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Abr&% I Elimination of the S atom in fused thi~iidin~ e g. 7 or 9 has &en investigated using three 

methods. Whereas LAH reduction gave the corresponding thiazolidincs and H,O,JHC:OH oxidation the 
SSdioxida both typea of compound could not be further degraded. Ra-Ni trcmnent of thiaz&dinones 
providcdinallarsagoodyiddsofdaulfuriscJpruduas.lnthismanncrsternneiectivcsynth*icsofpiperidi~ 
17 and pynulidint 19 become easily possibk. 

The development of the ~-a~~jrnj~~urn cychsation 
technique in our laboratories has lad to a simple and 
versatile route to a variety of heterocyclic systems.’ All 
cychsation reactions leading to the Iatter heterocycks 
start from a n-nuckophik connected to an imidc ring as 
in I, whereupon the nuckophik is cyckfed onto the 
starting ring via the N-acyliminium intermediate 2 to 
give the product 3. Consequently, all pr&ucts derived 
in this manner are at kast bicyclic. Therefore, the 
question remains wbcther monocyclic products are 
also accessible via the iminium technrquc. An obvious 
approach would bc to start from a linear precursor 4; 
from this the monocyclic 6 would then be availabk via 
5. However, given the ready availability and easy 
m~ipulatio~ of cyclic iminium precursors, preference 
is given to a cyclic in-tide as a starting unit’b which rhcn 
should possess function~iti~ suitabk for degradation 
of the initial ring in the product, i.e. a structurat 
characteristic which allows the transformation 3 -4 6, 
leaving only the newly formed ring. It was anticipated 
that incorporation of an S atom in the initial imidc 
ring2rJ would offer a “chemical handk” to allow a 
transformation in the desired direction. To this end, 
several types of transfo~a?jons were carried out; 
either the S atom was removed directly, or it was 
chemically converted to a functional group supposedly 
better suned for removal and ring opening, 

R&et ion of I&T ~~j~~b~~e corbmyi ~ruup 
Removal of the S atom from the bicyclic ring system 

(i.c_ the transfo~atjon 346). where the S atom 

I -X 

dire&y adjoins the snide moby, can be carried out 
tither with or without prior reduction of the 
thiocarbamatc carbonyl group. In the first procedure 
this reduction proved to be possibk upon treatment 
with LiAlH,’ (THF, r&x I? hr). In the preliminary 
experiments an unexpected result was obtained for fa 
which afforded’ the disulfidt 8. Formation of thr 
disulfidc wascompletely suppressed whtn,after mixing 
the substrate with the lithium aluminium hydridt 
sofution under a nitrogen atmosphcrs, dry oxygen was 
ailowcd to diffuse into the reaction vessel. In this 
manner, the cyclisation products 9a. lOa, I la, 12a and 
I3a could be reduced to 9b, li%, lib, 12b and 134~ 
respectively in yields up to 83%. Tbc reduction 
products are readily idtntitkd from their spectral data : 
absence of a carbonyl absorption in the IR and the 
appearanceofan ABquartet for the SCH,N protons, J 
being 6 to 9 Hr A further characteristic is found in the 
mass spectrum of these compounds where the M-36 



peak (loss of rhioacctonc) is prominent. Other, fess 
reactive, metal hydrides could not &act the same 
transformation: e.g. reaction of 71 with diisobutyl- 
aluminium hydride only reduced the ester function, 
affording 7b in 71% yield, while lk with Red-SK 
(sodium bis(2-methoxy-cthoxy)aluminium hydride) 
gave no reaction. 

To cfiect the daircd ring opening, the products 9b, 
lob, Ilb, 12b and 13b were trcatcd with Rancy nickel. 
However. the results were not unambiguo~. 
Iksulfurisation of 9b afforded the rctrahydro- 
isoquinoline Ma in 63“, yield. as could be concfudcd 
from the ‘H-?JMR spectrum: the prcscnoc of an 
isopropyl group was demonstrated by a septet (I = 6.8 
Hz) at 1.95 ppm and two doublets (J = 6.8 Hz) at 0.85 
and 1 .O ppm respectively ; clearly, the asymmetry at the 
bcnzylic position renders the two methyl groups 
diastcrcotopic. furthermore, the N-mcthyI group at 
2.45 ppm is an obvious fcaturc by itself. In general, 
however, results in this series were non-reproducible, 
which probably can bc amibed to the presence of an 
amino function in the molecule.’ Since the aforc- 
mcntioncd compounds are in fact N,S acctals, ring 
opening might bc cffcctcd by hydrolysis. Several 
methods using mercuric chloride as a catalyst* were 
attcmptcd: however, only starting materials were 
recovered thereby reflecting the relative stability of 
acctals of formaldehyde.’ 

