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PETER Y ~ T E S  and JOHN HAROLD HOARE. Can. J .  Chcrn. 61. 5 19 ( 1983). 
3-Acctoxy-1,4-dibcnzyl-3-[1-(2-metlioxyethyI)cthenyl]pipclazine-2,5-lio1c (32) ant1 its 7-hydroxyctliyl analogue (46). 

which possess several of the structural features of the antibiotic bicyclomycin. have bcen synthesized by a route involving 
construction of the piperazinc-2.5-dione ring at a late stage in the reaction sequence. Treatment of ethyl 3-(2-nicthoxyethyl)- 
3-nicthylglycitlatc with acetic anhydride and sulfuric acid gives cthyl 2-acctoxy-3-(2-niethoxyethyl)-3-butcnoate ( lo) ,  which 
is eonvcrtcd to the corresponding carboxylic acid by etlii~nolysis, hydrolysis, and rcacctylation. This, on conversion to its acid 
chloride and reaction with N.Nf-clibcnzylglycini~rnicIc. givcs 7-acctoxy-N-bcnzyl-N-(2-bcnzylamino-2-oxoethyl)-3-(2111etl1- 
oxycthy1)-3-butcnarnidc (21). Compound 21. on hydrolysis and oxidation, givcs the corresponding 2-0x0 compound, which 
on trcatrnent with magnesium isopropylcyclol~cxylan~ide followed by acetylation yields 32. Demcthylation of 21 with al- 
kyltl~iotrin~cthylsilancs givcs the corresponding 2-liydroxyethyl conipound, whose tctrahydropyranyl ether on subjection to the 
above reaction sequence gives the 2-(t~tri lhydr0pyri11I-2-yIo~y)~thyl analogue of 32. This, on hydrolysis. gives a 3 :  1 mixture 
of compound 46 and a spiro cornpound formed by dispiaccrncnt of the acctoxyl group by the hydroxyl oxypcn atom of 46. 

PETER YATES et JOHN HAROLD HOARE. Can. J .  Chcm. 61, 5 19 ( 1983). 
On a synthdtisC I'acCtoxy-3 dibcnzyl- 1.4 [(n~ethoxy-2 ethyl)- I Ctlicnyl]-3 pipCrazinedione-2.5 (32) et son analogue hydroxy- 

2 Cthyle (46) qui possede plusicurs caractCristiques structurales de I'antibiotique bicyclomycinc. On n realis6 cctte synthese 
selon une mCthode qui fait intcrvenir I'elaboration du cycle pipCrazincdionc-2,5 lors de la dernicrc Ctapc d'une sCrie de 
reactions. Le (mithoxy-2 6thyl)-3 methyl-3 glycidatc d'kthylc reagit avcc I'nnhydridc acCtique et I'acidc sulfuriquc en donnant 
I'acCtoxy-2 (mCthoxy-2 ethyl)-3 butcnc-3 oate d'Cthyle (10) quc I'on tlxnsformc en acidc carboxylique par une Cth;uliolyse, 
suivie d'une hydrolysc ct d'une rCacCtylation. L'acide transforme en son chlorurc. reagit avec la ~,~'-dibenz~lgl~cina~1ide 
en donnant I'acCtoxy-2 N-benzyl N-(bcnzylamino-2 0x0-2 Cthyl)(n~Cthoxy-2 6tIiyl)-3 butcne-3 amide (21). Le cornpose 21, par 
hydrolysc suivie d'une oxydation, donne le composC oxo correspondant qui, par une reaction avec l'isopropylcyclohexylamidc 
de magnCsiun1 suivie d'une acCtylation, conduit au derive 32. La tlCmCthylation clu composC 21, par les al- 
kyltliiotriniCthylsilancs, donne le connposC hytlroxy-2 Cthyle correspondant dont 1'Cthcr tCtrahydropyl.annyle, soumis h la mtmc 
sCric de reactions dCcritc plus haut, conduit h I'unalogue (tCtrahydropyriunny1)-2 oxy)-2 Cthyle du cornposC 32. Ce dernier 
sournis i une hydrolyse donne un melange 3 :  1 du compose 46 ct d'un composC spiro form6 par dCplaccment du groupe 
ncCtoxyle par I'atome d'oxygcne du groupe hydroxylc du co~nposC 46. 

[Traduit par le journal] 

Bicyclomycin, an antibiotic produced by St~.~l)torrlyce.s sop- 
poroer1.si.s and S.  ~liz1letz.si.s (2). is a member of the large class 
of naturally occurring piperazine-2.5-diones with the un~~sual  
structure 1 (3, 4). I t  has been found to be active against Gratn- 

. . - -  . negative bacteria and does not cause cross resistance to the 
. . usual antibiotics; it  has also been found to stiinulate the growth 

of chickens and swine (5). There have been several recent 
synthetic approaches to bicyclomycin of considerable interest 
(4, 6- 10). We have undertaken the synthesis of the 
3-acetoxypiperazine-2,5-dione derivative 2 (Bz = benzyl), 
which we anticipated might serve as a structural prototype for 
closure to the bicyclic ring system of bicycloniycin. Although 

2 lacks the trihydroxyisobutyl side chain of 1 ,  the work of 
Nakatsuka et (11. (7) gives promise that this can be introduced 
at a later stage. 

Two general types of synthetic strategy were envisioned for 
the construction of 2: ( i )  route via ncjlclic intermediates: con- 
struction of an intermediate of type 3, reaction of this with 
N,N'-dibenzylglycinan~ide (4) to form a diamide 5 ,  and closure 

I 
Bz 

I 
Bz 

3 4 5 

0 SCHEME I 

2 to the piperazine-2,5-dione ring at a late stage in the synthetic 
sequence (Scheme I ) ,  and ( i i )  route via cyclic irztel-rrzecliates: 

CH20H construction of the piperazine-2,5-dione ring at an early stage 

1 
of the synthesis in the form of a 3-alkylidene derivative of type 
6, conversion to an epoxide of type 7,  and manipulation of this 
to introduce the desired functionaIity (Scheme 2). We report 

'For a prcl~rninary account of part of thls work, see ref. I here on the successful application of the first approach. 
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We commenced our preparation of con~pounds of type 3 with 
the synthesis of ethyl 2-hydroxy-3-(2-n1ethoxyethy1)-3-butan- 
oate (13) by the route shown in Scheme 3 ,  based on an earlier 
synthesis of 2-hydroxy-3-methyl-3-butenoate by Vogel and 
Schinz (1 1). 4-Methoxy-2-butanone (8) ,  prepared by addition 
of methanol to methyl vinyl ketone (12), was subjected to a 
Darzens reaction with ethyl chloroacetate and sodium ethoxide 
by the general procedure of Burness (13) to give the glycidic 
ester 9 as a mixture of E and Z isomers.' Treatment of 9 with 

OAc 
15 

acetic anhydride and sulfuric acid gave a mixture of'the acetates 
10, 11 ,  and 12  from which the monoacetates 10 and 11 could 
readily be separated by distillation. The ' H  nmr spectrum of the 
mixture of monoacetates showed that very little of the acetate 
15 was formed in the epoxide ring opening reaction; we attri- 
bute the regioselectivity of this reaction to the participation of  
the methoxyl group in the removal of a proton from the C- 
methyl group via a six-membered transition state (cf. 16). 
Although it was possible in the ethyl 3,3-din~ethylglycidate 
series ( I  I )  to convert the diacetate corresponding to 12  to the 
monoacetate corresponding to 10 by pyrolysis, this was not 
found to be possible in the case of the diacetate 12. The mixture 
of monoacetates 10 and 11 was ethanolized with ethanolic 
hydrogen chloride giving a mixture of the ~~nsaturated hydroxy 
ester 13 and the keto ester 14, from which the latter could be 
removed by Girard's reagent T to give the desired compound 
13. 

