q%ﬁ oror?cgrm The
chloride, the ﬁﬁe(tltﬁ@ﬁls)ftdcﬁ eenforgedr ip angolventoswlereedhl or of orm
extracts are dfpffl @hanol, ESorRbpabagl-ute pyridine are added in one batch

sodi um sul phate and the solvent is evaporated -
P éiéﬁxtures thereof at aptemperature of from about

-90°C. to the boiling point of the solvent or a
process of Claim 1 wherein the reducing agent is
hydrogen in the presence of ruthenium on aluminum,
Prot is a hindered silyl selected from
‘t-butyldimethylsilyl, t- e e
butyldiphenylsilyl, (triphenylmethyl)dimethyl-
silyl, methyldiisopropylsilyl, and triisopropyl-

as Been Reﬁaced
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at this t,errperature. The m xture is stirred for in a vacuum So as to
.renove as much - 55 a further half hour at O[err], warnmed to 20[err]
"dl ne as p055| bl e the m xturé is evaporated a 120 and the reaction
allowed to wmlm,m further three times with benzene. at this
tenperature mﬂﬂm one hour. The purifigegson of the crude
product is Eor bt he mjrposes of V\orj_q;ng up, the reaction best effected
by chromatography on an m xture is diluted with nethylene chloride
al um ni um oxi de colum. The crude product 60 and the nethylene chloride
solution is first is dissolved in chloroformand adsorbed onto 125
extracted w t hsilysiat Lﬁ‘ratf&d)tsd_d;i beneayhionahé the3Pedotibmuantity of
alumnlumOX|d rc t e wth water. The

R0 sn STMLERD 209.LPER E¥bA

activity 1). yl'ene C aqueous phases are shaken
out a further rrtevthl maahamﬂrgaqat terrabfreret-hanet—evaporat i on

12 £ about -90°C. to the boi19dd 3d&nt of Ofnéhe sol vent and
recrystalli zat I on of the resi due from ethanol/ethyl acetate (1: 1)

results i n PEPENL (i hydro - ergoval i ne of nelting point 221-222[err],
[[err]][err]=-5.8[egtr] AC‘gﬁo¢és$mf)r¢ﬂ:a1m 1 wherein ehg] réduéi)n@’) Keller's

| t b| - 2 |
Corr]za 50, oAgent' S dinHonyths1pnel RECLRY beafliga e CREIT] (10
[err]=3.75). (triﬂhﬁﬂﬂinhpsph4n5)aﬁ&oggng(ﬁ{eth}orlde, Prot is

1 VWHAT,; G fdeiled ls31y11@e1ecteaPEpERSS for the production of
conpounds in V\/m ch Rlerr] and err] have the above signi- 30 of

general formultgbytyldimethylsilyl, t-butyldiphemdghsel,
i n the presencaxifplrerdydnetayy )dinethandsilyl, methyldi-

when an acid addition salili s LeaWLE8dop88LL 1L, or Prot is
benzyl, p~methoxybenzy1, or benzoyl, and the
reaction is performed in a solvent selected from

benzene, toluene, hexane,
and cyclohexane at a temperature of from about 0°C.
to the boiling point of the solvent or the reaction
is performed in the absence of a solvent at a
temperature of from about 0°C. to about 120°C.

10. A process of Claim 1 wherein the reducing
agent is iridium tetrachloride in the presence of
phosphorous acid, Prot is a hindére&'silyl selected
from t-butyldimethylsilyl,
t~-butyldiphenylsilyl, {triphenylmethyl)dimethyl-
silyl, methyldiisopropylsilyl, and
triisopropylsilyl, or Prot is benzyl, p-
methoxybenzyl, or benzoyl, and the reaction is
performed in the presence of a solvent selected
from water, methanol,
propanol, isopropanocl, and mixtures thereof at a
temperature of from about 50°C. to about 100°C.
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0 [ llll




tion is effected with an organic or inorgani Woaps-0 gwe
aci d. - [err] ,ﬂ”m ﬂ according to
claim1, in which 13 he c m}ulwa ’f "oduced i n that

the ester : radi cal of the
conmpound of generglLAf“Mﬁml a i n which each of Rerr] and R err]

signifies a hydrol‘ A process ?or pre arin Eg Jo oun?)of VL formuﬁagep atom
or an al kyl radical containing froml Pearbon atoms 1ncl usive

in which Rlerr] and R err] have the signifi nce stated and R err]

signifies a hydrogen ato 00 N, 1 radi cal containi ng
from1l to 5 pPoRASt REFH and %| err SI gnit\J €4 “an_ al kyl radical containing
i ncl usi ve o7 QgﬁAEE@ZY' riadi cal

