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In our wevinus rwort~“~ of this series we have un- tri-substituted bydroxyl am&s are tmosd to 

comrcd the reactivity of the >N+- bond toward 
WCOb2 hwiibty tie cyclic carbamatc As accom- 
paniedbythcamino&&oi 7, most probably due to 

FeKOb under miid nrtion conditions. TWO types of 
reactions were discerned: 

~N~f~~~~t~R~~~~~~~n 

(a) Eiimiartion of one hcteroaxn from I ami forma- c&m&d by the Au&n productsk,OH and RzNH.’ 
tioo of either the o-r-ally1 l8ctottc (3) or l8ct8m (4). In tJtc present work we hrve exta&d the in- 
depending 011 the subtituent R (cqn 1). It was demon- 
stmtcdth8ttheprocessisrtwo-stcpsrc4ct&twiththe 

vest&ion by exatn~ tbc reactivity of the 

initial reduction of the ‘N-O- bond of 1 to tbc cor- 
boad toward Fe&Oh in Qbenyi-2.ou-3-ua~2.22)oct- 

/ Sac (8) aad relataf 8lkyl derivatives of 8. The intee 
rcspondin(:amino&ohol(2), which in a second re.a&n C&on Of a compkxcd intamediuc and its unun- 
with Fe&O), yields the fj& prodttas.‘* Abe btnztae b&us X-ray smrturr determination, enabkxl us to 
must t&fore be moist. probe into the mechanism of the reaction. 

rhcIwtonc3cuuIdbcreadityconvcrtcdtot&lactam 
4usinganamineaadA&calyGs.‘CRopcr~ 
experioleats hrve uttequivocauy nubtisbat 8n s?J type 
reaction,inasmuchastbcamineaaacksthctcwnM 
carbon of the r-8uyI rystun of 3.” 

(b) A novel imu& reactioaofCOto&e>N-O- 

boa!,” when S was reacted with FedCOb, the t&m 
incthykrucubamtc~wasisoktediaftiyield(cqP2). 
The sme insertion rc8cGon occurs 8lso wbcn acycfic 
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vious reaction. it was totaffy inert toward Fer(COh and 
was recovered unchan& from the mixture. By analogy 
with the reactivity of the ammo akohol (2) toward 
FeKOh, we hve’anticipated the formation of 14, via 
the intcfmcdiau: 13.’ which is a hnown and rtabk 
compound.* Inasmuch as 9 was unreactive toward 
FeKOk we concMe that cyc& monoene intermediates 
such as 13 either does not form at all or is unreactive. It 
~~~~~~p~q~~~~~ 
conformations of the OH and NH4 group8 generate 
longer non-bondii distances between these groups and 
the iron cubonyi in 13, thus preventin cffoctive inter- 
action which h neq%Mry in this reaction. In fact this 
~k~U8~~~wnU~~ty~~ 
cycbhexene toward Fel(COk at variance of the reac- 
tivity of allyI halides in the same reaction.’ 

The amino-akohot (9) must therefore be produced in a 
reduction reaction due to the presence of traces of water, 
anditdoesnotparticipatefurtherinanyotherrea&ns. 
we turn now to examine Jome of the mechani8tic 
as&U%% of the naftioIt8 arhicb pnentc COmpoUlKf8 #I), 

11 and 12, alI of which lack ?be ori&d oxygen atom 
present in 0. We have tkborated on the mokcukr smx- 

tttfc of the dkne 12 in the Ant communication. The auf0 
coax of 12 was supported by spectral data” and 
by the synthesis of the exe isomer from cyciohexadkny- 
hum iron tricarbonyl tetralluo&orate and aniline.” 
From a structural point of view tbc dkne compkx 12, 
which is the major product, represents a formal scission 

of the )N-O- bond and elimina~n of 0 ad H atoms. 

The h&al source of this H atom is either the CHr (8) 
or CHr (7) group in compound 8. Since the overall 
~fo~~n is most probably a stepwise sectuence, we 
sought to Mock the step which invdva the abstraction 
of the H a&m in 2. Such an approach shot&f: 

(a) reveal the identity of a H atom which migrates to 
nitrogen; 

(b) divert the reaction to other availabk pathways; 
(c) create a situation where an intermediate could 

possiMy be trapped. 