Although the secondary alcohol group of 13 would have at 
some stage to be oxidized to a ketonic group for the formation 
of 2 ,  we decided to convert 13 first to an an~ide .  as indicated 
in Scheme 1 .  This was because we anticipated that oxidation of 
13 to 17  might lead to complications in forming the a n ~ i d e  bond 
both because of Michael-type addition to the a ,@-~~nsa tura ted  
ketone system and the previously observed formation of pyr- 
rolidones in reactions of pyruvic esters with amines (15). The 
hydroxy ester 13 was hydrolyzed with aqueous sodium hydrox- 
ide at room temperature to the hydroxy acid 18, which was 
acetylated to give the acetoxy acid 19,  which was in turn 
converted to its acid chloride 20. 'This was added to two equiv- 
alents of N ,  N'-dibenzylglycinaniide (4),  prepared by treatment 

CICH2C02Et 
MeOCH2CH2COCH3 EtONa F MeOCH2CH2 C H 3 A C 0 2 E t  

CH2 CH3 
I 

CH3 
I1 I 

MeOCH2CH2CCHC02Et + MeOCH2CH2C=CC02Et + MeOCH2CH2C-CHC02Et 
I 

OAc 
I 

OAc 
I I 

AcO OAc 

'1n preliminary work we carried out model studies with ethyl 3,3-dimethylglycidate. This was initially prepared by the Darzens reaction of 
acetone with ethyl chloroacetate and potassium rerr-butoxide (14); however, we found that under these conditions a mixture of the ethyl and 
[err-butyl esters of the glycidic acid was formed. This problem was avoided by the use of sodium ethoxide. 
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YATES A N D  HOARE 

NaOH 
CH2 
I I 

CH2 
I I 

13 - MeOCH2CH2CCHC02H + MeOCH2CH2CCHC02H 
H z 0  I I 

X = C1 or OEt 
I 

OAc 
20 

EtOH 11 A I 
21 MeOCH2CH2CCHCONCH2CONHBz 

HC1 I 

OAc 

21 

SCHEME 4 

of benzylamine with chloroacetyl chloride or ethyl chloro- 
acetate (16), giving the desired diamide 21 and the hydro- 
chloride salt of 4 (Scheme 4). Rotational isomerism about one 
of the amide carbon-nitrogen bonds in 21 led to doubling of 
some of the signals in its 'H nrnr spectrum: the acetyl protons 
gave rise to two singlets at 6 2.17 and 2.23 ppm and the acetoxy 
methine proton to two singlets at 6 5.53 and 5.82 ppm."uch 
effects of rotational isomerism together with effects due to the 
diastereotopic nature of the benzylic proton served to compli- 

'~l though each arnide group may give rise to rotational isomers, it 
seems probable that the effects on the signals referred to originate from 
isomerism at the internal arnide group. 

cate the 'H nmr spectra of many of the compounds related to 21 
prepared in the present work. 

It was now necessary to remove the acetyl group so that 
oxidation of the secondary alcohol to a ketonic group could be 
effected. An initial attempt to remove the acetyl group by 
treatment of 21 with ethanolic hydrogen chloride gave the ester 
24. This unusually facile amide cleavage is considered to in- 
volve the initial formation of the desired alcohol 22, which by 
intramolecular displacement of benzylamine is converted to the 
lactone 23, which in turn is ethanolyzed to 24 (Scheme 5). This 
complication was avoided by hydrolysis of 21 under basic 
conditions; reaction with sodium hydroxide in ethanol gave the 
alcohol 22 (Scheme 6). This was then oxidized with activated 
manganese dioxide to the ketone 25 whose formation was 
readily detected by 'H nmr spectroscopy, in that its vinylic 
proton signals (6 6.12 and 6.30 ppm) were shifted appreciably 
downfield relative to those of 21 (6 5.17 ppm) and its precur- 
sors as a result of conjugation of the ethylenic double bond and 
the ketonic group. 

The stage was now set for the closure of 25 to the corre- 
sponding piperazine-2,s-dione. It has previously been ob- 
served that 0x0 diamides such as 26 close spontaneously to 
piperazine-2,5-dione of type 27 and that the more entropically 
disfavored closure of the dioxo diamide 28 to the piper- 
azinedione 29 could be effected by acid catalysis (17). Howev- 
er, attempts to bring about the closure of 25 at room or elevated 

temperatures or under a variety of acidic conditions were un- 
successful. Treatment of 25 in benzene with lithium, sodium, 
or potassium hydride gave homogeneous reaction mixtures 
which gave only polymeric material on work-up. Success was 
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CH2 Bz CHI BZ 
NaOH 1 1  I Mn02 1 1  

20 - MeOCH2CH~CCHCONCH2CONHBz - M~OCH~CH~CCOCOI?CH~CONHBZ 
EtOH I 

b/ 

AcO Bz 

finally achieved by the use of magnesium isopropylcyclo- 
hexylamide (MICA), a reagent introduced by Corey et a / .  ( 1  8) 
for the conversion of epoxides to allylic alcohols, whose use for 
the present purpose was suggested to us by its successful appli- 
cation in the conversion of the epoxide 31 to 30 in our work on 
the synthesis of the latter via cyclic intermediates (19). 

Since we had observed that the piperazine-2.5-dione 30 
reverted in part to the acyclic precursor 25 on chromatography 
on silica (19), we decided to acetylate the hydroxyl group in 
order to prevent ring opening. Treatment with acetyl chloride 
gave a product that is considered to be the chloride 33 since it 
showed neither hydroxyl nor acetoxyl bands in its ir spectrum; 
attempted crystallization of 33 from aqueous acetone gave a 
mixture of 25 and 30. Successful acetylation of 30 was accom- 
plished with acetic anhydride and pyridine, or better with acetic 
anhydride, 4-(dirnethy1arnino)pyridine (DMAP) and tri- 
ethylamine (20), to give 32 (Scheme 6). Although the ir spec- 
trum of 32 shows a normal acetoxyl band at 5.76 p,m, the 
acetoxyl protons give rise to an abnormally high field signal in 
the 'H nmr spectrum of 32 at 6 1.30 ppm. This is considered 

to be due to shielding resulting from "folding over" of a benzyl 
group; such an effect has been observed before in the spectra 
of some 3-benzylpiperazine-2,5-diones (21) and we have ob- 
served an analogous effect in the case of the alkoxyl protons of 
a series of N, N'-dibenzyl-4,5-dioxoimidazoline-2-carboxylic 
acid esters (34) (22). In order to confirm that the very unusual 
position of the acetoxyl signal of 32 was due to shielding by a 
benzyl group (and not to a structural misassignment!), we syn- 
thesized 35, the N,N-dimethyl analogue of 32, by a route 
entirely analogous to that used for the synthesis of 32. The 'H 
nmr spectrum of 35 showed a normal acetoxyl proton signal at 
6 2.15 ppm, confirming that the abnormal position of this 
signal in the spectrum of 32 is due to the presence of the benzyl 
groups. The 'H nmr spectra of 35 and its precursors were 
simpler than those of 32 and its precursors because of the 

Me3Si Me3Si 
I Bz I---, ( BZ 

TMSI HI 
30 - 

Me0 
I 
Bz Bz 

absence of diastereotopic benzylic methylene proton signals, 
and served further to corroborate the structural assignments. 

The eventual synthesis of the bicyclic system of bicy- 
clomycin ( I )  will require bond formation between the oxygen 
atom of the methoxyl group in 32 and C-6 of the piper- 
azinedione ring. Such bond formation would be expected to 
occur more readily if the oxygen atom were part of a hydroxyl 
rather than a methoxyl group. We therefore undertook the 
synthesis of the hydroxy analogue of 32. 

