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Abrtrrct - a,@-Unrrturrtod rldehydet rerct with the tit8nnrted 
bi818ctim ether 5 of cyclo-(L-rrl-gly) to give tbe (?R,l’S)-ryn- 
l ddition product8 of type 1. Uith TBBP krt8lyred by Ti(OiPr16 with 
end without (+I- or (-)-DFT) there furmi8A the l poxidor u or l_l 
with 1’,2’-8nti or 1’,2’-ryn relrtion. In 8Du c8808 rirturlly only 
one rtorooiromer 18 formed. Upon acid bydrolysir the campounds tp 
or u give the correrponding methyl (2R, 3R) -2-uino-4,5-epoxy-3- 
hydroxy-rlcenorter (type s or u). As experiments with l& 
revealed, the oxirane ring in LQ or u c8n be submitted to rrriour 
rcgio- and rtrreo-controlled trrnrformrtionr rffording the prrcur- 
8or8 of type u or u of uino rcidr in the rugrr rerier. Cyclopro- 
p8nrtion of 1 (diiodo methroe/diethyl zinc) proceeds highly diwte- 
reo8clectirely to give the cycloproprner of type fi. Upon acid 
hydrolyrir there give thr correrponding (enrntiomcricrlly rnd di8- 
rtereomericrlly purr) methyl (2R,3S,6R,SR)-2-uino-3-hydroxy-4,5- 
l ethylena-8lc8no8te8 of type &Q. 

I. Introduction 

In 1969 SchUlkopf et 8l.l introduced a-•et8118t.d rlkyl irocy8no 8lk8no8ter 

into rynthetic orgrnic chomirtry 88 re8gmtr for the ryntherir of ui#, rcidr. In 

the l eantim8, thoro rorgentr have found numerous l pplicationr3, mainly for the 

ryatherir of rrcemic amino rcids.- Soae time later we commenced a rtudy, rimed at 

the m rynthorir of 8mino l cidr. Our approach ir bared on ~tercqclic 

cbemi8try and on the following concept: An heterocycle ir built up tbet cent8in8 

-berider 8 chirel inducing center- 8 letent uioo group and a lrtent cerboxyl 
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group, both incorporated in such I wry that the hetrreocpclic anion is an equirr- 

lent of an uino acid cubanion to which an l lectrophile can be added dirstereo- 

selectively. Jforeover, the heterocycle must have two sites susceptible to hydro- 

lysis so that it can be cleaved finally liberating the optically active target 

amino acid and the chirrl auxiliary. 

So far three types of haterocycles -I,n and m- proved to be suitable in 

our laboratory. 

- CM -0cidiC prOloo 

MA Sites suscepCMe 

to hydrolysh 

by far the most versrtile templates are the dihydropyrrtines I, the bislactim 

ethers of diketopiperrtines. The “bislrctim ether methodas for the asymmetric 

synthesis of amino acids is based on the fact that a bislrctim ether of type L - 

for instance 1 of cpclo-(L-vrl-glyl- reacts readily and regioselectively with 

butyllithium to give the lithium derivative 1. This reagent adds l lectropbiles R? 

at C-2 trrns to the isopropyl group at the residential chit81 center (C-5)6 to 

give 2 usually with a high degree of asymmetric induction. Subsequently the 

heterocpcle 1 is cleaved at the two iminoether groups by acid hydrolysis, liberr- 

ting the target amino acid methyl ester 4 rod methyl L-vrlinrte 2 (the chirrl 

auxiliary). 
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(Remarkably, also those derivatives of the bislrctio ether 1 that carry an l lkyl 

group in the 5-position react regiosclectivelp with butyllithium. Their lithium 

derivatives react with Is* with a particularly high degree of dirstereodifferen- 

tirtion at the heterocyclic anion). 

Vith l lQehydes as electrophiles the degree of dirstereoselectivity in the 

step 1. + C+ +a is raised significantly when Li in 2 is exchanged for Ti(MZt213. 

With the titanium reagents 6 not only the stereocenter C-2 is generated in 

virtually only one configuration, but also the stereocenter C-l’. Out of four 

possible dirstereoaers, the syn-isomer (type 5) is formed’**. This is also true 

for chirrl l ldehydes, even when the aldchyde chirality favors the anti-isomer, 
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i.e. rergrat control of stereocbe8istry pretrilrg. 

As reported recemtlyb, a,6-unsrtorrted l ldohydes 1 react ritb the titrnitm roe- 

gent 6. ia s 1,2-frshion to give the 2,1’-syn-products &with l double bond in the 

side chrin. Upon acid hydrolysis -subsequent to 0-rcetylrtioa- these l fford the 

threo-serine esters 28. 

The double bond in 4 offers the possibility of functionrlisrtioa to give 

precursors of 2-uino-3-hydroxy acids with rdditionrl functionrl groups (such es 

hydroxy or r8ino groups) in the carbon chain. 

This communicrtion describes 4 the epoxidrtion of 8 with whirs1 rad chirrl 

Shrrpless-epoxidstion reagents10 to give l poxides of type u or u with either 

1’,2’-rnti or 1’,2’-sya-relation, b) the hydrolysis of three of these epoxides, 

to give the 8ethyl (2R,31)-2-r8ino-6,5-epoxy-3-hydroxy-rlcrnortrr of type 11 or 

UI cl so8e trsnsfor8rtions of the epoxidcs Lp in rhich the oxirsne ring is 

opened by nucleophiles, d) the cyclopropmrtion of & to give dirstereoselectirely 

the cyclopropsne compounds U end l ) the hydrolysis of these compounds to give 

8ethyl (2R,3R)-2-r8ino-3-hydroxy-4,5-8ethylene-rlcrnortes of type Zp. 

II. tpoxidrtion of the Corpouuds 1 

Apart fro8 the rcrolein-rdduct h, the co8pounds 5 rerct with tert-butyl- 

hydroperoxide (IREP) with good ChO8ic81 yields in the presence of Ti(OiPr)d, with 

or without additional (-I- or (+I-diethyl trrtrrte (DXT), to give either the 

1’,2’-rnti-dirstereo8ers LQ or the 1’,2’-sya-dirstereo8ers fi or a 8ixtoxe of 

both (trble 1). lot m the 1’,2’-rnti-configurrtion ~8s established by en X-rry- 

rnrlysisll. The 1’,2’-sya rnd 1’,2’-rnti-iso8ers m and m differ in the 13C- 

HlfR rprctrr in so far, as the C-3 sad C-6 signrls of the entl-isoser rppeer et 

lower field thrn the ones of the sya-dirrteremer. by rnrlogy it uss rrswd thrt 

in each case the iso8er with the 13C-RKR C-3 snd C-6 signrls et lower field is 

the 1’,2’-anti-iso8er of type Le. The dirstereo8er rrtios (table 1) were detrr- 

8in8d by lit- or l3 C-R’RR spectra and/or by crpillrry GLC. 



Table 1. Qoxidrtion of the compounds &. 

