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REACTIVITY OF CYCLOADDUCTS
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Abstract—Drchlorocarbene (DCC) showed significant differences of penselectivity in reactions between 7-mem-
bered nng unsaturated compounds with masking and without masking by the tncarbonyhron group Tncarbonyl{N-
(ethoxycarbonyl)-azepine]iron (1) and tncarbonyKcycloheptatnenehiron (8) gave tncarbonyl(N<ethoxycarbonyl)
2 3homoazepineliron denvative (%) and tncarbonyl(2.}-homocycloheptatnenehiron denvative (168 Oxidauve
degradation of these adducts (9 and 10) wath tnmethylamine N-oxide aflorded N4ethoxycarbonyl) 2.3-homoazepine
denvative (11) and 2.3-homocycloheptatnene denvative (12} By contrast. treatment of 2 equivalents of o<hloramil
with these adducts (9 and 10) gave two types of novel spitoadducts (13a and 13d).(14e and 1), respectively The
structure of adduct 13a was fully established by X-ray analyus

The pencyclic syntheses are very valuable for the stereo-.
regio- and penselective controls Especially dunng the
past decade. the thermal pencychc reactions of con-
jugated medium-nng polyenes have aroused considerable
interest, and much effort has been made to establish their
capability for cycloaddiion. Previously Sasaki ef al'
reported that addition of DCC in aqueous medium to
medium-membered nng unsaturated compounds pro-
ceeded n a highly stercospecific manner Thus. N-
(ethoxycarbonyl)-azepine (1) and cycloheptatnene (2)
reacted with DCC to give all-trans-g-tristhomoazepine)
denivative 3. and all-trans-a-trischomocycloheptatriene)
denvative 4 and o-bisthomocycloheptatriene) denvative
§ or 6. respectively (Scheme 1)

Recent synthetic studies by us have shown that coor-

dination of medium-membered nng unsaturated com-
pounds such as N{ethoxycarbonyl)-azepine (1). cyclo-
heptatniene (2). R-azaheptafuivene. and tropone to a tn-
carbonyliron group can lead to significant changes n
periselectivities and reaction patterns towards electro-
philic reagents such as -oxyallyl cation’ and 12.4.5-
tetrazine '

This paper deals with the role of tricarbonyliron com-
plexes of these 7-membered ning unsaturated compounds

in the cycloaddition reactions with an electron-deficient
DCC

RESULTS AND DISCUSSION
DCC addiion to tncarbonyliron complexes of 7-
membered nng unsaturated compounds. The reaction of
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tncarbonyl{N-{ethoxycarbonyl)}-azepineliron (7 with
excess of DCC prepared from chloroform in the
presence of aqueous sodium hydroxide-benzene with
triethylbenzylammonium chlonide as a catalyst afforded
tncarbonyl[N-{ethoxycarbonyl)-2.3-homoazepineliron de-
nvative (9) in 73% yield (Scheme 2).

The structure of the adduct 9 was assigned on the
basis of spectroscopic data. The mass spectrum showed
jons at m/e 388 (M~), 360 (M"-CO). 332 (M"-2CO). and
304 (M"-3CO0) and the IR spectrum exhibited a urethane
CO band at 1705¢m ' in addition to tncarbonyliron
bands at 1990¢m ™' and 2085cm ' These spectral data
suggested the formation of a 11 adduct which consisted
of a tricarbonyliron group In the '"H NMR spectrum, the
methine protons H, and H. displayed characteristic sig-
nals at 3.14ppm and 2.03 ppm as a doublet and double
doublet, respectively

Simdarly., the reaction of tncarbonyl(cyclo-
heptatnenchiron (8) with excess of DCC under the same
conditons  afforded tricarbonyl(2.3-homocyclohepta-
tnenehron denvative (10) in $6% (Scheme 2)

These reactions were expected 10 give anti-adducts,
wherein the dichlorocyclopropane ring is onented anti to
the tncarbonyliron group. which might be due to the
stenc hindrance between them.
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Scheme 2
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o-chloranil

