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S u m m a r y — Intramolecular [4 -\- 2] Diels-Alder cycloaddit ion reactions of cis-(allenylpliosphine)(3,4-dimetliyl-l-phenyl-
phosphole) te t racarbonylmolybdenum complexes occur regioselectively at the allenyl C a = C / j double bond to form 2-phos-
phino-3- ea;o-methylene-7-phosphanorbornenetetracarbonylmolybdenum complexes. Analogous cis- (propargylphosphine)-
(3 ,4-dimethyl- l -phenylphosphole) te t racarbonylmolybdenum complexes do not undergo intramolecular cycloaddit ions. T h e 
new complexes were characterized by elemental analyses, physical propert ies , 'H, ^ C { ^ H } , ^^P{'H} N M R spectroscopy, 
infrared spectroscopy and X-ray crystallography. 

phospho le / [4 -|- 2] D i e l s - A l d e r cyc loadd i t ion / c ry s t a l s t r u c t u r e / m o l y b d e n u m c a r b o n y l c o m p l e x 

R e s u m e — R e a c t i o n s regioselect ives i n t r amolecu la i r e s d e cyc loadd i t ion [4 -|- 2] d e D i e l s - A l d e r d e complexes 
a l l e n y l p h o s p h i n e p e n t a c a r b o n y l m o l y b d e n i u m avec les 3 , 4 - d i m e t h y l - l - p h e n y l p h o s p h o l e s . Les reactions de cycloaddition 
intramoleculaires de Diels-Alder de complexes de cis-(al lenylphosphine)(3,4-dimethyl- l-phenylphosphole)tetracarbonyl-
molybdenium se font de maniere regioselective sur la double liaison allenyl Ca =0/3 pour former les complexes 2-phosphino-
3-e2;o-methylene-7-phosphanorbornenetetracarbonylmolybdenium. Les analogues cis-(propargylphosphine)(3,4-dimethyl-
l -phenylphosphole) te t racarbonylmolybdenium ne conduisent pas a des cycloadditions intramoleculaires. Les nouveaux 
complexes sont caracterises par leur analyse elementaire, spectroscopies ^H, '^'^C. ^^P, IR et cristallographie aux ravons 
X. 

p h o s p h o l e / D i e l s - A l d e r cyc loadd i t ion [4 -|- 2] / c o m p l e x e m o l y b d e n e - c a r b o n y l e 

I n t r o d u c t i o n 

Transition metal mediated [4 -f 2] Diels-Alder cyclo­
addition reactions of lif-phospholes is a classical syn­
thetic method that we have employed to prepare a 
variety of complexes containing rigid unsymmetrical 
chelating chiral diphosphines [1]. The IJI-phosphole, 
3,4-dimethyl-l-phenylphosphole (DMPP) reacts read­
ily with vinylphosphines within the coordination 
spheres of several different metals to form complexes 
of 2-phosphino-7-phosphanorbornenes (5-phosphino-
7-phosphabicyclo[2.2.1.]hept-2-enes). Asymmetric mod­
ifications of these reactions have been reported recently 
| 2 | . 
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Similar reactions with complexes of allylphosphines, 
which are poorer dienophiles than vinylphosphines, 
are more limited [3]. We have recently found [4] that 

allylphosphine complexes of molybdenum react with 
DMPP at about 145 ° C , after rearrangement to the 
more reactive 2iif-phosphole [5] to form complexes of 
2-(phosphinomethyl)-l-phosphanorbornenes: 

Ph -^>/^H 

2//-phosphote 

P. P PPh, 

PPh, 
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The nature of the cycloaddition product for the 
molybdenum promoted reactions appears to be a strong 
function of the dienophilicity of the dienophile. The 
studies described herein were conducted in order to 
further probe this issue and also to determine the 
regiochemistry of additions to coordinated allenyl-
pliosphines, ie, whether the cycloaddition would occur 
to the Ca=C0 or Cp=C.y double bond of the allenyl 
phosphine or both. 
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T a b l e I. Rat ios of different species determined by ^ ' P { ^ H } N M R spectroscopy of the crude produc t mixtures in 
diglyme. 

Reactants Temp Time Detectable species in the crude reaction mixtures (fractional amount) 
CC) (h) 

l b + D M P P 115 1.5 5 (0.38) 3 b (0.15) D M P P (0.29) 7 (0.18) 
115 4.5 (0.71) (0) (0.18) (0.11) 

l a / l b / l c + D M P P " 115 4.5 9 (0.15) 3a (0.22) D M P P (0.15) l e (0.06) l a (0.22) 
(8:3:1) 

2 a / 2 b / 2 c + D M P P " 115 4,5 6 (0.17) 10 (0,15) 7 (0.03) 4 a (0,15) 2 a (0,30) 2 b (0,20) 
(6:9:2) 

^ Resonances for some of the other products isolated after purification were not readily identified or apparent in the spectra 
of the crude reaction mixtures. 

R e s u l t s a n d d i s c u s s i o n 

Earlier we reported the syntheses of complexes l b , I c 
and 2 b , 2 c by base-promoted isomerizat ions of the 
tertiary propargylphosphine and phosphole complexes 
l a and 2 a respect ively [6], C o m p l e x l b was prepared by 
this m e t h o d and separated from its isomers l a and I c 
by co lumn chromatography on silica gel. T h e reaction 
of l b wi th D M P P in d ig lyme at 115 ° C gave complex 
5 as the major product in high yield. 