1pIu llethod’ Tield l ati/8ya min iroxer 

9 A 74 l/2.0 am 

b 61 4.711 anti 

C 71 l/N199 ayn 

k A 65 32/l anti 

C 55 l/39 afn 

r A 74 66/l anti 

b 66 66/l anti 

C 70 32/l anti 

0 A 63 199/l ruti 

B 76 )199/l anti 

C 79 39/l anti 

P A 64 1.611 4ati 

*I A: ti(OiPr)4/TBEP, B: (-I-DE’T/Ti(OiPr)@BEP, C: (+I-DET/TitOiPr)~/TBEP 

The stereodirection of the rubatrrtea b follora from the l xDeriuent with 

71 (OiPr) ~/TBliP (method A). Aiprrt from h, which is l yn-ditrcting, the substrate8 

4 are anti-directing (table 1, method A). A8 for the reagents, according to the 

Shrrplers rule method B with t-)-DE7 favors the anti-isomer8 u, whereas Bethod C 

with (+)-DE7 favors the ayn-isomer u.- When &9 ia oxidized by method B, the 

aati-isomer is formed predmiDrntly, i.e. the Sharplear rule holds and the ree- 

gent override8 the 8ubstrrte; when method C is aDDlied (matched care) a high am- 

preference in observed.- Likr~iac, uith & the reagent orerwhrlma the rammetric 

induction originating from the aubstrrte; rith method C thr ryn-ironer ia formed 

ptOdOmiDaDtly (mismatched case ritb reagent control).- With & and kQ substrate 

control Dreoaila; no matter whether 1-I- or (+)-Da ia used, the anti-isomer is 

formed predominantly. As expected the degree of diastereoaelectirity is exceptio- 

~811~ high when hQ is epoxidired with method B batched care). 
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XII. Dydrolysir of the b1818ctim others LQ md u; Methyl (II,M)-D,d-anti)-2- 

uino-4,~-opo~-3-~~-rlc~osto8 of typ nor fi 

Using mc. and 4 as mod018 we c’ould show that the hydroly8is of the birlrc- 

tim rthrr moiety csa br crrrird out under 80 mild conditions (0.1 I El, two 

equirrleats, r.t.) tbrt tbe oxirmo ring rorrirer. Prior to bydrolyrir the 

bydroxy group should be protected by rcetyl8tlon to secure good yield8 in the 

hydrolysis step. This Ass been observed before in 8asloguous c8se8*@g. With & 

sad Q the I-rcetyl uino acid8 m rad k vere fiarlly isolrted by dlstillrtioa 

rbererr xitb m the rcetyl grow rtryed st the oxygen rtom. lfetbyl L-rrliartc 5, 

s relrtioely volrtile comoouad, could be reprrsted from the trrget cowmndr n 

or U by l vaDorstioa in the kugelrobr rpDerrtu8 (30°C, 0.01 torr). 

z 0 k 

t 

R’ Me We 
R* H Me 

In s set of orieatrtioarl l xDeriaeat8 ve rtudied some trsnrformrtions of tbe 

compounds n, utilizing & s8 l model comgouad. Rerction of && with beatylthio- 

lrte groe the compound m thrt cyclited on rtrnding (within two drys) to the 

compound m. to Drevent this cyclisstioa, the 2’-hydroxy group of m should be 

protected. After protection of botb hydroxy groups (by, for inatsace, scetyl 

groups), bydrolyrir of the birlrctim ether moiety should proceed cleraly to give 

the corresponding rmino rcid methyl ester. Likevise rodiu~ rride rercted rith m 

to furnish the rrido compound l&. As l xDected, u cyclited on rtradiag to m. 

loreover, m vas converted with crrbobenroxy chloride into the crrbonrte s end 

this in turg (UC13 induced) into the cyclic crrbonrte n 12. Upon hydrolysis U 

should yield (the l rrked) metbyl D-2-deoxy-2-uiao-4-•etbyl-xyloaste La, Stuting 

with l nt-r the l nmtiomer of U akid be obtsiarble. 
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Iv. ~ClODrODUIdiOn 

CyClODrOD#n#tiOn 

of thr Coapouadr & 

of the C-C double bond in j&h sad c with the “methyleae” 

gonersted from diethyl zinc and diiodo l ethmel3 Drocerdrd rith 8 high dcgror of 

dirrtereorelecti+ity to give the compound8 Le. In the la- end 13c-H?IR sDectr8 

only one dirrtereomer of u ir detectable. Brsrd on f#Doculrtiro) l achmirtic 

conriderrtioar #bout the cycloprop#artioa step, ve teatrtirely ##sign the 1’,2’- 

ryn-configurrtion to thr compound8 Le. Hydrolysis of the compounds a, rubrevuent 

to 0-rcetylrtioa, proceeded clarnly to gire the methyl (2R,X)-2-uiao-3-hydroxy- 

4,5-nethylene-rlcmostes Zp. Mote: After coagletion of the mrauscript the Dro- 

posed 3,4-sya-configurrtioa for 1p us8 l stsbli8hed for & by sn X-rry rnrly- 

#i#l’. 

xPnIBuTAL 
The bislrctim ether 1 was preD8red wcordiag to lit.15 or purchrred fro8 Herck- 
Schuchrrdtl6.- la- snd 13C-IIDR spectrr: Vsrira XL 100 l d XL 200.- IR rpectrr: 
Perkia timer 298.- 3¶rss rpectrr: Vsrirn HAT 731.- Cspillrry CLC: Csrlo trbr 
Trrcto+rD 2300; Chro8prck CPSil 5CB column, 50 l , 0.22 80 diueter: B2; for 
integrrtion of sign818 of flue-ionirrtion-detector: Sbimsdtu Dsts Procersor 
ChrO8tODsc C-R3A.- Liquid chro8rtogrrDhy 888 performed a# low pressure chromrto- 
vrsphy (l-2 brr) oa rilicr gel (Nerck, 0.040-0.063 u, 240400 mesh).- Rxgari- 
Bents rith orgmo8ctrllic rergentr were DOrfOnOd under argon, using the syringe- 
technigur.- All di#tillrtion# vote perforBad 18 bulb-to-bulb distillrtion#.- All 
NKR rpectrs were recorded in CDCl3. 

Sh#rples#-Cpoxid#tion of Comgouadr &: Compounds l.Q,u 
Co8Doundr p were preprred 88 dercribed in lit.8 but in lrrger run8. Ia erch rua 1 
(9.20 g, 50.0 mmol), butyllithium (29.4 ml of #a 1.70 I solutioa in bexrne, 50.0 
mm011 rad TBt (100 ml) were used to generete 2. to the solution of 2 ClTi(RRt2)3 
(15.0 v, 50.0 ~011 ia hrxrae (20 ~1) ~8s added to geaerrte Q. After 1 h stirring 