Oxidation of the S otom. S-Phcnylthiocarbamatcs 
can bc oxidiscd to arylsuifonic acids with hydrogen 
peroxide.’ A comparable reaction has been dcscribcd 
for aliphatic thiol esters.’ The structural analogy of 
thcsc compounds to the cyclisation products is 
obvious, and consequently this reaction was used for 
attempted ring opening. When thiocarbamatcs 7n and 
9a wcrcsubjccted lo oxidation (H,O~‘HCOOH, room 
tcmpcraturc 17 hr), the sulfoncs 7c and 9r were 
obtained in about 85:; yield. Their structures wcrc 
apparent from the two sulfonc absorptions in the IR. at 
1310 I3OOcm-‘andat 11s1120cm-‘rcspcctively. 
The conversion 7a -+ 7c couM also bc ciTectcd with m- 
chloropcrbenzoic acid (CHCI,, room tcmpcraturc 
18 hr) as the oxidising agent I0 in 86% yield. 
H,O,IHCOOH oxidation of 7b cffcctcd, apart from 
oxidation. formylation of the hydroxy group so that 7c 
was aiso obtained in 617; yield. Conversion of7b to the 
hydroxy sulfonc 7d was achieved in 47% yield upon 
trcatmcnt with mCPBA, Upon H,O~HCUOH oxi- 
dation of 131 concomitant hydrolysis of the kctal 
function was observed so that the keto-sulfonc 13c was 
obtained in 70% yield. In all cases exam&d. only 
products with the ring structure intact were recovered. 
Attempts to c&et ring degradation by hydrogcnolysis 
of the sulfoncs with Rancy nickel or by trcatmcnt with 
NaOMc,‘HOMc gave no positive results. 

Desul/rvisatio~s. Rcductivc dcsulfurisation of a 
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variety of sulfur compounds is a tool widely used in 
organic synthesis, as well 8s in industrial processes.” 
Many reagents have been used for this purpose, amon! 
them t&thy1 phosphite,* *sodium in liquid ammonia’ 
or lithium in ethylamide,‘* hydridocarbonylfenatt 
ion,’ ’ t~buty~tinhydri&,16 sodium @iethyl- 
borohydridelferrous chloride,” and nickel boridc.‘* 
However, the most effective and general hydrogcnatio~ 
catalyst still seems to be Raney nickel. This reagent, or 
an activated rn~i~~tion of it,” has been used on 
many types of S compounds,20 e.g. mcrcaptanes, 
disulfidcsf. sutfones. sutfoxides and thiokttals, as wet1 as 
cyclic sulfur compounds, notably thiaphcncs2* 
~ulfuri~tio~ of thi~lidine-~~ion~~z or 2. 
imin~thi~oIidin4on~~~ have been carried out, 
mainly for the purpose of structure elucidation, giving 
amides as products. Under the reaction circumstances, 
the N-formyt C atom in the open chain imide 
intermediate is mostly lost in the product, although in 
some casea it can be retained.” 

In analogy with these results, direct desulfurisation 
of the “thiocarbamate” cyclised compounds was 
atremptcd. Thus, reRuxing the ketal Da with !O- to 
M-fold excess by weight of Raney nicktf in aqueous 
ethanol for 6 hr gave 1% as an oil in 71% yield. Likc- 
wise, treatment of 130 afforded the N-formyfazocine 
l5b in 8 1% yield. 

Simifarfy, the t~trahydro~~uinoiin~ fib and UC 
were obtained in 40 and 79% yield rcspcclivcly from 9a 
and 96. Compound 14~ is a known alkaloid isolated 
from Anhfonium fewinii.J 5 The structures were derived 
from the respective f H-NMR spcsmx. as txempfified 
for Win which thcprcscnceoftheN-formylgroupwas 
indicated by two singlets at 8.23 and 8.21 ppm, 
combined area one proton, resulting from the two 
possible confo~ations of the amide.lb The isopropyl 
group is observed as two doublets around 1.0 ppm and 
a septet of very narrow doublets at 2.10 ppm, i = 6.4 
and 1.3 Hz The described dcsulfurisation worked well 
for aI cyciisation products on which it was apptiod, 
product yields generally ranging from 75 .SO?; 
~Ex~~m~ntal). Concomitant reactions encountered 
were fi) reduction of a double bond,2’ e.g. reduction of 
l@a gave I6 in 91% yield and (ii) hydrolysis of ester 
functions present in themolccule,e.g. hydrogenolysis of 
&gave f7in6SO/,yield~thcsameproduct wasobtained 
upon dcsulfurisaittion of 7b which had been saponified 
prior to reduction. A range of azacycfoalkancs can be 
obtained by dcsulfurisation of the appropriate 
precursor: bcsidcs those already mentioned, pyrro- 
lidine 19, azepinc 21a, azacyclotctradccanc 21b and 
azacyctopentadecane 21~ were isolated in good to 
txceknt yields. The combined procedures of N- 
acyiiminium azz4opc rearrangement and Ra Ni 
treatment therefore is a method of choice for the 
preparation of cis2+disubstitutcd pyrrolidincs. 

Thcd~uifu~~tionofthcthi~ncde~vat~v~~~ 
and 24b gave analogous results. in this manner the N- 
aatylpipcridint 23 and the N-formylpiperidina 2!% 
and 2!3b were obtained. 