, 7 x / \ 
H C I - C C H / M O ( C O ) 5 H 2 C = C = C H Mo(CO)e, HjCCC M o (CO) , 

la lb 

a CO 
Ic 

H C = C G H 2 Mo(CO)5 H2C=C=CH Mo(CO)5 H3CC5C Mo(CO) 
2a 2b 2c 

A s ev idenced from the ^^P{^H} N M R spectra of the 
crude react ion mix ture ( table I) , the first s t e p involves 
the stereospecific formation of the thermodynamica l ly 
favored CIS mixed- l igand complex 3 b ( scheme 1) fol­
lowed by its conversion into the [4 + 2] D ie l s -Alder 
cyc loadduct of the 1 / f -phosphole of D M P P . T h i s is con-
sist ient w i t h the appearance of two double t s at 6 28 .40 
and 30.38 p p m ( 2 j ( P P ) = 25 .3 Hz) for 3 b followed by 
their decay and the gradual growth of the resonances 
for the product 5. W e have not isolated this inter­
media te CIS mixed- l igand complex but its formation is 
evident from the spectral analysis . In order t o compare 
the react ivi ty of all the isomers towards cyc loaddit ion, 
a mixture of the isomers l a / l b / l c in the ratio 8:3:1 
was allowed t o react w i th D M P P under the s a m e reac­
t ion condit ions . T h e ^^P{^H} N M R spectra of the crude 
product mixture showed resonances for unreacted l a , 
I c , an unidentified c o m p o u n d 9 {6 72.48, 48 .13 p p m , 
^ J ( P P ) = 37 .7 Hz) , and the CIS mixed- l igand complex 
(3a: 6 30.76 (d) , 30.58 (d) ppm; 2 j ( P P ) = 24.1 Hz) 
which was formed from the reaction of the isomer l a 
wi th D M P P , C o m p l e x 3 a was separated during the pu­
rification process and complete ly characterized (vide 
infra). W e were not able t o detect the CIS mixed-
l igand complex 3 c of the isomer I c . T h e crude prod­
uct mixture was purified by co lumn chromatography. 
W e isolated some other products that were formed in 

(i) refluxed in diglyme with com plex l b at '--lis °C for .5 h 
(ii) refluxed in diglyme with a mix of l a : l b : l c at ~ U 5 °C for 
4 h 
(iii) refluxed in diglyme with a mix of 2 a : 2 b : 2 c at ~115 °C for 
5 h 

S c h e m e 1 

lesser a m o u n t s that were not apparent in the crude 
mixture w i t h one such prime e x a m p l e being complex 
5 which was isolated during the purification process . 
Other de tec t ed complexes are c i s - ( D M P P ) 2 M o ( C O ) 4 
(7 , S = 31 ,27 p p m ) [7] and the D ie l s -A lder adduct of 
7 on itself t o produce complex 8 [7]. Notably , complex 
9 detected in the crude product mixture was not recov­
ered during this purification process. Mos t likely it de­
composes on the c o l u n m during the purification process. 
Of note , a l though l a was e luted in early co lumn frac­
t ions still more of it was recovered in the last few co lumn 
fractions. Repea t ing the same react ion under more forc­
ing condit ions , at a higher temperature ~ 150 ° C , gave 
a lmost t h e same results as discussed above except that 
now the ^^P{^H} N M R s p e c t r u m of the crude product 
mixture was more compl icated , 3 a was absent and the 
unknown complex 9 was formed to a greater extent . 
T h e high temperature seems to ini t iate decompos i t ion 
in these react ion s y s t e m s producing various byproducts 
which makes product purification and characterizat ion 
a difficult tedious process. Several a t t e m p t s to crystal­
lize 9 using different solvent s y s t e m s to separate it from 
other impurit ies were unsuccessful . 



861 For the reaction of a mixture of the isomers of the analogous DBF complexes ( 2 a / 2 b / 2 c , 6:9:2) with DMPP conducted in diglyme at ~ 115 °C, the changes in the compostion of the crude reaction mixture were also monitored by •̂ P̂{-̂H} NMR spectroscopy (table I). The ^̂P{̂H} NMR spectra showed the appearance of resonances for the CIS mixed-ligand complex 4b {6 30.20, 25.65; ^J{PF) = 20.3 Hz), followed by its decay and growth of the resonances for complex 6. Resonances of the other CIS mixed-ligand complexes derived from 2a and 2c were also observed (table II). The crude prod­uct mixture also showed resonances at 6 31.27 ppm for 7 and at ,5 72.57, 48.28 ppm (J(PP) = 37.4 Hz) for 10 an analog of 9. We also could not recover 10 which un­derwent decomposition on the silica gel column during the purification process. On the basis of the very simi­lar values of the chemical shifts and the coupling con­stant it could be that 9 and 10 are the same complex that is formed from some reaction of DMPP. Unreacted 2a was obtained both at the earlier and later stages of the purification process. During the purification pro­cess, the presence of other complexes were noted, which were not apparent in the crude reaction rrnxture. A few fractions eluted compounds 7 and 8 and the CIS mixed-ligand complex 4b. More forcing conditions, a higher temperature (~ 150 °C) and longer reaction period, caused more decomposition, but the formation of 10 in a much higher ratio was also evident. Perfect quan­tization of the composition of the crude reaction mix­tures in all cases was not possible. Table II lists the -̂ 'Pl'H} NMR data for all the compounds previously discussed and those detected in the different fractions during the process of purification by column chromato­graphy. Analysis of the îpĵ H} NMR data lead us to conclude that the allenyl isomers of the tertiary phos­phine and phosphole complexes viz, lb and 2b are the more reactive dienophiles and are activated towards the formation of the [4 -I- 2] Diels-Alder cycloaddition prod­ucts. It is important to note that /':J,7-addition of DMPP to these allenyl complexes lb and 2b would lead to the formation of the 7-phosphanorbornene ring with the 

Table II. 121.6 MHz ̂ P̂{'H} NMR data for the complexes. 
Complex S^'P (ppm) •'J(PP) (Hz) 

la 31.00 -

lb 26.90 -

lc 11.10 

2a 25-70 -

2b 22.00 

2c 16.60 

3a 30.76, 30.58 24.1 

3b 30.38, 28.40 25.3 

4a 30.10, 26.44 19.5 

4b 30.20, 25.65 20.3 

4c 29.09, 20.71 18.4 

5 148.53. 47.52 18.2 

6 151.61, 39.96 20.1 

7 31.27 

8 159.80, 52.60 10.0 

9 72.48, 48.13 37.7 

10 72.57, 48.28 37.4 

11 71.63, 54.15 3.5 

exo-methylene double bond in conjunction with the six-membered chelate ring (as in 11), which is geometrically unfavorable. In contrast, a,/3-addition leads to the for­mation of the 7-phosphanorbornene ring with the iso­lated eio-methylene double bond not involved in the five membered chelate ring and as already seen it is the latter addition that occurs. 
(C0)4 

