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Abrfract The synthesis and NMR characknzat~on of churl picket-fence porphyrms bwlng a-methoxy- 
a-(tnfluoromethyl) phenylacetyl readues and, the reglochemstry of axml hgaaon after ruthenmm msert~att anz 

INTRODUCTION 

The phenomenon of atrop~somerrsm m porphyrms wnh meso aryl subst~tuents was fvst reported by 
Gottwald and Ullman, who separated the four tsomers of 5,10,15,20_tetrakis (2-hydroxyphenyl)-porphyrinl. 
Since then the restricted rotation which results for example, when an armdo subsntuent2 1s placed onto the ottho 
positions of the meso aryl rmgs, has been exploited m the design and synthesis of a number of chemical models 
for heme-contmmng btological systems. ‘lhus the recent development of &rally mod&d metalloporphyrms 
provided hqortant model Compounds for oxygen transfer m cytochrome P-4503. On the basts of these studies it 
seems that porphyrm systems wnh chrral ortho substttuents on the meso aryl rings could prove very useful 
precursors for chtral recognmon. We recently reported such a recogmhon of racmc phosphmes by a chiral 
ruthemum porphyrm4 

However the symmetry properttes of these porphyrms are affected both by the churl subsntuents m the 
ortho posttions of the four aryl units and by atroptsomensm The four auopisomers that contam four identrcal 
opttcally acuve umts m theu ortho positions are represented m figure 1. Obviously, all the atropisomers are 
dtssymmemc and hence opttcally acnve Of these compounds, only the tsomer aacts IS asymmemc smce this 
molecule does not possess a Cn rotanon axts . The other atroplsomers contam one or several Cn axes. In 
parncular, the a$,a$ isomer contams thme mutually perpendrcuhu C2 axes to gwe the molecule & symmetry 
whereas the a,a$,p Isomer contams an m plane C2 axis In both cases, the two faces are stercochermcally 
equivalent The two cavmes on each face are dtfferent for the two other compounds Fmally, the a,a,qa isomer 
contams a C!4 axrs which IS perpendrcular tc the porphyrm plane These consideraaons are very unportant when 
the toprc of nuclear magnehc resonance 1s dtscussed, for, under favorable condmons, non-eqmvalent atoms gwe 
nsetosepamtepeaksmthespecmuu 

In order to overcome the severe problems which attend the resolunon and assqmnent of proton nmr 
signals from complex materials such as chual porphyrins, the presence of an nmr probe in the system IS needed. 
of pamcuhu interest IS the ~udiaous umoducnon of fluonne into the chmu pickets Thus, fluorme s~gnah wth be 
caster to detect than proton resonances and, because the fluormes are &fferent for the four atropisomers. 
tdentnicatton of each isomer wtll bc facAned. We dcscnbe fnst the synthesis and chamctenm non of chuul prcket- 
fence potphynns bearmg a-methoxy-a-(mfluoromethyl)phenylacetyl residues and then the regmchermstry of 
axtal hgatton after ruthenmm msertion The chval pickets have been prepared by couphng of the four 
auqxsomem of meso-tctra(o-aminophenyl)pcuphynn wnh Masher’s reagents 

1401 



1402 P LE Ivhux et al 

R* = C(oCH3 )(cF3 )(c6 Hs ) 

Figure 1 Synunetnes of chual p&et-fence porphynns beanng a-methoxy-a-(tnfluoromethyl)phmylacetyl residues 

RESULTS AND DISCUSSION 

Synthesis of chid picket-fence porphyrins 
Colhnan et al have described the synthesis and the isolation of all the rotational atropisomers of 

5,10,15,20 tctralas (o-ammophenyl)porphyrm*. For the purpose of general stereochenucal studies of chnal 
porphyrms. it was decided that all the four atropisomers bearing ophcally actrve residues must be prepared. 
Because the risk of racemrxahon of the chual centers must be avouied, Mosher’s reagent was chosen The 
a-methoxy-a-(mfluoromethyl)phenylacetyl group as a potential porphyrin appendage has the property of 
mg a CF3 group useful for the NMR study and to be stereochemtcally stable. llns latter is due to the absence 
of carbon-hydrogen bond onto the chmd center Synthesis of the four chnal porphyrins was achteved by sbmng 
(R)-(+)-a-methoxy-a-(tntluoromethyl)phenylacetyl chlonde and each of the four atropisomers m methylene 
chlonde at room temperature. Thrs procedure gave good yrelds of each isomer respecttvely for la (80 %), lb 
(65 %), lc (55 %) and Id (44 %). 