To attain the above-mentioned goat we have prepared 

the isomeric gcmdimethyl derivatives (IS and 16) which 
were separated from the reaction mixture of 6.64- 
methyl-t .3cyciohexadienc and nitrosobenzene (qn 5). The 
structural assignments of these two compounds were 
hampered by unexpected features in their NMR spectra 
(Fig. I). We have pknned to exploit the relationship 
between the muhiplicity and the chemical shift of the 
signals of the two bridge protons of 15 and 16. in order to 
differentiate between the two isomers. It is ckar (Fit. 
Ia, b) that in bozh specrm the signal of the low multi- 
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Fii. 1. NXR spectra in CDCI, (100 MHz). (11 16: (bj IL 

plicity (Ha to Chfe~) resonates at high tkld with respect 
to the signal of the high multiplkity (HB to CMe3. Since 
the NMR results turned out to be ambiguou8, the f&w- 
ing 8cheme was executed. Each of the isomers was 
reduced (Zn/HAc) to the correrpo~ aniline akohot 
(qn 5) which was then monoacetykted. 

The major component of the cyclowtditkn was assig- 
~s~~l5~~~~of~f~~~r- 
vations. Its reduction product (17) exhibited an NMR 
specmun simikr to that of the parent bicyclic precursor. 
Upon acctyiation of 17, a monoacetate (19) was isolated. 
Its IR stretching bands at 1730 (ester CO) and 3420 cm-’ 
(NH) were taken as evidence for 0 rather than N 
acetylation. It was the high ~~r~~jejfy NMR signaJ of 17 
which was shifted downfktd (A6 = 1.1 ppm) in 11 upon 
O-acetylarion. Therefore, the gcrndimethyl group in 19, 
17 and 15 must reside @ to the nitrogen. It follows that 
structure 16 must be assigned to the other. minor 
component. This was verified by a similar pro&lure. 
The mow-N-acetyl (29) was isolated directly from the 
reaction mixture (ZnlHAc). exhibiting 18 stretching bonds 
at 1650 (amide CO) and 3570 cm ’ (OH). Again. it was the 
NMR signai of the hi& rnu~i~k~y in 18 which 
shifted downfield upon acetyiatiq (Ad - I. I5 ppm). thus 



WC tbcn subjected cacb of tbc isam& axazims to 
tbc action of PeACOb The rcrulu loidc injm) of such a 
ma&m with tf UC &mibed in eqn 45). 

stefcu&mimy was unopuivacally detdmincd.” Tbc 
cetplinf comtmts of the bridge protons (5.0Htl in 21 
wxs taken es cwidence* for a ci.s riw junctioa, which was 
JW iJl acc&Mcc with the meocbmbtry of Il.” 
Tbcse nsults. and spec&liy tbc formation of tbc dine 
~x(~)~~t~t~~~~Ha~~~~ 
oxygen (H4’7); stmctm $1 which is eliminated in the 
reaction with Fe1(COh and no Sk&al -aunt 
takes piace. 

The reaction of the isome& 16 witb Fcz(COb &qn 7) 
Iyns strikiqiy diffemt from lbrt o! 85 leqn 61. Three 
m%aLfm organic compouttds wsfe formed in low 
yields. Tbc cyctic carbamatt 23 was rnmlly isolated 
frm the mixture and its structure was determined 
@xpcriment& It was demonstnted ftlc, IR) tfmt the 
mixture also contains 2!4 and #. Due to tccbnical 
~~WC~~I~~~~~~~~S~. 
Later, we Ml ehbomtc on tbc identity of these two 
COmpouadS. 