CO 

/̂ %/ jjl GO • 

/ 
Ph 

/ 

(CO), 
. M ° - . , p ^ P h 

The other isomers la, lc and 2a, 2c have the poten­tial of forming CIS mixed-ligand complexes but in each case the ensuing cycloaddition step would produce a highly strained norbornadiene ring system in conjunc­tion with the chelate ring, which would be an energeti­cally unfavorable configuration for the molecule. Com­peting formation of 7 and 8 in all the reaction systems indicates that ligand displacement of la, lc, 2a and 2c by DMPP occurs to various extents. This is also sup­ported by the fact that at higher temperatures with longer reaction times we did not recover any of the CIS mixed-ligand complexes 3a, 3c or 4a, 4c, although their formation was evident from the '"P{"'H} NMR spectra in the early stages of the reactions. 
Mathey [8] et al have extensively studied the temperature dependent sigmatropic rearrangement of 1/f-phospholes of DMPP to the 2if-phospholes and their reactivity with alkenes and alkynes. From our recent studies we have found that at elevated tem­peratures, rearrangement of a coordinated 1-phenyl-Iff-phosphole to a coordinated 2-phenyl-2i/-ph6sphole concomitant with its Diels-Alder cycloaddition to a dienophile within the metal coordination sphere, leads to the formation of cycloaddition products which have the 1-phosphanorbornene ring system in their molec­ular structures as in reaction 2 [4]. The coordinated 2i/-phosphole is a more reactive diene than the co­ordinated li7-phosphole [9]. When the other ligand in the mixed-ligand complexes is a poor dienophile, such as an allylphosphine, then the 1/f-phosphole does not participate in an intramolecular [4 + 2] Diels-Alder cycloaddition to form a 7-phosphanorbornene. Instead, the coordinated li7-phosphole rearranges to the coordinated 2iJ-phosphole which then undergoes an intramolecular [4 + 2] Diels-Alder cycloaddition to form a 1-phosphanorbornene [4]. When the other ligand in the mixed-ligand complexes is a good dienophile such as a vinylphosphine then the 7-phosphanorbornene is formed even at temperatures at which the IH-phosphole to 2if-phosphole rear­rangement can occur. This statement is supported by the observation that the reaction of DMPP with Ph2P(CH=CH2)Mo(CO),5 at either 110 or 150 °C, gave the same 7-phosphanorbornene cycloadduct [lb] in high yield. These results lead us to conclude that the type of product formed, a 7-phosphanorbornene or a 1-phosphanorbornene, is a strong function of the dienophilicity of the dienophile. 
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F i g 1 . Expansions of the 499.86 MHz ^H N M R spect ra of 5 (upper) and 6 (lower) showing the 7 -phosphanorbornene ring 
hydrogen resonances. 

^ ^ P { ^ H } N M R s p e c t r o s c o p y 
a n d t h e m e c h a n i s m s o f t h e r e a c t i o n s 

occurs in the region typical of a phosphine coordinated 
to m o l y b d e n u m in a five-membered chelate ring [11]. 

In all cases when moni tor ing the react ions by 
~'^P{^H} N M R spectroscopy, the stereospecific forma­
t ion of the CIS mixed- l igand complex was evident prior 
t o the formation of t h e D ie l s -A lder I H - p h o s p h o l e 
adduct . In these react ions the entering D M P P l igand 
occupies the s i te vacated by the depart ing carbon 
monoxide which is CIS t o the other phosphine l igand 
already present w i th in the meta l coordinat ion sphere. 
Earher s tudies [10] have establ ished the fact that this 
mutual ly CIS coordinat ion geometry of t h e l igands is 
a necessary condi t ion for transi t ion meta l promoted 
intramolecular [4 -|- 2] D ie l s -Alder cyc loaddi t ion re­
act ions , which produces rigid chiral b identate l igands. 
Format ion of the [4 + 2] D ie l s -A lder cyc loadducts 
from the CIS mixed- l igand complexes is s ignaled in the 
^^P{^H} N M R spectra by the appearance of two n e w 
resonances for the D ie l s -A lder adduct s that are shifted 
considerably downfield compared to those for the CIS 
mixed- l igand complexes (see table II) . T h e ^^P{^H} 
N M R spec trum for complex 3 a shows a second-order 
A B spl i t t ing pat tern for the two inequivalent CIS phos­
phorus nuclei present in the molecule . T h e spectra of the 
Die l s -Alder cyc loadducts 5 and 6 each exhibit a pair of 
double t s for the two inequivalent phosphorus rmclei cou­
pled t o each other by a magn i tude of 18.2 and 20.1 Hz 
respectively, as is generally observed for complexes of 
this t y p e [ lb] . T h e low field resonance (table II) occurs 
in a region that is characterist ic of phosphorus in the 
7-phosphanorbornene ring [1, 7]. T h e other resonance 

a n d ^ ' ' C { ^ H } N M R s p e c t r o s c o p y 

Ass ignments of the ' H and '̂̂ C chemical shifts were 
m a d e by comparison wi th the d a t a reported for simi­
lar m o l y b d e n u m complexes [ lb , 6] and were confirmed 
by a variety of decoupl ing exper iments , A P T , C O S Y 
and H E T C O R two-dimensional spectroscopy. T h e large 
values of • ' . / (PH) for H2 are in keeping w i t h expec ta t ions 
from previous s tudies [IbJ. T h e chemical shifts and their 
differences for the vinylic hydrogens H 3 and H4 are a 
strong function of the subst i tuents on P i (fig 1). B o t h 
resonances for 5 lie upfield of those for their counter­
parts for 6 and their differences in chemical shift, ^H 
(1 .20 p p m ( 5 ) , 0.86 p p m ( 6 ) ) result from d iamagnet i c 
shielding effects of the phenyl rings. In b o t h cases the 
H4 resonance is downfield of the H 3 resonance as a re­
sult of this shielding effect. T h e d iamagnet ic anisotropy 
of the D B P ring causes the chemical shift for H2 in 6 
to be 1.2 p p m upheld of the chemical shift of H2 in 
5 . T h e '•̂ C chemical shifts of t h e 7-phosphanorbornene 
ring carbons , except for C 5 and Ce, were assigned from 
i^C/^H H E T C O R two-dimensional spectra (fig 2) . 

T h e phenyl carbon resonances (Co and Cm) for 3 a 
are broader than all the other carbon resonances in the 
spec trum of this molecule suggest ing t h a t this molecule 
is sterically conges ted wi th restricted rotat ion about the 
P-phenyl carbon bonds . All complexes display dist inct 
sets of carbonyl ^•'C resonances for the carbonyl groups 
respect ively CIS to b o t h phosphorus a t o m s and TRANS TO 
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F i g 2. Expansions of tlie 125.71 MHz ' ^ C / ' H H E T C O R 
spec t rum of 5 showing the ^^C/^H chemical shift correlation 
for the pro tona ted carbons of the 7-phosphanorbornene ring. 
Split t ings in the F2 dimension result from J ( P C ) couphngs. 

o n e p h o s p h o r u s a t o m . T h e chemica l shif ts for t h e trans 
c a r b o n y l s a r e downfie ld of t h o s e for t h e cis c a r b o n y l s 
a n d t h e trans c a r b o n y l s h a v e l a rge r m a g n i t u d e ^ J ( P C ) 
as e x p e c t e d . T h e N M R d a t a a r e fuUy c o n s i s t e n t w i t h 
t h e mo lecu la r s t r u c t u r e s (see e x p e r i m e n t a l ) . 