132 X=NCO,Et
14a X=CH,
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[t is interesting that the generation of DCC by various
catalytic methods gave the following products. Tncar-
bonyl(cycloheptatriene)iron (8) reacted with DCC,
produced by the reaction of chloroform with a suspen-
sion of potassium t-butoxide in heptane, to give a 1:1
adduct (10) but in a low yield * On the other hand, when
cycloheptatnene (2) was allowed to react with haloform
in the presence of potassium carbonate and 18-crown-6
at 140°, the reaction afforded 1-halobenzocyclobutene in
a low vyield via the intermediate of 2.3-homocyclo-
heptatriene derivative.' However. the tncarbonyliron
complexes under these reaction conditions 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 tnshomo-
compounds. From these results, it is pointed out that the
coordinated 7-membered unsaturated compounds reacted
with DCC by this catalytic method to proceed penselec-
tivity at the C—C, position in moderate yield

Oxidative degradation of tncarbonvliron complexes of
2.3-Romo-7-membered nng  unsaturated compound
derivatives with trimethylamine N-oxide

Tncarbonyl[N<{ethoxycarbonyl)-2 3-homoazepinejiron
(9) was oxidized with tnmethylamine N-oxide to give
N-{(ethoxycarbonyl)-2.3-homoazepine denvauve (11) in
92% yield (Scheme 3) The IR spectrum of adduct 11 did
not show the absorption of a tncarbonyhiron group The
'H NMR spectrum exhibited charactenistic signals of two
methine protons H, and H, at 3.62 ppm and 2.54 ppm as
a doublet and double doublet, respectively.

Similar treatment of tricarbonyl(2.3-homocyciohep-
tatnene)iron (10) with trimethylamine N-oxide gave 2,3-
homocycloheptatnene denvative (12) in 68% yield
(Scheme ).

Cycloaddition of tncarbonyliron complexes of 2.3-
homo-7-membered nng unsaturated compound denia-

11 X=NC02Ef
12 X=CH2

o-chioranil

‘ib X-'-NCO2E1
V,Lb X=CH2

Scheme 3
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tites with o-chloranil and removing tncarbonyliron
group. Tncarbonyl[N - (ethoxycarbonyl) - 2.3 - homo-
azepineliron derivative (9) was allowed to react
with 2 equivalents of o-chloranil to give a mixture of
stereoisomers (13 and 130) 1n total yield of 71% (ratio
1S

The mass spectrum of the adduct 13e showed a mole-
cular 10n peak at mle 494 (M) In the 'H NMR spec-
trum. the methine protons H, and H,, displayed signals at
64)ppm and 447ppm as a doublet and doublet of
double doublet. respectively These spectral data were
very similar to that of adduct 13d However, the IR
spectrum of adduct 13e exhibited urethane and dienone
absorptions at 1730 cm ', while one of adduct 13b exhi-
bited urethane absorPtion at 172%¢m™" and dienone ab-
sorption at 1710¢m

From these spectroscopic data. the three alternative
structures 15. 16 and 13s. and their stereoisomers are
possible (Chart 1)

It 15 unreasonable that there should be five protons in
the ofefimic field in the 'H NMR spectrum and only one
CO absorption tn the IR spectrum

As described above it was too high field for dienone.
Thus. a single ¢rystal X-ray study was undertaken to
provide direct proof of structure for the product 13e

The crystal structure was solved by the direct
method.* Refinement to an R factor of 448% was
obtained by the method of least-squares on 1563 nonzero
structure factors

The configuration of the molecule with the numbering
sequence in this paper is illustrated in Fig. 1. where each
nonhydrogen atom is represented as an ellipsoid with
0% probability

The molecule consists of the cyclohexadienone. the
tetrahydrofuran, and the azepine ning. The former two
rings are joined through a spiro-C atom (C,ACw).
wherein the dienone carbonyl group and urethane group
are on opposite sides (annh) with respect 1o the tetra-
hydrofuran ring system (Fig 1) The bond lengths of
1579 A for C.,3..,3 bond (C,u(C-C ACA) and 1549 A
for C,3...2 bond (C,4Cu-C.C.)) are considerably
longer than the normal values and these may be due to
spiro-C atom strains ~ The tetrachlorodiene moiety is
roughly planar and the torsion angle of O,~C .dC.}-
CooC-C:AC) 18 158 1° These facts indicate that the
enone CO does not fully conjugate with the diene. which
15 compatible with the IR absorption band at 1730¢m '
considerably higher than those of unstrained groups
This may be due to the large steric repulsion between
Clie and 0,dC1,~0,, 308 A) The L'V absorption band