-7oec sldohyde 
iireribed’ in lit.8 

1 (48.0 uol) wss rdded droDri#e. Vorkup *a# performed 88 
The crude compounds 1 were not distilled becrurr of the 

dsnver of retro-rldil-cle#rrve but uere ured without further Durificrtion.- The 
TDHP-rolution in dichloroethrae x88 proDsred 8s described in lit.17 rtsrtiag with 
couercirl TBBP-solution free from di-t-butyl-peroxide.- Rpoxidrtions; Geaerrl 
procedure: 108-e /m,k: A solution of Ti(OiPr34 (0.56 v, 2.0 mm011 in dichloro- 
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methene (20 xl) WI@ propered (for x&hod A). to thir solution the birlrctiu ether 
& (2.0 ~01) in dichloro-xethrae (5 xl) ms added dropwire rt -2O.C rod rtirriw 
WIS continued for 20 nin rt -2OeC. Then l rolution of TRIP in dicAlo?intAane (1 
xl, 5.5 ~01) uem injected and the reaction mixture kept rt -2OOC for l-4 d. An 
rqueous solotion of trrtrric.reid (5 ml, 10 A) ww added to the mixture. After 
rtirriog at r.t., the water lryor wes reprrrtod and tAe organic layer W(LI mdbed 
with row urter. TAO rolvent VU reaored in vaeuo. fther (30 xl) mm Added to the 
residue. TAe rolotion ~8s stirred with l 11 rodixm Aydroxido rolatioa f6 ~1, 6.0 
uol) saturated with rodiux cAlorido for 30 min rt OOC. Tba meter layer uns 
seperrted, the l tAer Aryer wrrbed ritb I rrturrted solution of sodium chloride 
and dried ritb magnesium rolfrte. The ether me removed in tacuo and the crude 
n/u purified by bulb-to-bulb distillrtion.- tor l etAod B, (-)-OR7 (0.41 0. 2 
mm011 wes added to the rolutioo of ti(OiPrI4 prior to addition of 4; for method 
c, (+)-OR7 wes used inrterd.- IB-IIWR for the birlrctim ether moiety: 6 = 0.70- 
0.74 end 1.04-1.07 (2d, J - 7 Er; 611, Cll(~)2), 2.1-3.0 (d or b, J - 6 Hz; 18, 
OB), 2.25-2.30 (drp, J - 3.5 Hz, J - 7 Et; 111, C 
(21; 68, 5 3- rod 6-OCll3), 4.00-4.04 (dd, 3J - 

(Cll3)2), 3.68-3.75 ad 3.75-3.77 

(dd, 3J - 2 Et, 53 - 3.5 Hz; lR, E-2). 
J - 3.5 Hz; 18, E-S), 4.14-4.18 

~2R,5S,l’R,2’R,3’R~-2-(2’,3’-Rpoxp-l’-hydroxy-but-l’~l~-2,5-diAydro-5-iro- 
propyl-3,6-dimetAoxy-pyrrrine (-1: Hethod B, with 0.51 Q of &, 2 d at -2OOC ; 
yield 0.33 Q (61 %I of m; b.p. 150°C/0.01 torr; dirrteroomer rrtio (13C-UXR, 
capillary GLC) 4.7:1 Cm:m). lE-H?tR: 6 - 1.38 (d, J - 5 Et; 3E, H-4.1, 3.0 
(dd, J - 2 Er, J - 3.5 Ii; X-pert of M, II, E-2'), 3.1 (dq, J - 2 Rr, J - 5 82; 
B-pert of RB, lH, 8-3'1, 3.9-4.0 (D; 18, E-l').- 
13c-NHR: 16.85 and 17.35 (CBQE3)2), 19.04 (C-4'), 32.01 &lIWl3) ;,o;2.;; :;d 
52.70 (3- md 6-OCI3), 53.51 (C-l'), 57.60 (C-51, 59.58 (C-3.1, . a 
31.06 (C-l'), 161.32 rnd 166.32 (C-3 and -6). 

- , 

Cl38221204 (270.2) : Celcd. c 57.77 R 8.14 Touad C 57.68 E 8.14 

(2R,5S,l’R,2’S,3’S)-2-(2’,3’-~xp-l’-hydrorp-but-1’-yl~-2,54ihydro-5-iro- 
propyl-3,6-dimethoxy-pyrrrine (ml: RetAod C, with 0.51 0 of &, 2 d et -2DOC; 
yield 0.38 g (71 $1 of 

P 
; b.p. 150°C/0.01 torr; dierterromer rrtio krpillery 

GLC) 1:199 (e:l&). R-NKR: 6 - 1.34 (d, J - 5 Rr; 38, R-4’), 2.98 ( dd, J - 2 
Et, J - 3.5 Hr; A-pert of AD, 18, 8-2’1, 3.05 (dq, J I 2 Kt, 3 - 5 Et; B- rrt of 
ABib, 18, E-3’), 4.00 (ddd, J - 6 Ifs, J - 3.5 PI, J - 3.5 Et: lH, I-l').- &-mm: 
16.68 and 17.19 (CR(~B3) 
and 52.71 (3- and 6-GCR3 P 

1, 19.04 (C-4’), 31.80 (cR(CR3)2), 51.39 (C-l’), 52.66 
, 58.77 (C-51, 60.02 (C-3’), 60.76 (C-l), 70.96 (C-l’), 

161.11 rnd 165.69 (C-3 end -6). 

~2R,5S,l’R,2’R,3’R~-2-(2’,3’-tpory-l’-Aydro~-3’-gbenyl-prop-l’-yl~-2,5-dihydro- 
5-iroptopyl-3,6-dimethoxy-pyrntinc (ml: Method A, rith 0.63 g of a, 1 d at 
-2oec; yield 0.43 g (65 A) of 

Y 
: b.p. lUO°C/O.O1 tort: dirrtrreomer ratio 

(crpillrry GLC) 32:l (m:m). I-RRR: 6 - 3.31 (dd, J - 2 Ez, J - 2 Hz; 137, H- 
2’1, 3.92 (d, J - 2 Et: lR, E-3’), 4.14 (dd, J - 2 8x, J - 3.5 Et; 18, E-l’), 
7.1-7.4 (m; SE, pheapl).- 13~~RRR: 16.76 and 19.01 (CH(~R3)2), 31.99 &E(CR3)2). 
52.77 and 52.81 (3- end 6_oCP3), 55.11 (C-2’), St.36 (C-51, 60.97 (C-21, 62.61 
(C-3’), 70.59 (c-l’), 125.76, 120.20, 126.46 and 136.94 (phenyl), 161.04 rod 
165.96 (C-3 and -6). 
Cl6s24ff204 (332.0 : Caled. C 65.06 I 7.22 round C 65.03 R 7.18 

~2R,5b,1’R,2’S,3’S~-2-~2’,3’-tpory-l’-hydroxy-3’-pAenyl-prop-l’-yl~-2,54iAydro- 
5-iropropyl-3,6-dimethoxy-pyrrrire (MI: Nethod 6, ritb 0.63 g of a, 4 d at 
-2ooc; yirld 0.37 Q (55 A) of 

Y 
; b.p. 160°C/0.01 torr: dirrtereoaer rrtio 

(crpillrry GLC) 1:39 IlOb:la). H-RMR: 6 - 3.29 (dd, 3 - 3 Hz, J - 2 Hz; 18, H- 
2’1, 3.91 (d, J - 2 l?t; 18, R-3’), 4.1-4.3 (m; II!, R-l’ and -21, 7.2-7.4 b: 51, 
pbenyl).- 13c-WBR: 16.75 and 19.06 
(3- end 6-OCR3), 

(CR(cll 121, 
55.28 (c-l’), 58.60 (C-5 , 3 

31.90 (ma(CR3)2), S2.70 rod 52.74 
60.91 (C-l), 62.93 (C-3’), 70.91 (C- 

1’1, 125.82, 128.19, 128.46 and 137.06 (phonyl), 161.09 And 165.89 (C-3 end -6). 