C r y s t a l s t r u c t u r e a n a l y s i s 

X - r a y c rys t a l s t r u c t u r e s of c o m p l e x e s 5 , 6 a n d 3 a were 
o b t a i n e d to g a i n conc lus ive s u p p o r t for t he i r s t r u c t u r e s . 
T h e s e s t r u c t u r e s a r e s h o w n in fig 3 , 4 a n d 5 r e s p e c ­
tively. Se lec ted b o n d d i s t a n c e s a n d an g l e s a r e l i s ted in 
t a b l e I I I . Al l t h r e e c o m p l e x e s exis t as d i s c r e t e molecu le s 
w i t h n o a b n o r m a l i n t e r m o l e c u l a r c o n t a c t s . T h e a s y m ­
m e t r i c u n i t of 5 c o n t a i n s t w o c r y s t a l l o g r a p h i c a l l y in­
d e p e n d e n t molecu le s a n d d i s o r d e r e d so lven t m o l e c u l e s 
(50% m e t h a n o l a n d 5 0 % w a t e r , t h e l a t t e r b e i n g d isor ­
d e r e d over t w o s i t e s ) . N o n e of t h e s e c o m p l e x e s c o n t a i n 
a n y e l e m e n t of s y m m e t r y a n d t h e y a r e t he re fo re chi­
ra l . For 5 a n d 6 t h e five m e m b e r e d c h e l a t e r ings a r e 
r igid a n d a r e fused to t h e 7 - p h o s p h a n o r b o r n e n e r ing 
a t P 2 a n d C 6 ( n o t e t h a t t h e a t o m n u m b e r i n g s c h e m e s 
for t h e c r y s t a l s t r u c t u r e s a n d N M R s p e c t r o s c o p y a r e 
d i f ferent ) . T h e s t r a i n in t h e n o r b o r n e n e r ing c a n b e 
b e s t e x a m i n e d by c o n s i d e r i n g t h e ang le s m a d e b y t h e 
b r i d g e h e a d c a r b o n s a n d t h e 7 - p h o s p h a p h o s p h o r u s P 2 
a t o m . H e r e t h e va lues a r e 79 .8(2)° for b o t h molecu le s 
a n d a r e in close a g r e e m e n t w i t h t h o s e obse rved for 
s imi la r M o ( 0 ) c o m p l e x e s [ lb ] . T h i s ang le s t r a i n in t h e 
I H - p h o s p h o l e D i e l s - A l d e r a d d u c t s is in p a r t r e s p o n ­
sible for t h e e x t r e m e downfie ld shift for t h e 7 - p h o s p h a 
p h o s p h o r u s r e s o n a n c e in t h e ' ^ ^ P { ' H } N M R s p e c t r a . For 
each of t h e s e c o m p l e x e s t h e c o o r d i n a t i o n g e o m e t r y a t 
t h e m e t a l c e n t e r is a d i s t o r t e d o c t a h e d r o n a n d t h e an ­
gles a t t h e M o a t o m r a n g e f rom 77 .22(4)° t o 9 7 . 9 ( 2 ) ° , 
76 .72(5)° t o 96 .0 (2 ) ° a n d 85 .3 (2 )° t o 98 .2 (2 )° for 5 , 6 
a n d 3 a r espec t ive ly . T h e e q u a t o r i a l p l a n e in al l cases 
is fo rmed by t h e two p h o s p h o r u s a t o m s a n d t h e t w o 
c a r b o n y l g r o u p s trans t o t h e m . T h e C 3 - M o l - C 4 b o n d 
ang l e va lues of 173 .2 (2)° , 172 .2(2)° a n d 172.4(2)° in 
c o m p l e x e s 5 , 6 a n d 3 a respec t ive ly , signify t h e m u t u a l 

C(17) C(18) 

C(ll) C(221 

F i g 3 . S t ruc tura l drawing of 5 showing the a tom numbering scheme (40% probabil i ty ellipsoids). Hydrogen a toms on C(8) 
have an a rb i t ra ry radius of 0.1 A. 
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0(3) 

C(171 

C(13l 

F i g 4 . S t ruc tura l drawing of 6 showing the a tom numbering scheme (40% proliability ellipsoids). Hydrogen a toms on C(8) 
have an arb i t ra ry radius of 0.1 A. 

0(41 

F i g 5. S t ruc tura l drawing of 3 a showing the a tom number­
ing scheme (40% probabil i ty ellipsoids). Hydrogen a toms on 
C(7) and C(19) have an arb i t ra ry radius of 0.1 A. 

trans ORIENTATION OF THE TWO AXIAL CO GROUPS. THE P I -
MOL-CL AND P2-MOL-C2 BOND ANGLES ARE 170.68(14)° 
AND 167.85(12)°, 170.5(2)° AND 172.0(2)°, 173.5(2)° AND 
179.7(2)° FOR 5, 6 AND 3 a RESPECTIVELY, SIGNIFYING THE 
RELATIVE trans ORIENTATION OF THE EQUATORIAL CARBONYLS 
WITH RESPECT TO TLIE TWO PHOSPHORUS ATOMS. MOREOVER, 
FOR 3 a THE PL-MOL-P2 BOND ANGLE VALUE OF 95.02(4)° 
SUGGESTS THE MUTUAL cis ORIENTATION OF THE TWO PHOS­
PHINE LIGANDS IN THE MOLECULE. FOR THE CHELATE DIPHOS­