Finally. the same reaction was also applied 10 the 
products without a bridgehead nitrogen, i.e. 2& and 
26). Now the N-cyclohcxylformamidcdcrivativcs 2% - 
27b were obtained in high yiekts, although the initial 
trans.relationshipof the phcnyl and ~inosu~titucn~ 
was partially lost because of the concomitant 
isomerisation. Similarly 29 was obtained from 23. The 

‘H-NMRs~raofth~~m~undsag~ne~ibitthc 
characteristic sieplrtls mentioned More. e-g. the formyi 
group of 2% gives two singlets at 8.08 and 8.05 ppm. 
Due to the rotational isomerism of the amide group, 
two absorptions of the N-Me group arc observed. at 
277 and 2.25 ppm; likewise, the NCH bcnzylic proton 
in29cxhibits twosctsofsignalsat 5.32 and 5.fOppm.z” 

CQ?XXUSIONS 

The most cfficicn~ way to effect the convcnion of an S 
attuning tactam appears to bc direct dc4furisation. 
In this manner. a variety of ring structures arc 
accessible, some of which could not easily bc arrived 
at using other routes. ” Moreover, if the cyclisation 
step leads to a compound with a defined spatial 
arrangcmcm, this stereochemistry is retamed in the 
finaf product+ Thus overall sttreoscfectivc synthesis of 
heterocyclcs is possible with this method. 

EXPERIMENTAL 

IR spectra were rmrded on Untcam SP 200 and Perkin- 
Elmer 257 tnstruments. ‘H-NMR spcara wereobtaincd wnh 
Vanan A-60. HA-W, Xl-t00 and Rruka WH 2x1 
mstruments. Spectra were recorded in CM,, unless 
otherwise indicatted, a4 signals are given in ppm relative to 
TMS as an mternal reference. All meSJ spectral data were 
recordat on an AE-MS-902 or Ovarian Mat 711 mass 
spectrometer. M.ps were determined on a Leitr m.p. 
microscopc,and anunconcetcd. ~~~analy~we~~~ 
out by TN<>. Utrecht, The Netherlands. THF was distilled 
from LiAlH, immediately prior to use. All other reagents were 
used as supplied. Chromatography was performed over 
sificagel. Dipe = diiipropykrher. 

PreparariMc ajsrotri~ materi& 
The potycyclic products used ss starting compounds in 

tbcse studieswere obtained as follows. for 7; 9a, a I&, I I*, 
lZctJzlS1,~andt8ucrrl.tc.Forcompounds;tTandZI 
see ref. 26. For compound I8 sc.e ref. 30. Tbe synthesis of other 
compounds will be published dsewbere. 

A THF soln of the thiocarbamate was added dropwise to a 
oookd suspension of 3 5 equiv of LiAlH. in THF under N,, 
The supply of N, was then disumnccttd and the mixture 
refluxed for I7 hr. After cooling in ice, water was added f I ml 
pi g of LiAIH, used)” stirred at room temp for I5 min. 
wok& I Y’i, NaOH aq added I I ml:g ttAlH,b stirred at room 
temp for I5 min, cooled, sat. Na,SO, aq added (3 ml& 
l.iAlH,). plus a small quantity of solid Na,SO, and 
the mixture stirred at room temp for 2 hr. Subsequently. the 
precipitate was filtered OR, washaf well with ether and the 
combined organrc fractions conantratal under reduced 
pressure to afford the crude product. ht this manner the 
following products wcrc obtainaf. 

I .3*4.5,6,lob - Hcx&dro- I.1 - ~i~~~~i~~~i -cJ - 
rhiasnb P). 0.699 g t3 mmol) 9a was reduced with 0.285 g (7.5 
mmol)l.~AlH,. Work-up~ord~O.6~2~o~ay~lowoilfrom 
which column chromatography gave 0.5544 R of an oil, yield 
847~ IR {CHCI,): nap&&&t $aks. ‘H-N%R : 7.3 7.i (m, 
4H,Pb).4.464.13~ARctuanct.J - 9.SH;tZH.SCH,tQ.3.88 
(s, 1 H, NCHj, 3.g2.65 km. 4H1 1.76 and I.16 $3 and f,6H, 
2xCH,). An exact mass determination gave 219.1061 t 
C,,H,,NS requires tt9.tO316. 

3.3 - OMhyt f 6 - 020 - thiorriqrfnf6.3. I .0’~6Efu&c - tO * 
enc 1Ob. 0.134 g(O.6 mmnl) lth was rcduczd with 60 ma 11.6 
mmol) LiAlH. to afford, after column chromatography~j4.6 
mg IOb as an oil. yieki 590,;. ‘H-NMR: 5.9 5.7 (m. ZH, 
CH=CH), 4.05 and 3.31 (ABquartct. J - 7 Hz ZH, SCH,h’t, 
3.24 J.Ob(m. IH.NCHl.2.6 1.2(m,8H).l.47and 1.38(sands, 
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6H, 2 xCH,j. An exact mass &t~inatio~ which for 
C,tH,,NS would require 209.123R1,gave 2OQ.1250. 