Cl ,9 CI2
at'w
2 2 wzet
1 % %
Chart |

Table | Interatomic distances (A) and their estimated standard devuations of adduct (1%a)

Tth-Ct2 1.412 (10
Ct)-0t ) 1.447 (100
oth-Cta) 1.336 (9
Cla)-01% 1,197 19
Cl4)-N(6) 1.417 (100
NI6)-C(] 1.420 (100
K{6)-C(12) 1.44]) (9)
C{M-C(8) 1.
CL8) -C(9} 1.428 111)
Ct-Cctlo 1.322 (1)
C{101-Cu1l) 1.%501 (11)
cCrllh-¢c(1) 1.516 (10
Ct11)-0018) 1.449 (9)
Celr=c1 ) 1.520 19)

ciln-citla 1,787 1

Ciln-Ccras 1,769
CtIh-Cca1h 1.579 «»
oler-ca1m A L8
Cilh-Ctis 1.%49 (10
CL1N-CL26) 1,44 )
cuigy -0 1.194 9
Ci18'-C(20) 1.4V O
C20)-Cle2t1 1.738 N
CENn-cL2n 1.3.2 €10y
Cr2n-clazy L)
Cl22)-C24) 1 468 (R )]
Cl24)-Cl12%) 1.710 ‘T
cl(24)-C126) 1.3 9
ClL26)-C1 12N 1.7:9 (IR
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Tadle 2 Interatomic angles (deg) with estimated sundard deviations of adduct {1%a)

C(1)-c(2)-0(3) 107.4 (8)
co(2)-0(3-cle) 116.2 (6)
0});-(&‘ -0($§ 1281 (7;
0(3)-c{4)-M(6 110.8 (6
0(5)-C(a)-n(6 1241 (7
C?l;-ﬂsd-(&‘ 147 }6‘
C ‘)-!&6;-(%12 119.9 56;
c(7)-n{6)-C(12 125.4 {6
n(6)-C(7)-C(8) 128.4 (7}
C(7)-c(8)-C(9) 131.8 (8)
C(8)-C(9)-C(10} 129.6 (8)
€{9)-c(10)-c(1) 126 4 (7)
€(10)-c(11)-C(12) 121.1 {6)
€(10).c{11)-0(16) 108.8 (6)
C{12)-C(1)- 0('6) 101.3 (5)
N(6)-C(12)-C(N) 120.0 (6)
N(6)-C(12)-C(13) 1168 (5)
C(1)-c(12)-¢(13) 104 1 (5)
c(12)-c(13)-C1(14) 121 (%)
c(1re)-c(13)-€1(1%) 112.5 (%)
c(12)-¢(131-c(17) 100.9 (%)
C1{14)}-C(13)-CH{18) 106.3 (4;
aQe).cay-comn 1M2.3 (5)

of dienone is also affected by this effect. The compound
13a exhibited n -+ 7* absorption band at 340 nm which 1s
10 nm lower than that of stereoisomer 13d, wherein the
dienone CO group and urethane group are on the same
side (sva) with respect to the tetrahydrofuran rning
system

The molecular model analysis of the stereoisomer of
130 based on this X-ray study indicates that the stenc
repulsion between Clye-----0,s may not be so serious
that it prevents coplanarity of the enone system The

N.-C,AC.) distance of 1.441A is shorter than those
observed n the cycloadducts of N(clhoxycarbonyl)-
azepine (1) and cyclopentadienones (ca 147 A)?* The
bond angle of Nu-C,AC,)C,,(C,) expands to 120.0° Thc
facts suggest that C,; (C,) C atom has a somewhat sp’
character The low field shifts of 'H NMR signal of
H.{H,) (642ppm in C.D.) and "*C NMR signal of
C.AC.) (64 9ppm) may be effected by these structural
features 1n addition to the inductive effect of g-dichloro
substituents * The dihedral angle of H.olH )-C.o{C -