~?R,55,1’1,2’S)-2-~2’,3’-Rpoxg-1’-hydr~-2’-8ethy1-pr~-1’~1~-2,5-dihydro-5- 
iropropyl-3,6dimethoxy-pyrrtine (ml: Nethod A, with 0.51 g of &, 1 d rt 
-2ooc: yield 0.41 g (74 u) of 

9 
; b.p. 140°C/0.01 torr: diertereomcr retie 

(cegillrry GLC) 66:l (~Oc:llc). R-NKR: 
(ld, J - 5 Et; 

6 - 1.49 (I; 38, 2’-CR3)i3;I~~;636;; 
AB-rimrl, E-3’), 4.15 (d, J - 2 Et; 18, E-l’).- 

18.38 l hd 19.08 fCH&R3)2 rod 2'-Cn3), 31.44 (~E(CB3)2), 51.65 (C-3'), 52.37 and 



52.61 (3- and 6+X3), 57.08 (C-51, 57.75 (C-2’). 60.44 (C-21, 72.06 
161.16 

(C-l’), 
rad 165.43 (C-3 rad -61. 

C13E22N2O4 (270.2) : C8lcd. c 57.77 u 8.14 tound c 57.63 H a.11 

~2R,5S,1’R,2’R,3’R~-2-~2’,3’-~~-1’-bydro~-2’-rrthyl-brt-l’-yl~-2,5dibydro-5- 
i8ODrODgl-3,6-di~OtbO~-D~8ti~O (Lppl: Netbod A, with 0.54 g of 44, 1-d rt - 
2o*c: yield 0.47 Q (02 %) of m; b.& 140*c/0.01 torr, 8.D. 75*c; birrtoroemer 
rsti0 (CsDillsry G&C) 199:l (1pQ:1Lp). 1E-BRR: 6.- 1.35 (d, J - 5,5 Bz; 3B, E- 
4’1, 
-2) .- 

1.41 (8; 38, 2’-Cllj), 3.28 (a, J - 5.5 Et: II, B-3’). 4.17 (m: 29, E-1’ l d 
13C-B?fR: 13.40, 14.44, 16.57 8nd 19.10 WB&B3).2, 3’-~H3 end 2’-CE3), 31.40 

(ER(CB3)2), 52.20 and 52.59 (3- rad S-OCB3), 56.00 (C-l’), 56.76 (C-5), 60.40 (C- 
21, 61.21 (C-l’), 72.99 (C-l’), 161.19 md 165.22 (C-3 8nd -6). 
C14B24Rfl4 (282.0 : Cslcd. c 59.15 E 8.45 Tound c 59.99 II 9.50 

~2R,5S,1’R,2’R~-2-~2’,3’-~~-l’-bpdro~-~rop-l’-yl)-2,5-dibydro-5-iropropyl~ 
3,6-dimrtboxy-pyrrriar (1pI): Xetbod A, with 0.40 Q of It, 1 d at -2OW. yield 
0.33 g (64 5) of b.D. 13O*C/O.O1 torr; dirrtereomer ratio (13C-BKR, fE-BlW 
1.6:l ( 
8-l’) .- 43 

:m,. iAmR: 4B b - 2.8 (m; 28, E-3’), 3.3 (m; II, E-2’), 3.99 (a; 18, 
c-BHR: 

52.28, 
16.92 rad 19.01 (CE&E3)2), 32.16 &H(CE3)2), 46.04 (C-l’), 

52.71 end 52.83 (3~ ti (-OCR3 l d C-3’), 57.71 (c-51, 61.12 W-l), 71.41 
(C-l’), 161.10 8nd 166.60 (C-3 8ad -6).- Poor yield with l otbod B end C. 
C12E2OB2O4 (256.3) : Cslcd. C 56.25 B 7.81 round C 56.05 E 7.88 

Bydrolyrir of Conpound 19; Hetbyl (2R,3R)-2-uiao-3-bydroxy-4,5-rpoxy-rlcsnortrr 
of WPe WU 
o-Acetyl-u; General procedure: Acetanhydride (0.22 ml, 2.3 8~01) we8 added .to s 
solutioa of U (2.0 8~01) rad 4-(dimrtbylrmiao)-pyridiac (81 80, 0.66 uol) in 
Dyridiae (15 ~1). Stirring -18 continued for 12 b et r.t.. The mixture ~88 pour@ 
into rrter (O*C, 15 ml)/dichlorometbrae (15 ml). After shaking the lryerr were 
8eD8r8ted rad the rrter lsyrr l xtrrcted twice with dicblorometbmr (20 ml’ l scb 
the). the combhod orgraic layer ~88 dried ritb l rgarriu~ rulfrte, the rolroat 
l d the pyridioe wrpxrted in vecuo and the crude 0-rcetyl-pj dirtilled.- IR 
(film): 1690-1695 (C-1). 1750 cm-l (O-rcetyl). 

~2R,5S,1’R,2’S)-2-(l’-Acetox]r-2’,3’-epoxfl-2’-~etbyl-prop-l’-yl)-2,5-dibydro-5- 
i8OprOpyl-3,6-d~metbO%Y-pyrstiae (O-•cetyl-&I: With 0.54 g of 1pr; yield 0.56 Q 
(90 $1 of O-rcetyl-pc: b.p. 14O*C/O.O1 torr.- 1s-m~: 0.65 sad 1.04 (ld, 3 - 7 
Et; 6B, CH(Ca3)2), 1.50 (8; 38, 2’-CE3), 1.94 (8: 311, O-AC),. 2.30 (drp, J - 7 Hz, 
3 - 3.5 Er: 18, C~(CE3)2), 2.6 8nd 2.9 (ld, J - 6 Hz; AR-rignsl, B-3’). 3.66 8ad 
3.69 (28; 6E, 3- end 6-OCE3), 3.94 (dd, J = 55 - 3 Br: lE, H-5). 4.36 (dd, 3 - 5J 
- 3 lk: 18, B-21, 5.34 (d, J - 3 Br; 18, E-l’).- l3C-BKR: 16.43, 18.69 l d 19.09 
(CH(~B3) 8ad 2’-CE 1, 20.67 ( 
c-3.1, # g % 

C@j), 51.99, 52.60 sad 52.53 (3- end 6-0013 rad 
5.52 and 6.64 (C-5 en -2 I, 60.39 (C-l), 72.95 (C-l’), 160.41 and 

164.63 (C-3 8nd -61, 169.35 (O&CE,). 
C15B24B205 (312.0 : Celcd. C 57.69 ii 7.69 Pound C 57.61 E 7.82 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
i8ODroDyl-3,6-di88tbOXy-Dyr8tinO (*8COtyl-m): Pith 0.57 g Of m: yield 0.62 Q 
(95 %) of O-8Crtyl-m; b.p. 140*C/0.01 tOrr.- hH?IR: 0.60 rod 0.90 (ld, 3 L 7 
Et; 68, CE(CII3)2), 1.21 (d, J - 6 Et; 311, E-4’), 1.35 (8; 3E, 2’-CEj), 1.94 (8; 
38, O-AC), 2.23 (dsp, J - 7 Br, J = 3.5 Et; 111, Cl(CH3)2), 3.02 (q, J - 6 Et; 18, 
H-3’), 3.60 8ad 3.63 (28; 61, 3- rod 6-OCB3), 3.97 (dd, J = 5J - 3.5 Et; 18, E- 
51, 4.26 (dd, J - 55 - 3.5 Bt; 18, B-21, 5.29 (d, J - 3 Et; lE, E-1’). 
C16826W205 (326.0 : C8kd. c 59.99 B 7.97 Touad c 59.04 E 8.02 