-

fzomlffo 4 car bon atons

i ncl usi ve Is saponified to form
the corresponding free 45 and fﬁ?ts?g’ﬁf:fles the radical [err] or
aci d which i s conwvéeretn ttdet hgdrory esppendiwent is cis to the abcihadhl ori de
and subsequent |y e

spondi ng azi de | ntcgénner %%(E)\A%ubzs(%ltgentt%%d two —CH,—0—Prot

azide i s heated i subsihomems aresnl-atenttot 8afli wther, atitH keimproed«d addition
salts, characteri %egaé ducgmt he | sc%cyé%na%e ich is reacted with 50
that a conpound of “géneral® fOFRurH (95 =< %ﬂ‘\?A‘{}Ia al cohol to give the

correspondi ng benzyl urethane
whi ch is then hydrogenated Prot-0-H,C o in
solution in the presence of a mneral acid to produce
the desired amne salt I11. Z

3. Process according to claim2, in waigh_ g -§5c [err]

the conpound VI is produced by hydrogenat-
ing a conpound of wjenes ateduRifyl &gdflt, selected from the group consisting

of dialkylaluminum chlorides, alkylaluminum dichlorides,
trialkylaluminum compounds, diphenylsilane in the
presence of tris(triphenylphosphine)}rhodium {(I) chloride,
and iridium tetrachloride in the presence of phosphorous
acid wherein alkyl is straight or branched chain of 1 to
20 carbons; Prot is a hydroxy protecting group selected

s from the group’'consisting of benzyl, substituted benzyl,

O
i
—C—R;,

t-butyldimethylsilyl, t-butyldiphenylsilyl, (triphenyl-
methyl) dimethylsilyl, methyldiisopropylsilyl, and
triisopropylsilyl, and R, is straight or branched chain
lower alkyl of 1 to 6 carbons or phenyl provided that
when the reducing agent is a trialkylaluminum compound

Prot cannot be
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in which Rlerr] and x y have the above signi - [err] 25
ficance and X signifies a chlorine or brom ne

\Y/ atom or the radical -05( erg H, is reacted with a salt of a
compound of general In which Rerr], Rerr] and X have the significance
formula I, stated in claiml

60 1,011, 112 of the

sol vent an@ recﬁlﬁra?qqsz%ﬁ%r?](ﬁlm He whezpeiq} dihe mesMcimeRIonst Hd 3cet at e

5, 1) e il oA R o LR

form, KellfiraidiH G Breadhad dHaln \gﬁ&@ ,oﬁJ\é to SEednbBnd erdra223
nmMerr] (log [err]=4.51), 280 nferr] (log [err]=3.84) and 291 m (log

[err]=3.75)Brot is a hydroxy protecting gmaup melacteti firamdhess. 5 njerr].

group consisting of benzyl, p-methoxybenzyl, benzoyl, t-
butyldimethylsilyl, t-butyldiphenylsilyl,
(triphenymethyl)dimethylsilyl, methydiisopropylsilyl, and
triisopropylsilyl.

3. A process of Claim 1 wherein the reducing agent is
an alkylaluminum dichloride, the term alkyl refers to a
straight or branched chain group of 3 to 10 carbons, and
Prot is a hydroxy protecting group selected from the
group consisting of benzyl, p-methoxybenzyl, benzoyl, t-
butyldimethylsilyl, t-butyldiphenylsilyl,
(triphenylmethyl)dimethylsilyl, methyldiisopropylsilyl,
and triisopropylsilyl.

4. K'process of Claim 1 wherein the reducing agent is a
trialkylaluminﬁm compound, the term alkyl refers to a
straight or branched chain group of 3 to 10 carbons, and
Prot is a hydroxy protecting group selected from the
group consisting of benzyl, p-methoxybenzyl, t-
butyldimethylsilyl, t-butyldiphenylsilyl,
(triphenylmethyl)dimethylsilyl, methyldiisopropylsilyl,
and triisopropylsilyl.