PHINE COMPLEXES THE PL-MOL-P2 BITE ANGLES ARE SMALL 
DUE TO THE CHELATE EFFECT AND ARE 77.22(4)° AND 76.72(5)° 
FOR 5 AND 6 RESPECTIVELY. ALL THE MO-P BOND LENGTHS ARE 
IN VERY GOOD AGREEMENT WITH THOSE REPORTED FOR SIM­
ILAR 7-PHOSPHANORBORNENE-MO(0) COMPLEXES [LB]. THE 
MOL-P2 BONDS ARE SHORTER THAN THE MOL-PL BONDS IN 
COMPLEXES 5 AND 6 SIGNIFYING THE BETTER DONOR ABIL­
ITY OF THE 7-PHOSPHANORBORNENE PHOSPHORUS. IN CON­
TRAST, FOR THE cis MIXED-LIGAND COMPLEX 3 a THE MOL-PL 
(2.540(2) A) BOND IS SLIGHTLY LONGER THAN THE MOL--P2 
(2.5238(13) A) BOND SUGGESTING THAT DIPHENYLPROPARGYL-
PHOSPHINE IS A SLIGHTLY BETTER DONOR THAN DMPP. FOR 
ALL THESE COMPLEXES THE MO CO BOND LENGTHS LIE IN THE 
NORMAL RANGE. FOR 3 a THE BOND DISTANCES OF 1.463(8) A 
FOR C17-C18, AND 1.156(8) A FOR C18-C19 CONFIRM THE 
PRESENCE OF DOUBLE AND TRIPLE BONDS RESPECTIVELY. MORE­
OVER, THE C17 C 1 8 C 1 9 BOND ANGLE (179.5(6)°) IS IN­
DICATIVE OF SP HYBRIDIZATION AT C18 AND C19. THE BOND 
DISTANCES OF 1.304(5) A AND 1.316(7) A IN 5 AND 6 RE­
SPECTIVELY CONFIRM THE PRESENCE OF THE exo METHYLENE 
DOUBLE BOND TO THE NORBORNENE RING IN EACH CASE. SIMI­
LARLY, THE DISTANCES OF 1.320(6) A AND 1.319(8) A IN THE 
7-PHOSPHANORBORNENE RING BETWEEN CIO AND C12 FOR 5 
AND 6 RESPECTIVELY, ALSO SUGGEST THE PRESENCE OF DOU­
BLE BONDS. FOR BOTH STRUCTURES THE e2:O-INETLIYLENE UNIT 
IS endo TO THE NORBORNENE RING. ALL THE OTHER METRICAL 
PARAMETERS ARE UNEXCEPTIONAL. 

E x p e r i m e n t a l s e c t i o n 

Reagents and pliysical measurements 

Commercial ly available, reagent-grade chemicals were used 
unless otherwise indicated. All exper iments were performed 
under a dry nitrogen a tmosphere using s t anda rd Schlenk 
line techniques. Complex l b , its isomers l a , l c , and 
the mixture of isomers 2a, 2 b , 2c [6] and 3,4-dimethyl-
l -phenylphosphole ( D M P P ) [12] were prepared by l i terature 



T a b l e I I I . Bond distances (A) and bond angles (°) for complexes 5, 6 and 3a . 

865 

Complexes 5 6 3a 
Bond distances (A) 

M o l - C l 1.987(5) 1.984(60 M o l - C l 1.984(6) 
M o l - C 2 2.008(5) 1.994(6) M o l - C 2 1.979(6) 
M o l - C 3 2.030(5) 2.035(6) M o l - C 3 2.058(7) 
M o l - C 4 2.024(5) 2.022(6) M o l - C 4 2.018(6) 
M o l - P l 2.5056(14) 2.4961(14) M o l T l 2.540(2) 
M o l - P 2 2.4542(13) 2.4668(14) M o l - P 2 2.5238(13) 
0 1 - C l 1.146(5) 1.148(6) O l - C l 1.143(6) 
0 2 - C 2 1.136(5) 1.142(7) 02--C2 1.164(7) 

1.140(5) 1.142(7) 03--C3 1.133(7) 
04-^C4 1.142(5) 1.144(6) 04-CM 1.144(6) 
C 7 - C 8 1.304(5) 1.316(7) P 2 - C 1 7 1.857(5) 
C10-C12 1.320(6) 1.319 C17-C18 1.463(8) 

C18-C19 1.1.56(8) 

Bond angles C) 
C l - M o l - C 2 97.9(2) 93,5(3) C l - M o l - -C2 89,7(2) 
C l - M o l " C 4 88.1(2) 88.0(2) C l - M o l - -C4 86,1(2) 
C 2 - M o l - C 4 90.8(2) 88,2(2) C 2 - M o l -C4 91.4(2) 
C l - M o l - C 3 85.1(2) 84.2(2) C l - M o l - -C3 86,5(2) 
C 2 - M o l - C 3 90.2(2) 91,6(2) C 2 - M o P -C3 90,5(2) 
C 4 - M o l - C 3 173.2(2) 172.2(2) C 4 - M o l --C3 172.4(2) 
C l - M o l - P 2 94.23(14) 93,9(2) C l - M o l - -P2 90.0(2) 
C 2 ~ M o l - P 2 167.85(12) 172,0(2) C 2 - M o l --P2 179.7(2) 
C 4 - M o l - P 2 90.31(13) 89.0(2) C 4 - M o l - P2 88.5(2) 
C 3 - M o l - P 2 90.14(13) 92,2(2) C 3 - M o l --P2 89,6(2) 
C l - M o l - P l 170.68(14) 170.5(2) C l - M o l - -P I 173.5(2) 
C 2 - M o l - P l 90.63(12) 96,0(2) C 2 - M o l ' P I 85.3(2) 
C 4 - M o l - P l 95.54(13) 93,2(2) CA-MoX- P I 98,2(2) 
C 3 - M o l - P l 91.14(12) 94,6(2) C3~-Mol--PI 89,3(2) 
P l - M o l - P 2 77,22(4) 76,72(5) P l - M o T -P2 95.02(4) 
C 5 - P 2 - C 9 79.8(2) 79.8(2) C17-C18 C19 179,5(6) 

methods , Tetrahydrofuran was distilled under ni trogen from 
sodium benzophenoneketyl , and diglyme was distilled under 
nitrogen over sodium. Silica gel for column chromatogra­
phy (grade 12, 28-200 mesh) was obtained from Aldrich. 
Melt ing points were determined on a Mel-Temp appara­
tus and are uncorrected. Elemental analyses were performed 
by Galbra i th Laborator ies , Knoxville, TN. Solution infrared 
spect ra were obta ined on a Perkin-Elmer Paragon 1000 P C 
F T spect rometer in sealed CaFz cells, ^ i p { ^ H } , " C f ^ H } 
and N M R spect ra were recorded at 121,66 (202.35), 75 
(125.71) and 300 (499.86) MHz respectively on ei ther a Gen­
eral Electric GN-300 or Varian Unity Plus-500 spectrometer . 
Pro ton and carbon chemical shifts are relative to internal 
Me4Si, phosphorus chemical shifts are relative to external 
P P h s (6^^P = - 6 . 0 ppm) ; all shifts to low field (high fre-
cjuency) are positive. 