The synthetic pathway for the preparation of chual porphyrins is depicted m scheme 1. We have also 
pmpared the chnal porphynns as a rmxture of la-d, starting directly from the thermodynarmc mixture of the 
tetrakrs (o-ammophenyl)poxphynns Four bands were observed by TLC but the Rf of each atroprsomer bemg not 
enough tiferent, tsolahon of the pure compound by chromatography on preparative s&a gel plates or column 
faded. 

sS,sB T(oNH2)PPHz + (CF3)(~H3)(C&)C-$-Cl 1_ a,~,~$ T(oNHMTPA)PPH2 

0 
MTPA la 

a,a,lV lb 
a,a,a,p lc 
a,a,a,a Id 

1 (a-d) + Ru3(CC)i2 1l_ RuT(oNHMTPA)PP(CO)(THF) 
2(a - d) 

Scheme 1 1 CH2Cl2, Argon, 25Y!, 30 mmutes. u a) o-drchlorobenxene, Argon. 180°C. 18 hours ; b) THF 

Structural assignment of atropasomers 
19F NMR spectroscopy of porphynns 1 The 19F NMR spectra of la, lb, lc and Id are presented in 

figure 2 The spectra of la and Id show one peak for the CF3 groups respectwely at -70.00 and -70 68 ppm 
Thus mdtcated that the four CF3 groups m each compound are uientlcal defined by a Dz symmetry in the a$,a$ 
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isomer and by a Q symmetry m the a,a,a,a isomer For the atroplsomer a,a,/3$, the spaxum shows two 
peaks at -69.92 and -70 19 correspondmg to two groups of two Identical CF3 dcfiied by a C2 symmetry. The C2 
axis 1s m the porphy=rm plane which ~mphcates that the two eqmvalent CF3 am adJacent but on d&rent sde The 

a,a,a$ atroplsomer spectrum gwes four peaks at -69.81, -69.99, -70.07 and -70.81 witb the same mtenslty. 
‘flus can be explamed by the absence of any element of symmetry m the molecule (Cl group) and consequently, 
the four CF3 are magnetically mequnfalent 

Fluonne NMR mvestigahons of the atroplsomers of tetraarylporphyrms, when a fluorm& (or a CF2 
group)’ IS placed on to the ortho posmons, have heen previously reported. In these cases, thetgF qectrum of a 
mtxtme of the four atropmm exhdnted s1x magnencally meqmvalent fluorme groups By its planar symmehy. 
the 1% Nh4R spectrum of a,a,a,f) isomer has three types of fiuorme groups. All these molecules have. at least, 

one rmrror plane, which IS obviously absent when the pickets are chual This explams the mcrease number of 
sqnals for cz,u$$ and a,a,a,j3 atroplsomers that we observe with the chual pickets 

_L AJ -- 0 / - 

PPW I 1 1 , -70 -70 -70 -71 -:o 

la lb lc Id 

Rguxe 2 l9F NMR spectra of porphyrms la, lb, lc and Id. 

IH NMR specrroscopy of porphyrm 1. The data are hsted m table 1. picket methoxy nzsonances have 
upfield shtits (12-1.6 ppm) compared to MTPA (3 71 ppm) whuzh are due to the magnetic field amsotropy of 
the poxphynn ring. The spectra of the compounds la and Id show one smglet. Two and four smglets are 
observed, respectively for 1 b and lc These results are consistent with the symmetry atinbuted to each 
atroplsomer and 19~ NMR spectroscopy 

The p&et phenyl signals are found m the 6 5-7 ppm range We observe one broad smglet m the spectrum 
of la and a multttude of peaks m the spectra of lb, lc and Id These observations may suggest that only the 
o$,u,p isomer allows no stenc hmdrance between the pickets 

Anude NH protons gwe broad smglets between 8-9 ppm * a smgle broad smglet 111 the spectra of la,b,d 
and four broad smglets for the asymmetnc atroplsomer lc 

The multrphclty of the pyrrohc protons w111 also reflect the symmetry of the churl potphyrm. Thus 
property has been previously used as a single proof of absence of racenuzafion durmg the synthcs~s of chtral 
a$,@ atroplsomer89 to confirm the a$,a$ structure 3~ However, mvesugauon of the three other 

atroplsomefs has not been reported Thus IS crucial smce It allows & scnmmmon between a$,ot$ and a,%qa 
atroplsomers Only those two posslbdmes have four Identical pickets (vlde sup@. The results are summarized m 
table 1 The spectrum of the a$,a$ exhrbrted two smglets for the pyrrobc protons as expected for two sets of 
four magnettcally equivalent nuclei In tbe case of the a,a$,p atropisomer, the spectnm~ exhibited two smglets 
and two doublets In a,a,a,l) atroplsomer, the signal sphttmg of B_pyrrohc protons should gwe two smglets and 
four doublets Unfortunately, assignment 1s rendered difficult by peak superposmon between 8 76 and 
8 86 ppm. The rermumng atroplsomer a,a,a,a would have exhlhted two doublets but the spectrum gave only a 



broad multtplet at 8.85 ppm. The pytrole NH protons gave one singlet m the -2.5 -2.8 ppm range with 
deshielding from la to Id. 