Cl (
Cl .0 a4
s Cl
e(CO)y C! 0
t Cl
Cl2 / -
X cl
X=NC02E1,CH2 Cl
cl ¢
\

CIISI-CON-C(17) 1) & 15)
CO11)-0{163-¢(17) 1M2.2 %)
C(13)-C(17)-0016) 106 1 (3)
13 -carn-zire; 110 7 ($)
C(13)-C(17)-7(26} 2 4 g5,
o(16)-c(17)-c18; 108 ¢ {4}
0(16).C{17)-((26) 109 8 (5)
CO18)-CO1T)-C(26)  109.4 (5)
C(17) £(18).0019) 1216 (6)
¢{(12)-¢(18)-C{20)  114.A (6]
0019)-C(18)-2{5 1236 (1)
018)-C(20)-C1(21) 148 (5)
€{18)-€120)-€(22) 121 8 (6)
C1{21)°0(201-C22) 1231 (6)
€(20)-¢(22)-C1(23) 120 7 (5)
€(20)-Ci22)-2(24) 120 7 16)
C1(23)-C(22)-CLi4) 118 6 ($)
(122)-C(28)-C1725] 116 9 (5)
C122)-C(24)-C(26) 120 1 (6)
C1{28)-C(26)-C(26) 122 8 (5)
C17)-C{76)-C(24) 123 9 (6)
CL17)-2(26)-21127) 15,4 (%)
C20)-C(26)-1(27; 1406 (5)

ColCu-H(Hu) is S99 which 15 consistent with 'H
NMR result

Tricarbonyl(2.3-homocycloheptatnenehron  denivative
(10) was likewise reacted with 2 equivalents of o
choranil to afford a mixture of stereoisomers (14a and
14b) in to1al yreld of 4677 (ratio 1 1 4)

By contrast.  N-(ethoxycarbonyl)-2.3-homoazepine
denvative (11) and 2.}-homocycloheptatnene denvative
(12) were inert to this reagent

Since the addition of compounds 9 and 10 with o-
chloraml were the symmetry-forbidden (2o + 27] type.
cycloadditions were expected to proceed via zwitterion
or biradical intermediate (17). and owidised with o-
chloraml to give 13 and 14 (Scheme 4)

On the other hand. Saito et al '° recently reported that
N-ethoxycarbonyl)-azepine (1) with o-chloraml afforded
a[6m + 4n] cycloadduct as a major product in addition to
two [47 = 2r] cycloadducts. which were of the sym-
metry-allowed type adducts

Another possible mechanism involved imitally formed

)
-FelCO);  13a  13b
~ ~
a Kb

*0r9.9®

Scheme 4
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Table 4 Hydrogen atomic parameters and thew ¢stimated standard deviations’ of the adduct (13a)

ATQOM x v
H1-1 -17%¢ & 300¢
-2 -4k &) [$3 1]
mi-3 -112¢ & 390¢
n2- -112¢ &) $33¢
H2-2 -=38¢ %) 606¢
24 21¢ %) $70¢
[T ] $43¢ %) 2y
Ho “28¢C %) 318¢
*10 380¢ %) 201¢
11 202¢ & 23¢C¢
12 1%¢ & 36%¢

e ]
&) 609¢ &) 11.6¢ 2.%
6) $86¢ 7 11.9¢C 2.8
o) 682¢ ) 12.1¢ 2.8)
$) 808¢ &) 8.7¢ 2.0
$) 7170 0% 8.2 2.¢»
&) 1048C %) $.9C 1.%
$)  11%8¢ %) 8.6C 1.8
&) T148¢C % 6.6¢( (-3
&) L000¢C S $.8¢ .5
L) 1% &) .90 1.6
4) 7290 &) 3.9 1.

The values have been multiplied by 10".