We initially attempted to prepare this from 32 by treatment 
with trimethylsilyl iodide (TMSI) (23). This gave none of the 
desired product. Since we suspected that the lability of the 
acetoxyl group of 32 was responsible (cf. the formation of 33 
from 30 and acetyl chloride), we investigated the reaction of 30 
with two equivalents of TMSI in an attempt both to silylate the 
hydroxyl group and cleave the methyl ether. Surprisingly, the 
product obtained was the (E)-alkylidenepiperazinedione 36 
(19). One possible mechanism for this reaction is depicted by 
path a in Scheme 7. A related reaction has been reported in 
which TMSI reduces a-hydroxy ketones to the corresponding 
ketones (24); a mechanism analogous to one proposed for this 
reaction (path b in Scheme 7) would lead to 37, which could be 
converted to 36 upon acidic work-up. 
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YATES A N D  HOARE 

CHI Bz 
II 

MeOCH2CH2CCHCONCH2CONHBz 
I 

OAc 

2 1 

OAc 

39 

In view of these difficulties we decided to remove the 0 -  
methyl group at an earlier stage in the synthetic sequence. 
Treatment of 21 with TMSl or with TMSl generated i ~ z  sit11 
from trimethylsilyl chloride and sodium iodide (25) gave the 
0-acetyl derivative of 5,6-dihydro-3-hydroxy-4-methyl-2H- 
pyran-2-one (26), which could arise by the route shown in 
Scheme 8. Hydriodic acid generated in sit11 from 17- 
toluenesulfonic acid and sodium iodide (27) failed to react 
with 21. Treatment of 21 with aluminum trichloride and eth- 
anethiol (28) gave sulfur-containing products in which the ace- 
toxyl group had been lost. We finally investigated the use of the 
procedures recently introduced by Hanessian and Guindon 
for the cleavage of methyl ethers with thiotriniethylsilanes, 
zinc iodide, and tetrabutylarnmoniu~ii iodide (29). Con~pound 

21 was resistant to phenylthiotrimethylsilane but was de- 
methylated, albeit in low yield, by the use of the more reactive 
1,2-ethanedithiobis(triniethylsi1ane) or n~ethylthiotrimethyl- 
silane to give the desired alcohol 39 (Scheme 8). Its formation 
was indicated by the appearance of a band at 2.95 p.m in the ir 
spectrum of 39 and the absence of a methoxyl proton signal in 
its 'H nmr spectrum. 

The alcohol 39 was converted to its tetrahydropyranyl deriv- 
ative 40 by reaction with 2-(tert-butoxy)tetrahydropyran and 
hydrochloric acid in methylene chloride (30)," which was con- 
verted to the piperazine-2,5-dione 44 via the intermediates 42 
and 43 by the same sequence of reactions that had been used in 
the conversion of the methyl ether 20 to the piperazine-2,5- 
dione 30. Attempted acetylation of 44 suffered from extensive 
ring opening. However, it was found that the magnesium alk- 

CH2 Bz AcOCH2 Bz 
I I I I 

THPOCH2CH2CCHCONCH2CONHBz THPOCH~CH~C=CHCO~CH~CONHBZ if?) 
T H P O  0 

O R  41 
40, R = Ac 

I 
Bz 

42, R = H CH2 Bz 44 

I I I 

oxide formed as an intermediate in the cyclization of 43 to 44 
with MICA could be acetylated directly with acetic anhydride 
to give the acetoxypiperazinedione 45. The tetrahydropyranyl 
group of 45 was removed with acetic acid in aqueous tetrahy- 
drofuran by the general procedure of Grieco et al.  (3 1) to give 
a 3:  1 mixture of the target compound 46 and the spiro 
compound 47 (Scheme 9),  which were separated by 
chromatography. The ir spectrum of 46 showed a hydroxyl- 
stretching band at 2.90 p.m and its 'H nmr spectrum showed the 
absence of the rnultiplet at 6 1.6 ppm characteristic of the 
tetrahydropyranyl group. The spiro compound 47 showed only 
amide bands at 5.97 p.nl in the carbonyl-stretching region of its 
ir spectrum; in its 'H nmr spectrum the vicinal methylene pro- 
tons no longer gave rise to simple triplet signals as they did in 
the spectrum of 46 but gave rise to complex multipIets as a 
resuIt of ring formation. 

The acid-catalyzed conversion of 46 to 47 finds precedent in 
the chemistry of bicyclomycin ( 1 )  itself, which has been found 
(4) to undergo acid-catalyzed rearrangement to the di- 
astereomeric spiro compounds 48 and 49 (Scheme 10). 

Experimental 
Melting points were determined on a Fisher-Johns apparatus and 

are uncorrected. Unlcss otherwise spccificd, the ir spectra were 
rccordcd for CHCI' solutions and the 'H and "C nmr spectra for 
CDCI' solutions. Mass spcctra were recorded at 70 eV and peak 
positions ( r u l e )  are followed by rclatlve abundanccs in parentheses. 
Chromatographic separations were carried out by liquid column chro- 
matography except where otherwise indicatcd. All R ,  valucs were 

"A minor product formed in this reaction is considered to be 41, 
formed by allylic rearrangcrnent. 
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H 2 0  CH3C02H 
T H F  45 \ 

determined on analytical thin-layer chromatographic silica gel plates. 
Preparative thin-layer chromatography was carried out on 20 X 20 X 

I-mm or 20 X 20 X 2-mm silica gel plates containing a fluorescent 
indicator. The bands were extracted with methanol and the residue 
obtained after filtration and evaporation was triturated with ehloro- 
form or d~chloromethane; filtration and evaporation yielded the prod- 
uct; iodine or uv visualization was employed. Apparatus for the ex- 
periments that were carried out under nitrogen was flame dried irnme- 
diately prior to use under a dry nitrogen flow. All organic extracts 
were dried over anhydrous MgSO, and evaporated by means of a 
rotary evaporator at water aspirator pressure. 

Ethyl 3.3-ditnet/1ylgIyci~I~1te 
When a Darzens reaction was performed on acetone and ethyl 

ehloroacetate with potassium tert-butoxide as base (14) a 1 : 1 mixture 
of ethyl and tert-butyl glycidates was obtained. 

The procedure of Burness (13) was therefore used. Sodium ethoxide 
was prepared from sodium (3.61 g, 0.157 mol) and ethanol; removal 
of the ethanol it] vncw gave a solid (22.30 g) which was found to 
contain -48% by weight sodiun~ ethoxide by titration with potassium 
hydrogen phthalate. This solid was added portionwise with mechani- 
cal stirring to acetone (9. I0 g,  0.157 mol). ethyl chloroacetate (28.85 
g,  0.235 mol). and ether (125 mL) cooled to - 10°C in an ice-salt bath 
under nitrogen. The temperature was kept below -5°C during addi- 
tion of base. The mixture was then stirred in the ice-salt bath for 2 
h; the ice-salt bath was removed and stirring was continued overnight 
at room temperature. A solution of acetic acid (2 mL) in water (48 mL) 
was added and the ethcr layer was separated. The aqueous layer was 
washed with ether (3  x 25 mL). The combined ether phases were 
dried, filtered. concentrated, and distilled at 88OC (20 Torr) to give 
14.9 g (66%) of ethyl 3.3-dimethylglycidate; ir A,,,,,,: 5.77 Fm; 'H nmr 
6: 4.17 (q, J = 7 Hz, 2H), 3.25 (s, IH), 1.38 (s. 3H). 1.35 (s,  3H), 
1.27 ( t ,  J = 7 Hz. 3H). 

Reactiorl of ethyl 3,3-rlimethylglyciclnre rvith ncetic. ncirl ar~hyrlride. 
Formatiot~ of' ethyl 2-nceto,ry-3-rr1~!/1yl-3-blcrenme, ethyl 2-ace- 
toxj~-3-rr1et/1yl-2-Dlcrenonre, atid etllyl 2,3-di~1ceto,vj~-3-117et/1yl- 
b~ttarloate 

The procedure of Vogel and Schinz ( I  I )  was followed. Ethyl 

3.3-dimethylglycidate (14.32 g,  99.5 mrnol) was stirrcd at room tem- 
perature in freshly distilled acetic anhydride ( 1  3.4 mL). Concentrated 
HISO, (0.5 mL) was added with stirring and thc mixture bec;lmc hot. 
The solution was coolcd on ice and after 10 min another 0.25 n1L of 
concentrated HISO, was added. The mixture was stirred for I h at 
room temperature and 30 min at 100°C. The cooled mixture was 
dissolved in ether (50 mL) and the solution was washed with water ( I 0  
mL) and aqueous 10% NaHC03 ( I 0  mL). The ether phase was dried. 
filtered, and concentrated. The residue was fractionally distilled. 
Ethyl 2-acetoxy-3-methyl-2-butenoatc and ethyl 2-acctoxy-3-mcthyl- 
3-buteno;~te distilled at 90-95OC (10 Torr) and the diacetatc. ethyl 
2.3-diacetoxy-3-mcthylb~1t:1noate, distilled at 98- 103'C ( I 0  Torr). 
The diacctate (ir A ,,,;,,: 5.76 Fm; I H  nmr 6: 5.40 (s), 4.33 (q ,  J = 7 
Hz). 1.82 (s). 1.98 (s),  1.58 (s),  1.53 ( s ) ,  1.27 ( t .  J = 7 Hz)) was 
converted into the monoacetate mixture by pyrolysis with n Bunsen 
burner flame. The combined monoacetate mixture was redistilled at 
95'C (10 Torr) to give -10 g (59%) of ethyl 2-acetoxy-3-methyl-2- 
butenoate and ethyl 2-aeetoxy-3-methyl-3-butcnoate: ir A,,,;,,: 5.75 
Fm; 'H ninr 6: 5.32 (s), 5.0-5.2 (in), 4.17 (q,  J = 7 Hz), 2.10 (s). 
1.78 (s), 1.25 (t, J = 7 Hz). 