(u&e &{?u, IO this compound. Tbc plesencr of the 

24 O.L=Go 

b. L= +f 

c. L=fui@ff 
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T&k I. NMR’ l d IRbu 

compound &pprnl Multiplicity J(Hz) umax(cm- ‘1 

CH, 0.98, I .01 5. s 
H dA.0 1.79.2.11 69 Ju = 16.0 1745 

3.76 
HH: 4.07 ZJ J,? - S.0; J,, - 2.0 (C-0) in 

J,,AO; Ju = 2.0 CHCI, 
H,l 5.W m 

m 0 7.2 

CH 1.00, I.10 
H? 2.83 

H. 3.01 

H, 3.40 
NY 3.74 

HZ.1 m 
6 6.43-7.22 

CH, 0.92. I.23 
x ,*a 0.94.1.33 
HI 2.84 

HP 5.24 
* 7.35 

CH, 0.96. I .03 
HM 1.89.1.80 
2 4.46 3.76 

HI, 5.78 
* 7.25 

W 1.03.1.23 
Hta 1.93, I.45 
H. 3.14 
H, 4.62 
HI* 6.~2 
4 7.30 
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1,~*6.0:1,,=2.0 

J,, = 6.0: I,, = 2.0 

J,, - 2.3 

J A* - 14.0 
J,,-~&JO= 1.0 

Jm - 18.0: Ju - 5.5 
Ju - 7.5 

JA, - 14.0 
Ju = 9.0; Jr2 - 2.0 
J ,,* p 4.0: I,,, = S.0 

JAr - 13.0 
Jr, - 6.0: I,, - 2.5 
J ,.,* - 3.7: J,,,, - 2.0 

IS55 
fNCOFe) in 
CHCI, 
1015, 
1965 

fC&) in 
kXXlU 

1735 
(Cd) in 
CHCI, 

1670 
(C-01 ill 
CHCI, 

)NCOFCKO~ sm~ctud unit was inferred from the IR 

band at IS?!, cm-’ and the three bands at the zoo0 cm-’ 
region. 

Aside from small shifts and minor changes in the 
coup- constants. the NMR spectra of 16 and UI were 
quite similar. It was, however. ascertained (integration) 
that 16 and 24 possess the same number of H atoms. 
Ekmcntal analysis and mass spectra of 24 were unin- 
formative dy IO the thermal instability of the compound 
under investigation. lmprovcd s~~~t~n of the 
compkx 24a was achieved by transforming it to the 
triphcnylphosphim compkx 24. The 1R spectrum of 
244~ exhibits now only two CH2 stretching bands and the 

frequency of the )NCOFc biUId WPS IOWd by 

20 cm-‘. Such a shift is consistent with the sb’on;ger 0 
donation of the P atom. AMtough more stabk, the mass 

tU. Shmudi. Td-Aviv University and I. Bernstein, &a- 
Gurbn Univmity. 

spectrum of 24 exhibits only fragmentation peaks. 
Carbon analysis was low by 12% sod could aptally well 
fit a mokcular formuk with one dditional 0 atom as 
was previously postulated by us.‘* The NMR spectrum 
of u) was dmdcdly a!kcti by the ~ny~s~ 
substitutioa, AR the signaIr were now cbcmiiy shifted 
tTabk I). and only the central H atom of the r-allyf 
system was coupled with the P rtom (I - 18.0Htf; 
similar behavior was previously cncountcrcd.’ 

Since our mccha&tic study h&es upon the above 
intermediate compkx, a rigorous structural proof is ab- 
solutely necessary. We turned therefore to X-ray crys- 
t&gap& analysis which was performed on the tri- 
~~y~~~ compkx (ur), which turned out to 
yield more suitabk crystals. ‘Ilm crystalkgnphic work. 
the &tails of which will be publisbcd ckwhcre.t has 
codfmcd smmurc 24candthercforeako24baoduc 
A three dimensional compula drawing of 24c is depicted 
in Fit 2. Several important stntctural paramctcrt arc 
listed in T&k 2. The m distmces between the Fe 
atom and the three t curbon, C(z2). CfU,_and C(U) arc 
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simiior and in agreement with X-ray valws in other 
o-ally1 compkxcs.’ The two bond distances among the 
three II carbons, C(tzKt23) and CW-CtU). arc very 
similar and fill between the values of sin& and doubk 
bonds, implying a r-allyi ddocalii smkturc. The two 
“sp’-sp’” hybrid&d bond distance. C(24K125) and 
C(22)c(24) arc in agreement with the value of I.51 A, 
calculated by Sutton.* The distance of 2.02A for the 
Fe-CtlZ) bond. which is considerably lo 

T 
r than the 

two other Fe-CO bond distances (cu. 1.76 ) implies a 
simpk o-boa between the Fe atom and the 
carbamoyl moiety. A dib&al an& of 14.6’ is subtended 
by the bond system CW-C(24I-CW-C(26~ (Fig. 2). 