3.3 - Dimcrhyl- 6 - aza - ~hiarri~~rb[6.3.1.0~~~ )dodccan - 10 - 
of Ill. 0.165 g (0.6 mmolj 11s was rcduad with 0.114 g (3 
mmolj LIAIH, to &ord, after ~=lurnn chromatcjgraphy. 0.070 
g III (xP.2 as an oil, whrch solidified, m.p. 119 121’. ‘H- 
NMR: 4.9%4&O (septet. 1H. CLfOH). 4.04 and 3.20 IAB 
quartct.2H.J 5 6Hz$CH,Nj.3.l(m.lH.NCHj,2.65-l.d(m. 
7H),l.g-l.11m.4H).1.57and l.44(sands.6H.2wCHUt.An 
exact mass. determination gave 227.1341; C,IH,,*kOS 
requires 227.13437. 

4.4 - Erhyktwdioxy - 7.7 - dim&l - 1 - uza - 8 - 
thiubicyc~~4.3.0Jn~ne 12b. (at 4.4 - Ethykncdioxy - 7.7 - 
dimethyl- i - aza - 8 - thiabicyclo(4.3.O]no~an - 9 - one (12~). 
OS6 ~(2.18 mmol) 12c. lO.On(O.lS3 mol) ethylene nlvcol and 
0.1 g-ptolucncsutfonic acid&dratc we& d&solved in 50 ml 
benzene and rcfluxcd for 42 hr on a Dean Stark water 
separator. The solvent was then evaporated, the residue taken 
upin sat. NaHCO, aq. extracted three ttmcs with CHCI,. the 
combined extracts washed with sat. NaCl aq. dried over 
MgSO, and concentrated under reduced pressure to afford 
0.5358 g f?R’“/,j crystalline I2a; m.p. 70 71” Ifrom dipcj. IR 
(CHC?,); 1660 cm ’ (CO); ‘H-NMR: 4.20 3.95 (m, lH, 
NCH*eq).3.9?(s,4H,0CH1CH,0),3.60 X40@, 1H. NCH), 
3.10 2?5(m. IH.NCH,ax), 1.80 1.55(m.4H). l.SZand 1.38(s 
ands.6H.2xCH,).(i~ound:C.54.3;H,7.0;h’,S.B;S,13.2. 
CalcforC,,H,.NO,SfMw243.33j:C,S43O;H.?.O4:N.5.76; 
s, 13.1 Vi.1 

~bjO.l43g(O.6mmol~i~w~~u~~thS7mg(l.Smmolj 
LiA1H.toaUurd,aftcrcolumnchromatonraphy,O.l004nofan 
oil (740/L which crystalliscd upon standing; m.p. 1641-166”. 
‘H-NMR:4.00and 3.43(ABquartct,J = 6Hz_2H,SCH,Nj, 
3.%(5.4ff.OCH*CH~C)),3.1? 2.Q?(m. tH.NCHj.2.5@-2.10 
(m,2H),2.00-1.50(m,4H),1.36and1.30(sands,6H.2xCH,). 
(F~~~~:C.S?.S:H,~.~;N.~.I:S.~~.~~.C,,~~,,NO,S~MW 
229.34).Rcquircs:C,57.61;H,&~S;N.”6.1i:S:i3.9~;.j 