Ethxl 2-11ydro.ry-3-tt~etI1~l-3-l~~~tet1onte 
A solution of thc mixture of ethyl 2-acctoxy-3-methyl-2-butenoate 

and ethyl 2-acetoxy-3-methyl-3-butcnoate (7.1 I g)  in 4% HCI in eth- 
anol (14 mL) was boiled under reflux for 1.5 h. After cooling, solid 
NaHC03 was added to neutralize the solution which was then filtered, 
concentrated, and distilled at 7 1-74°C (12 Torr) to give a quantitative 
yield of the ethanolyzed material. This mixture (4.56 g). methanol (20 
mL), acetic acid (2.1 mL), and Girard reagent T (2.0 g) were boiled 
under rcflux for0.5 h. The cooled solution was dissolved in methylcnd 
chloride (50 mL) and the solution was washed with water ( I 0  mL). 
The aqueous phase was washed several times with inethylene chlo- 
ride. The combined methylene chloride phases were dried, filtered, 
and concentrated. The residue was distilled at 68-69OC (10 Torr) to 
give ethyl 2-hydroxy-3-methyl-3-butenoate (3.53 g. 70%); ir A,,,;,,: 
2.98, 5.78 Fm: 'H nmr 6: 4.8-5.1 (m, 2H), 4.48 (s.  IH). 4.18 (q,  
J = 7 Hz, 3H). 3.28 (s,  IH), 1.73 (m. 3H)O. 1.27 (1, J = 7 Hz, 3H). 

Ethyl 3-(2-tt1etho.vyet/~yI)-3-1rzetI1yIgIyci~lc1te (9 )  
4-Methoxy-2-butanone (8) was prepared in 60% yield by addition 

of rnethanol to methyl vinyl ketone (12). 
Ketone 8 (50.7 g ,  0.497 mol) was subjectcd to a Darzens reaction 

with ethyl chloroaectate (97.3 g, 0.794 mol) and sodium ethoxide 
(48% by weight NaOEt: 70.7 g. 0.499 mol) in ether (425 mL) in 
analogous fashion to the preparation of ethyl 3.3-dimethylglycidate. 
Ethyl 3-(2-mcthoxyethy1)-3-methylglycidate (9) was obtained as a 
mixture of cis and trcltls isomcrs, bp 93-98°C (0.35 Ton) ,  in 78% 
yield: ir A ,,,;,,: 5.62, 8.95 Fm; 'H nmr 6: 4.20 (q, J = 7 Hz, 2H), 3.72 
and 3.33 (2  s ,  1 H), 3.45 ( t .  J = 6 Hz, 2H). 3.28 and 3.25 (2 s ,  3H),  
1.90 and 1.87 (2 t ,  J = 6 Hz. 2H). 1.42 and 1.37 (2  s, 3H). 1.28 (t, 

J = 7 Hz, 3H); t n l e :  188 (0.2),  173 (2). 157 (5), 1 15 (45), 45 (100). 
Atlr~l. calcd. for CyHl(,O,: C 57.43, H 8.57; found: C 57.01. H 8.47. 

Ethj'l 2-hydro.\-!-3 -(2-tt1et/1o.vyet/z$)-3-I)~~tc~t1o(rte (13) 
Ethyl 3-(2-methoxyethy1)-3-methylglycidate (9) (43.54 g,  0.231 

mol) was treated with acetic anhydride (34 7nL) by an analogous 
procedure to that used for the opening of the epoxide ring of ethyl 
3,3-dimethylglycidate except that only 15 drops of concentrated 
H2S0, were used and the mixture was heated on a steam bath for -8 
h. The work-up was the same as before. 

Ethyl cis- and trnr~.s-2-acetoxy-5-rnethoxy-3-methyl-2-pentenoate 
(11) and ethyl 2-acetoxy-3-(2-methoxyethy1)-3-butenoate (10) were 
fractionally distilled at 66-68°C (0.01 Torr) in 45% yield from ethyl 
2,3-diacetoxy-5-methoxy-3-incthylpentanot (12), which could not 
be distilled without decomposition. Pyrolysis of thc diacetate 12 re- 
sulted in decomposition with loss of methanol. 

A solution of monoacetate mixture 10 and 11 (32.60 g ,  0.142 mot) 
in 4% HCI in ethanol was boiled under retlux for 1.5 h and worked 
up in analogous fashion to the work-up of ethyl 2-hydroxy-3-methyl- 
3-butenoate. A quantitative yield of crude ethanolyzed mixture was 
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YATES AND HOARE 525 

obtained. A solution of this mixture (30.75 g, 0.163 mol) and Girard's 
reagent T (20.0 g, 0.119 mol) in rnethanol ( 1  15 mL) and acetic acid 
(13 mL) was boiled under reflux for 0.5 11 and worked up as before. 
The residue was distilled at 55-65°C (0.005 Torr) to give 13 in 65% 
yield; ir A ,,,,,,: 2.90, 5.76 pm; 'H nmr 6: 5.13 (s,  1 H) ,  4.98 (m, I H) ,  
4.62 (br s,  IH), 4.25 (q,  J = 7 Hz, 2H), 3.82 (br s,  IH). 3.46 (t, J 
= 6 Hz, 2H), 3.37 (s. 3H), 2.33 (t, J = 6 Hz. 2H). 1.28 (t, J = 7 
Hz, 3H); m/e: 189 (21, 188 (0.3), 171 (3),  156 ( 1  I ) ,  115 (27), 83 
( 100). Accurate Mcrss calcd. for C9HI(,0,: 188.1049; found: 
188.1057. 

. . 2-Aceto,~y-3-(2-rrletho.~yeth~~l)-3-b~~te11oyl chlor.ide (20) 
. , . . .  . . . 

Ethyl 2-hydroxy-3-(2-methoxyethy1)-3-butenoate (13) (35.45 g, 
0.188 mol) in aqueous 25% NaOH (125 rnL) was stirred for 4 days at 
room temperature. The basic solution assumed a dark red-brown color 
during this time. It was then cooled in an ice bath and acidificd with 
concentratcd hydrochloric acid. The light yellow aqueous solution was 
saturated with sodium chloride and the resulting solution was extmc- 
ted several times with methylene chloride. The comblncd methylene 
chloride phases were dried, f~ltered, and concentratcd glving a quan- 
tltatlve yicld of crudc 2-hydroxy-3-(2-n1cthoxycthyl)-3-buteno1c acid 
(18) as a viscous yellow syrup; ir A,,,.,,: 3-4. 5.64, 5.81 pm; I H  nmr 
6: 7.67 (bs, 2H), 5.23 (s, I H) ,  5.07 (br s, I H), 4.60 (s. I H) ,  3.52 (t, 
J = 7 Hz, 2H). 3.32 (s, 3H), 2.35 (t, J = 6 Hz, 2H). 

