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r5brtrwcDlchJorocarbnt tDcC) shoved stgnlfii*nt d~flcrcnccr L~I pcr~ccltctw~t) In rtactlon$ ktwcn ‘I-mcm. 
bcrtd nng unsaturated compounds wth mrstrrq and v~thuut mahng b, tk tnwbonyhron #wup Tncubunyl[?J+ 
(cthoaycubonyltutpl~~lron (71 and tns~yKc)cbhcgtatrwm)lron ($1 ybc rrwx~nyUN4ctboxycarbwyl~ 
!.Fhomoucprru]uon &nvalw (9) and !ncubonyll~.~homocycluh~~tatne~)lron &n\rWc (I@ Oa~dltwc 

dcgndat~n of these adducts (9 ad 10) wth tnmc~hylrmlnr N-clwdc allrrrdcd h’~cthorycuhosryl~!.~~m~~~ 
denvatarc (111 and 2.3.homocycbkputncnc dcnvatw (12) R) iontrrrt. trcatmtnt of 2 equwlcnts of o-Alorrrul 
wth these wIdWr I9 md 101 pbe (uo typo of novel rplroadducts (lb and lb). lllr and 18). rcrpect~vcl~ Tlu 
wwturc of adduct lltr was full) c~tabh~hcd by X-ny rnalbw 

The ptrtcycltc syntheses arc very valuable for the st~rto-. 
tc~ie and pcrirekctivt controls Espccully dunng the 
part decade. the thermal pcricychc reacttons of con- 
lupkd medium-nng polyencr have aroused considerable 
tnterc\t. and much effort hat been made to tstabltsh their 
capabilIty for cycloadditlon. Prcv~ously Sacakl rr 41 ’ 
reported that addition of DCC In aqueous medium to 
mcdlum-membered nng unsaturated compounds pro- 
ceeded rn a highly stereospecIfic manner Thus. N- 
(cthoxycarbonyl)_ucplnc (1) and cyclohcptatnenc (2) 
reacted uith DCC to give a11-rru~~~o.trlr(homoa~eplnt) 
dcrlvatlvc 3. and all-Irons-a-tris(homocyclohcptatricne1 
dtnvatlvc 1 and a-blr(homocyclohtptatrtene) dcrlvativc 
5 or 4. rtspcctlvcly (Scheme I) 

Recent synthcttc studies by us have shown that coor- 

dtnation of medium-membered nng unsaturated com- 
pounds such as N_(cthorycar~nyl)_utplnt (1). cyclo- 
hrptatricne (21. R-uaheptafulvcne. and tropone to a tri- 
carlxnyliron group can lead to slgnlficant changes in 
pcristlect~v~trcr and reactmn patterns towards tkctro- 
phllic reagent\ such as !-oxyallyl cation’ and 12.45 
tctrarinr ’ 

This paper deals with the role of tricarbonylrron com- 
plexes of these 7-membered ring unsaturated compounds 
In rhe cycloadditlon reacttons wrth an electron-deficient 
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tncar~nyl[N_(cthorycar~nyl~azepine)iron (7) with 
cx~css of DCC prepared from chloroform In the 
presence of aqueous sodium hydroxldc-benzene with 
tricthylbcnrylammonium chloride ar a catalyst afforded 
tncarbonyl[N_(cthoxycrrbonyl)_!,3_homoartpinc)ironde- 
nvativt (9) in 73% yield (Scheme 2) 

The structure of the adduct 9 was arrlgncd on the 
bark of spectroscopic data. The mass spectnrm showed 
ions at m/r 388 (M’). 3W (M’-CO). 33,’ (MO-!CO). and 
3O4 (M’-3CO) and the IR spectrum exhibited a urethane 
CO band at 1705 cm ’ in rddltion to tricubonyliron 
bands at IWO cm -’ and 2085 cm ’ There spectral data 
suggested the formation of a I . 1 adduct which consisted 
of a tricarbonyliron group In the ‘H NMR spectrum, the 
mcthinc protons H. and H, dlrplaycd characteristic sic- 
nrls at 3 I4ppm and ,‘.03ppm as a doublet and double 
doublet, respectively 

Similarly. the reactlon of tncarbonyl(cyclo- 
hcptatnenchron (b) with excess of DCC under the same 
conditions afforded tricarbonyl(2.Fhomocyclohcptr- 
trienchron dcnvatlvc (10) In W (Schcmc 2) 