Jdentification of meso-phenyl protons was also based on symmetry constdemhon. The H3 proton agnals 
(fig. 1) occur at the lowest field, in the 8.6-8.8 ppm range. The signals are well nxolved doublets due to the 
coupling with H4 proton The multiplictty is 111 agmement wrth the atroprsomer symmetry : one doublet for Ia 
and ld, two doublets for lb and four doublets for lc One can also remark a long-range coupling due to H~-HJ 
coupling constant of J - 1 Hz. Jn lc, three doublets of doublet are well assigned at 8.60.8.67 and 8.75 ppm, the 

fourth rs hided by the multtplet between 8.X-8.86 ppm The H,I protons resonate at about the same field (= 7 9 
ppm) in the four atropkomers. The agnal is composed of one triplet in la and Id, two triplets in lb. However, 
m lc, signal superimposition renders theii assignment difficult With the Hs protons, the signal multtplicity IS 
the sang as wtth H4 for every atropisomer and is found m the 7.55-7.65 ppm range The H6 protons give a 
doublet of doublet for la and Id at 8.07 and 7 85 ppm respecuvcly For lb, the signal splits mto two doublets 
of doublet at 7.98 and 8.03 ppm. Jn the spectrum of lc, three doublets of doublet are drstmgmshable at 7.96, 
8.04 and 8.09 ppm, mtegratmg for 3H, the fourth is locahzed m the muluplet between 7 85-7.90 ppm. 

at ,ble,l.lHRMVMV” 

T 
H pyrrolt NH pyrrole 

la 8.65-883 -2 76 

aJ%2s 2H, s 

1 b a-6.5.8 ao 

4K2.9 

a 79.8 32 

4H. 26 

J=48 Hz 

lc* a76-a.a6 

awm 

-2 70 

2H. s 

-266 

2H, s 

Id a.85 -2 54 

ants 2H. s 

a of Porphyrms la, lb, lc and Id 
I 

Meso-phenyl I 

H3 H4 

a.5a 790 

4Itd 4H. Id 

J=alHz 79,13Hz 

t 

a 68, a 77 7 89-7 91 

4R2dd, 4aud 

J=a 2rlHz 7 9.1.5 Hz 

H5 H6 NHCO 

765 a07 a02 

4H, td 4Rdd 4H, brs 

7.5,lOHz 6.3.13Hz 

7 60.7 61 7 98-a 03 a 15-a 17 

4H. 2td 4H.2dd 4H. 2s 

75.13Hz 76.14Hz 

754-763 796,804 801.8.17 

4H, m 809 a 24.8 49 

3H,3dd 4H.4brs 

7 5.14 Hz 

7 53 7 a5 a a0 

4H, td 4ndd 4H. bm 

75,llHz 77,lZHz 

c6H5 m3 

648 140 

2OH, brs 12H. s 

661-697 12o.154 

2OH. bnn 12H, 2s 

650-702 

2OH.W 

122,143 

149.1 62 

12H, 4s 

7 00-7 15 125 

2OH, m 12H, s 

*In lc, the hurts H3 and H6 are m the multqlet Bng to fl-pynole protons and Hq protons respxhvdy 

Table 2.1cF NMR chemal shrfts of atropisomers 2a-d (cm13) 

a$,a,B Ga) w$,P (2b) ww,b (2~) a,a,a,a (2d) 

-69.36, -71 05 -69 26, -69 52, -70 14, -71 14 -69 51, -69 64, -69 70. -70 44 -70.17 

-36 32, -70 40, -70 79, -72 05 -70 20 
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Ruthenium insertion into the chiral picket-fence porphyrins (scheme 1, ii) and atropisomer 
separation. 