Compound 18 ( 10.0 g ,  62 mmol) was dissolved in mcthylenc chlo- 
ride (50 mL) and acctyl chloride (7.35 mL, 104 rnmol) was added. 
The mixture was stirred at room temperature for 12 h and conccn- 
trated. The rcsidue was dissolved in saturated aqueous NaHCO, with 
stirring. This solution was acidified with 3 N hydrochloric acid and 
extracted several times with methylenc chloride. The combined meth- 
ylenc chloridc phases were dried, filtered, and concentrated giving 
10.1 g (80%) of 2-acetoxy-3-(2-mcthoxycthy1)-3-butenoic acid (19) as 
a viscous syrup; ir A ,,,,,: 5.79 pm; I H  nmr 6: 10.32 (s, IH), 5.40 (s, 
IH),  5.31 (s, IH), 5.15 (br s, IH), 3.57 ( t ,  J = 6 Hz, 2H), 3.32 (s, 
3H), 2.43 (t, J = 6 Hz, 2H), 2.13 (s, 3H). 

A solution of 19 (456 mg, 2.40 ~nmol) and oxalyl chloride (1.42 
mL, 16.5 mmol) in methylenc chloride (5 mL) was stirred at room 
temperature for 12 h. The reaction mixture was concentrated under 
high vacuum and the residuc was distilled at 54°C (0.015 TOIT) giving 
2-acetoxy-3-(2-methoxycthy1)-3-butcnoyl chloridc (20) (3 18 rng, 
60%) as a clear, colorless liquid; ir A,,,;,,: 5.60, 5.74 pm; 'H nrnr 6: 
5.55(s,  IH) ,5 .38(s ,  IH) ,5 .30(m,  I H ) , 3 . 5 7 ( t , J = 6 H z , 2 H ) , 3 . 3 5  
(s, 3H), 2.45 (t, J = 6 Hz, 2H), 2.20 (s,  3H). 

2-Aceto,ry-N-ber~z~~l-N-(2-be1rzyIa11~i11o-2-o.roefI1yI)-3-(2-1nefI1o,ry- 
ethyl)-3-b~cterlarnide (21) 

Acid chloride 20 (2.38 g, 10.8 mmol) in methylene chloride (50 
mL) was stirred at room temperature whilc N, N'-dibenzylglycinamide 
(4) (1 6) (5.47 g, 2 1.5 mmol) in methylene chloride ( I 0  mL) was added 
dropwisc. After addition was complete, the mixture was stirred for 20 
min. The N, N'-dibenzylglycinamide hydrochloride that had formed 
was filtered. The filtrate was washed with aqueous 10% NaHCO, (10 
mL), aqueous 6 N hydrochloric acid ( I 0  mL), and water (20 mL). The 
methylene chloride solution was dried, filtered, and concentratcd to 
give a quantitative yield of 2-acetoxy-N-benzyl-N-(2-benzylamino-2- 
oxoethy1)-3-(2-methoxycthy1)-3-butenamid (21) as a pale yellow 
gum which resisted crystallization; ir A,,,,,: 2.99, 5.69, 5.95 pm; 'H 
nmr 6: 7.17 (m, I IH), 5.82 (s, 0.5H). 5.53 (s, 0.5H), 5.0-5.3 (m, 
2H), 3.7-4.8 (m, 6H), 3.42 (t ,  J = 6 Hz, 2H), 3.15 (s, 3H), 2.37 (t, 
J = 6 Hz, 2H), 2.33 (s,  1.5H). 2.17 (s, 1.5H); "C nmr 6: 171.4 (s), 
171.0 (s), 168.9 (s), 168.0 (s), 167.4 (s), 139.6 (s), 139.5 (s), 138.2 
(s). 1 3 6 . 0 ( ~ ) ,  135.3 (s), 127.2-128.9(d), 119.2(t) ,  119.1 (s), 74.6 
(d), 71.3 (t), 71.2 (t), 58.5 (q), 52.1 (t), 50.3 (t), 49.4 (t), 43.4 (t), 
43.3 (t), 32.9 (t), 20.6 (q); m/e: 438 (2), 379 (12), 91 (100). Accurate 
Mass calcd. for CZSH,oNz05: 438.2155; found: 438.22 15. 

residuc was dissolved in methylene chloride (20 mL). The solution 
was washed with water (5 mL). dried, filtered, and concentrated. 
giving a quantitative yield of 22 as a clear yellow gum; ir A,,,;,,: 3 ,  5.95, 
6.04 km; 'H nmr 6: 7.13 (m, 1 IH), 4.8-5.2 ( m ,  2H). 3.6-4.8 ( m ,  
8H), 3.40 (t, J = 6 Hz, 2H). 3.17 (s, 3H), 2.30 ( t ,  J = 6 Hz, 2H); 
rn/e: 396 ( I ) ,  379 (2), 288 (4), 257 (6). 106 (31). 91 (100). Acc~rrczre 
Mass calcd. for C23H27Nz03 (M - OH): 379.2022: found: 379.2048. 

N-Ber1zyl-N-(2-berr:yIcr11~i11o-2-o.roetk~~l)-3-(2-r~retka.r~~ethgl)-2-osa-3- 
Duterrcrrrlide (25) 

Compound 22 (4.37 g,  I l .O mrnol) and activated manganese diox- 
ide (32) (25 g) in mcthylene chloride or chloroform (170 rnL) was 
stirred at room temperature for 14 h. The mixture was filtered through 
Celitc and the solid was washed with hot chloroform (3  x 50 mL). The 
combined filtrates were concentrated leaving a quantitative yield of 25 
as a pale yellow gum; ir A ,,,;,,: 2.98, 5.96, 6.09 pm: ' H  nrnr 6: 7.17 
(m. 1 IH), 6.30 (s, IH),  6.12 (s, IH), 3.6-4.7 (m. 6H), 3.42 (t, J = 
6 Hz, 2H), 3.17 (s, 3H), 2.53 (t. J = 6 Hz, 2H); "C nmr 6: 193.6 (s), 
193.4 (s), 168.2 (s),  167.4 (s), 167.1 (s), 142.6 (s), 142.2 (s),  138.0 
(t), 137.8 (t), 135.4 (s), 134.6 (s), 134.2 (s), 128.9-126.7 (d),  70.7 
(t), 58.4 (q) ,  52.5 (t), 46.5 (t), 43.4 ( t ) ,  29.5 (t); rn/e: 394 (6), 349 
( I ) ,  303 (31, 281 (8), 253 (21). 246 (6). 91 (100). Accur-ate Mass 
calcd. for C2,Hz6Nz0,: 394.1893; found: 394.1909. 

C>~clizatior~ 25. Formotiori of 1,4-tliber1zyl-3-hyeIrox>~-3-[1-(2- 
rr~ethox~~ethyl)etI1e11yI]piperc1zi11e-2,S-dior~e (30) 

A solution of magnesium isopropylcyclohcxylamidc (MICA) (18) 
in dry tetrahydrofuran (15 mL) was prepared from magnesium turn- 
ings (35 mg, 1.4 mrnol), methyl bromide, and isopropylcyclo- 
hexylamine (0.5 mL, 3 mmol). Compound 25 (353 mg, 0.894 mmol) 
in dry tetrahydrofuran (4 mL) was syringed slowly dropwise into the 
stirred MICA solution at room temperature over a period of 2.5-3 h. 
The mixture was stirred for 18 h at room temperature and then cooled 
in an ice bath. Aqueous 2 M KH2P0, (5 rnL) was added to the cooled 
mixture. Thc acidified mixture was washcd with lnethylene chloride 
(3 X 15 mL). The combined methylenc chloridc extracts were washcd 
with water (10 mL), dried, filtered, and concentrated giving crude 
piperazine-2.5-dionc 30 as a pale yellow gum (350 mg); ir A,,,;,,: 2.98, 
6.02 pm; I H  nmr 6: 7.23 (m, IOH), 5.07 (rn, 3H). 4.0-5.0 (m,  6H), 
3.43 (t ,  J = 6 Hz, 2H), 3.30 (s, 3H), 2.33 (rn, 2H). 

Attempted crystallization of this product from combinations of 
chloroform, ether, ethyl acetate, and hexancs or cyclohexane was 
unsuccessful. Attempted crystallization from acetone-water resulted 
in its reversion to 25.' 