These rtactlonr were expected to glvc onri-adductr. 
wherein the dichlorocyclopropanc ring is onentcd unri to 
the tnctinyliron &roup. which mqht be due to the 
rtenc hmdrancc between them. 
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It is intcrcstiru that the generation of DCC by various 
caulytic methods gave the following products. Tricar- 
bonyl(cyclokptatricnt)iron (8) reacted with DCC. 
produced by the reaction of chloroform with a suspcn- 
lion of potassium t-butoxide In hcptant. to give a 1 : 1 
rdduct (101 but in a low ylcld ’ On the other hand. when 
cycloheptatricnt (2) was allowed to react with haloform 
in the presence of potassium carbonate and l&crown4 
at IW. the reaction afforded I-halobcnzocyclobutcnc in 
B low yield VU the rntcrmcdirte of 2.3.homcxyclo- 
heptrtncnc dtrivatlve.’ However, the tncarbonyliron 
complexes under these reactJon condltionr failed to react 
with DCC. As described above. 7-membered ring un- 
saturated compounds reacted with DCC by the phase 
transfer method to afford the bishomo- or tirhomo- 
compounds, From these results. it is pointed out thlt the 
coordrnrtcd 7-membered unutuntcd compounds reacted 
wrth DCC by this catalytic method to proceed pcnsclcc- 
tlvlty at the C.4, position In modcrrtc ylcld 

Oxidofitv drffrodorion of rncarbonvlrmn wmpftxtr of 

!.3-homo-7-mrmbertd tin8 uworurclrrd compound 
dttirofks with ttimrrhylomint N-oxidr 

Tricrrbonyl[N-@thoxycubonyl)-2.3.homoazepinejiron 
(9) was oxrdirtd *rOl trimcthylaminc N-oxide to mvc 
N_(cthoxycarbonyl~!.f-homoazepme dcrivatlve (11) in 
9??+ yield (S&me 3) The IR spectrum of adduct 11 did 
not show the absorption of a tncarbonyhron group The 
‘H NMR spectrum exhibited characteristic sIgnaIr of two 
mcthmc protons H. and Hb at 3 62 ppm and !.Jr ppm as 
a doublet and double doublet, respectively. 

Similar trertmcnt of tricarkmyl(!,3-homocyclohep- 
trtntnekon (10) wrth trimtthylamint N-otldc gave 2.3- 
homocyclohcptatncnc dcnvatlvc (12) In 68% yAd 
(Scheme 3). 

Cqlaoddrrron nj tncorbon#on compltxrs o/ 2.S 
homn-7-mrmb~rrd ring unrowafrd compound dmro- 
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Pcnsclect~\c c~cloadd~~~on of tncrrbnylrron compkxrc of ‘I-membered nng unutuntcd compound% filth dschlotocubrne I??31 

t~trr k.tth o-chforantl and rrmorm~ rricorbonyf~ron 

group Tncarbonyl[N - (tthoxycubnyl) - I.3 - homo- 
arcpinc]lron dtrivatwe (9) was allowed to react 

wtth 2 tqulvalcnts of o-chloranil to give a mixture of 

stereoisomers (Ik and 1sb) m total yrc!d of 71% (ratio 
I!.II 

The mass spectrum of the adduct lk showed a mole- 

cular ton peak at mlr 494 (M’) In the ‘H NMR spcc- 
trum. the mcthtnc protons H, and H, deplaytd srgnalr at 

fi 42 ppm and 4 47 ppm as a doublet and doublet of 
double doublet. rcspcctrvely These spectral data wrc 
bcr) slmllar to that of adduct 13b However, the IR 

spectrum of adduct Ik exhibited urethane and dienonc 
abrorptions at 1730 cm ‘. tihtlc one of adduct 1% crhl- 

bltcd urethane absorption at 17?5 cm-’ and dlcnonc at+ 
sorptmn at l?lOcm 

From these spcctrorcoplc data. the three alternative 

structures 15. 16 and l.\r. and thclr stereoisomers arc 
pa\slblc tChart 11 

It I\ unrcaronatrle that there thouId be five proton\ m 

the olcfinrc field In the ‘H NMR qxctrum and only one 
CO ahsorptmn tn the IR spectrum 

As described abobc I( war too hrgh field for dlenont. 

Thus a single crystal X-ray study wa\ undertaken to 

provldc ducct proof of structure for the product lk 

TIM crystal structure was solved by the direct 

method.’ Refinement to an R factor of 4.4W was 

obtamed by the method of least-squarer on I!63 nonlcro 

structure factors 
The configuration of the molecule wrth the numbering 

scqutncc In this papr II illurtntcd tn Fig I. where each 
nonhydrogen atom IS represented as an clliprold wrth 

