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[~3~T~Meth~xy-am~-2~3-bis(meth~xycar~ny~)-pt~p-2-en~y~idene]tricadmny~ir~n (1) reacls with 2,.2'-blpyrldyl or |.10- 
phenanthtoline to give corresponding 2-ferracy¢lopem-4--ea- I-one derivatives, 2kl and 3e. in 45 and 80% yieJ~ ~ [ y .  ~ ~1 
cxystallizes in the triclinic space gro~ P] with a =  13.526(10), b=15.71{2), c=ll .0(~l)]k,  a=91.Sl(10) o, # =  l~.50(6~, 
3' = 103-26(7) ~, and Z = 4. Complex 3d has octahedral Fe(II) and two carbonyl gnmps are in c/s configta'ati~; t ~  a~ l  gnmp lind ere of 
the bipyddyl introgen are in trans configuration. 
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• q3-Viuylcarbene (or  ~r-vinylcarbene) transition metal  
complexes [1 -11]  have received much attention, espe- 
cially because o f  their role in the D61z reaction [12], and 
a theoretical study o f  the Ir-vinylcarbene complexes 
was  performed [13]. However ,  the reactivity o f  Ir- 
vinylcarbene complexes has  not  been fidly clarified. W e  
p~evionsly repmted carbonylafion reactions o f  (Ir- 
v inylcarbene)~carbonyl i rons  induced by the coordina-  
tion o f  tertiary p h o s p h i n ~  a n d / o r  carbon monoxide 
[9,10]. Products o f  these reactions were "q4-vinyiketone 
(or  ~13:vll-allylacyD 2,  fetracyclopentenones 3a ,  3b  [9] 
and 3c  [10] or  ~4-pyrone complex 4 [9], depending on 
substra~es and reaction conditions (Scheme 1). 

In the course o f  our  study on the reactivity o f  ir-  
vinyIcarbene complexes with tertiary amines,  we found 
that (Ir-vinylcarbene)tficarbonyliron (1) reacts with 

bidentate aromatic amines to give ferracyclopentenone 
complexes,  M and 3e. 

2. Results  and discwaCmn 

2.1. Synthesis o f  the complexes 3d  and 3e 

[1 -3 -~ l - l -Methoxy-an t i -2 ,3 -b i s (me thoxycarbony l ) -  
prop-2-en- l -y l idene] t r icar~nyl i ron (1) reacted with 
2,2 '-bipyridyl or  1,10-phenanthroline under  ambient  re- 
action conditions to give the corresponding fen-acy- 
clopentenone derivatives, M and 3e, in 45 and 80% 
yields respectively (Scheme 2). 

The complexes 3d  and 3e  were isolated as orange 
crystals which were stable in air for  several hours. 
Spectral data for these complexes are summarized in 
Table 1. The IR spectrum of  3 d  showed o ( C = O )  of  an 
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3e: 1.10-Dhenanthr01ine 

Table I 
Spectre] dma for 3d and 3e 

IR (KBr/cm -t  ) Z H NMR (~/ppm in CDCI 3) IJC NMR (6/ppm in CDCI~) 
M 2008, 1946 (vs. vFeCO) 1.79 (s, IH. CH) 45.6 (d, CH, =J¢~ = 140.9 Hz) 

1728 (m, uCOester) 3.41 (s, 3H, OMe) 49.9, 51.1 (q, C02Me, =Jca = 146.7 liz) 
1682 (m, vCOacyl) 3.65 (s, 31-1, COzMe) 6~.1 (q, OMe, tJcu = 146.7Hz) 
1595 (m. oC=C) 3.94 (s, 3H. CO2Me) 120.8-153.7 (m, blpy.) 

"/.42-8.75 (m, 814, hipy.) 137.7 (s, CCO2Me) 
164.9, 167A (s, CO2Me) 
179.9 (s, COMe) 
204.4, 213A ($, FeCO) 
270.2 (s, FeC =(3) 

2019. 1942 (vs, vFeCO) L73 (s. IH. CH) 44.5 (d, CH, tJtall= 137.9Hz) 
1701, 1685 (m, ~,COestex) 3.42 (s, 3H. OMe) 50.3 (q, CO 2 Me. ,/ca = 143.8 Hz) 
1680 (m, vCOtcyl) 3.60 (s, 3H. CO2Me ) 51.4(q, CO2Me IJcu = 146.7Hz) 
1593 (m. vC=C) 3.99 (s, 31"1, CO2Me) 60.1 (q. OMe, Jcu = 146.7Hz) 