3-Acerox~~-l,4-cliber~zyl-3-[l-(2-rrierho.~yerIr~~l)erI~e1~yl]piperczzi1e-2,5- 
dione (32) 

Compound 30 (678 mg, 1.72 mmol) was treated with 4-dirnethyl- 
aminopyridine (9 mg), acetic anhydride (2 mL), and triethylaminc (2 
mL) for 4 h at room temperature. Thc mixture was concentrated in 
vacuo and the rcsidue was dissolved in methylene chloride ( I 5  mL). 
The solution was washcd with 3 M hydrochloric acid (5 mL) and water 
(5 mL), dried, filtercd, and concentrated. The residuc was chomato- 
graphed on silica with 20% ethyl acetate - chloroform as eluent. The 
product ( R  = 0.6) was eluted and the fraction concentrated to give the 
acetylated product 32 (359 mg, 48%) as a pale yellow gum which 
resisted crystallization; ir A,,,,,: 5.76,5.98 pm; 'H  nmr 6: 7.20 (s, 5H), 
7.15 (s, 5H), 5.60 (s, IH), 5.40 (s, IH), 3.7-5.3 (m, 6H), 3.50 (t, 
J = 6 Hz, 2H), 3.30 (s, 3H), 2.28 (t, J = 6 Hz, 2H), 1.30 (s, 3H); 
m/e: 436 (6), 393 (3), 378 (30), 1 13 (29), 91 (100). Accurate Mass 
calcd. for CzsHzxNZOS: 436.1998; found: 436.1995. 

The following reaction sequence was carried out in analogous fash- 

N-Be~~zyl-N-(2-benz)~lar~~ir~o-2-osoetl~yl)-2-l~ydrosy-3-(2-mefhoxy- 'Although ncither 30 nor its precursors could be obtalned in crys- 
ethyl)-3-Duferlanlide (22) talline form, its spectra corresponded with those of 30 obtained by 

A solution of compound 21 (1.796 g, 4.10 mmol) and NaOH treatment of 31 with MICA; 31 and several of its precursors have been 
(170 mg, 4.25 mmol) in ethanol (20 mL) was stirred for 8 h at room obtained in crystalline form and characterized by combustion elemen- 
temperature. The ethanol solution was concentrated and the tal analysis (19). 
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ion to tlic preparation of compound 32 ant1 its precursors. 
Acid chloridc 19 (1.14 g,  5.17 mmol) in ~nethylcnc chloridc (50 

mL) was treated with N, N'-dirncthylglycinamidc (33) (1.08 g ,  10.6 
riiniol) in ~nethylcnc chloriclc (5 mL) to givc 2-acctoxy-3-(2-r11cthoxy- 
cthyl)-N-mcthyl-N-(2-mcthylamino-3oetliyl)-3-b~1tcnan~idc as a 
yellow gum ( I  .32 g,  89%): ir A ,,,;,,: 2.95. 5.71. 5.93 km;  ' H  nrnr 6: 
7.03 (br s ,  0.3H). 6.57 ( b r s ,  0.7H). 5.63 (s,  0.7H). 5.47 (s, 0.3H). 
5 . 2 7 ( n i , 2 H ) . 4 . 1 2 ( ~ ,  IH) .3 .92 ( s ,  l H ) . 3 . 5 3 ( t , J = 6 H z , 2 H ) , 3 . 3 3  
(s, 3H), 3.1 I (s ,  2H). 2.98 (s, l H),  2.80 (s,  2H), 2.73 (s ,  I H) ,  2.43 
( t .  J = 6 Hz, 2H). 2.17 (s,  3H). 

A solution of this product (1.03 g. 3.60 mrnol) nntl sodium hydrox- 
ide (174 mg, 4.35 mmol) in ethanol (20 mL) was stirrcd for 10 h at 
room tcmpcrnture to givc 2-11ydroxy-3-(2-1ncthoxycthyl)-N-rnethyl- 
N-(2-mcthylamino-2-oxocthyl)-3-butcnamide ;IS a water-soluble ycl- 
low gum; ir A ,,,;,,: 3.02, 6.05 knl; ' H  nmr 6: 6.28 (br s .  l H). 5.12 (m ,  
2H), 4.73 (bs, IH),  3.8-4.5 (m, 3H). 3.48 ( t ,  J = 6 Hz, 2H), 3.28 
(s, 3H), 3.00 (s,  3H),  2.74 (d,  J = 4 Hz, 3H). 2.30 ( t .  J = 6 Hz, 2H). 

This alcohol (57 1 mg, 2.34 niniol) and activated manganese dioxide 
(4.5 g) in mcthylcnc chloridc (30 mL) wcrc stirred at rooni tcni- 
peraturc for I I h to give 3-(2-mcthoxycthyl)-N-methyl-N-(2-methyl- 
amino-2-oxocthyl)-2-oxo-3-butcna1~~idc as a palc yellow gum 
(435 mg, 77%): ir A ,,,,,: 3.01, 5.98, 6.02 km;  ' H  nmr 6: 6.90 (br s, 
IH),  6.30 (m,  2H), 4.05 (m, 2H). 3.50 ( t ,  J = 6 Hz, 2H), 3.30 (s. 
3 H ) , 3 . 0 0 a n d 2 . 9 3 ( 2 ~ .  3 H ) , 2 . 7 7 ( d ,  J = 4 H z .  3 H ) . 2 . 6 2 ( t ,  J = 
Hz, 2H). 

A solution of this product (435 mg, 1.80 nimol) in tetrahydrofuran 
(2  mL) was syringed into a solution of MICA prepared from mag- 
nesium turnings (63 mg, 2.6 mmol). ~ncthyl bromide, and iso- 
propylcycloliexylarninc (0.5 mL), in dry tetrahydrofuran (12 mL). 
The mixturc was stirred overnight at room temperature and treatccl 
with 3 M hydrochloric acid (5 mL) to give 3-hydroxy-3-[I-(2-nicth- 
oxyethyl)ethenyl]- l,4-dirnethylpiperazine-2.5-dionc as a pale yellow 
gum (403 mg. 93%). which was ether insoluble and resisted crys- 
tallization; ir A ,,,,,,: 6.04 pnl; 'H nnir 6: 5.23 (br s. l H), 5 .  I7 (m,  2H). 
3.97 (m, 2H), 3.47 ( t .  J = 6 Hz, 2H), 3.30 (s ,  3H), 2.98 (s,  3H),  2.90 
( s ,  3H),  2.27 ( t ,  J = 6 Hz, 2H). 

The hydroxy pipcrazincdionc (40.3 mg. 1.66 mmol) was aectylated 
in a solution of acetic anhydride (2 mL), tricthylaminc (2  mL), and a 
few erystals of 4-dimethylaminopyridinc. The mixturc was stirred for 
18 h at rooni temperature to givc a gummy residue which was chro- 
matographed on silica with 10%: methanol - ethyl acctatc as eluent. 
The product ( R ,  =: 0.5). 3-acctoxy-3-[l-(2-mcthoxycthyl)ctl1cnyl]- 
1,4-dimethylpipcrazinc-2,5-dionc (35). was a palc yellow gum (31 1 
mg. 66%), which resisted crystallization in a variety of solvcnts; ir 
A ,,,.,,: 5.79. 6.01 km; 'H  nnir6: 5.57 (s,  IH),  5.27 (ni, IH) ,4 .03  (s, 
2H), 3.48 ( t ,  J = 6 Hz, 2H), 3.32 (s,  3H),  2.92 (s. 3H), 2.75 (s. 3H), 
2.27 ( t ,  J = 6 Hz, 2H), 2.15 (s, 3H); rtrle: 284 (12). 225 ( loo) ,  192 
( 19), 180 ( 14). Acc~rrtrte Mt1.r.~ calcd. for C1,H20N205: 284.1372; 
found: 284.1346. 