(2R,5S,1’R,2’S,3’R)-2-~1’-AicetO~-2’,3’-epo~-3’-pbeayl-~rOp-l’-Yl~-2,5-dibYdrO~ 
5-iSo~rO~y1-3,6-dimetbOXy-~fr8tiae @-•rCOtyl-&@I: with 0.66 Q Of m; yirld 0.69 
g (92 8) of 0-rcetyl-m; b.D. 185W0.01 torr.- 1B-BHR: 0.66 8lId 1.04 (2d, J - 7 
Er; 68, CE(Cg3)2), 2.08 (8: 38, O-AC), 2.29 (dsp, J 9 7 Et, J = 3.5 Bs; lB, 
Ca(CB3)2), 3.02 (dd, J = 2 RI, J 9 7 Bt; 18, B-2’), 3.68 8ad 3.70 (28; 68, 3- sad 
6-OCE3 I , 3.92 (dd, J - 53 - 3.5 Et; 18, E-51, 3.97 (d, J - 2 Bt; 111, E-2’), 4.33 
(dd, J = 5J - 3.5 Hz; 18, B-2), 5.22 (d, J - 3 Er; 18, H-l’), 7.2-7.4 (m; 511, 
pbeayl) . 
C2OH&f2~ 074.4) : C8lcd. C 64.17 E 6.95 touad C 64.02 E 6.93 

Hydrolysis: a,k 8nd u: 0.1 I EC1 (40 ml, 40 ~011 ~8s rdded to 8 8olutioa of 
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0-•crtyl-LQ (2.0 ~01) in TIP (5 81) end stirring coatiaood for 24 h rt r.t.. The 
mixture wes utrrcted with other (30 ml) which xes dircuded. The wrter lryer Ves 
rrtereted rith sodium chloride, ether was added (30 ml) and the eohtion brought 
to pB U-10 rim cow. e~~aie. The ether leyrr wee ropersted en0 the erter lrrer 
l xtrected four timer with ether (30 ~1 eech time). The combined ether lerer eee 
dried,with ugneeium l ulfete and the ether l reporated in vacua. Beth91 vrlinete 2 
wes errporeted rt 3OWO.01 torr (Kugelrohr rppurtu) end the crude U.& or U 
purified by flesh clrometogrephy 08 sillce gel. W~on rdditioo of PB to 45 ~1% 
Ku(tfcI3 the ln-MI rigaels shifted bet did not l plit= i.e. l e ) 95 %.- IR for 
&&,k (film) : 1655 (B-AC), 1740 (C02Me), 3150-3550 clr-i (OB end Bll) . 

&thy1 (2R,3R,48~-2-ecetuioo-4,S-epo~-3-lydro~-4-8ethyl-~at~ete (ml: With 
0.62 g of 0-rcetyl-a, yield 0.22 Q (51 W of m cbromrtogriphy: l tberketbe- 
no1 12:l (Rf = 0.41).- 1ll-BER: 1.48 (I; 38, 3-CEj), 2.07 (I: 3H, B-AC), 2.65 end 
2.93 (2d, J - 5.5 It; 211, B-O, 3.83 (I; 38, CO2C?!3), 3.45 (I; 111, Of!), 4.39 (6, 
J - 2 Hz; 18, B-3), 4.99 (dd, J - 2 Er, J - 9 Er: 177, E-21, 6.35 (d, J l 9 Hz; 
18, RE). 
C98151105 (217.2) : Celcd. c 49.74 E 6.91 lound c 49.88 H 6.88 

Nethyl ~2R,3R,4S,5R~-2-ecetuiao-4,5-epoxy-3-hydro~-4-~ethyl-hcxmorte (1111): 
Yith 0.65 g of 0-rcetyl-m, yield 0.28 g (60 8) of m: chromrtogrrphy: ether/ 
methmol 12:l (Rf - O.!W.- 1B-BRR: 1.26 (d, J - 6 Rx; 3B, E-61, 1.42 4s; 3ll, 4- 
CE3), 2.05 (I; 31, R-AC). 2.37 (b; 18, OB), 3.18 (q, J - 6 Et; II, E-51, 3.82 (s: 
JE, CO2CB3), 4.25 (d, J - 1.5 Er; II, E-3), 4.99 (dd, J - 1.5 Et, J - 9 Rx; 111, 
E-21, 6.21 (d, J - 9 Et; 111, BE). 
C1017BO5 (231.3) : Celcd. c 51.94 E 7.35 ?oued C 51.76 B 7.49 

Bethyl (2R,3R,4S,5R~-3-rcetoxy-2-uino-4,5-eporp-S-phenyl-gaat~~te CU,: With 
0.75 g of 0-rcetyl-m, yield 0.30 g (54 %I of IJ; chromrtogrrBhy: ether (Rf - 
0.46) .- IR (file): 1740 (CCQHe and 0-k). 3250-3450 cm-1 CBQ, .- 1E-BBR: 2.05 (I): 
38, O-AC), 3.1 lb; ZH, 111121, 3.70 (dd, J - 2 Er, J - 4 HZ; 18, H-4), 3.80 (s: 3E, 
CO2CE3), 4.08 (d, 3 l 2 Ez; lE, E-S), 4.31 (d, J - 6.5 Et; 111, E-21, 5.2 (dd, J e 
4 Et, J - 6.5 Bt; 18, E-31, 7.3-7.6 (8; 58, pbeapl). 

Cwuads m end m; Sodium hydride (50 8g, 2.1 ~01) end megaesiw sulfete 
(0.25 g, 2.1 8~01) were l dded to l solution of bentylthiol (0.27 Q, 2.2 uol) in 
l be . methraol (10 8l). to this mixture l solution of && (0.54 Q, 2.0 8moU in 
l ethraol (2 ml) wes added and stirring continued for 10 b et r.t.. Clrcid l cetic 
l cid (0.13 g, 2.1 mm011 uee l dded and the mixture poured into wrter (10 8l)/ether 
(20 l l). The ether leyer we8 eepereted end the rrter lyer extrrcted twice with 
ether (30 ml l ech time). The combined ether leyer wee dried with l egnesiw 
sulfite, the solvent l veporrted (<2SW end the residue purified by flesh chromr- 
togrephy on silicr gel (ether/ petrolether, b.p. 40-S!W, 2:l; Rf(m) - 0.23, 
Rf(mI - 0.43). Tield.0.63 g (60 6) of m and 73 w (10 &I of m: m cyclired 
queatitrtively on steadiag et r.t. within 2 d to m. 

~2R,5S,1’R,2’R)-2-(3’-Benrylthio-l’,2’-dihydroxy-2’~ethyl-prop-l’-yl~-2,5-dihy- 
dro-S-isopro yl-3,6-dimthoxy-pyrrriae (ml: IR (film): 1680 (C-R), 3200-3500 
cm-1 (OH) .- P B-BRR: 0.69 end 1.01 (26, J - 7 Bt: 68, CR(C&3)2), 1.13 (8; 3B, 2’- 
CBj), 2.20 (dep, J - 7 Et, J - 3.5 Er: 18, CB(CB3)2), 2.43 (d, J e 10 Bz; IK, 
OE), 2.69 end 2.82 (ld, J - 12 Et: AB-rigarl, E-3’), 3.61 end 3.75 (2s; 68, 3- 
end S-OCS3). 3.78 (I; 28, S-C&-pheayl), 4.04 (b; 28, E-5 end E-l’), 5.27 (b; 18. 
OH), 7.2-7.4 (m; SE, pheayl). 