5. A process of claim 1 wherein the reduéing“agent is
diphenylsilane in the presence of tris-
{(triphenylphosphine} rhodium (I) chloride, Prot is a
hydroxy protecting group selected from the group

”!"“cl “lllLl “l,!' "llsl “ I*ll This is the replacement sheet
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VHAT WE CLAIM I S: - 10 1. Process for the prod I n
whi ch R[err] and Rl err] have the aboveqsigni - ;m’m HH H’Eﬁﬂlguﬁ ornmula I,
e

ficance, nce of a
tertiary base and, when an acid
addi tion sabnsnstnaqupfebﬁngaﬂhfpemethoxybenzyl benzoyl, t- tionis
effected n |nor anl err

aci d. Qy&gl %ﬁy Ryl idlp§§ﬂ¥l$llyl 2. Erocgss
accordi ng 4@ rgbkiyimetRyMidGhethylsilyl, methyldiisb s

pr oduced |é fhgt ?kémgs y@@ ethylsilyl, methyldiis BEoﬁQEBQEQQ

radi cal ofanﬂetmmapopmdpgﬁsgéyénabnﬁotmalaeactlon is pkefbimed in a

VI, [err] n which each of Rlerr] and Rl err]_signifies a hydro-
VI geﬁOAFGHFoﬁeéﬁcgﬁéyﬁrpgdﬁb§|96eﬁpapﬁnﬁ38F#6819§ benpzege3 car bon

at ons 'nClﬂégﬁEFe{rPexane, afy &b ﬁ%&kn@ngtheEéngggﬁuEgeo§'9?0&'Cance

stated signifres a hy rogen a alm1l

radi cal cogbaubi becf red ¢hé 0b&iTEAGOPo BLONEE ERd &ﬁéﬁt segnEhées an al kyl
radi cal contai ni ng i nclusive or the benzyl radical from1l to 4
carbon at ongarhébbsigeperformed in the absence of & solvent aksasaponified
to formthe corresponding free and x signifies the radical [err]
or acid wﬁF@HeF§t§6ﬁv€ﬁt§H°moapﬁ€t08rgesﬁ% Plgt 120°C. acid chloride

and subsequently to the corre- 20
spondi ng azide in manner known per se, the

azi de is heateda pracees- pgl alasel 1ewhel-@ipl 6he redlidihBehfenti dsaddition
salts, characterized in duce the isocyanate which is reacted with 50

that a conpdifdupr tgémachlordfruia the presensgl ofl pbhsphpgoygisve t he
&ﬁrgﬁngn?h hyg;gaeﬁgtgdhydroxy protecting group selectege%ﬁxh urethane
the group consisting of benzyl, p-methoxybenzyl, benzoyl,
t-butyldimethylsilyl, t-butyldiphenylsilyl,
(triphenylmethyl)dimethylsilyl, methyldiisopropylsilyl,
and triisopropylsilyl, and the reaction is performed in
the presence of a solvent selected from the group
consisting of water, methanol, propanol, isopropanol, and

[ 4
mixtures thereof at a temperature of from about 50°C. to

about 100°C,.

7. A process of claim 2 wherein the reaction is
performed in the presence of an aprotic solvent selected
from the group consisting of methylene chloride and
toluene at a temperature of from about -30°C. to the

boiling point of the solvent.

8. A process of claim 2 wherein the reducing agent is

diiscbutylaluminum chloride and Prot is benzoyl.

This is the replacement sheet
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{ne fesi Ted amine st e oo e e HII}IIH}]IH m”mm °d“ce

Process according to claim2, in which 19

VIl is produced by hydrogenat -

ing a Con’pﬂ)und Bte geresess fof nglain 8§ wherein the reaction is

[err] I n which err] and x vy hfve t he above S|gn| 25 ficance and X
si gni fi es RECHPONGhel B rmetidni gae "chloride at about -40°C. at om or
the radical -Os(err]H, is reacted with a salt of a conmpound of general
In which Rlerr], Rerr] and X have the significance formula |11

stated in xdai A lprocess of Claim 3 whéPein the reaction is

1,011, 112 13 and R[err] has the
signifi carﬁ%r%cfzav%@ im %ha.mesenweﬁai]anaépm%lgu@@Av%'an%@lg%?éd in
claim 2 o8 Jotp L1l B REChFELICRAGLERL b e and Hal

signifies a " Thi'® aneous cyclization
occurs to ﬁéi&@né“é%na tem@@?a@@ﬁéréé EPSHO&B@ué“lSO°C to the S.
Process for the production of conmpounds 5 4. Process according to claim
3, in whi doibingepeint ébHrobeasdleeated in claim™1 and t he conpound
VI is produced by acylating a their acid addition salts substantially as
her ei n conpound of general fornula V, described with
referencei S88LE of claim 10 wh the red £
6. Compounts of t%ﬁ gener% o?ﬁ% wherein the reducing agent is
isobutylaluminum dlchlorlde.