7.66-9,20 (m, 81"[, phen.) 124.6-156.7 (m. phen.) 
138.6 (s, CCO2Me) 
164.4, 167.3 (S, CO2Me) 
179.9 (s. COMe) 
204.8, 213.7 (s, FeCO) 
269.9 (s, FeC=O) 
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Fig. 1. OR3~ view of 3d (molecule A). 

acyl carhonyl at 1682cm -I  and u(C=C)  at 1595cm - I .  
The ' H  NMR signal at high field, 6 1.79ppm, and ~3C 
NMR signal at 8 45.6ppm (Jcu  = 140.9Hz) showed 
that 3¢1 has a HC-Fe  group. The ~3C NMR spectrum 
exhibited a characteristic signal for an acyl group at 
270.2ppm and olefinic signals at ~ 137.7 and 
179.9 ppm. Spectral data for 3e were similar to those for 

Table 2 
C ~ s t a l l ~  data for 3d 

Fot'mula CziH,sOsN~Fe 
Formula weight 482.23 
Ct~stal system lxiclinic 
Space gvmlp P] 
a (/~) 13.526(10) 
b (P.) 15.71(2) 
e(~) H.o~t) 
a (deg) 91.51(10) 
.8 (des) I {~.50(6) 
y (deg) io3.26(7) 
V (~3) 2157(3) 
Z 4 
D~I c (,gem -3 ) 1.484 
Crystal dimensic~ (ram 3) 0.20X 0,10 X0.20 
Radiation Mo Ka 
Moaoclm3mat~ graphiw 
20 limits ((leg) 55 
No. of reflections measmed 8263 
No. of uaique data 7844 
No. of I >  2.5¢(1) 2338 
#CMo Ka ) (cm - t ) 7.49 
R O.O69 
R~ 0.053 
GOF 1.45 