(2R,3R,3eR,6S)-2-BentyIthi~ethyl-2,3,3e,6-tetr~ydro-3-hydro~-6-isopropyl-5- 
l ethoxy-2-methyl-fur0 
3100-3300 cm-1 (OE).- f 

2,3-b] -pyretine (W: 111 (film): 1650 end 1700 (C-I), 
E-WR: 0.90 end 0.98 (26, J l 7 Hz; 6E, CECC33,2,, 1.41 

I::. )JB’ 
2+x3), 2.08 (drp, 3 - 7 IIt, J - 3.5 Ilr: 18, C~(CH3)2), 2.63 and 2.73 

- 14 Et; AB-•igael. 2-CE2) 
E2; 28, S-Cal-phenyl) , 4.00 (dd, 4J 

3.73 (s; 38, CXE3), 3.75 end 3.85 (ld, J - 13 
- 3 Er, J - S.5 Bt; lE, E-61, 4.11 (dd, 5J - 

3 Er, J - 10 Et: 111, B-k), 4.26 (d, J - 10 Er: 18, E-31, 4.56 (b: 18, OE), 7.3- 
7.4 (8; SE, pheayl).- 13c-ERR: 18.61, 19.43 end 20.70 (2-CE3 and C&&&)2), 33.45 
(cEB(CE3) 21, 37.28 (2-CE 1, 

3 (C-3 end -61, 76.51 (C- I, 
39.04 (S-cE2-phenyl), 53.50 (OCE 1, S9.68 and 64.06 
87.86 (C-l), 126.99, 128.39, 129. 1 3 end 137.92 (phe- 

ayl), 166.50 and 169.30 (C-2 rad -5). 
C1gE26R203S (362.2) : Celcd. C 62.98 B 7.18 Touad C 63.02 E 7.17 



Co~poundr m rod m: Sodium rtidr (0.20 Q, 3.0 uol) and ugnrriux sulfate 
(0.36 g, 3.0 -01) were added to a rolotioa of m (0.54 g, 2.0 mmol) in l bs. 
methanol (15 ml). The mixture was hrrted under retlux for 24 h. rhon glacial 
acetic acid (0.18 o# 3.0 mm011 wu added tad the solvent evaporated in vacua. The 
rcridue WII rhrken with ether (25 l l)/wrter (15 al), the layers were separated 
and the water layer extracted three time8 with ether (25 ml each time). The ether 
extract wa8 dried with mgneritm rolfate md the ether evaporated la vacua. Tield 
e 4Oe of r(b tnd 8 408 of m GB-MHR). After standing for 4 d tt r.t. m had 
cyclized gurotitrtirelp to m, which vu purified by flash chromatography (rili- 
CI gel, ether/Detrolether 2:l; Rf - 0.15); yield 0.39 9 (70 W of Dure m. 

(2S,3R,3~,6S)-2-Aridorethyl-2,3,3r,6-tetrrhydro-3-hydro~-6-~8oDroDyl-5-metho~- 
2-methyl-f uro b, 3-h] -p rrtfae C&Q) : I1 (film) : 

I 
1650 and 1700 (C-U), 2100 (Rj), 

3100-3300 cm-1 (OR).- B-RBR: 0.72 and 1.01 (ld, J - 7 Br; 61, CB(C&)2), 1.43 
2.12 (drp, J = 7 Et, J 9 5.5 Bz; lB, cB(CB3)2), 3.31 rod 3.56 I;; )JP_ ;;g;), 

; AR-signal, 2-CB2), 3.78 (8; 3B, OCB3), 4.05 (dd, 5J - 2 Et, J - 
5.5’Bt; 18, B-61, 4.15 (dd, 55 - 2 Et, J - 10 Hz; 18, B-3r), 4.23 (d, J - 10 Et; 
18, B-3), 4.99 (b; 111, OB).- 
Bigh rerolution HS (70 eV): youad B+ 281.148789 calcd. w+ 281.140789 for 
Cl2B19B503 

~2R,~S,1’R,2’S~-2-~l’-C~rbobenroltp-2’,3’-eporp-2’-8ethyl-DroD-l’-yl~-2,5-dihydro- 
~-i8ODrODyl-3,6-dimethOxy-DyrazinU fw: A 8Olution Of lQg (0.54 g, 2.0 U0l) in 
TED IS ml) was injected to NaB (50 ~g, 2.1 mmol) and TBR (10 ml) and stirring ~a8 
continued for 2 h at r.t.. Then crrbobenroxychloride (0.39 Q, 2.3 uol) in TED (5 
ml) ~88 added at O°C and the crude l& chrartogrrphied in ether/petrolether 1:l 
(Rf - 0.61). Yield 0.72 g (90 8) of fi.- IR (film): 1700 (C-B), 1760 cm’1 (C-O).- 
lB-BBR: 0.68 and 1.04 (2d, J - 7 Et: 6B. CB(cb)2), 1.54 (s; JB, 2’-CB3), 2.30 
(dsD, J - 7 Et, J - 3.5 Br; 18, cg(cB3) 2), 2.65 and 2.96 (2d J - 6 It; AB- 
rignrl, B-3’), 3.63 and 3.67 (28; 63, 3- and 6-OCB3), 3.96 (dd, gJ = 3.5 lit, J = 
3.5 Et; 18, B-S), 4.37 (dd, 55 - 3.5 Bz, J = 3.5 Et; lB, B-2). 5.12 and 5.18 (ld, 
J - 12 Er: AB-rignal, O_CI(2’Dhenyl), 5.27 (d, J - 3.5 Hz: 18, B-l’), 7.38 (8: 58, 
Dhenyl) .- 
High resolution BS (70 0’0: round B+ 404.194723 Calcd. B+ 404.194723 for 
c21B28Bf16 

~2R,5S,1’R,2’R~-2-(1’,2’-C~rbonyldioxy-3’-hydroxy-2’-methyl-proD-l’-yl)-2,S-dihY- 
drO-5-iBOprOpyl-3,6-dimethO~-ppratint (u): A rolution of AlCl3 (0.27 g, 2.0 
uol) in ether (5 ml) was added to a solution of Lb, (0.40 g, 1.0 uol) la ether 
(10 ~1) and stirring continued for 3 h rt r.t.. Then DhosDh8te buffer Cl0 ~1, DE 
7) and ether (10 ml) were rdded to the mixture. The ether layer was separated and 
the water layer extracted three timer with ether (20 ml each time). The ether 
extract was dried with ~rgatrlum rulfrto and the solvent evaporated in vacua. The 
crude n wae purified by chromrtogrrphy with ether (Rf - 0.43). yield 0.16 g (40 
%) of n.- IR (film): 1690 (C=N), 1790 (CIO), 3300-3550 cm-1 (OB).- 1B-B’JtR: 0.70 
and 1.04 (26, J - 7 Et; 68, CBCC&)2), 1.73 (8; 38, 2’-cB3), 2.29 (drp, J - 7 Et, 
J - 3.5 Et: 18, Ca(cB3 2), 2.58 (b; lB, OH), 3.69 and 3.76 (28; 81, 3- and 6-OCE3 
and B-3’), 4.06 (dd, 5 J - 3.5 Et, 3 - 3.5 Bz; lB, B-S), 4.16 (dd, 5J * 3.5 Et, J 
- 1 Et; lB, B-l), 5.03 td, J - 1 Et; 18, B-l’).- 
High resolution lfS (70 tV): Found IS+ 314.147788 Calcd. B+ 314.147788 for 
C14B22Bfl6 