This is the consequence of a twist-boat geometry a&p- 
ted by tbc carbocyck. A short non-bonding distance 
(3.189 A) kwccn C_(28) and C-112) atoms is observed. 

Atthispointa summary of the results is in place. 
(a) All three oxaxincs 8, IS and 16 were treated with 

FeACO), in benxenc under comparable conditions. 
fbf Oxaxinas 8, 15 and 16 give rise to the Fe-free 

4-mcmbcrad ring lactams 11, 21 and 25 respectively. in 
yields of cu. 1096. An isomeric Iactam tti) was isolated 
in the case of oxazinc 16 tcqn 7). as well as a cyclic 
carbamate (23). 

fc) Tbc two oxazines 8 and 1S give rise also to an&o- 
cycl&Wd.knc coapkxes 1#25%) and U42%) nspac- 
tivdy. 

id) A u+aIlyl compkx @#a) was isolati only in the 
case of oxazinc (10. 

(e) Ncitber in the reaction of 8 nor in that of IS with 
FdCOk, could a wmpkx adogous to 2.4 be detected. 

It now remains to ehr&iatc the rok of the compkx 24a 
ia reaction (7). Its thermal decomposition in benzene kd 
to a &an generation of two Fe-free products namely. 25 
and #. The structures of these two compounds were 
assigned on the basis of their NMR and IR spectra 
tTabk I) and mass spectral and ekmental analysis data 
(Experimental). Comparison of the 1R and tic of these 
two compounds with those of the original products’ 
mixture from reaction (71, establishes beyond doubt that 
25 and ti are also formcd in reaction (7). Most important 
is the fact that neither under the original reaction condi- 
tions (cqn 71 nor in the separate thermal decomposition 
of 24a, an an&no cyc!ohcxadknc compkx analogous to 
It and 22 is formed. 

On the basis of the results presented hitherto. we 
suggest Scheme 1 as a plausible general reaction pathway 
which can account for most of the experimental facts. 
Part of this scheme is of course speculative. 

From the results of the tbcrmal reaction of 24a we 
conclude that thii is the immediate precursor of 25 and 
26. Furthermore, we are just&d in claiming that this is a 
gmcral reaction. i.e. hctams 11 and 21 are also formed 
from compkxes analogous to 24a Wtcme I). although 
they could not be detected. Before proceeding further 
with our arguments, it is instructive to examine again the 
X-ray structure of Ma which sheds light on the 
mechanism of these reactions. Figure 2 reveals a highly 
congested array of atoms in the vicinity of the carbamoyl 
group. Tabk I indicates extraordinary short non-bonding 
distance between C-f241 and C-IIZ) (2.727 AI and also 
between Cd221 and C_(l2) (3.183 A). In fact, these two 
non-bonding interactions in the intermediate 24a become 
bonding interactions in the lactams 2S artd ti. Thus the 
CO of the carbamoyl Ipoup and the two terminal C 
afoms of the r ally1 system of 2.4a are brought into 
reacting distance in the coordination sphere of the iron. 
leading to ring closures at tfk above two terminii. The 
nversibility of the reaction. i.e. U-+24 with Fe&ZOb 
was examined by subjecting the lactam 21 to the ori8inaf 
reaction condition. But, 21 was totally inert under these 
rtaction conditions, and was recovered unchanged. 

Two important points remained to be clarified. The 
firs! one concerns the mode of formation of 24a and the 

Trbk 2. Sekctcd bond d~staaces in MC ticc Fia. 21 

8ond r(a) 8md 

F ~322) 2.illf6) Cf22) X(27) 

b-C(2f) Z.M2(7) F* X(12) 

Fe-Cf20 2.115(8) Fe -C(lO) 

C(22) -C(2Sl l.ClO(ll) F* -C(ll) 

C(2J) X(24) 1.410(n) C(a)-C(24) 

C(24) X(25) 1.542(1J) C(29)-C(l2) 

C(24)-C(12) 

C(Z2).C(12) 

r (a) 

l.Scl(tf) 

2.022(10) 

1.77S(?] 