Syntheses and characterization of 5, 6 and 3a 

^ C0(b) 
p' ( a > O C , I , C 0 
... . M o 

o P= CO E , H , H j 

H3C Hs > - H 3 S : R,r?-,Ei = Ph;P 

• [2-(Diphenylphosphino )-3-methylene-5,6-dimethyl-
7-phenyl- 7-phosphabicyclo[2.2. lJhept-5-eneJtetra-
carbonylm,olybdenum(0) 5 
Method a: To a .solution of 1.36 g (2,96 mmol) of l b in 

200 mL of freshly distilled diglyme maintained a t 115 °C, 
0,56 g (2.96 mmol) of D M P P was added under a nitrogen at­
mosphere with st irr ing. T h e result ing reaction mixture was 
maintained a t this t empera tu re for a period of 4 - 5 h and fol­
lowed by the removal of the solvent by vacuum distillation 
while heat ing the reaction vessel on a water ba th . The red­
dish yellow oily residue was flasli chromatographed through 
a 3 cm thick celite bed with benzene /hexane (30:70). T h e 
solvent was removed under vacuum and tlie yellow brown 
oily crude produc t was purified by column chromatography 
on .silica gel using benzene /hexane .solution (10:90). The first 
few fractions eluted the oxides of the ligands, some unre­
acted D M P P and t race amounts of 3a , 7, I c , and 8 as ob­
served by ^ 'P{'H} N M R spectroscopy. T h e concentrat ion 
of t he benzene in the eluant was gradually increased, The 
l / / -phospho le Diels-Alder p roduc t was eluted next as a yel­
low band on the column. The la t ter was further purified by 
recrystallization from hot hexane to give pure pale yellow 
crystals of 5 (1,40 g, 2.26 mmol, 76.4%). 
Mp: >194 °C (dec), 

IR (CH2CI2): i^co ( c m - i ) 2 020 (w), 1 922 (sh), 1 908 (s, b), 
1 890 (.sh), 

^ ' P { ^ H } N M R ( C D C I 3 . 202.34 MHz) S 148.53 (d, 
^ 7 ( P P ) = 18,2 Hz, P2), 47.52 (d, ^ 7 ( P P ) = 18,2 Hz, 
P i ) . 

' H .NMR ( C D C I 3 , 499,85 MHz) 6 7,85-7,35 (m, 15H, 
P h ) , 4.94 (d, V ( H 4 H 3 ) = 5.0 Hz, IH, H4) , 3.81 
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(ddd, V ( P H ) = 34.5 Hz, V ( P H ) = 10.0 Hz, 
V ( H i H 2 ) = 1.5 Hz, IH, Ha), 3.74 (d, V(H3H4) = 5.0 Hz, 
I H , Ha), 3.45 (dd, V(PH) = 5.0 Hz, * J ( H 5 H i ) = 2.0 Hz, 
IH, Hs) , 3.05 (dd, V(HiHs) = 2.0 Hz, ^ ( H i H a ) = 1.5 Hz, 
I H , H i ) . 1.72 (s, 3H, CHa) , 1-59 (d, V ( P H ) = 1.0 Hz, 
.3H, CHa). 

^ ^ C j i H } N M R (CDCI3, 125.70 MHz) 6 217.78 (dd, 
2 j ( P C ) = 24.2 Hz, V ( P C ) = 9.9 Hz, C O a eq), 215.71 
(dd, V ( P C ) = 25.5 Hz, 2 j ( P C ) = 7.7 Hz, C O a ' , eq), 
210.41 (dd, V ( P C ) = 10.6 Hz, ' ' J ( P C ) = 8.4 Hz, 
C O b ax) , 209.01 (apparent t , V ( P C ) = V ( P C ) = 8.9 Hz, 
C O v , ax) , 144.27 (d, V ( P C ) = 15.08 Hz, C5), 136.82 (d, 
V ( P C ) = 27.3 Hz, Ce), 134.60 (dd. V ( P C ) = 4.3 Hz, 
V ( P C ) = 2.1 Hz, C3), 134.26 (d, V ( P C ) = 13.8 Hz, 
C o ) , 133.68 (dd, V ( P C ) = 24.3 Hz, ^ ( P C ) = 4.9 Hz, 
C i ) , 133.30 (dd, V ( P C ) = 30.7 Hz, V ( P C ) = 3.7 Hz, 
C i ) , 131.21 (d. V ( P C ) = 12.2 Hz, CoO, 130.80 (d, 
2j(PC) = 10.7 Hz, C o ) , 130.60 (dd, \ 7 ( P C ) = 28.2 Hz, 
V ( P C ) = 9.4 Hz, C i ' ) , 130.30 (d, •*./(PC) = 2.1 Hz, Cp), 
129.61 (d, * J ( P C ) = 1.6 Hz, C p ) , 129.48 (s, C p , ) , 128.77 
(d, V ( P C ) = 8.8 Hz, C n ) , 128.40 (d, ^ J ( P C ) = 10.1 Hz, 
Cn, ) , 128.29 (d, 3 j ( P C ) = 8.3 Hz, C„,0, 110.98 (appar­
ent t, ^ J ( P C ) = ^ J ( P C ) = 7.7 Hz, = C H 2 ) , 63.00 (d, 
i j ( P C ) = 19.6 Hz, C4), 56.44 (dd, V ( P C ) = 22.8 Hz, 
V ( P C ) = 12.1 Hz, C l ) , 41.51 (dd. ' J ( P C ) = 29.7 Hz, 
V ( P C ) = 18.5 Hz, C 2 ) , 14.96 (s, CH3), 13.39 (s, CH3). 

Anal Calc for C31H26M0O4P2; C , 60.03; H, 4.19. Found: C , 
59.88; H, 4.32. 