ZP% probrb~hty 
The molecule conslstr of the cyclohcxadrenone. the 

tctnhydrofuran. and the alrpinc rmg The former two 
rings arc joined through a sprro.C atom (C, K,)). 
wherein the dlcnonc carbonyl group and urethane group 

arc on opposite stdcr (onf~) ulth respect to the tetra- 

hydrofuran rrng system (Fig 1 I The bond Icnflhr of 
I 179 A for C,,3..,! bond (C,JC,K,KJ) and 1 549 A 
for C,,3.,- ‘I bond (C,-K&C,~C,)) arc consIderably 

longer than the norma! values and there may be due to 
Spiro-C atom strains The tctrachlortilene moiety IS 

roughly planar and the toeton angle of O,.&,K,L 
CJC,K::K,) 1% I!! I’ Thoc fact\ mdtcatc that the 
cnonc CO does not fully conjugate ulth the dlcnc. uhlch 
IS compatlbte with the IR ahtorptton band at 1’3Ocm ’ 
considerably higher than those of unstrained group5 

Thtl may be due tv the large W~IC rcpukon between 
Cl,, and 0,4Cl,&,, 3 08 A) The 1’V abrorptlon band 

Cl 

Cl 

fill-CO1 1.412 (14) cr11!-c1(1<1 ; . ‘69 I” 

C(2) -0111 1.447 (101 C(lIl-C(l7I I .579 (31 

O(l)-CII) 1. Jl6 t91 0116)-cc171 :.1q: .Ul 

CI4I-015) 1.197 I91 Cl1~1-Crlel 1.549 1101 

Cl41 -N(6) 1.417 (10) Ct171-C(26) 1.5:4 t’l1 

N161-C(?) I.420 (101 CIlBr-O(l91 1.191 (9. 

r;CSl-Ctll) 1.441 (91 CI18’-Cl231 1.4’1 c;o, 

ct7)-c(81 1.117 (11) CI2O,-Clt2ll 1.7)8 : :1 

cl01 -cl91 1.42u Ill) cl23~-Cr~zI 1.1:2 1101 

C(9) -cc 101 I.122 (111 CI22)-ClII~I :.:I1 ITI 

C(lO1 -CIll) 1.501 1111 Cl22) -cc241 1 468 !Ql 

Crlll-CtI2l 1.516 110) C(24) -Cl (251 1.713 ,?I 

Ctlll-O(161 1.449 I91 C(24)-Ct261 1.131 I91 

C(121-Cl111 I .520 19) Cl261-CIiI:) 1 .:.9 1’1 

ctlll-cl~l4r i.7a7 I7I 
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T&It ? lntcntomtc rr@c~ (dcg) vlth est~rmttd sundrrd dc\uhont of dducf f 1 Ia) 
-_-. _--.- _-.- _-_- _- - 

c I)-C(?)-O(3) 
c ?I-O(3)-C(4) I 

:~;l:4~:l::~~~ 

:\:Kl:l::Itl 

:I:;::I;\::I1:l 
h(4).c 7)-C(8) 

I C(T)-c 8)-C(9) 
C(8)-C(9)-C(lOl 
C(9)-C(lO)-C(ll) 
c lo)-c(11l-c(~zl I c IO)-~(11).O(16I 
c(lt)-~(11).O('6) 
h(6)-C(l2)-C(ll) 
h(6)-C(l2I-C(l3) 
c(1I)-c(I?1-c(lJl 
C(l2)-C(l3)-CI(l0 
c(12)-c(13)-cl('51 
C(12)-C(l)!-C(lr) 

101.4 (8) 
116.2 (6) 
125 1 (7 
110.8 (6 I 
1241 I 

\I 1147 6 
119.9 6 

t I 12S.4 6 
l?8 4 (1) 
131 8 (8) 
lt9.6 (81 
126 4 (7) 
121 l (6) 
108.8 (6) 
101.3 (51 
120.0 (6) 
116 8 (5) 
104 l (S) 
II2 I (5) 
112.5 (5) 
100 5 (5) 

c1(l4)-c(131-c~(15) 106.3 (4: 
c1(14).:(13)-c(1?) 112.3 (5) 

- _-_---.-- 

clcIr:-c(l3)~ccI~) 
C(ll)-O(l6!-C(lJl 
C(l3)-C(1Jl.O(16) 
C(13).C(lJI-:(18: 
c(I3 -C(lJ -1(26: 

II O(16 -C(lJ -C(lB; 
0(16I-C(lJI-((26) 
C(l8)-C(lTl-Ct26) 
C(l?) :(lR).O:l9) 
C(ltI-C(18).C(tO) 
oll9)-c(l8I-:(75) 
C:l8).C(2O)-Cl(7l) 
C(18)-C:73)-C(27) 
c1(21)-:(2oI-c17?) 
C(?O).C(22)-Cl(23) 
C(?O)-Ci271-:(74) 
CI(t3l-C(771-Cti4) 
C(22)-C(24l.C1:75: 
Ci27I-C(74)-C(76l 
Cl(lS).C(74l-C(76) 
C(llI-C(76!-C(Z4) 
c(l1l-:(26)~Il(7~) 
C(24l-C(26!.:l!2~: 