CL2s

L23

Fig | ORTEP dagram of 13a

radical ions (18), which were formed by one clectron
transfer.”’ produced zwitterion intermediate (19). fol-
lowed by nucleophilic addition to give 20 and 20b. and
further oxidatlon with ochloranil to give 13 and 14,
respectively (Scheme $)

EXPERDMENTAL

M ps were measured with a Yanagmoto mxro m.p spparstus
and unacorrected. 'H NMR spectrs were taken with a JEOL
PS-100 spectrometer with Me,S1 as an iaternal standard. chem-
Kal shifts are expressed in 8 values. ''C NMR spectra recorded
oo 8 JEOL FX-100 with Me.Si as an internal standard IR spectna
were taken with a JASCO DS-701G [R spectropbotometer The
UV spectrs were determined with o Hitachu ESP-3T spec.
trometer Mass spectra were obtained with a JEOL-01SG double-

focusing spectrometer operating at an sonuzing potential of “SeV
The sobd samples were 10mzed by electron bombardment after
sublimantion duecty into the electron beam at 1%0-200

Reaction of incarbonyl[Ndethoxvcarbonvi}azepineliron (7)
with DCC A mixture of 0% (w/w} NaOHaq (6 6 ml), benzene
(4 m)). tnethylbenzylammonsum chlonde (0013g), and 7 (100g.
3 X mmol) was vigorously stured at room temp Stumng was
continued. and CHCl. (3 ml. 65 Smmol) was added slowly
dunng 30 min The mixture was vigorously stirred for | $hr The
brown slurry was poured into water (16 ml). and the mixture was
extracted with CH.C).

The extract was dned over Na SO, and evaporated i tacuo
The residue was chromatographed on a column of silica get with
benzene—n-hexanc (3 1) as an cluent to gpive 9 (09293, 73%)
The product was recrystallized from n-hexane to pve pale yellow
crysials mp 113-114°. mass spectrum mje 188 (M"). 360 (M-
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COM. 132 (M*-2C0) and 304 (M”-3CO). IR (CHCly} 1704 (NCO).
1990 (Fe(CO)1) and 208% (F(COMcm . '"H NMR (C.DO § 099
(t, YH. CHu. Jewn, = ?0H2), 203 (dd, tH. H,. Jo = ||l $Hz.
Jn = TSHIL 28 (dd. IH, H.. J..=75H2). 314 (4. tH. H,).
37-45(m. 4H. H,. H, and CH;). $ 26 (bd. 1H. H,. J,r = 6 S H2)
(Found. C. 40 30. H. 287. N, 192 Calc for CinH, O«NCl:Fe C.
W24 H 28 N I6IR)

Reaction of tncarbonylicrcloRepratnenc)iron (8) with DCC A
mixture of ‘0% (w/w) NaOHaq (14 m!), benzene (4 ml). tnethyl-
benzylammonum  chlonde (0028g). and tncarbonyl-(cych-
heptatnenelron (16188, 6 9" mmol) was vigorously stirred at
room temp The stinng was continued, and CHCl. (4 Sml.
SSRmmoll was added slowly dunng 30 min The same workup
gave the residue. which was chromatographed on a column of
sithca gel with n-hexane as an eluent to give MeOH 10 (1 240 g
%)

The product was recrystallized from MeOH to pive pale yellow
crystals mp 62-64" (It * 64-66°)

Oudative degradation of tncarbomyi[N4ethoxvcarbonyl).2 ¥
homogepneliron denatine 9 with tnmethylamene N-oxide A
mixture of 9 (0400g. 1 03mmol} and tnmethylamine N-oxide
(1%00g. 206 mmol) 1n dry benzene (10ml) was refluxed for
Wmin

The mixture was filtered. and the fitrate v-as evaporated in
tacuo The residue was passed through a short column of silica
gel with benzene as an eluent to give a colorless o1l 11 (0 234¢.
9X%) bp 13%3mm Hg. IR (neat) 1730 (NCO)em ™. 'H NMR
(CDCI) 8 138t IH. CHu Jou. (w2 70H2). 2 %4 (dd. 1H. H.
Ja=ROHs I =30HN, 362 (d. TH, Hp, 41-44 (m. 2H.
CH:). 49-2(m IH.H,). $8-61(m. 2H. H, and H,). 682 (d.
1H. He. 1,0 = 10 S Hy). exact mass 247 01978 (Cale 247 014™7)