Method h: A solution of 1.51 g (3.28 mmol) of the mixture 
of the isomers of l a , l b and l c present in the rat io of 
3:8:1 in 175 mL of freshly distilled diglyme was reacted with 
an equimolar amount of D M P P (0.61 g) under a nitrogen 
a tmosphere at 115 ° C for 4 h. The solvent was removed 
by vacuum distillation while heat ing the reaction vessel on 
a water ba th . The reddish brown oily residue was column 
chromatographed on silica gel with 10% benzene in hexanes 
solution. The first few fractions eluted the oxides of the 
ligands and 0.35 g of the unreacted isomers l a and l c . T h e 
concentrat ion of the benzene in the eluent was gradually 
increased. The next few fractions eluted a mix ture of 3a 
and l a (about 0.02 g). This was followed by the elution 
of 0.30 g of an oily mix ture comprised of complexes 3a, 
7 and 8 and a t race quant i ty of the unknown complex 9 
(see above). The later fractions eluted 0.39 g of an yellow 
oil. ^ ' P { ^ H } N M R spect ra showed the presence of 5 as t he 
major complex contaminated with some 3a and l a and some 
decomposit ion products . Addit ion of methanol to this oil 
gave a yellow powdery precipi tate . Recrystall ization of the 
la t te r from hot hexane gave 0.03 g of pure 5. Complex 3 a 
(0.19 g, 0.31 mmol) was eluted next and was recrystallized 
from a 1:1 mixture of methylene chloride and methanol . 
The last few fractions eluted some more of l a and mostly 
decomposed materials . 

• CIS-(DIPHENYLPROPARGYLPHOSPHINE )(3,4- DIMETHYL-

1-PHENYLPHOSPHOLE)TETRACARBONYLMOLYBDENUM(0) 3A 

Mp: 126-128 °C . 
IR ( C H 2 C I 2 ) : i/co (cni-^) 2 024 (w), 1 922 (sh), 1 908 (s, b) , 

1 882 (sh). 
^ ^ P f H } N M R (CDCI3, 202.34 MHz) 6 30.76, 30.58 

( ^ J ( P P ) = 24.1 Hz). 
i R N M R (CDCI3, 500 MHz) S 7.60-7.25 (m, 15H, P h ) , 

6.15 (d, V ( P H ) = 35.0 Hz, 2H, H e ) , 3.09 (dd, 
^ J ( P H ) = 2.5 Hz, V ( H H ) = 2.0 Hz, 2H, C H 2 ) , 1.98 (s, 
6H, CH3), 1.94 (apparent t, J ( P H ) = * J ( H H ) = 2.0 Hz, 
C s C H ) . 

" C f ^ H } N M R (CDCI3, 125.70 MHz) 6 214.45 (dd, 
V ( P C ) = 20.1 Hz, V ( P C ) = 7.9 Hz, C O e q ) , 214.36 (dd, 

V ( P C ) = 26.4 Hz, V ( P C ) = 7.5 Hz, C O e q ) , 209.05 (t, 
V ( P C ) = 9.0 Hz, C O a x ) , 148.74 (d, V ( P C ) = 7.8 Hz, 
Cfj), 136.00 (dd, ' ./(PC) = 29.4 Hz, ^ J ( P C ) = 1.8 Hz, 
Ci {PPha}) , 132.94 (dd, V ( P C ) = 32.1 Hz. V ( P C ) = 
1.8 Hz, C, { P h - D M P P } ) , 132.08 (m, Co { P P h 2 } ) , 131.23 
(m, Co { P h - D M P P } ) , 130.64 (dd, KJ(PC) = .34.4 Hz, 
V ( P C ) = 2.5 Hz, C a ) , 129.71 (s, Cp {PPha}) , 129.38 
(s, Cp { P h - D M P P } ) , 128.40 (m. Cm { P h - D M P P } ) , 
128.22 (m. Cm {PPha} ) , 78.03 (d, ^ J ( P C ) = 6.7 Hz, 
C H z C s C H ) , 72.82 (d, l / ( P C ) = 6.2 Hz, CEECH), 24.65 
(dd, V ( P C ) = 16.0 Hz, • ' . / ( P C ) = 3.4 Hz. P C H 2 ) . 17.24 
(d, V ( P C ) = 9.8 Hz, CH3). 

Anal calc for C31H26M0O4P2: C, 60.01; H . 4.22. Found: C, 
59.78; H, 4.34. 

• [2-(DIBENZOPHOSPHOL-5-YL)-S-METHYLENE-

5,6-DIMETHYL-7-PHENYL-7-PHOSPHABICYCLO[2.2.1 JHEPT-

5-ENEJTETRACARBONYLMOLYBDENUM(0) 6 

To a solution of 2.00 g (4 .35 mmol) of t he mixture of isomers 
of 2a, 2 b and 2c present in the ra t io 6:9:2 in 200 mL of 
freshly distilled diglyme mainta ined between a t empera tu re 
of 110-115 °C was added 0.82 g (4.35 mmol) of D M P P 
under a ni trogen a tmosphere with stirring. T h e resulting 
reaction mixture was then mainta ined a t this t empera tu re 
for a period of 4-5 h followed by removal of the solvent 
by vacuum distil lation while hea t ing the reaction vessel on 
a water ba th . T h e reddish brown oily residue was column 
chromatographed on silica gel with 5% benzene in hexanes 
solution. T h e first few fractions eluted t he oxides of the 
ligands and some of the unreacted isomers 2a and 2c 
(~ 0.4 g). T h e concentrat ion of t he benzene in the eluent was 
gradual ly increased. T h e next few fractions eluted a mixture 
of t he complexes as an yellow oil (0.11 g) comprised of 4a, 
4c (in t race amoun t ) , 7, 10 (in very t race quant i ty ) , 8 and 
some unreacted 2a as seen from the ^ i p { ' H } N M R spectra . 
The later fractions eluted 0.58 g of an yellow oil which was 
comprised of a mixture of 6, 4a and 4 c in t race amounts 
accompanied with some decomposit ion products as noted 
by ^ ^ P { ' H } N M R spectroscopy. Addit ion of methanol gave 
a pale yellow precipi ta te which was further crystallized from 
hot hexane to obta in 0.15 g of the l / / -phospho le Diels-Alder 
adduct 6 (0.24 mmol, 5.5%). The last few fractions eluted 
more of the unreacted isomer 2b . 

Mp: >195 °C (dec). 

IR ( C H 2 C I 2 ) : vco ( c m - i ) 2 019 (w), 1928 (sh), 1905 (s, b) , 
1894 (sh). 