6.6 - E+&vtedinxy - 9.9 - dimcthgl - 1 - ara - IO - 
~~~bjc~~~~6.3.O]~e~~ 13b. (a) 6.6 - Ethylcncdioxy - 9.9 - 
dimethyl- 1 - azir - 10 - thiabicyclo[6.3.OJundccan - 11 - one 
(I&). 0.187 g (0.69 mmolj 131 was kctaliscd with 6.0 g (%.7 
mmol) ethylene glycol as 12~. Work-up afforded 203 mg 
crystaf(inc lk (91%): m.p. 181-183 (dip@. IR (KBr): 1650 
cm-‘(CO); ‘H-NMR:4.1-3.8S(m,2H,NCHI:eqand NCH), 
3.Q?(s.4H,a‘H,CH,O),3.40 3.0S(m. IH,NCH,axj,Z.O-I.5 
(m. 8H). 1.46 and 1.31 (s and s. 6H. 2 x CH,). (Calc for 
C,,H,,NO,S (VW 271.38): C, 57.54; H. 7.80; N;. 5.16; S. 
11.820,.Found:C,5?.6:H,?.8;N,5.1;’&11.6”/,.) 

(bj 51 mg (0.188 mmolj 13a was rcduccd with 35 mg(0.92 
mmofl LiAIH,. Work-upatTordcd4Omgofaycllow oil. which 
solidificduponadditionofEtOH ;m.p. 77 ?9’:yicld83?;. ‘H- 
NMR:4.26and3.~(ABqua~ct.J = QHL.~H,SCH~H),~.Q~ 
(m.4H. DCH,CHIOH), 3.4-3.0(m, IH, NCH,). 2.93(d ofd, 
IH.NCHb2.85 Z.SO(m, lH,NCH,),2~1.25(m,SH), 1.40 
and1.3l~sands,6H,2x~~H,j.(Found:~~.60.3;H.Q.O;N,S.4~ 
S. 124”,. C,,HI,NOzS (Xi& 257.40). Requires: C.60.66. H, 
9.00~ N. 5.44; S. 12.460,:.) In addition. an exact mass 
determination ga& 257.l”&. while 257.1449 would be 
rquircd. 

5 - Erhyl - 4 - hydroxy - 7,7 - dinsethyl - I - azo - 8 - 
t~~~~4.3,0]~ - 9 - MC 7b. To a aukat ( - 78’) S&I of 
1 mmol DIBAH in S ml tolucnc under NI was added 0.0514 g 
(0.2 mmdj 7* in 4 ml tolucne. The stirred soln was allowed to 
warm ovcrmght. The mixture was then cooled in ia, 2 ml sat. 
Na,SO, aq added, stirred at room tcmp for 3 hr. filtered. the 
residue washed with ether. the combined organic layers dried 
over MgSO, and the solvent evaporated under rcduccd 
pressure to a&rd nn oil from which afcr dipc-crystallisation 
M mg{66S,) 7b was obtained as a white solid; m.p. 162 163” 

The subatratc was dissolved in EtOH. Rancy nickel slurry 
added (I& ro 2Gfold cxozss by wtj with some more EIOH 
(to~ai cu. 3@-SOmljand the mixture rcfluxcd for 6 hr.Thcsoln 
was then cooled, filtered over Celitc the filtrate washed 
thoroughly wtth CH,Cl, and the combined washings dried 
over MgSO, and conamtratui under reduced prrssurc to 
a!Tord the crude product. In this way, the lolloaring 
compounds were prepared. 

(fro~d,~j~~tOAcj. IR(CHCl,j: 3440~111 ‘(OHlfl65Scm ’ 4.4 - Erhyienrdioxy - 1 -fwmyf - 2 - ~propy~pi~idi~ ISa. 
(COI:‘H-NhiR:4.40-4.l0fm.lH.NCH,epl4.OS-3.8Oim. 
iH,&OH).3,13(d, IH. NC!H).2.!&2.6Oim,‘jH. NCH*axj. 

Rcductionof?2.?mg(0.3mmol)IZaaffordcd4S.Smgl~asan 
oil elicr purificationby column chromatography; yield 71%. 

2.3O(brm,lH,diseppcarswithD,O.OH),2.l 1.6(m,SH),l.61 IR (CHCl,): 1660 cm- ’ (CO); ‘H-NMR. 8.11 and 8.03 (2 s, 
and 1.51 (sand s.6H.2 Y CH,), l.OQ(t, 3H,CH,j (Found:C, total area IH, CHO), 4.48-3.85 (m, 1.5, H, NCH dahtcldcd), 
57.6; H. 8.4: N. 6.2: S. 14.1%. CIIH,eNOIS IMw 22923). 3.99 (s, 4H. OCH,CHIOj, 3.50-3.0 (m. 1 SH. NCH shielded). 
Requires: C, 57.62; H, 8.35; N, 6.11; S, 13.96.) 3.0 l.S(m, SHj,O.Q9and0.82(dandd6H.2 x CH,I.Ancxact 

1.2.3.4 - limhydro - 1 - isopropyl - 2 - mcthylboquinokne 
14a.O.lO2g(O.4? mmofj9bwasmixcd witha suspcnaionofca. 
0.25 Rancy ntckcl (dried by repeated flushing 4th THF) in 5 
ml THF. and rcfluxcd for 18 hr. The mixture was then filtcral 
over Cclitc, and the filtrate conantratcd under rcduczd 
pressure to aford 60.6 mg of an oil which, amrding to its 