Table 3 
Atm~ c o o ~ t e s  ~d B-~ / B~ for ..~ 

Atom x y Bq 
Fe(IA) 0.2219(2) 0.3383(2) 0.6047(2) 3.00(7) 
Fe(IB) 0.7548(2) 0.17510) 0.8891(2) 2,66(7) 
O(IA) 0.3907(7) 0.2716(7) 0 . .5~!0)  4.2(3) 
O(IB) 0.9776(8) 0.24.5t ('7) 0.92~1) 4.30) 
O(2A) 0.5341(7)  0.4337(6) 0.6004(9) 3.6(3) 
O(213) 1.0234(7) 0.0836(7) 0.894(I) 4.7(3) 
O(3A) 0.5677(8) 0.6049(6) 0.9287(9) 4.2(3) 
O(3B) 0.9066(9) --0.0962(7) 0.802(I) 5.6(4) 
O(4A) 0,4113(7)  0.6409(6) 0.643~9) 4.G(3) 
O(4B) 0.7702(7) -0.1264(6) 0.88i0(9) 4.0(3) 
O(SA) 0.2075(8) 0.5271(7) 0.7934(9) 4.6(3) 
O(5B) 03505(7) -0,0266(6) 0.7204(9) 4.1(3) 
O(6A) 0.3757(8) 05145(7) 0.876(1) 4.3(3) 
O(6B) 0.685"7(8) -00126(7) 0.641(I) 4.30) 
O(TA) 0.1523(9)  0.1477(8) 0.532(1) 5.9(4) 
OCm) O.819~8) 03666(7) 0.943(1) 5~3)  
O(SA) 0.3090) 0.-~86(9) 0.873(1) 6.6(4) 
O(8B) 0.7~6(10) 0.1~3(8) 0.618(1) 5.6(4) 
N(IA) 0.0762(9)  0.3571(8) 0.594(1) 3.6(4) 
NOB) 0.6050(9)  0.1552(8) 0 . ~ 1 )  2.9(4) 
N(2A) 0.1671(9)  0.3691(7) 0~24(1) 2.~3) 
N(2,B) 0.7821(9)  0.!~25(7) 1.075(1) 2.7~) 
C(IA) 0 . 3 6 1 ( 1 )  0 .336(1)  0.594(1) 3.2(5) 
C(IB) 0 . 9 0 3 ( 1 )  0 .179(1)  0.899(1) 3 .3~)  
C(2A) 0 . 4 3 7 ( 1 )  0 .424(1)  0.619(1) 2,3(4) 
C(2B) 0.92~ D 0.096(0 O.882(]) 3.4(5) 
C{3A) 0 .405(1 )  0.4907(10) 0.649(|) 2.3(4) 
(:(38) 0.83s0) 0.o204(9) 0.s640) 2.2(4) 
C(4A) 0 .291 (1 )  0.4719(9) 0.652(I) 2--~(4) 
C(4B) 0.733(I) 0.0406(10) 0.854(I) 2.6(4) 
C(5A) 0 . 6 0 6 ( 1 )  0 .388(1)  0.675(I) 4..2(5) 
C(SB) 1.053(I) 0.1~}(I) 0.782(2) 7.3(7) 
C'(6A) 0.472(I) 0.584(I) 0.67~0 ) 2.9(4) 
C(6B) 0.846(I) -0.071(I) 0.844(2) 3.9(5) 
C(7A) 0.4~1) 0.731(I) 0.668(2) 6.10) 
C(TB) 0.76~!) -0.218(;) 0.869(2) 6.6(5) 
C(8A) 0.284(I) 0 ~ 9 )  0.776(2) 3.1(4) 
C(8B) 0.644(I) --0.0043(9) 0.737(2) 2.6(4) 
C(9A) 0.380(!) 0 .546(1)  1.00~2) 8.4(7) 
c(gB) 0.613(I) -0.059(1) 0.524(2) 6.0(5) 
C(10A) 0 . 1 7 3 ( 1 )  0.222(1) 0.558(2) 4.8(5) 
C00B) 0.790(1) 0.2919(10) 0.924(!) 2.'/(4) 
C01A) 0.274(I) 0 .319(1)  0.768(2) 3.4(5) 
C(I IB) 0.726(I) 0.180(I) 0.7"26(2) 4.2(6) 
C(12A) 0.220(I) 0.3794(10) 0.34~!) 3.3(4) 
C(12B) 0.513(I) 0.1567(9) 0.8~(1) 3.2(4) 
C(13A) 0.18~1) 0.4033(10) 0.218(1) 3.2(4) 
C(13B) 0.413(I) 0.141(I) 0.812(2) 3.WtS) 
r~4A) 0.0T/(I) 0.412(1)  0.176(1) 4.4(5) 
~::~ 14B) 0.404(I) 0.1175(10) 0.928(2) 3.8(5) 
C(15A) O.fl2~D 0.4(]~(1) 0.262(2) 4.2[5) 
C(15B) 0 .493(1)  0.1148(10) 1.082(I) 3.7(4) 
C06A) 0.0S90) o.381(](9) o.-~ D 7.7(4) 
C(16B) 0.592(I) 0.1329(9) 1.012(!) 3.0(4) 
C'(17A) 0 .013(1)  0.3"/12(9) 0,481(2) 3.3(4) 
CO'/B) 0.69441) 0.1333(8) LI i5(1) 2.1(4) 
C(18A) -0,088(I) 0,3814(10) 0.462(!) 4.2(5) 
c(tsB) o.7o!(!) o.lloe(to) 123~1) 3.7(4) 
C(19A) -0.132(1) 0.373(I) 0.55~2) 4.7(5) 
c(t9B) o .799 (1 )  o.115(i) 1.32~2) 5.5(5) 
C(20A) -0.068(1) 0.359(I) 0.674(2) 4.5(5) 
c(208) 0.888(1) 0,137(1) 1 2 s ~ )  5.s(5) 
C(21A) 0.03/(I) 0.3515(10) 0.691(I) 3.g(5) 
C(21B) 0.877(I) 0.156(1)  1.162(2) 4.1(5) 
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3dl. ~ these spectral data with those reported 
[9,10], 3d and 3e were deduced to be (dicarbonylXdi- 
amine)-2-fenacycinpent-4-en- 1 -one. 