1.764(8) 

r.o?s(s) 

$.119(10) 

2.72?(113 

1.183(E) 
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0. R,=R*=H 2S 2m’ 
IS. RI = Me; R1= H 
IS. R, = H; R2=Me 

12 R,=W 

22. f+*MI 

Ma. R,=H; R,=Ma 

t LR,=R,=H 

2t.R,=MqRz==H 
2&R+; R,=Me 

Tbc st~cturcs marked with * ieprcsent intermediates which were not isolated. 
scbnm 1. 

anaIagous (assumed) compkxes originating from 8 and 
15. nK second question concerns the identity of the 
immediate precursor of the aniline cyclohcxadienc 
compkxes 12 and 22. Blocking the formation of tbc 
cyclobcxadknc compkx in 16 witb the concomitant 
isolation of the labik intcrmediie 24 (qn 7) does not 
necessarily prove that the latter is tbc immediate pre- 
cursor of rhe former in tbosc systems where such dicncs 
compkxes are formed (qns 3 and 6). This implies the 
existence of additional intermediate(s) in tk reaction 
pathway. Indeed, since the thermal decomposition of 24 
does not generate the cyclic carbamatc 23, at kast one 
such intermediate may precede the formation of 24 
(Schcmc 1). The most k+l one has been assigned 
structure 30 (Scheme I), which is transformed to 23 by 
losing the tkmcnt of Fc(COh. Central to the formation 
of 30 sod Scheme 1 as a whdc, is the oxidarivc addilion 

to the >N-Q- bond (via an initial monocnc compkx 

such as 28). Such a step is compatibk with the known 

energy of the )N-O- bond (S3 kcal/mol). Granted that 

29 is the primary reaction intermediate, its trans- 
formation to 30 represents insertion of CO to the O-Fe- 
bond, a process acccptabk in organometailic chemistry 
(de irrfrat. This second intermediate, 3). may account 
for two experimental facts: (a) the formation of 23, as 

was previously stated (b) the loss of c4 which was 
recorded experimcatauy in tbc reaction of 8 witb 
Fer(CO)r. Important to structure 31 and to tbc rest of tbc 
scheme is the recent finding of tbc revasibk reaction 

s2 35 

system (32 = 33) by Aumar~n.~ ‘l%c start& material for 
this system is tbc N-cAomctboxy viny-i and 
Fc(CO),. Roth 32 and 33, which are structurally pnalo- 
gous to 24 and 31 respectively, are relatively stabk and 
isoMe compounds. We mt that 31 is a common 
intermediate in two competing rrrctions. The ftrst ooe is 
the formation of the diencs 12 and 22. which occurs by 
shift of H atom (31; RI = HI from carbon to nitrogen 
allowing the development of the 1Jdiene system.‘ The 
end0 con@ration of the product (12.22) is compatibk 
with the geometry of 31. Ckprly, when RI= Me this 
reaction is being Mocka (Kc = 0). Consqocntfy titc 
rcactioo is bciy diverted to 24 by CO insertion, and 24a 
t&n decomposes thermally to tbc Fe-free lactams as 
previously discussed. Thus, wbcn 8 and 15 react with 
Fe&Ok (R, - HI, the product distribution. 12IIl and 
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22t2I dcpct~& on the ratio k,lk,, provided It, = 0. Tbc 
expcrimeatalntioisca3.Altbo@ootIraquiredfoftbr 
a&e of uFtpwawioa, we hive entcml the revel&k 
~~y~~ re8ctiDn (tr,) iBt0 scbeplt I. since fNm 
Aummnn’r rqmt’ it b rppueat tkat k,> t, Jtbougb 
the two n*ctiottJ were perfwmad an& dihfxlt cdi- 
tionr. 

A disturbing point in ubt reach pathway reprcsentcd 
inScheme 1,isourfai&rctoisoW311Rz=Me)wbkb 
k pnaloews to the stabk 33, i&a&d by Aumman.’ 

We le4au that 246 is an utremtiy lmstabk compound, 
~v~~~~~$~i~~32~~of 
4,” Since from ttructural consideration 31 must be 
WnnodynamicalIy even kss st&k than 24, it is not 
surprising t&at we baw faikd to &late 31. again at 
variance witb tbc rcporuxr stxbiIity of u. It may there- 
Ion he conctuded tbat t&c groWId SIate energies of both 
J1andu1rrre~with~tu,13pnd32fzspec- 
tiue!y, tim zkcm* for our failWe to Fdpu: Sk The 
above di&mthi mbility may a&n be attributed to the 
prescsce of a * *uyl system ia a cycbbexane ring which 
requires a boat Qeomtry (Fig. 2) vt a mote stlainkss 
conformations of 32 and 33. 