Renctiorl of 30 wit11 trittret/~yl.si/yl iotlitle. Fo1.111trtio11 ej' (El-1.4- 
tli/~c~t1:yI-3-(4-111et~10.~~~-2-I~~rt~IitIe11ej~1i~~e1'~rzit1e-.j-tliot1e (36) 

Piperazine-2.5-dione 30 (91 mg, 0.21 mmol) was dissolved in 
CHCl, in an nrnr tube and trimethylsilyl iodide (TMSI) (66 pL, 0.46 
mmol) was added. Thc solution turncd dark red-brown on addition of 
the TMSI. The reaction was followed by 'H nmr spectroscopy for 19 
h at room temperature. The contents of tlic nnir tube wcrc dissolved 
in niethylene chloride (15 rnL) and the solution was washed with 
saturated aqucous Na2SOz (5 mL), 3 N hydrochloric acid (5 mL). 
aqueous 10% NaHCOz, and water (5 niL). The methylenc chloride 
solution was dried, filtered. and conccntratcd. The rcsiduc was chro- 
matographed on a I-mm preparative silica gel plate with 20% cthyl 
acetate - chloroform as eluent. The band (R,  = 0.3) was eluted with 
methanol-chloroform, and the fraction conccntratcd, giving a gum 
(64 mg) whose 'H nmr spectrum was identical with that of 
( E ) -  1,4-dibcnzyl-3-(4-mcthoxybut-2-ylidcne)pipcrazine-2,5-dione 
(36) (19). 

Rencriotl of 20 wirh tritt~etl~ylsilyl iotlide. Fonntrriott qf 3-nceroxy- 
5.6-rlil1~~rlro-4-rnerIr~~l-2H-pyrnt1-2-otle (38) 

( i )  Compound20 (100 mg, 0.229 rnol), TMSl(65 kL ,  0.48 mmol), 

and NaHC03 (100 mg, 1.19 mmol) in mctliylcnc chloridc (2  rill-) wcrc 
stirrcd for 18 h at room temperature. The mixture was washed with 
saturated aqueous Na2SOI ( I  mL). 3 N hydrochloric acid ( I  mL). 
aqucous 10% NaHC07 ( I  mL), and water ( I  mL), dricd, filtcrcd. and 
conccntratcd. The rcsiduc was chromatographcd on ;I I-mm prepara- 
tive silica gel plate with 20% ethyl acctatc - chloroli~rm as clucnt. Thc 
strongly fluorescent band ( R ,  = 0.46) was eluted with methanol- 
chloroform giving 38 (26) (30 mg, 77%) as a ycllow oil; ir A,,,:,,: 5.65. 
7.78 krn; 'H nmr 6: 5.20 ( t .  J = 6 Hz, 2H). 2.53 ( t ,  J = 6 Hz, 2H), 
2.25 (s. 3H). 1.88 (s. 3H).  

Conlpound 20 gavc thc same product on treatment with one cquiv- 
alcnt of TMSI. 

( i i )  Reaction of 20 ( I  14 mg. 0.260 mmol) with sodium iodide (83 
mg, 0.55 mmol) and trimcthylsilyl chloritic (66 kL. 0.52 mmol) in 
acetonitrile (2  mL) for 10 h at room temperature gavc a mixturc of 3 8  
and unconsumcd 20 aftcr work-up as in ( i ) .  

( i i i)  Reaction of 20 (152 mg. 0.347 mniol) with zinc iodidc (761 
mg, 2.39 mrnol) and TMSI (0.35 mL, 2.46 rnmol) in nicthylcnc 
chloridc (2 mL) for 5 min at room temperature gave a mixturc of 3 8  
and unconsumed 20 aftcr work-up as in ( i ) .  

2-Aceto.vy-N-l~e1~zyI-~?-(2-I1j~~lr~1.~~~etI~y/)-N-(2 -Oer1zyltrttiitlo-2 -oao- 
e t l r~~l ) -3- /~~r tc~1~~rt t1 ide  (39) 

The general procedure of Hanessian and Guindon (29) for the cleav- 
age of methyl ethers with tliiotrimcthylsilancs in the presence of tet- 
rnbutylammonium iodidc and zinc iodide was employed. 

( i )  A solution of 21 (185 mg, 0.422 mmol). zinc iodidc (purified by 
washing with carbon tctrachloridc; 0.65 g. 2 .0  mmol). tetra-11- 
butylammonium iodidc (0.47 g, 1.3 rnmol). ancl phcnylthiotri- 
methylsilanc (34) (0.72 g,  4.0 mmol) in 1,2-dichloroctliane (8 niL) 
was heated with stirring at 73-75°C for 20 h. Work-up with aqucous 
10% NaHCO, returned only 21. 

( i i )  A solution of 21 (125 mg, 0.285 mmol), zinc iodidc (273 nig, 
0.855 mmol), tetra-11-butyla~nmoniun~ iodidc (167 mg. 0.428 mmol), 
and 1,2-ethancdithiobis( trin~ethylsilane) (34) (407 nig, 1.7 1 mmol) in 
1.2-dicblorocthanc (5 niL) was heated with stirring at 80°C for 13 11. 
The mixture was cooled, washcd with aqucous 10% NaHC03, dricd, 
filtered, ant1 conccntratcd. The rcsiduc was loaded on a silica gel plug 
with chloroform. After removal of sulfur-containing compounds by 
elution with chloroform. the product was eluted with cthyl acetate. 
Concentration of the ethyl acetate solution gavc a 3 5 8  yield of 39. 

(iii) A similar reaction of 21 with a 2 :5 :  1.5: 1 molar ratio of 
1,2-cthancdithiobis(triiliethylsilanc). zinc iodidc. tetrabutylamnion- 
iurn iodidc. and 21 for 3 h at 75°C gavc dihydropyronc 38 and uncon- 
sumed 21 aftcr work-up with aqueous 10% NaHCO,. 

A solution of 21 (8.27 g. 18.9 mmol). zinc iodidc (15.84 g ,  
49.65 mmol). methylthiotrin~cthylsilanc (12.44 g, 103 mmol), and 
tetra-11-butylarn~nonium iodidc (1.22 g,  3.30 mmol) in 1,2-dichloro- 
ethane (155 mL) was heated at 80°C for 1.5 h. During this time the 
solution bccamc ycllow. The solution was cooled, washecl with 3 N 
hydrochloric acid (50 mL), dricd. filtered. and conccntratcd. The 
residue was dissolvcd in chloroform and ether was addcd slowly to 
precipitate tetra-tl-butylan~rnoniun~ iodidc as whitc crystals. Thc solu- 
tion was filtcrcd 2nd conccntratcd and the residue was chro- 
matographed on silica with ethyl acetate as clucnt. Thc first materials 
clutcd were sulfur-containing compounds: 39 was then eluted ( R r  = 
0.4) and obtained as a viscous yellow gum which assumed a dark 
grcen color after being pumped on under high vacuum overnight (3 .02 
g, 38%); ir A ,,,;,,: 2.93, 5.74. 5.96 km: 'H  nmr 6: 7.22 (m. I 1 H), 5.72 
a n d 5 . 4 8 ( 2 s ,  IH) ,2 .8-4 .8(m,  I I H ) . 2 . 8 3 ( t , J =  6 H z , 2 H ) , 2 . 0 7 ,  
1.95 (s. 3H). Its spectra indicated that this was a cleaner product than 
that obtained by proccdurc (i i) .  

2 - A c e r o . v ~ ~ - N - / ~ e ~ ~ z ~ ~ / - N - ( - 7 - / ~ e ~ ~ z ~ ~ / ~ r t ~ 1 i t ~ o - 2 - o . v o e f / 1 ~ ~ 1 ) - 3 - / ~ ~ / 1 ' o -  
p~~rtrt1-2-ylo.-\~)ethyl]-3-i~~~re11trtt1itlr (40) ntld 3-trcetosy~tletllyl-N- 
l~e~1zyl-N-(2-l~et1z~~ln~trit~o-2-o,~oer/~yl)-~-(rer~cr~~ytlro~~yrt111-2- 
ylo.~)-2-pet1rer1trtnitle (41) 

A mixture of crude 39 (3.02 g,  7.1 I mrnol) and tetrahydropyran-2- 
yl rerr-butyl cthcr (15 mL) in mcthylcnc chloride (5 mL) and three 
drops of concentrated hydrochloric acid was stirrcd for I8 h at room 
temperature. Solid NaHCO, and MgSO, were added and the mixture 
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was filtered after stirring for a few rnin. The filtrate was concentrated 
undcr high vacuum and thc rcsitluc was chro~natographed o n  silica 
with I : I cthyl acctatc - cyclohcxanc as clucnt. A fraction ( R ,  = 0.4)  
was eluted after elution of rcsitlual tctl~hydropyran-2-yI tc.rt-butyl 
ethcr which was found to contain two components whose R,  values 
were very similar in a variety of solvcnt syhtcms. I t  was rc- 
chromatographed twicc on silica with an increasing proportion of cthyl 
acctatc (20%. 40'70, 60%) in the ethyl acctatc - cyclohcxane eluent. 
The minor component (21 1 mg, 6%') with a slightly higher Ii, was 
obtained as an orangc gun1 and is considered to be 41: ir A,,,;,,: 5.75, 
6 . 0 3 ~ 1 n ; ' ~ n m r 6 : 7 . 3 0 ( 1 n ,  I IH) ,6 .15 ,5 .38(m,  IH),3 .2-5.4(m,  
1 3 H ) , 2 . 5 0 ( t , J = 6 H z , 2 H ) . 2 . 0 3 ,  1.95(s.3H). 1.13-1.80(1n,6H); 
rr~l': 449, 423, 394. 364. 255 (29). 253 (19). 91 (100). 