To elucidate the precise structure of  the 
(dicarbonylXdiamine)-2-fen'acyclopent-4-en- 1 -one, X- 
my analysis o f  3d  was peffmmed. The molecniar geom- 
etry and atom numhea/ng system of  3d (molecule A) are 
shown in Fig. l ,  aad Tables 2 - 4  9]mmm-iZC 1 ~  II~SU[IS 
e b ~ n e d .  The crystal contains two independem 
molecules (A and B) in a unit ~ell, however, there are 
no major diffenmces in thnir confmmafion other than a 
small mtatinn of the methox T group on C(2). The 
n:sulu; indicam that the inse~on of carbon monoxide 
sm~y  o a m n c d  betweon the carbene cadxm and the iron 
atom in 1. ~ strnelme of  3d was a 2-fetracyclopent-4- 
en-l-one with oc tabed~  iron(H) as expocted from the 

data. The five atoms of  the ferracyclopentenone 
ring lie on a plane, with the mean deviation from the 
least-squares plane being 0.0085 (molecule A) and 
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0.0204A (molecule B) respectively. The Fe(1)---C(1), 
C(I)-C(2), C(2)---C(3), C(3)---C(4) and Fe(1)---C(4) 
lengths for A and B ate 1.93(I) and 1.95(I), 1.48(2) and 
1.48(2), 1.30~2) and 1.33(2), 1.50(2) and 1.50(2), 2.07(I) 
and 2.07(1)A respectively. The short C(2)-C(3) bond 
lengths show that the ~--electrons are localized on C(2) 
ffi C(3). The acyl group and one of the bipyridyl nitro- 
gen were in trans configuration. The two carbenyl 
groups were in c/s configuration and the planes of the 
cyclopentenone and the 2,2'-bipyridyl were perpendien- 
lar. 2,2'-Bipyridyl coordinamd to the iron avoiding the 
steric hindrance between the methoxycarhonyl group. 

2.3. General discussion 

In the reaction of 1 with tertiary phosphines and /o r  
carbon monoxide, a ~14-vinylketene (or "q3:'ql-allylacyl) 
complex was formed in the first stage and further 
reaction of the ~14-vinylketene complex with tertiary 
phosphine or carbon monoxide gave ferracyclopen- 
tenone complexes (Scheme 1) [9,10]. 

Although the corresponding intermediate ~4_ 

Table 4 
Setec~ ~gd ~ q h s  (~) and angus (deD for 3d 
Fe(IA)-N(IA) 2.O3(I) 
Fe0A)-N(2A) 2.o1(i) 
Fe(1A)---L~ IA) 1.93(I) 
Fall A)--C(4A) 2.07(I) 
Fe( IA)-C(10A) 1.79(2) 
Fe(IA)-C( ] IA) 138(2) 
COA)--C(2A) ~.48(2) 
(X2A)-C(3A) 1.30(2) 
C~A)-C(4A) 1.50(2) 
COA)-OOA) 1.23(i) 
C(IOA)--O(TA) Hs(2) 
C(11A)-O(8A) 1.14(2) 

N( I A)-Fe(IA)-N(2A) 78.0(5) 
NOA)-FeOA)-CO A) 169.9(6) 
N( I A)-F'e(I A)--C(4A) 90.6(5) 
N( IA)-Fe( I A)-C(IOA) 94.7(6) 
N( IA)--Fe( I A)-C( 1 IA) 101.9(6) 
NL~A)-F~ IA)-~1 A) 93.3(5) 
N(2A)-Fe(IA)-C(4A) 85.2(5) 
I~)--F.e( IA)-C(10A) 93.7(7) 
N(2A)-F.e( IA)--~ 1 IA) 176.2(7) 
~IA)--Fe(1A}--C(4A) 83.5(6) 
~IA)-FeOA)-C(10A) 90.9(7) 
COA)-Fe(IA)--C( 1 IA) 86.4(6) 
C(4A)--Fe( I A)--C(10A) 174.2(7) 
C(4A)-Fe( IA)-C(1 IA) 90.9(7) 
C~IOA)-F,e(IA)--C( 1 IA) 90.2(8) 
FeC 1A)--C(IA)--~2A) 113.2(10) 
Fe(IA)--C(IA)-O( I A) 127(I) 
C(IA)--C(2A)-C(3A) 118(I) 
CX2A)-C(3A)-4L-'(4A) 116(I) 
Fe{IA)-C(4A)--C(3A) 108.6(9) 
Fe(IA)-C(IOA)-O(7A) 173(I) 
Fe~l A).-.C( I IA)-O(SA) 178(I) 

Fe(IB)---N(IB) 2.01(I) 
Fe(1B)--N(2B) 2.02(0 
FeOB)~OB) L9.SO) 
Fe(1B)--C(4B) 2.0'7( I ) 
Fe(IB)-C00R) L790) 
Fe(IB)--C(I IB) 1.73(2) 
COB)--C(2B) 1.4g(2) 
C(2B)-C(3B) 133(2) 
C(3B)-C(4B) 1.50(2) 
C(IB)-O(IB) 1.23(2) 
C(io~)-o(7B) N4(t) 
c 0  ln)--O(ss) IA6(2) 