^'P{^H} N M R (CDCI3, 121.66 MHz) 6 151.61 (d, 
V ( P P ) = 20.1 Hz, P 2 ) , 39.96 (d, V(PP) = 20.1 Hz. 
P i ) . 

i R N M R (CDCI3, 500 MHz) 6 8.10-7.40 (m, 13H, Ph , D B P ) , 5.33 (d, V(H4H3) = 5.5 Hz, IH, H4), 4.64 (d, V(H3H4) = 5.5 Hz, IH, H3), 3.55 (dd, V(PH) = 5.5 Hz, 
* J ( H 5 H i ) = 2.0 Hz, I H , H5), 3.16 (apparent t, 
V ( H i H 2 ) = * J ( H i H 5 ) = 2.0 Hz, I H , H i ) , 2.50 (ddd, 
V ( P H ) = 44.0 Hz, V ( P H ) = 9.0 Hz, ^ ( H i H a ) = 2.0 Hz, 
I H , H 2 ) , 1.55 (s, 3 H , CH3), 1.50 (s, 3 H , CH3). 

" C { ' H } N M R (CDCI3, 125.70 MHz) 6 215.76 (dd, 
' ' . / ( P C ) = 24.4 Hz, 2 j ( P C ) = 9.2 Hz, C O a eq), 215.44 
(dd, V ( P C ) = 24.4 Hz, V ( P C ) = 7.8 Hz, C O a ' , eq), 
210.35 (dd, V ( P C ) = 8.6 Hz, V ( P C ) = 4.3 Hz, 
C O b ax ) . 210.28 (dd, V ( P C ) = 8.0 Hz, ' . / ( P C ) = 4.9 Hz. 
C O b ' , a x j , 145.54 (d, ^ / ( P C ) = 2.0 Hz, Cg), 145.43 (d, 
V ( P C ) = 2.0 Hz, Cp), 142.83 (d, V ( P C ) = 6.0 Hz, 
C5), 142.22 (d. ' J ( P C ) = 6.0 Hz, Ce). 139.25 (d, 
V ( P C ) = 31.0 Hz, C i ' ) . 137.01 (dd, V ( P C ) = 3 5 . 1 Hz, 
V ( P C ) = 2.9 Hz, C a ) , 134.77 (dd, 2 j ( P C ) == 5.0 Hz, 
V ( P C ) = 2.2 Hz, C3). 133.96 (dd, V ( P C ) = 24.7 Hz, 
^ / ( P C ) = 5.6 Hz, C a ) , 132.81 (d, V ( P C ) = 14.8 Hz. 



867 

T a b l e I V . Crystal lographic d a t a for complexes 5, 6 and 3a. 

Complexes 5 6 3a 

Chemical formula C62-5(lH52M02 09 P4 C.31H24M0O4P2 C3)H26Mo04P2 Formula weight 
1262.80 618..38 620.40 

Crystal system triclinic monoclinic triclinic Space group P I P2i,/c 
P 1 

a (k) 11.026(4) 15.361(2) 8,7571(10) 

6(A) 
16.400(6) 10.3020(10) 10.0240(12) 

c (A) 
16.698(5) 19.273(2) 18.187(2) 

a n 90.91(3) 90 93,166(8) 
0 (1 91.35(3) 110.870(10) 96,481(10) 
7 n 93.;i0(3) 90 109,860(9) 
V (k^) 3012(2) 2849.8(5) 1484,4(3) 
z 2 4 2 

p calc (g cm̂'*) 
1.392 1.44 1 .:m 

// (mm""') 
0.576 0.007 0,582 
0.0427 0.0477 0.0518 

w/i'2(F̂)'' 
0.1036 0.1020 0,1153 

Ri(F) = E||Fo|-|F,|l/E|F„| " '.K-R-iiF') = [E[IT(F2 - Frf]mW{Fi)Yf 
C4'), 131,14 (d, ' . / ( P C ) = 1,8 Hz, CV), 
V ( P C ) = 11.1 Hz, C„0, 130,63 (d, *J{PC) 
C2O, 130.52 (d, ' ' J ( P C ) = 15,2 Hz, C4.), 
^ 7 ( P C ) = 1,0 Hz, Cp.), 128,45 (d, •V(PC) 
C,„.), 128.34 (d, " J ( P C ) = 9.2 Hz, C3'). 
^ J ( P C ) = 9,8 Hz, C) . ) , 121,63 (d, • ' J (PC) 
C r ) , 121,28 (d, ^ / ( P C ) = 4.8 Hz, ĈO, 
V ( P C ) = 3,0 Hz, =C(H3H4)), 62,64 (d, 
20,1 Hz. C4), 56,82 (dd, L7(PC) = 
•-J(PC) = 14,0 Hz, C l ) , 45.78 (dd, \ 7 ( P C ) = 
' ' J ( P C ) = 14.9 Hz, C2), 14.87 (s, CH3), 13.29 

Anal Calc for C31H24M0O4P2: C, 60.23: H, 3.88, 
60.41; H, 3,69. 

X-ray data collection and processing 

130,90 (d, 
= 1,5 Hz, 
129.60 (d, 
= 8.5 Hz, 
127.70 (d, 
= 4.3 Hz, 
111.47 (d, 
' . / ( P C ) = 
22,5 Hz, 

= 29.6 Hz, 
(s, CH3). 
Found: C. 

Pale yellow cr,ystals of 5 and 6 were grown by slow 
cooling of sa tu ra ted solutions of the complexes from hot 
hexane. Pale yellow crystals of 3a were grown from 
d ich loromethane /methanol (1:1). Suitable crystals were 
mounted on glass fibers and placed on a Siemens P4 diffrac­
tometer . Crystal d a t a and details of da t a collection are 
given in table IV. Intensi ty da t a were taken in the u.'-mode 
at 298 K with Mo-Ka grapliite monochromated radiat ion 
(A == 0.71073 A). Three check reflections monitored every 
100 reflections showed random (<2%) variation dur ing the 
da ta collections. The da t a were corrected for Lorentz, po­
larization effects and absorpt ion (using an empirical model 
derived from azimuthal da t a collections). Scat ter ing factors 
and corrections for anomalous dispersion were taken from a 
s t andard source [13], Calculat ions were performed with the 
Siemens SHELXTL PLUS version 5,03 software package on 
a personal computer . The s t ruc tures were solved by direct 
methods . Anisotropic thermal parameters were a.ssigned to 
all non-hydrogen a toms. Hydrogen a toms were refined at 
calculated positions with a riding model in which the C H 
vector was fixed a t 0.96 A. 
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