CycloDroDanrtion of Compounds 4: Conpounds fi: General procedure: A Solution of 
diethyl zinc in htxrne (3.71 Q, 4.5 -01, 15% rt/rt) wan injected into a rolution 
of & (3.0 mmol) in dry htxrne (20 ml) at -20 or OOC. Then diiodomethant (1.61 0, 
6.0 mmol) was rddtd dropxirt at the 8ame temperature and stirring continued for 
3-20 h at 0 or 2OOC. The mixture wa8 Doured into a rrturated rgueour solution of 
ammonium chloride (30 ml) and the rater layer extracted four timer with ether (50 
~1 each time). The ether extract x18 dried with magnesium rulfate and the solrent 
evaporated in vacua. The crude n was purified by chromatography (COlUmn 5 cm in 
diameter: 50 g rilicr gel, 0.05-0.2 mm, 70-270 mesh). The silica gel was l lurted 
rith tthtr/~trolether 1:2 (400 ml) which vaa discarded, followed by eluation 
with ether (200 81) yielding pure &J.- In the 1~- and 13C-HXR spectra only one 
dirrttreomtr of s vas detectable.- XR (film): 1695 (C-N), 3060 or 3070 (cyclo- 
Dropyl-8) , 3200-3600 cm-1 (OB) . 
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(2R,SS,1'R,2'R,3'R~-2,%-Di~o-2-~l'-b~ro~-2',3'mthylrnr-~t-l'yl~-5-l~o- 
pyl-3,6-diutbrayqyzuiu (w: With 0.76 Q of & additioo rt PC, rtirrirg 
for 20 b at WC.: Yield 0.53 o (60 $1 of Ifr.- +mR: 0.25-0.34 (w UI, cycb- 
propyl), O.u-O.64 (m: U, cyclopropyl), 0.7-1.0 (m; II, cyalowOml1, 0.72 and 
1.03 Ud, J =.'l:lb; 61, CBNb)2), 1.06 (6, J - 8 Hz; 3% N-4). 2.25 (de J-r 8 
Hz; 18, OH), 2.29 (drp, J = 7 88, J - 3.5 #r: ll, qK11y~21, 3.N Mdd, J - 3.5 
BZ, J * 6 Rr, J - 8 Er: 11, 11-l' 
- 3.5 Et: U, 1-S), 4.13 (dd, 5 

, 3.73 (a: ta, 3- and 6-OCE 
iJ 

, 4.00 (dd, 5J - J 
J - J - 3.5 Rr: lB, E-2).- C-JlltR: 13.15 (CR2, 

cyclopropyl), 14.28 K4'1, 16.70, 18.39, 19.10 aad 22.99 (Q(m3#2, C-3’ ud - 
2'1, 31.78 (gE(Crj)2), 52.52 W and 6-OCE3), 60.36 and 60.82 K-2 and -51, 76.78 
(C-l'), 162.00 and 165.16 (C-3 and -6). 
Cl4E24QO3 (268.3): bled. C 62.66 R 9.01 bind C 62.60 H 9.17 

~2R,58,1'R,2'R,3'R)-2,5-Di~-2-~l'-h~rolg-2',3*-w~l~~3'-~nyl-pro0- 
l'y1)-5-lsoprapyl-3,6dtw~~~rttine (-1: With 0.95 g of bp; rdditioh at 
-2o*c, rtirring for 3 h rt ?ooC. yield 0.60 Q (61 8) of &9&- ~I-HHR: 0.69 and 
1.01 (ld, J - 7 Hr; 68, CEKB3),2), 1.0 (ddd, 23 - 5 Et, J - 8.5 Rz, J - 5 HZ: A- 

part of ABCD, 18, C82-cyclopropyl), 1.1 (ddd, 25 - 5 Ez, J - 8.5 It, J - 5.5 fir: 
B-part of AbcD, 18, CR2-cyclsapropyl) , 1.6 (dddd, J - 4.5 Hz, J - 8.5 Et, J - 5.5 
Et, J - 8 Et; C-put of RKD, lE, H-2.1, 1.9 (dad, J - 4.5 Hz, 3 - 8.5 It, J - 5 
Hz: D-part of ABCD, 18, 11-3’1, 2.29 (drp, J - 7 ilz, J - 3.5 Hz: 111, Cl(CE3)2), 
2.36 (bd, J s 8 Hz; 18, OH), 3.5-3.7 (m; 111, H-l') 3.72 (21; 6B, 3- end 6- 
oCca31, 3.91 (dd, 5J - J - 3.5 Hz; II, E-S), 4.16 (dd, 4J - J - 3.5 Et; lB, E-21, 
7.0-7.4 (m; 56, phanyl).- 13C-IIltll: 13.74 KIl2, cycloptoml), 16.76 and 19.06 
UI(jY3)2), 21.10 amd 25.63 (C-2' md -3'1, 31.86 (gHC#3)2), 52.57 0- and 6- 
MR3), 60.01 l qd 60.88 K-2 and -51, 75.74 (C-l'), 125.54, 126.02, 128.26 and 
142.57 (phonyl), 161.70 and 165.49 (C-3 and -6). 
C19826R203 (330.4): Calcd. C 69.07 II 7.93 ?OUltd C 69.06 H 8.08 

(2R,5S,1'S)-2,5-Dihpdro-2-~l'-bydr~-2'~rthyl-2',3'~thyl~e-prop-l'yl~-5- 
Isopropyl-3,6-dimothoxy-pyruiar (WI: With 0.76 Q of h; addition rt O*C, Stir- 
ring for 20 h et 2O*C. Ylrld 0.61 g (76 6) of m.- b-HNR: 0.25-0.65 (m; Ul, 
cyclopropyl), 0.72 and 1.05 (ld, 3 - 7 llz; 61, CEK~)2), 1.20 (I; 38, 2*-Clj), 
2.27 (dsp, J - 7 Hz, J - 3.5 Ez; 18, Q(CB3) 

: 
1, 2.44 (d, J - 8 Hz; lH, MI. 3.28 

(dd, J - 3.5 Hz, 3 - 8 Hz; 111, E-l'), 3.71 r; 68, 3- and 6-OCR3), 3.97 (dd, 5J 
- J - 3.5 Et; 1E. B-51, 4.17 (dd, 5J - J - 3.5 Ez; 18, E-2).- 13C-lOfR: 10.50 and 
13.08 (CE2, cyclopropyl), 16.74, 19.11 and 19.29 (CE(@3)2 and 2'-CE3), 19.25 (C- 
2’1, 31.66 (cE(CE3)2), 52.52 and 52.70 (3- and 6-OCE3), 58.77 (C-51, 60.56 (C-21, 
77.61 (C-l’), 162.20 and 165.66 (C-3 and -6). 
Cl4E2&O3 (268.3) : Calcd. C 62.66 E 9.01 lound C 62.55 E 9.13 

Hydrolysis of Compounda w Nethyl 2-uino-3-hydroxy-4,5-nthy~enrrlcrno8tu of 
tpO@ a 
o-Acrtyl-u; Wnrral prmduro: See above for O-wzrtyl-u; the crude 0-•rcetyl-1P 
WI not distilled hut purified~by chrcrrtogrrphy with dm?/ wtrolother l:l.- IR 
(film): 1740 (CORNS), 1695 cm-1 (C-I). 