N(IB)--F¢(IB)-N(2B) 79.3(5) 
N(IB)-Fe(IB)~C(IB) 170.6(6) 
N( I B)-Fe( I B)--C(4B) 90.2(5) 
N( JB)--Fe( t B)--C(10B) 96.O(5) 
N(IB)-Fc( IB)-C(1 Ie) 99.4(7) 
N(2B)--F¢( IB)-C( 1 B) 93.3(6) 
N(2B)-Fc(IB)-C(4B) 85.6(5) 
N(2B)-Fe( IB)-C(lOB) 93.6(6) 
N(2B)-Fe( IB)--C( 1 le) 172.9(7) 
C( I B)-Fe(1B)---C(4B) 83.4(6) 
C(IB)-Fc(IB)-C(10B) 90.3(7) 
C(IB)-Fc(IB)-C(I IB) 87.1(7) 
C(4m-Fe(1B)--~ICe) 173.5(6) 
C(4B)-Fc( 1B)-C( 1 IB) 87.5(7) 
C(10B)-Fe(IB)-C(i IB) 93.4(8) 
Fe(IB)-~IB)--C(2B) 112(D 
Fe(IB)-C(IB)--O(IB) 126(I) 
C(m)-C(2B)-C(3B) 118(I) 
c(2n)--c(3~)-c(4B) I Is(i) 
Fc(ln)--C(4B)-C(3B) Jo90) 
Fe(ln)-c(108)-O(Tn) 174(1) 
Fe(IB)-C( 1 IS)-O(SS) 175(I) 
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vinylketane complex could not be isolated, the reaction 
is w.asouably explained to pmceed via an unstable 
.q4-vil~ylketene complex with mo~o-cou~dlaated biden- 
tare amine (Scheme 2). The cvordinafion of the 
to the iron as a biclentate figand induces the dissociation 
of the oleflnic group to give the 2-fen'acyclopent-4-on- 
I-one complexes 3d and 3e. 

Reaction of the complex 1 with monod¢~alv 
matic amines such as pyridine was a t ~ u ~ L  No reac- 
tion was observed even in the inesence of an excess 
mnount of pyridine. The complex I reacted with 
aliphafic tertim 3, amines, such as tfiethylamine and 
N,N,N',N'-te~lethylenedimnine to Ore yellow 
prodnets. The spectral data of the prnducts showed Ihat 
methylafion of the amine occuned to give the ammo- 
nimn salt of (q3-acryloyi)tricarbonylfenale [I]. The re- 
action of complex 1 with bidentate phosphin~ such as 
d i p h e n y l ~  gave a complicated mixtme of 
several complexes. 

The present rvsults suggest that the coordination of 
one of the amino groups of the bidemate aromatic 
amine to the ~r-vinylcarbene complex induces the inser- 
tion of a carbonyl group between the ~ carbon 
and iron, and fmther conrdination of the other amino 
group to form a chelate, and stabilizes the complex as 
2-ferracyclopent-4-en- 1 -one. 

3. ~ seettm 

3.1. General comments 

All manipulations we.ce performed under a dry argon 
atmosphere with standard Schlvnk techniques. 
D i c h l o r o ~ . ~  and 1,2-dichlomethane were distilled 
from CaCI~; diethyl ether was distilled from benzo- 
phenone ketyl; n-bexa~e and toluene were 
from sodium. A ~r-vinylcarbane iron complex 1 was 
prepared by the litenmre method [~]. Other reagems 
were used as obtained from commercinl somcas. Melt- 
ing points were determined under air on a y ~ , ~ m o t o  
mic~-me l~g  point appmaun, lnfrmed spectra were 
recorded on a Shimadzu FTIR-8100 spectmmet~ and 
calibrated with a polystym~ standard. ~H NMR and 
]3C NMR spectra were obCaiaed on a JEOL GSX-270 or 
a JEOL EX-400 spe~hometet. 

3.2. Synthesis of M 

To a solution of 1 (0.50g, L5mmol) in toluene 
(12ml) was added 0.24g (l.5mmol) of 2,2'-bipyridyl, 
and then the mixtme was stined at room tempermme 
for 4h. After evaporation of the solvent, the residue was 
m~rystallized from dichloromethane--diethyl ether(l:13) 
to give orange ca-ystals of a ferrneyclopontanone com- 
plex 3d (0.33 g, 0.68 mmol, 45%). M.p. 154.5-155.0°C. 