Ouidatece degradation  of  tncarboayl(2.3-homocclo-
heptatnenehirun dentvoline (10) with (nmethvlamine N-vonude A
mixture of 10(0272g. 0863 mmol) and tnmethylamine N-onide
(129¢g. 17 3mmol) 1in dry benzene (6ml) was refluxed for
40 mn The mizture was fillered. and the filtrate was evaporated
in 10cuo The residue was passed through a short column of a
sihica gel with n-hexane as an cluent o give a coloriess oil 12
(01025, 68%) bp 4™ ¥mmHg (1" 35 €0 $ mm Hg)

Reaction  of  tncarbonvi[N{ethorvcarbonsl)2 L komoaze-
piaeliron dentatire (9) wath o-chloraml To s soln of o<hloranil
{06358, 2 %2 mmol) n dry CHCI: (ml), a soln of 9 (05005,
| 2¥mmol) 1n the same solvent (Sml) was added dropwure at
room temp. and stirred for 1 hr The mixture was filtered. and the
filtrate was evaporated in vacuo The residue was chromato-
graphed on a column of silica gel with benzene-n-hexane (8 l)as
an eluent to gve 2 miature of the two products (04%03g. M%)
The minture was separated by preparative-TI C (s1lica gel. ben-
zenc-n-hexane (2 1) to pive yellow crystals of 13e (0 240 g, 42%)
and orange crystals of 13 (0 160 g. 28%). and these were recrys-
tallized from n-hexare

Compound 138 mp 143-14% mass spectrum mie 493 (M}
IR (CHCK) 1730 (NCO and CO) ¢cm™ . UV (EIOH) Aeu. tlog ¢)
260 (4 10} and WO nm (3 45), 'H NMR (C.Du) 8 088 (1. YH. CH..
J(H_’( " TOHNn IR (Q. H. CH‘) 447 (ddd. 1H. Hh‘ J.a =
BOHz Ju =2%Hz2. and )iy =2H2). 471 (dd. 1H, H,. Jg =
R0Hz and J,» = 10 $Hz). ¢ 4] (ddd. IH. H,. J“ =120H/). 6 14
(6d. VH. H ). 6 42 (d. 1H. H,). 693 (4. IH. H). "'C NMR (CDCl}
8 143{(q. CH). 643 (t. CH,). 649(d. C,). 150 (d. C,}. B9 ¥ (s.
C) 99 (s C1082(d. C). 1171278 and 196 (4. C,. C,
and Cob. 1V 0 and 142 2 (each s, each 2C. C=C.). 184 3 (s. NCO).
1906 (s. CO) (Found C. 3889, H. 225. N. 281 Calc for
C..H, ONCL C. 890 H. 224N, 284%)

Compound I1® mp 13713 mass spectrum m'e 494 (M°),
IR (CHC1) 1710 (COY and 172¢ (NCO)em ' UV (FIOH) Aa.,
(log ¢) 245270 plateau (3 9%) and 3%0am (3 28). 'H NMR (C.D\}
S089 (. IH. CH. Jowen, = T0H72). 388 1(q. 2H. CH:). 4 5-%0
im 2H. Hyand H,). S 4&39(m. 2H. H, and H,). 6 64 (d. |H. H,.
Jo=80Hz). 698 (d. IH. H., Jr =10 S H2) (Found C, 3924 H.
2. N, 2% Cak for C.uHiONCL C. 1890 H. 124 N,
T

Reactwon of tacarbonvi(cyclokeptatnenehiron deniatite (10)
with o-chklorami To a soln of ochloraml (0 93%g. 3R O mmol) in
dry CHLI (9m). a soln of 10(0600g. |} 90 mmol) in the same

T IsHi20 et ol

solvent (9ml) was added dropwise at room temp and stuved for
Jhr The mixture was filtered and the Rlirate evaporated :n
vacko The resdue was chromatographed on a column of sihca
gel with benzene—n-hexane (3 7) 10 pve two products 14e
(01548 19%) and 14b (0 212g. 27%) They were recrystalhized
from n-hexane to give pale yellow crystals

Compound 148 mp 125-126°. mass spectrum mfe 421 (M),
IR (CHCI 1725 (CO) cm ™', UV (FIOH) Ao, (log ¢) 229 (422)
and 337 am (348). 'H NMRICDCI) 8 20-2%(m. IH. H,.2 M}
(dd. 1H. Ha Ja @ 120 H7 Jiu = 4 SH2. and J... = 120 H2). 3 81
(ddd. 1H. H,. Ju=9%Hz J..=60H2). 50-53 (m. IH. H,).
$T46(m 4H H . H, H. snd H) (Found C, 3993 H, 19¢
Calc for C..HOLCL C. 3998 H. 191%)