Conlpound 40 was clutcd last as a ycllow gum (2.80 g, 77%1). ir 
A ,,,,,,: 2.98.5.71, 5.92 Fm; 'Hnmr6 :7 .28  (m,  I IH),  5 .80(s ,  0.7H). 
5.18 (s, 0.3H). 5.0-5.4 (m. 2H), 3.1-4.8 (m. I IH),  2.42 (t. J = 6 
Hz, 2H). 2.10 (s, IH), 2.03 (s, 2H). 1.0- 1.8 (m,  6H): r r ~ l c . :  423 (6). 
364 (10). 120 (20). 106 (31), 91 (100). Ac.c.rrrotc Mrrss calcd. for 
C2,H:7N:Oi (M - CjHUO): 423.1920: found: 423.1927. 

N-Brt1~yl-N-(2-l~erizylntt1itro-2-c~,voe~l1~-l1ydros~-3-[2-(tc~tt~ci/1~~~l1~c~- 
/1yr(ir1-2-ylo.~)et/1yl/-3-I1~1tet1(1t1riclc~ (42) 

Co~npound 40 (2.53 g, 4.99 rnmol) anti sodium hydroxitlc (203 mg, 
5.10 mmol) in absolute ethanol (50 mL) were stirrcd for 8 h at room 
tempcraturc. An analogous work-up to that used in thc preparation of 
24 gavc a quantitative yicld of 42 as a viscous ycllow gum; ir A,,,.,,: 
2.91, 5.98, 6.05 Fnl: 'H nmr 6: 7.17 (111, I IH), 3.1-5.2 (m. 15H). 
2.37 (m, 2H), 1.13-1.80 (m, 6H). 

N-Beti~l-N-(2-Det11y/~1tt1it1o-2-o.voet/1yl)-2-o,vo-3-[2 - ( t r t rnl~~~dro-  
(43) 

Compound 42 (2.33 g. 4.99 mmol) was oxidized with activated 
manganese dioxide ( 15 g) in chloroform ( 150 mL) for 18 h at room 
tempcraturc and worked up as in the case of 25 to give a quantitativc 
yicld of 43 as a pale yellow gum: ir A,,,:,,: 2.97, 5.96. 6.08 Fni: 'H nmr 
6: 7.27 (m, IOH), 6.73 (br s,  IH), 6.42 (rn, 2H). 3.1-4.8 (m, 1 IH), 
2.60 ( t ,  J = 6 Hz. 2H), I .  I -  1.8 (m. 6H); t t ~ l e :  380 (2).  363 (18), 272 
(13), 18 1 (23), 9 1 (100). Acc.lrrntc Mass calcd. for C22H2,N20, (M - 
C5H80): 380.1736; found: 380.17 14. 

3-Aceto.ry-1 .4-clil1et1:yl-3-[/-(2-(tc~trc1l1yclrol~yrcitt-2-ylo.~~~)ethyl)- 
~t/zcriyl//1i/1er~z~it1c~-2.5-diotie (45) 

A solution of MlCA was prcparcd from magnesium (86 mg. 3.6 
mmol), methyl bromide. and isopropylcyclohcxylaminc (0.6 mL) in 
dry tctrahydrofuran (60 mL) as in the previous cases. Compound 43 
(1.274 g, 2.741 mmol) in dry tetrahydrofuran (10 mL) was syringcd 
dropwisc into the MlCA solution at room tcmpcraturc undcr nitrogen 
over a period of 3 h. The mixture was stirrcd for 15 h at room 
tcmpcraturc during which time it turned cloudy. Acetic anhydride 
(0.80 mL, 8.5 mmol) was syringcd into the reaction flask and the 
mixture was stirrcd for an additional 5 h at room tcmpcraturc. The 
solution was poured into water (20 mL) and the aqueous solution was 
extracted with chloroform (4 X 25 mL). The combined chloroform 
extracts were dried. filtered, concentrated, and pumped on for I h 
under high vacuum. The residue was chromatographcd on silica with 
60% cthyl acetate - cyclohexanc as eluent. Compound 45 was clutcd 
first ( R ,  = 0.57), the next fraction ( R ,  = 0.43) was acetylated iso- 
propylcyclohcxylamine, and the final fraction ( R r  = 0.36) contained 
lncharacterizcd polymeric products. Compound 45 was obtained as a 
pale yellow gum (878 mg, 63%); ir A,,,;,,: 5.76. 5.99 Fnl; ' H  nrnr 6: 
7.27 (s, 5H), 7.23 (s. 5H), 5.70 (s, IH), 5.47 (s. IH), 3.3-5.4 (m, 
I I H), 2.33 (t, J = 6 Hz, 2H), 1.4- 1.8 (m, 6H). 1.33 (s, 3H): tnle: 
506 ( I ) ,  422 (71, 363 (111, 271 (8), 106 (24), 91 (93), 84 (100). 
Accrirczte Mnss calcd. for C2.,H3~N2Oo: 506.24 17; found: 506.24 1 1. 

3-Aceto,\-\.-/ ,4-rlil1er1z~~l-3-(3-/~~dro.ry-/-1~zet/rylc~11e~~rop~~l)piperczzit1e- 
2,5-diotle (46) ot1c/6,9-dibet1zyl-4-tnetl~yIet1eo.~~-6,9-c/iain.spiro- 
[4.5]drcc111r-7,10-dro11e (47) 

A solution of 45 (878 mg, 1.73 mmol) in acetic acid (15 mL), water 
(6 mL), and tetrahydrofuran (3 mL) was stirred for -15 h at room 

tcmpcraturc. The solvcnt was removed it1 \berc.lco and thc rcsiduc was 
cliromatograpl~etl on silica with 60% cthyl acetate - cyclohcxanc as 
clucnt. The initial fraction ( R ,  = 0.57) returned unconsu~ncd 45 (25 
mg). The second fraction ( R ,  = 0.45) gave 47 (153 ms. 21%). which 
was crystallized from ethanol-water, mp 93-95°C; ir A,,,.,,: 5.97 Fm; 
'H nmr 6 :  7.25 (m. IOH). 5.25 (m, IH), 4.95 (m ,  IH), 3.9-4.8 (111, 
XH), 2.87 (m,  2H): rnle: 362 (15). 271 (12). 229 (9).  124 ( 1  I), 91 
(100). Acc~~rrertc~ Mnss calcd. for C22H22N203: 362.1630: found: 
362.1643. 

The final fraction ( R ,  = 0.27) gavc 46 as a colorless gum (425 mg, 
58%); is A ,,,;,,: 2.90. 5.70, 5.95 Frn; 'H nrnr 6: 7.28 (s. 5H), 7.23 (s. 
5H), 5.67 (s, IH), 5.47 (s. IH), 3.6-5.4 (m,  XH), 2.93 (br s,  IH), 
2.33 (t, J = 6 Hz, 2H), 1.30 (s, 3H); rnle: 363 (3). 272 (3), 230 (2) .  
91 (22). 83 (100). Accrrratc Moss calcd. for C2?H2?N203 (M - 
C2H302): 363.1709: found: 363.1704. 
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