we also note that onty the otinc 16 generates on 
hi&k intermediate ctnnpkx, is. 2&. This may be 
connected with the fact t&at only with fi kl = 0. Since 
we have found that kt > ks, it is porsibk that oaty when 
k, = 0 ewugb of t& compkx (24) accumulates without 
being completely transformed into the Fe-free hams. 

Although some of our data support tbc proposed oxi- 
dative addition mechanism wbicb b described above, a 
nucko~~ addition wbicb kads to tbc primary inter- 
m&&c u csnnot be t+orousty Nkd out. Fwthcr 

16 + FQ,K$ - 

FQ 

nuckopbilk dispbbccmcat by iron may kad to the pmine 
oxide Jb, wbicb sbauld be readi& mfuced by iron 
carbcnyl pent in sofutioa.” 

by p+purtive tk (ribca~ w bettz&+t. afw I : 2 &klirpr 
II, (6%) as WI oil, NMR fCIXX, II: 7.14 fm, ZHI. 6.65 fs. 3H). 

199tU*,, SOW+NCO). Fat other pbysW &a. see Ref. lo. 
(Fwod: C, 78.42; H. 6.40; N. 7.1 I. Cak. for C,,H,,NO: C. 78.M. . . ._ 
H. 6.X N, 7.04%). 

Mctbykae ckioridc clutcd 9(M), solid, suMimed 
WKt.01 mrnl, crytt. from bcMnc, m.p. 64.5-6W. lit” 64.s.. 
63.9. 

exo.BAniliiw-1 J-+dKr&&W i#oM&orbo*li WU p?epWtd 
by qua* cycbbcxadknylium iroo&utx~yl tetiuoro~ 
borate in CHrCll wit!~ aailin. solid, cryrt. from bcxaoe, yellow 
ocedks. m.p. &c.J”, NMR (see Fii. lx in Ref. lo). 

ss- ard 9.9 + Lkdhyl . 3 * pkrrr * 2 . 0x0 - 3 - azabicy. 
~t~~2ltlucf - 5 - es8 irn ad IlO. A s&l of nitro*nttnc 
f39pI mod SJ - dbetbyl - i.3 f cyciobxadie~ ISgf in C&W 
fso mlt vu kept at P for f5 hf. The l&eIu ti cvrpcrrtnl snd 
the nridUl 08 WOJ chfomatgnphi?d an a dry co&ma d rika 
uria(: kntcnc. Fb?rt tbcre vu ob&cd a sol& 15.5.57 I 02%). 
uyrt. from pet.&cr. v&limed 0OVO,ooS mm). m.p. 52-r, NMit 
tmscakd in Fii. I(b). (Foumd: C, ?&04; H. 8.111: N, 6.62. C&. 
for C,&NO: C, 78.1; H. 7.9; N, 6.51%). fhr above was 
followed by 16, 2240 (28%). csytr. from pct.itbcr, rubliated 
f3@* 0.065mmt. m.o. 66-6T. NMR data ottnoted in Fi. I(n). 
fFouod: C, 77.74: ri. 7.68. C&z. u for t& 

_ 

c~-C~~LI”4-a~~-53-dinulhfl-2-mr-1-ol(il~. 
compound 15 (200 In@ in HAc (5 ml) was treated with Zn (0.11#). 
After IS hr at roam temp. tbc mixture vu frhcrui. bdkd with 
NaOH, wubed with cti which ww drkd (K#ZO,) and 
CVapof&d. rlu rcsidMc (IWay) W8S crytt. e&c&pet. ether 
ft:I~.m.p.ts-78.~*. NMR&XX&, 8): 1.1s im. 2H~,6,65~m.3~~. 
3.74 fs, 2Ht. 4.2t It. J = 7 Hz, IHf. 3.131 fm. IHl, 2.6 Ibroad. NH. 
OH& 1.63 Idq, J - 14.7 rad 6 Ht. 2WI. 1.00 (I. 6HI. 