12. A process of claim 4 wherein the reaction is
performed in the presence of an aprotic solvent selected
from the group consisting of methylene chloride and
toluene at a temperature of from about -90°C. to the

boiling point of the solvent.

13. A process of claim 12 wherein the reducing agent is

’
triisobutylaluminum.

14. A process of claim 1 wherein the c¢yclobutanone
starting material is in its optically active (2S-trans)

form and the resulting cyclobutanol product is in its

optically active [1S-(1a,28,38)] form.
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2 9 0CT 1997

Date:



R

stated in claiml and their acid addition salts . - Topettvo spes
S S P e

. Ergovali ne. 8. FErgoval i*ni fe. -
9 9, 10-di hydr~o--§¥§@0—§l i ne. 10. The acid addition

salts of the to
claimed in dains 7, 8
Vv 11. Pharmaceutical conpositions cogain-

ing, in addltlontoaphysmgr%glgagll abl e in which R2 has the
significance stat ed in carrier, 6f4t he general formula 10
claiml1, - sta®®d in claim1 whenever
produced by the wi th a conpound of generfal formula VIII, process
claimed in any of claims 1 to 5, erXf®r-03&C

val i ne, ergoval i rheeeiamdier thﬁéky slidsydtoent is cis to the vicinal

ergoval i ne, and/ hysi al | ccept -

able acid additi SRSST ﬁg pstivuent and cwo —CH,—0—Prot |,

Phar maceut i cal cenipssmarrms aaecafﬁimg:o each other, whixiCkamprides i n whi ch
t he conmpound of fornu

| is ergoam ne, FG%%W% aor°°5’?§‘6’§? fh&Rg, fgrmula

Progegs for pgﬁgaflng a compound of the formulaPounds

physi ol ogically acceptable acid addition sa [err]

t her eof . Proc-o-ch-—<>o For the
Applicants: - VI G H.
MUNSTER & CO. , g

Chartered Patent Agents, i n which -.-J?{ogné.]g gnd X have the significance
stated Inperial Buildings, 56 Kingsway, in claima1l,

London, WC. 2. with a reduciagi agént sylacclai ficad tf’x@l’gﬂ'dﬁ‘d’p YBhesdning
S et e, e R SR LR e o b HRTbC RIS 29
London, WC. 2, froefeikyTiluapuescoiyolitisQbtiaph@isilane in the

presence of tris(triphenylphosphine)rhodium (I} chloride,

and iridium tetrachloride in the presence of phosphorous

acid wherein alkyl is straight or branched chain of 1 to

20 carbons; Prot is a hydroxy protecting group selected

+ from the group 'consisting of benzyl, substituted benzyl,

O
I
—C—Ry,

t-butyldimethylsilyl, t-butyldiphenylsilyl, (triphenyl-
methyl) dimethylsilyl, methyldiisopropylsilyl, and
triisopropylsi;yl, and R, is straight or branched chain
lower alkyl of 1 to 6 carbons or phenyl provided that
when the reducing agent is a trialkylaluminum compound

Prot cannot be
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Tooxner0 pes
By a direction given under Section 17 (1) of the Patents Act 1949 this
_application proceeded in the name of WESTM NSTER BANK LI M TED, of 41,
"Lothbury, London, E.C. 2., a British Conpany.

GY25

The protected cyclobutanone of the formula

Prot-0-H,C o

Prot-0-H;C

is treated with a dialkylaluminum chloride, an
alkylaluminum dichloride, a trialkvlaluminum
compound, hydrogen in the presence of the catalysts
ruthenium black or ruthenium on alumina, diphenyl-
silane in the presence of tris(triphenylphosphiné)
rhodium {(I) chloride, or iridium tetrachloride

to yield the corresponding diprotected cyclo-
butanol. This compound is useful as an
intermediate in the preparation of antiviral
agents.
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