111 4 :5) 
117 2 ISI 
106 l (5) 
110 7 (51 
II2 4 5' 
108 4 I 5I 
109 8 (5) 
109.4 (5) 
121 6 (6) 
114.8 (61 
123 6 ('I 
114 5 (5) 
I71 8 (6) 
123 1 (6) 
120 7 (5) 
110 1 :6) 
118 6 (5) 
116 9 (51 
170 1 (6) 
127 8 (5) 
121 9 (6) 
115.4 (5) 
l&-l 6 0) 

of dltnont is also rfVccted by this effect The compound 
13r exhibited n -. n’ ab,orptlon band at MO nm which IS 
IO nm lower than that of stereoisomer 1% whcrcm the 
dienone CO group and urethane group arc on the same 
side (syn) with respect to the tctrahydrofuran ring 
system 

l%e molecular model analyw of the stereoisomer of 
13r based on this X-ray stud) lndrcater that the rtcrlc 
repulsion between Cl,*----AI,, may not be so 5cfIous 
that It prcwntr coplanarity of the cnonc system The 
N,-C,AC,) detance of f 441 A is shorter than those 
obwved In the cycloadducts of N-(cthoxycarbonylk 
axpmc (1) and cyctopcntadlcnonc~ (ca 1.47 AI * The 

bond angle of Y,-C,K,K ,,(C,) expands to 120 V The 
facts wggcrt that C,: CC,) C atom has a somewhat up’ 
character The low field shifts of ‘H KMR signal of 
H,AH.I (6 42 ppm in C,D,) and “C N.MR signal of 
C,AC.) (MPppm) may Ix effected by these structural 
featurcc In addition to the rnductrvc effect of fi-dlchloro 
substitucnts ’ The dthcdral angle of H ,dH,K AC, F 

- - _ ___ - - - -. 

C,,K,kH,AH,) is !9 P. which 15 conwtcnt with ‘H 
NMR result 

Tricatbonyl(?.!-hornoc~cloheptatrwwhron dcwative 
(10) uar likcww rcactcd with 2 cquirnlent~ of o. 
choranll to afford a mlxturc of <tcreoiwmer~ tllr and 
14&I in total ylcld of 445 (ratlo I I 4) 

Ry contrast. ti-(ethoxycartwnylt!.!-homoa~cplnr 
dcrrvatwe (I II and ?.!-homocyclohcptatnenc dcritatwc 
(12) ucrc Inert to thr4 reagent 

Since the additwn of compounds 9 and 10 uifh o- 
chloranll ucrc the symmetry-forhrddcn (20 + ,‘rr] type. 
cycloadditwnr ucre expected to proceed wa wrtterion 
or blradlcal lntcrmcdlatc (17). and orldlwd wth o- 
chloranll to 81vc 13 and 14 (Scheme 4J 

On the other hand. .%rto rf al In rcccntl) reported that 
N-ethoxycar~nyl).azcpinc 11) ulth o-chloraml afforded 
a [bn + 4n] cycloadduct as a major product in addition to 
two [4r - _'r] cycloadducts. which ucrc of the sym- 
mctrj-allowed type adducts 

Another possible mcchawm Involwd Inltlally formed 



PC~W~CCIIVC cycloddmon of tncarbonyhron complexcr of 7-mcmbcrcd nng unrrtunted compoundr nth dtchlorocukn 13%~ 



atom 

Ml-1 

Ml-2 
“Z-1 
w2-: 
n2-2 
UT 
W8 
*o 
*10 
Lll 
“12 

’ The valuem hava been rulciplr& by 10’. 

Fy I ORl-EPdqram of Ih 

radical ions (IS). wtuch were formed by one electron 
Uansfcr.” ptoduced twitterion intcnnedutt (19). fol- 
lowed by ouckophilic addition lo give 2& and #Ib. and 
further oxuMon with othloranil to give 13 and II, 
respectively 6chemc 5) 

-AL 

focus~ rpcctromrttr 0pcnt.q at an bofutrng pottnrd of ‘I rV 
The sdd rrmph ortrt loaned by ckctron bombardment llltr 
wblimatlon ducctly Into the ckctron beam II I5G.W 

The cww was drud over Na_& and cvapontcd rn tocuo 
The rwdue was chroma~ographcd on a column of c111cr gel with 
bcntrrbc-n-tulafu (1 I) as an ctucnr lo g3vc 9 (093g. ?Sq) 
Tht product was rccrysull8tcd from n-k- to g~vr p.ak ycllou 
cQslaJs m p I IF I I<. mass rpcctrum m/c .YB (M’l. MdI (M’- 
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Pcrr~ckcttrc c)cloadditmn of ~rtcrrb~n~ltrwt wmpkrcs of 1 mtmhcrcd rtn~ unururatcd cnmpcwndt with dtchlortxcrrlwtc l,‘R 