Acctylalion of 17 WImg) was pcrf~mcd in pyridiAclO 
soln (1: It PI room temp. for IS hr. Tbc Jatn was diluted with ice 
war. and the product was extracted with CH&I* which was 
washed sritb diJ. HCI followed by NaHCOt and sat. N&I aq. 
Evaporation of tht solvent kh M oil, I), 600 mg, bomwnous by 
tk. NMR ib. CDcI$: 7.tS fm, ZHt, 6.66 tm, 3Ht. 3.75 fm, 2Ht. 
5.B fm, IH), 3.6 (m. IHL 3.3 rm. IHI, 2.23 (d. 3 = 3 Hz, IHi, 2.05 
Is, 3H). 1.73 (d, J-6X2. tH1. 1.04 ts. 3H1. f.03 fs. 3H1. 
IR(CHCI,): 3420 (NH). 1730 00) cm ‘,-m/c (M’. C,Ji,~NOj. 

cis - Cycloka - 4 . u&no - 6.6 - dim*kyf + 2 . enc _ I - ol(11). 
Compound 16 vu reduced fZo/HAcl as described for 15. The 
crude wu dissolved ia benzene. urd w&d with 5% HCI p((.. 
whkh was b&&d fNtOHl ud w&al with CH&. Evrrpon- 
tin of tbc soivent ykkkd IS, 0.1 g. sub&ted ~l~~~.Ol mmf. 
m.p. i@M’. NMR IfDClt, bt: 7.U (m, ZHI, 6.63 (to, 3Hj, 5.8 fm. 
2H). 3.92 fdd. J = 8.2 mod 6.8Hz. IH), 3.52 tm. iH!. 2.85 (br.. s, 
2H). 135 (m, 2H). 0.95 fs. 3H). 0.91 (J, 3H). IRtCHCI,): 3J?0(OH 
free). 3390 (OH bonded) cm’ I, m/r 217 (M”. C,,H,,NO). 

The btnzcnc phase was dried and evqxWcd. The residut. I$* 
O.otp VU subtimed (9U’fO.Ol mm). m.p. It?-it. NMR fCRCI,. 
8): 7.25 (m. JHI, X8 tm, 2Ht. 5.06 tdd, J = 9.8 nnd 7.5 Hr. IHf. 
3.33 tb. d. J - 4Hr, IX!. 2.08 fm. OH). 1.3 ts, 3Ht. 1.s fm, 2Hf. 
0.9 b. 6H). IRfCHCb): 3510 iOH feel. 3406 fOH bon&&, I630 
(Cd) cm ‘. m/e 2S9 fhf’. C,,H,,NO& 

Reoctitm ol 15 with Fe&O)c T& reaction and is&lion of 
products wet-z WM out as dtsctibcd fw 8. todo. 5 . aniko - 
6.6 - dimahyl * cye&&txu - 1.3. dinr imMco&ony/ (U), was 
ob&ined (42% yclbw needks, m.p. 6061’ fbcuwl. NMR and 
fR&a~Present&inTrbk t;mftUt(~(‘~.tf3fM’SO),18f 
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(M’XO), IS~ (M’XO). (Fcuat C, 40.6% H, 5.14 N. 4.81. 
Cak. for &H&NO,: C, 60.25: H. J.OI: N. 4.14%). 

cb-3J~~h~-7-~~-7~~~p~4)o*-2- 
8lW - 8 . OIV (21) vu isohd (9%). subhcd (6S%Ol mm). 
ncedJu from belur. a.p. ll%l20’. NMR and fR Qu UC 
presenti in T&ie I; & 2.27 (M’, C,,H,,NO), 1011 W-#NCO). 

TbtamiBoako&olIfwuis&&Ja8%t~w88foMdlobe 
klCUthlwilhIflCraloaDIprobaOfI5WHAC). 

&u?ioa~16wir6Fc~4A napeaim d FWJOk 0.25 6; 
9 am&es) in R sola d IS (Log: 4.65 meok) ia k#urabgct 
stlvrI:l(11)ml),wrrrtinadudaNIct3Pf~33.TbrcM; 
&w-uMa;cdundtrN~udrbrsofvcarwuegontbd.Tlt 
nriduewuc~uderN~onrcdumadbuic 
alulk~cooWwidliaw~.TbccohnnIlwaswWwitbpct 
ctber, md cH#& ctlscd on oif. 24&o.s1s 6 (30%). bomo6WM 
by~,wLicbNstrbkwbca~~Qu~N,.NYRudlR 
&uuepmcnledinTsbkI. 