Compound 1@ mp 115117, mass spectrum mie 421 (M),
IR (CHC1) 1708 (COVYem ', UV {EIOH) Aa,, Uloge) 232 (413)
and M8am (3 3). '"H NMR (CDCl) 8 21-2 4 (m. 1H, H.). 263
(8dd. 1H. Ho, Joa = 12°Hz Joam 4 SHz and Jun. = 125 Hz) 3 68
(ddd. IH. H,. J,=100Hz. J,..=d4%H2). $1-C¢ (m. 1H. H,).
$T-64(m 4H H, H, H, and H) (Found C. 9%, H. 191
Calc for C.uHOLL C. 995 H. 191%)

X-rav cnstallographic study of compound (13e) Suitable
single crystals of 13 were obtained by slow crystalhzation from
a MeOH-benzene soln A crystal of 1la with approximate
dimensions 04 x 08 x 04 mm was mounted on a glass fiber
with epoxy cement such that the longest crystal dimensions were
approumately parallel to the fiber anis

Unit cell parameters and the onentation matnx were deter-
mined on a Syntex Pl four-circle diffractometer equipped with 2
waphite monochrometor and using Mo Ka radiation

Fifteen reflections were used in the least-squares refinement of
the lattice parameters and onentation matnx The cell parameters
oblained were a < 12741 (6. b= 13114 (6). ¢ = 11660 () A,
B=9%e (. V=193 (1) A D, (KI+H:0 =167 D, =
1692gcm * Stanstical Wilson analyns of the data indicated a
centrosymmetne distnbution of intensities Systematic absences
for the MOl reflection with h=1=2n~-1 and for the O0k0
reflections with k = 2n ¢ 1 are consisted with the space group
Plin

Intensity data were collected hy #-28 scan to a hmit of
28 = S0° with X-ray source and monochrometor settings identical
with those used for determination of the umit cell parameter A
vanable scan rate from 240 to 40min ' was used Three
reflections momtored at regular intervals dunng the data collec-
tion. show ed no significant vanaton in intensity

Of 1861 independent reflections. 1561 were treated as observed
tI>23 (1) The intensities were corrected for Lorentz and
polanzation eflects. but no correction was applied for absorption
Observed structure factors were converted into normahzed
structure factor amphtude. |E| values, by use of the scale factor
and overall temperature factor from Wilson's statmtics '' The
structure was solved by the direct method by using MULTAN 78
senes of programs * An E map calculated with 208 signed F's
(E > 1484) which gave a combined figure of ment of 12662
revealed the positions of 21 nonhydrogen atoms The positions of
the remaining 6 atoms were located on a subsequent difference
Founer map Nine cycles of block-diagonal least-squares of
mimimizing of X(|Fo| - k|Fec]) by varying the positions and 150
tropic sibrational amphtudes of the nonhydrogen atoms led to
R =0148 Twelve further ¢ycles of least-squares refinement of
atomx parameters with anisotropx vibrational amphtudes for the
all nonhydrogen atoms converged to R -006¢ A difference
Founer map calculated at stage reveaked peaks of density ap-
propnate to the H atoms with the exception of ones of the Et
group The positions of the remaiung five were calculated by
using the program HYCO '** After adding the hydrogens.
ssngning therr vibratonal amplitudes to BiH) = BIC)+ 10 A°,
and refining the values with anisotropic U'°s for non H atoms and
isotropic U's for H atoms, we obtained a final R = 0044 [n this
refinement. an equal weight was applied 10 the structure factors
The atomic scattenng factors were taken from the it **

All the calculations were performed on the FACOM M-200
computer in the computer center of Kyushu Umiversity with the
Universal  Crystallographic  Computation  Program  System
(UNICS D
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Supplementory matenal availoble Cryvallographic data n-
cluding posiional and thermal parameters as well as bond dis:
tance and angle calculation have been deposited with the Cam
bndge Crystallographic Data Centre (CCDC) in England
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