spectraI data, was 14a (yield 69%); ‘H-NNR: 7.25 6.95 (m, 
4H, Phj, 3.3 2S(m, 5Hj,2.45&. 3H, NCH,), 1.9Sfacptct. IH, 
Cfl(CH,)& 1.0 and 0.85 (2d. 6H, 2 x CH,). 

l.3,4,S.S.l0b-f~exahydro-l,l-dimihylisoquino~~l-c]- 
lhiatole * 2&3 - rrioitc Qc. 0.475 g (2.04 mmolj 9a was 
dlsliolvcd in SOml HCOOH and 5 ml( f: SOmmol) 359; HIO1 
added dropwiac, and the soln stirred at room tcmp for 18 
hr. The solvent was then evaporated under reduced pressure, 
and the rcslduc rmystallisod from EtOH to aIlord 469 mg 
(8P;jQc;m.p. 19&198”.1R(KBr): 1670crr~“(C0);1310and 
1 I*cm ’ (SO,); ‘H-NMR (d-aatonc): 4.5 (m, 1Hf 3.5-2.8 
~m.%H1.l.Qland1.04hands.6H.2rCH.).(Found:C.S%.?; 
H,S.R;~N.5.2;S.l2~~.C,,H,,NO,S(M~’2b5.33j.R~ui~: 
C, 58.85; H, 5.70; N, 5.28;s. 12.0!&,.) 

5 - Ethyl - 4 - formyloxy - 7.7 - dimethyl - 1 - aza - 8 - 
rbj~j~~~~lo[4.3.OJ~~n~ - R.&Q - rrione 7c. 530 mg 7b was 
oxldiscd with fitOl as above, producing 520 mg (87;) 
crystallinelc.which wasalso produccd asfollows:O.lO3g(O.4 
mmolj 7s was dissolvul in IS ml CHCI,, 240 mg 85% mCPBA 
(1.2 mmolj in IS ml CHCI, added, and the resulting mixture 
stirred at room tcmp for 17 hr. The solvent was then 
evaporated and the residue rccrystalliscd from EtOH CHCl, 
5 : 1 to afford QQ mg #6”/,) crystalline k; m.p. 247-249”. IR 
(KRr): 1715 cm-’ (CO); 1305 and 1170 cm-’ (SO,); ‘H- 
NMR (d-acetone): 8.17 (s. IH. OCHO). X4@-5.10 (m IH, 
CHOCHO), 4.35-4.10 (111, lH, NCXi, a& 3.74 (d, IH, NCHj, 
3.3s3.0(m, lH, NCH, ax), 1.53 (q 6H, 2 x CH,), 2&1.2O(m, 
SH).l.00(t3H,CH,j.(Found:C.50.l;H,6.7;N.4.?;S,ll9/,. 
C,,H,,NO,S (Mw 289.35). Requires. C, 49.81; H. 6.62; N, 
4.84; S. 1 l.osO/,.j The above compound was also produced 
upon H ,O,:HCOOt t oxidation of 7b m S9% yield. 

5 - Ethyl - 4 - hydroxy - 7.7 - dimethyl - 1 - azu - 8 - 
thha&icycfoj4.3.0]nowtc - 8.8.9 - widionc 7C Oxidation of 75 
mg (0.32 mmolj 7b with 190 mg (to.9 mmolj mCPBA as 
described for 7calIordcd4Omg7dasa whitecrystalline mass; 
m.p. 236 238* ; yield 47X. IR (K&j: 3280 an-’ (OH); 1680 
&’ ’ (CO); ljl0 and-1120 an ’ (SO,); ‘H-NMR (d- 
aatonc:‘DMSO): 4.M-3.8s (m. 2% CIfOfi and NCH, col 
3.6O(d, iH, NC& 3.20-2.80&, 2H. N&Hz ax and OHi l.i5 
and 1.44(s and s. 6H. 2 x CM,). 2 10-l 4O(m, 510, 1.01 (I. 3H. 
CH,).(I:ound:C50.S;H,?5;N,S.4:S,1220/CC,,H,,N0,S 
(Mw261.34j.Rcqutrcs:C,50.56;H,7.33;N,5.36;S, 12.270/j 

Q,Q - Dinvthyi - 1 - aza - 10 - chi&icyc~o[6.3.0Jwtdecaae - 
6.10.10,11-rerronet3c.40mg(0.148mmo1)(13a)wasoxidiscd 
with H,O, as darnbed for 7c. Work-up afforded 27 mg 13c 
(?OO/,j as a white crystalline mass; m.p. 225-226.5”. IR (KBr): 
l?H)and 170O~m-~(CO~; 13lOand 112Oan-‘(SO,); ‘H- 
NMR: 4.1@-3.85(d ofm..lH, NCH, cql, 3.5516. lH,NCH), 
3.60 3.2OIm. lH.!UCH,axl2.8&2.25(m.4HL2.&1.25Im. 
4H). 1.4Q&td 1.4~(sand~s,6~.2xCH,):(Fo&:C.51.2;‘H~ 
~.~~N.S.~;S,I~.~~.C,,H,~NO.S(~W~SQ.~~).R~~~~:~, 
50.95:H.6.61:N.S.4O;S. 12.36‘Xj 
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maas dctcrmination gave 213.1371; C,,H,oNO, rquircs 
213.13&U. 

4.4 - Efhyfrnzdioxyl - 1 - formyl - 2 - iwpopy/perhydro- 
mcwilw is& Hydrogenolysis al 0.0582 g (0.215 mmol) tzc 

afforded, after cotumn chromatography. 42 mg 1Sb as an oif ; 
yield 815$. lR(CHCIJ): 166Oan- 1 (CO); ‘H-NMRz8.25and 
7.94 (2s. totaf area lH, CHO). 4.0-3.75 (m, SH, NCH 
dcshickicd and OCH$ZH,O), 3.22 and 2.76 (2m. 2H. NCH 