(2R,58,1*R,2'1,3'1~-2-~1'-Acoto~-2',3'~hy18ne-bot-1'-y1~-2,5-dih~r0-5-i80- 
propyl-3,6-dimrtoxy-p 

r 
azina 10_acotyl-m): With 0.54 g of m; yield 0.53 Q (86 

6) of o-rcotyl-m.- II-RMR:.O.2-0.4 (m; 1% cyclopropyl), 0.68 ti 1.06 (2d, J - 
7 Et; 61, CkI( 

Cv 
121, 1.06 (d, corrrod; 38, B-4’), 0.6-1.3 (m; 31, cYClOPrOPYl), 

1.99 (I; 3E, O-AC , 2.32 (drp, J = 7 Er J - 3.5 Ez; 18, Cg(CB3)2), 3.68 and 3.78 

i 
2s: 611, 3- and S-OW3), 3.93 (dd, 3 - $J - 3.5 lk; 111, R-51, 4.23 (dd, J - 3 Hz, 
J - 3.5 Et; lE, E-21, 4.62 (dd, J = 3 Ez, J - 9.5 Et; 18, II-l’).- 13C-HKR: 11.71 
(c-4'), 12.34 (a2, c~cl~propg~), 16.39, 18.36, 19.19, 20.59 and 21.09 (CR&R3)2. 
OlcYE3, C-2' md -3'1, 31.29 (g(CE3)2), 52.38 ahd 52.49 (3- l d S-OCR3), 59.00 
ad 60.49.(C-2 md -51, 78.56 K-l'), 161.24 and 164.53 (C-3 and -61, 170.16 
(O&CHJ). 
High ruolotion ES (70 off): bumd K’ 310.189258 Calcd. ti 310.189258 for 
Cl6R26R204 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
dro-5-isopropyl-3,6dimotoxy-pyruine (O-acrtyl-ml: With 0.66 Q of a ylrld 
0.61 Q (82%) of QreotyI-l)b.- IE-IlXR: 0.66 uul 1.03 (ld, J - 7 Hz; 611, 
CE(C&)2), 0.0-1.3 (m: 211, cyclopropyl), 1.7-2.1 (m; 21, E-2' and -3'1, 2.02 (8; 
38, O-AC), 2.27 (dsp, J - 7 It, 3 = 3.5 Hz: 111, Ca(CE3)2), 3.66 and 3.73 (2~; 6H, 



5304 U. ScwdLuorr et d. 

3- sad 6-OCE31, 3.66 (dd, J - SJ 
Br; 

l 3.5 It; 111, K-S), 4.26 (aa, J - 3 Er, 55 - 3.5 
SE. B-21, ‘4.64 (dd, 3 = 3 ax, J - 9 Et; lH, E-l’), 7.1-7.4 (m; SE, pllonyl~.- 

l3C-KH.6: 14.66 (C82, 
22.77 (02Cy63, 

q~lo~r~gll), lC.45 8nd 19.13 (CB(fl3)2), 21.06, 21.73 8nd 
C-2’ md -3’1, 31.40 &R(CE3)2); S2.41 aad 52.52 (3- l 8d t-31, 

56.76-and 60.55 (C-2 ukd -51, 77.90 (C-l’), 125.79, 126.46, 126.29 8ad 142.03 
(phnyl), 160.94 md 164.61 (C-3 urd -61, l70.22 t~Ca3). 

Bydrolyrir of 0-•cetyl-W a,b Genrral procedure: See above for the hydrolyrir 
of 0-rcotyl-a; Mhydzopyrrtino n (2.0 ml), tl(l (25 81) and 0.2 I ECl (2.S ml, 
5.0 wl) mere ursd and ?p purified by cri8trlltr8tion froa l tbor/petrolrther. 

lfetbyl ~2R,3S,4R,SU~-2-rcrtaillo-3-hy&o~-4,5-nthyloae-hrunorte Q&l: With 
0.62 g of O-rcetyl-m yirld 0.33 g (76 6) of m; 8.p. 105OC.- IR (KBr): 3400- 
3100 (OB,NK), 3060 (cycloptogyl-8), 1760 (CO2k), 1650 ~8-1 (K’EAc).- ltl-ll)ll(: 
0.37 (ddd, J - 4.5 Et, J - 5 Kr). J - 6 82; 111, =2/CycJ1OIfrOpy1), 0.5~0.6s (m: 16, 
Cl?2/cycloproppl), 0.65-0.6 (8; 38, I-4 and -51, 1.02 (d, J - 5 It; Ill, E-6), 2.11 
(8; 36, 
(8; 3H 

U&AC), 2.5 (b; 111, 061, 3.36 (dd, J - 3 Br, J - 6.5 Et; 18, E-3),+.3.76 

N68) .- 
CO2Me), 4.60 (dd, J - 3 Br, J - 9 Hz; II, E-21, 6.5 (bd, J - 9 It: 16, 

l&HK: 10.92 (C-61, 12.06 (C62/cyclopropyl), 16.07 (C-51, 22.90 8nd 23.23 
(N6CH~E3 and C-O, 52.42 (CO2g31, 57.22 (C-21, 
&02Ko and Wgmh). 

75.79 (c-31, 171.09 and 171.46 

ClOQ7Eo4 (215.2): Celcd. c 55.60 B 7.96 tound c 55.92 E 7.92 

Methyl 

1% 

~2K,36,4R,5R~-l-rcetuino-3-hydr~-4,b~rthyle~-5-ghenyl-~nt~te 
Vith 0.74 Q of O-•cetyl-m; yield 0.36 g (65 8:) of m; l .p. 136*C.- I6 

: 3460 (081, 
AC) .- lli-MHK: 

3320 (Eli), 3070 (cyclopropyl-HI, 1715 (CO2He), 1645 c& ME- 
1.03 (Iddd, J - 5 Hz, J - 5 Br, 

C62/cpclovro9yl), 
J - 9 Br; hB-p8rt of ABCDX, 28, 

1.37 tdddd, J - 5 Bz, J - 5 Br, 3 - 9 Et, 25 - 6 Br; C-Wt of 
ASCDX, 18, E-O, 1.90 (ddd, J - 9 Hz, J - 5 Kr, 3 - 5 Hz; D-prrt of ASCDX, 18, H- 
51, 2.05 (8; 
BZ, J - 6 Hz; 

311, ~-AC), 2.9 (b; 18, ON, 3.64 (8; 3H, CO2Ho,, 3.67 (dd, J - 3 
lH, e-31, 4.62 (dd, J - 3 Et, J - 6.5 It; 18, E-2), 6.43 (bd, J - 

6.5 Hz; 18, NE), 7.0-7.3 (8; SE, Dheny1).- 13C-IwIL: 13.30 Kli+yclogrOPYl)r 
20.76 l d 25.32 (c-4 end -51, 22.96 (nrCB@3), 52.51 tC02~E31, 57.40 K-21, 74.62 
(C-31, 125.91, 
NE~Opnr) . 

126.22, 126.34 urd 141.35 (phenyl), 171.01 and 171.26 @02Me and 

C&Il9NO4 (277.3) : Calcd. C 64.94 H 6.91 tound C 64.97 8 6.97 
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