1 5  

m (KBr): v(FeCO) 20os (vs), 1946 (vs), ~ ( ¢ = o  cs~r) 
1728 (m), u(CffiO ~-yl) 1682 (m), p(C=C) 1595 (nO 
cm - I .  tH NMR ( ~ 3 ) :  8 8.75-7.42 (m, $1-L bi~j.), 
3.94, 3.65 (s, 3H, CO±I~), 3.41 (s, 31[-1, OM¢), 1.79 (~, 
IH, CH). 13C NMR (CI:K~3):. 8 270~ (s, FeCffiO), 
213.4, 204.4 (s, FeCO), 179.9 (s, COMe), 167.4, 164.9 
(s, CO2Me), 153.7-120.8 (m, bipy.), 137.7 (s, 
CCO2Me), 60.1 (q, OMe, lJcn ffi 146.7Hz), 51.1, 49.9 
(q, CO2Me, IJcn = 146.7ttz), 45.6 (d, CH, IJc,affi 
140.9Hz). Anal. Found: C, 52.52; El, 3,76; N, 5.79. 
C2tH~sN2OsFe Cak.: C, 52.31; H, 3.76; N, 5.81%. 

3.3. Synthesis of 3~ 

To a solution of I (0.19g, 0.58retool) in 1,2-di~lo- 
methane (6ml) was added 0.13g (0.70retool) of 1,10- 
~ , , ' , i a v ,  and dam the m i x t ~  was ~ at 
room tzugacral~ for 4h. After ¢valmrafi~ o f t ~  
solvem, the residue was reorys t~ iz~  fima 1,2-dkhle- 
roethane-n-bexa~ (I:I00) to give o r a q e  clystals of a 
fetracyclopeuteuone complex 3e (0.23g, 0.46muag, 
80%). M.p. 160-161 °C ( ~ . ) .  1R (KBg): ~ r eCO)  
2019 (vs), 1942 (vs), v(C=O ester) 1701 (m), 1685 
(m), u(C=O acyl) 1680 (m), p(C=C) 1593 (at) ¢m - t .  
IH NMR (CDC]3): ~ 9.20-7.66(m, 8H phan.), 8 3.99, 
3.60 (s, 31-L CO2Me), 8 3.42 (s, 314, OMe), 8 1.73 (s, 
IlL CH). 13C NMR (CDCI3):. B 269.9 (s, FeC=O), 
213.7, 204.8 (s, FeCO), 179.9 (s, COMe), 167.3, ]64.4 
(s, CO2Me), 156.7-124.6 (m, ldam.), 138.6 (rb 
CCO2Me), 60.1 (q, OMe, ]'/CH ffi 146.7Hz), 51.4 (q, 
CO2Me, I J ca=  146.7Hz), 50.3 (q, CO2Me, IJcs-- 
143.8 Hz), 44.5 (d, ClL tYcH ffi 137.9Hz). 

3.4. X-ray structure determinmian of ,.~l 

The crystal data and experimemal dmails f ~  3d ~ e  
summarized in Table Z Diffntclinn dala for ~1 w~e  
obtained with a Rigalm AFC-TR. Tbe ndlectina intansi- 
des were n m u i t o ~  by tinee standmd t ~ k o i n m  every 
150 meastwmnents. Reflection dala were cmcected for 
t ~ r e m  and po t~ iza tm ef~:~ .  ~ c e n m i n ~  
were ~ , ~ c a U y  applied. 

Tbe sUucUa~ were solved by disect methods e ~  
sin88 [14], and lefmed a n i ~  for n e w ~  
atoms by full-mauix least-sCaams cakulations. H y d ~  
gen atoms we~ i ndued ,  but dmh" pesitiom w~v not 
termed; isouupic B valnes weee re fm~  Atomic scat- 
uaing facto~ and anomaloes dispmina terms were 
taken from the litename [15]. "~,~ final R aad R.  
rakes were 0.069 aad 0.083. The cakulatiom were 
pe~rformed on ~, IRIS l ~ g o  cmuput~ a s ~  tbe Wo- 
gram system teXsan [16]. 

TI~ tirol atomic ~ for mm-hydmSm arums 
are givon in Table 3, and selecl~ Immt k ~ g l ~  and 
angles ~-¢ s ~  in Table 4. 
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