CH#, ehlad a sccoad solid. 23. cry% from ttkr-pct.tt&r. 
(6%). a.p. lS2-152.5’. NMR (CD& 8): 7.28 ha. 5X). 6.64 fm. 
2H). 4.26 tdd. J - 5 and 2 HZ, Ill). 3.71 (m. IH), 227 (ctd - I4 and 
3 Hz, IH), 1.59 (dd, J - I4 aad S Hz, IH). I.41 (s. 3Hh 0.97 (s. 
3H1. IRfCfXXI: I660 IC0 cm-‘. IFound: C. ‘B.01; H, 7.17: N, 
5.96. WC. for C,$H,,ti&: k. 72&H. 7.17: N. MM. mfr thf’ 
2431. 

4 - Anilk - 6.6 - diwsu&f - I - cycfokalfyI . co&ox$fa~ - 
dkho+ rriph&pkosptie bcra.m f24b). A mixrurc of 24n 
(0.106 6; 0295smokc) tripbutrbbrpbiat fO.Oa 6: 
0.241 mmoks) and berurn (3 ml) vu stirred uader NZ U room 
@lnp. for 2b.r. The ldvcnl was MKWd k WCW. lhe m&c 
t&ura%d wia pet. elhcf ud uytt. (3x1 from pet. ctba. yaw 
necdkr Mb, 0.1016. m.p. iXU4V. NMR aad IR bw ut 
prese~tcd in Tab& I. (Feud: C. 66.7; H. 5.42: N. 2.40; Fe. 6.13. 
Cak. for C,,H,tFePNO,: C, 69.9: H. S.33; N. 2.33: Fe, 9.2)(k). 

4-AIlifho-66-~a)~~-r.c)ciolutolfif~corbarl~ 
iNMldkoftWyf rniIuth~ph01phifirr kutam W). l-be ddoct lb 

VIS reacted witb Fe1(COk as pcviously described. Af8er Okra- 
&XI d the M toin, ~~~~ cO.m@ in bcazclw 
(6mi)wrr~radIlwrdnvur~rmdtrN,rtrowrtmp. 
for 2br. After tvapocak d tbt solven(, tk tesiduc *as 
chromatogrpbod on b&c hmii CHxCcl, Wed 24~. Is. 
homogct~~ by tk. Cryn. (3~) from beuv under N, pvc 
yetlow prisms. m.p. l2%130’ Meet NMR CC&, 6): 7.2 (m. SW. 

S.27 (P. IH), S.U7 (a. IH). 4.19 (a. IH). 3X (m. IH). 3.31 (d 
I,+,, - I I Hz, 9H). I.66 (r. 3H). 1.2.4 (I, 3H). I.1 (dq. J - I3 aad 
4Ht, 2H1. IRICHClt): ISSS fNCOFef cm-‘: ikrmtl: 2@20. I%0 
(0, cm-‘. (Foaad: C, 49% H. S.10; N. 3.01; P. 6.11: Fe, 
II.12 Cak. la CxHx.FcPNOi C. Sl.80: H. 5.62: N. 3.02: P. - - 

2bernWfmacfiwofurThtlastamtlluaJQI)iahzeac 
(IS al) wu r&ad (tw) for 5 ia. Tbt soknt w&s av&pcxated 
uldthefcskJlu~Mb8tic~ 

CH$&-pa.cthu (I:I) hued a ayslrltine rubrtracx (2%. 
rubthnd (1OoW.05 mm), 0g.15-85~. sgcctr8l dam UC preYen- 
tuJ in T&k I: rrir 227 fY’). f(r (M’-+NCO), (Found: C. 79.41: 
H, 7.52; N. 6.34. Cak. la C,,HnNO: C. ‘294; H. 7.46: N. 
6.17%). 

Sktbrr&vebpmeatdthccdmowihCH~cluedtS%, 
m.p. Ill-112’(beaane). Specti dun arc praciad io Tab& I; 
m/e 227 W). 
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