shiddcd), 2.1% 1.25 (tn. 9H). 0.91 and 0.77 (24,6H. 2 x CH,), 
An exact mass determination gave 241.16%; C,,H,,NO, 
requires 241.1677?. 

2 - Formy - 133.4 - tetruhydro - 2 - isoprop$.wquinofne 
14b.O.ltO ~(0.73 mmoI)A was rcduad toafford 131 mnof a 
stightly &&red or1 w&b was chromatographed to g&e 59 
mg (40%) of a clear oil with essentially the same spectral data : 
IR (CHCI,): 1500 cm-’ (CO); ‘H-NNR: 823 and 8.21 (b, 
total area lH,~HO~?.3-~.O(m,4H, Ph),4,4O~.OSfm. 1,5H. 
NCH dcshielded, 3.75-3.2 fm. l.fH. NCH shielded), 2.92 ft. 
2H.PhCQ,2.1O(scptet. lH,C&CH,),), I.Qand0.93(2d,6H. 
2 x CH$ An exact mass determination gave 203.1292; 
C,,H,,NQrquim203.1310. 

2 - fmyl - 1.1.3.4 - tcrtahydro - 6.7.8 - trimerhoxy s 1 - 
~fhyi~~~i~~ MC 98 mg (0.33 mmot) * was reduced, 
affording 69.4 mg of a dear oil (‘FEZ) which sokdifti upon 
cooling; m.p. 85-88”. IR (CHCI,): 1660 an*’ (CO): ‘H- 
NMR : 8.28and 8.09(Ls,totaI SM lH.CHOt.6.41 (r. IH, Ph). 
5.5 and 4 R (243. total IH, PhC!1N), 4.36 and 3.17 (2 x q of d. 
total lH,NCH),3.92,4.81 and4.~(3~9H,3 x OCH,),3.48(m, 
IH, NCH), 2.95.2.6 (m. ZH, PM&), 0.96 an-d 0.89 (2d. total 
3H. CH,). An exact maSS determination gave 265.1307: 
C,,H,.NO, rquires 265.13138. 

-3 . Formpl - 1- i%optopyt * 3 - azohrcp1~3.3.t JWMnc IS. 
Reductionu10.1766n(0.79mmoi)lEkaBordrJ0.14tOa16asa 
pak yellow o11. yiel~blT;. lH-F&R. 8.14 (bt x, lH,-CHO), 
4.48 (d of m, lH, NCH de-shielded), 3.2-2.65 fm, 2H. NCH 
shielded). 2.5-1.2 (m, 1 lH), 1.05 and 0.95 (26.6H. 2 x CH,). 

3 _ Erhyf - 1 -fmm# - 2 - isopropylpipetidin - 4 - of 17.0 1264 g 
10.49 mm&) fa was r&u& to alFord, after ehr~~rna~o~aphy, 
#mg(659,)17ssanoiI.iR(CHCI,): 334Ocm”‘(OH); 1655 
~~‘(~~)~‘H-NMR:8.~and8.05(~~atalar~lH.Cfi~~ 
4.25 2.3 (m. 6H. 5H upon addition of D,O), 1.9 1.4 (m. SH), 
1. IO and I.04 (2d. 6H. 2 x CH,). 0.86 (1. 3H. 01,). An exact 
mass dercrmination 8ave 199.1567; C,,H1,NO1 rqutm 
I99 f 572 1. l’he same compound was produced in 463, yield 
upon treatment of 76. 

I - Formyf ” 4 - (1 . hydroxy - 1 - m&ylerhyf) _ 2 - 
isopropy~p)rrotidint9.Q.3 I I Sg(f .2 f mmol) t8wasrcducc.d to 
afford 0.2183 g (889*) f9 as an oil which solidified upon 
cooling;m.p. 76 8O”flrumdipc EtOH). lR(KEIr): 338Ocm ’ 
(OH);f6K)cm’ ‘(~:0);8.2Sand8.19(23,totalarea IH,CHO), 
4.15 3.55 (m. 2H. NCH dcshiddcdl. 3.23 and 2.97 (Zm, 
total area lH, NCH shielded), 25.~l.S’(m, 5fil 1.26 (s. SH, 
2 x CH,). 0.94 and 0.87 (2d of d, 6H, 2 Y CW,). An exact 
mass determination gave 199.158?; C, ,H,,NO, rqurres 
199.15721 

I - Pbmyf - 4 - hydroxy - 2 - isopropy!~hydrwepisw 2ia. 
Reduc~on of O.tO69 8 $0.44 mm&) #h and subsqueat 
purification by column chromatography afforded 21a as en 
oit: yield 73-w IR (CHCI,): 3420 cm ’ fOHj; 1660 LZ -’ 
(~~);‘H-NMR:8.i6a~d~.9?(~tota~a~a lH,CHO),4.25 
3.O(m,3H~2.7S-l.2S(m,9H),O.%andO.86(~,6H,2~~H,). 
An exact mass determination gave 185.1407: C,,H,,NO, 
rquirts 185.141.S& 

t * Fo‘or?n$ - 2 - &wprf?pyf - I - ~~~~~~f~er~ - 4 - of 21a 
Reduction of241 mg(0.74mmol) *afforded 0.1499992lbas 
an oil; yield 76?_;. fR (CHQ,): 342O~m-’ (OH): f~cm-* 
(CO): ‘H-NMR R.lOand 8.00(2x, total area iH, CHO), 3.8. 
2.9 (m, 5H, CHOH and NCH), 1.88 (scp~et. J I 7 HZ, tH, 
CX(CH&l 1.8-1.1 (ml8H~O.9O(d,J- 7Hz,6H,ZxCH,r, 
7htm~spcclNmlow~e~arm/eZfi8uthehigh- 
M value, though too smaI1 to be -ntcIy dctcrminod 
((hi -. I)‘). 

I * FGfntyl - 2 * *opFop,i - 1. iE.?4lc~ltlp7uodiron - 4 *ON tte, 
a.110 g (34 mmol) Xk was dcsulfuriscd to afford 98 mg of a 
brown oil. ihe ‘H-NMR spectrum of which was csmGafly 

identicaI to that of the purified material; yield 23 mg, 23%. IR 
(CHCI,): 1710.1680cm ‘(CO);‘H_NMR(C,D,):8,00and 
7.91 (s and s. IotaI area 1H. CHOL 3.4-2.35 (m. 3H. NCH). 
1.60.7 (m, 23H), 0.79 and 0.56 (2& SH, 2 x&H,). An exadt 
mass dctctmmation gave 295.2531; C,sH,,N(& rquires 
295.25111. 

! - Acrryf - 2.4 - di~f~ylp~~din - 4 - ol23.72.1 mg (0.32 
mmof) 22 was rcduccd to sitlord O&S g(9tET) 23 as an 0iI. ‘H- 
NMR:4.7-3.g(m,2Ht,3.45 2.7S(mZH),207(k3H,(:H,CO). 
1.9-1.5(m,4H), 1.3S(s, 3H.CH,), 1.21 (d, 3H.CH,). Anexact 
mass determination gave f?f.f26S; C,H, ?NO, rquircs 
171.12592. 

1 -Fwmyl- 2 - I2 - ~v~~~hy~ - pip&din _ 4 - ot Ek 0.918 g 
(0.32 mmol) u1 was reduced to aEord 63.3 mg 2!3a BS an oil: 
yield 86%. IR (CHCI,): 343Oan“ (OH); 166ocn-* (CO); 
‘H-NMR:8.11 and8~(~.to~~a~ lH,CHO),?.35-7.15 
(m, 5H. Ph), 4.4 3.0(m. SH), 2X4-1.0 (m, XH). 

3 - f&j+- 1 -,Gmyi- 2 -(2 -p~ny~~thy~- pqeridin - 4. of ub. 
0.3623g(1.14mmo1)24bwasrcduced toafford IX)mg(Sl%) 
~~anoil.IR(~H~,):~IO~“* (OH); I655cm‘ f (CO); 
‘H-NMR .8.13and7.%(2a,to~aIarca lH.CHO),7.4 7.05(m, 
SH. Ph),4.6S-4.0(m, t.SH,NCH dcshaeldcd and CHOHI, 3.8- 
2.9 (m. 2.SH. NCHb 2.8-22 (m, 4H). 2.1 1.3 (m. 6H). 0.91 ft. 
3H. CH,). An exact mass determination gave 261.1716; 
C,,H,,NO, rqmrcs 261.17286. 

N - (5.5 - Ethylenediox~ - 2 - phu~&~rlok.+) - N . 
mrrhylfwnamide 2?s. (a) Compound 2iia 0.107 8 (0.41 mmol) 
26c was ketahsed as ?z* with 0.5 g(8.06 ~ol)elhyl~~~y~l 
to alford 75 mg aystatlinc 26a; m.p. 94-w’ (from dip@; yictd 
6(P/,.‘H-NMR:T.f ~.2(m.5H,Ph~4,~(dord, iH.NCH), 
3.98(s.4H,OCH,C’H,0).2.82(~.3H,NCH,).2.4~ l.S(m,bH). 

(b) Dcsulfurisation of 26a. 45 mg (0.15 mmol) 2& was 
d~u~un~~o~ord28mg(6~~)~aa~~~jI.‘H-NMR:7.86 
and 7.84 (s and s, total ama IH. CHO). 7.5 7.2 (m, 5H. Ph), 
4.15 3.9S(m, ~H),~.O~(S,~~I.~X’H,CH,OL 3.1-2.5 (m. 2H), 
2.67 (5, 3?i. NCH& 2.5 1.S (m. SH). The mass spzrurn 
showed a peak at m.‘e 275 (C,,H2,N0,). but II proved irx> 
smalI for an exact mass dtterminar,on. 

N - (5 - Ifydroxy - 2 - phtnykycblx~l) - N - m&y& 

jbrmamide 27b. 77.6 mg (0.266 mmol) 26& was rcduczd to 
affotdO.W9g27basanoil,wh~chsolictifKduponcooling;m,p. 
82-RS”(from d&c); yield ?pA. IR (CHCI,): 34oo~m-~ (OH): 
IWO em ’ (CO); ‘H-NMR : 7.94 and 7.82 (2s. total erca 1X. 
010). 7.S-7.0 (m, SW, Ph), 4.60 (m, O.SH. NCH dcshicldcdl, 
3.8S-3.0(m.2.SH1.2.8-2.SS1m. lHl2.69and 2.23i2s.totalarc~ 
3H. N&i&, 2 2 1 I (m, 6H). An’cxact mass d&&nation 
gave 233.1407; ClrH,PNO1 rquim 233.14157. 

N - melhyl - N - ($6.7 ” rrimnhoxy - 2 - j&nyti&. I- yr, _ 
farmumide 29.0.1161 g (0.31 mmol) UI was reduced to aEord 
0.0916 g 29 as a pale yellow oil with essentially the same ‘H- 
NMR spmrum as the coIourl_ oil (67.3 mg 63”, yield) 
obtained after ~romatography. IR (CHCI,): 1665 cm - ’ 
(~O)~~H-NMR:8.O8and8.OS(~~otala~ lH,CHO).7.4S 
7.1 (m, Sit. Ph),6.6Ofs. IH, Ph). 5.32and S.lO(lm. IH. NCH), 
3.9Q3.87and 3.86(kPH.3 x OCH,1.3.7 2.9(m3H),277and 
2.25 (2s, total area 3H. NCH,). An exact mass determination 
gave 341.1602;C,,H,,NO. rquircs 341.16268. 
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