A literatm proadm was used for msemng rothemum 11 The macnon condittons are depicted m scheme 
1. The starting chiral picket-fence porphyrin IS a mtxture of the four atroptsomers 1 smce pure atroptsomers 
tsomenxe m these condmons. The teact~on ts controlled by thin layer chromatography and vtstble spectroscopy 
After 18 hours, the reactton mrxture 1s composed of four red complexes, typmal of ruthemum porphyrms, excess 
of umeacmd Ru3(CO)tg and relattvely small amounts of umdetmfied blue-gray products. These complexes are 
au-stable and have the followmg vtstble spectrum : 410 (Soret), 530.605nm. The praena of rutbemum 
carbonyl is confirmed by the tr spectrum at 1970 cm -1. Tetrahydrofuran (THF) was added m the resultmg 
solutton before separation of the rsomers tn o&r to obtam a stx coordinate ruthenium carbonyl motto L adduct (L 
= THF). Chmmatography on preparanve stlica gel plates usmg dtethyl ether-hexane-THP (100:100: I) as eluent 
gtves separation of the atroptsomers. In o&r of elutton they were obtamed m the approxunate rat10 of 2: l&h < 
0.5 and were asstgned m order of mcreasmg polanty as a&a,/3 2a, cx,a,,B$2b, a,a,a$2c and a,a,a,a 2d 
respecttvely wtth Rf = 5.2.4 6.4 and 2.5. These asstgnments were confii by NMR spectroscopy (see 
below). 

Structurat assignment of ruthenium atropisomers. 
19F NMR spectroscopy. The presence of a CO axtal hgatron m these atroptsomers mcreases the 

multtphcity of the fluotme signals. The stgnal due to eqmvalent CF3 groups m the chrml unmetallated porphynn 
la (D2 symmetry) is spht mto two stgnals on lowermg to C2 symmetry m 2a wth the C2 axts normal to the 
porphynn plane. In the case of 2b, the dmppcarana of the C2 symmetry renders the CF3 groups meqmvalent 
Both 2a and 2b have two dtfferent faces due to the CO ltgatron. With the remammg tsomers 2c and 2d, two 
rcg~ommers axe possible for the rnthemum product due to asymmetry of the two faces. In one regtotsomer, CO 
ts coordinated wtthm the three pickets, and in the other regtotsomer, CO ts on the unhmdered stde. Both 
regtotsomers 2c (a,a,a,&Ru) and 2d (a,a,a,a-Ru) am pnsent at the end of msemon reactton (18 hours) (see 
fig. 3). In each case, one isomer IS appro~mately two-fold excess. Thus result IS d&tent from that prevrously 
tepotted by Colhnan et aL m Ruthemum “Ptcmc-Basket” Porphyrmst t In our case, the pmsence of carbonyl out 
and mstde tlte pocket IS due to inverston of ptckets that 1s not posstble wtth the ngrd structum of “Prcmc-basket” 
Porphyrms. For longer reactton tune (> 24 hours), the reg~o~somer ratto for 2c IS almost unchanged but IS 
mverted for 2d. The fluorme chemtcal slufts of the CF3 groups of all these mutters am summart& m table 2. 
One can also observed that each atroptsomer has a number of peaks correspondmg to the well-defined 
configuratton of the four chuai centres. This confirms that no racemtxanon of the chtral centres has occured 
durmg ruthemum mserhon 

1 
PPM -69 -70 -71 -72 -69 -70 -7i -64 -70 -71 -72 -69 -70 

2a 2b 2c 2d 

Figure 3 toF NMR spectra of ruthcnmm porphyrms 2a, 2b, 2c and 2d after ruthemum msemon (18 hours) 
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Table 3.lH NMR Data of Ruthenium Porphynns 2. 

2a 

2b 

2c 

2d 

- 
839. a 42 

8.59, 8 62, 

aHv?d 
J=SHz 

4dmed 

at 843. 
864.4H 

8.55, 8.56. 

860.865. 

4H. 46 

844. 846. 

8.58. 8.59, 

860, 861, 

862. 864. 

aH, 86, 
J = 5Hz 

8 65, 8H. 
15 Jo42IG 

T 

1 

! 1 

H3 
8 63. 8 12, 

4J.J.a 
i = 8 2.1H: 

8 41. 8 67, 
880.8S2 

4H, 4d 

J=83Hz 

8 71, 8 13, 

8 81. 8 84, 

4H.M 
I=72Hz 

8 94,4H, 
.QJ=83B 

c 1 

z I 

Hq H5 

781. 790. 7.50,7 90, 

4J-J.nb 4It2tQ 
1=7 7,lsiI J=7 5.1 Hz 

7 81-7 89 

4H, m 

751.7.54, 
761, 766, 

4Jt 4s 
J=75 Hz 

7 18-I 92. 

4H. m 

149, 7.51. 

7 63. 7 66, 

4H. 4td 
J = 6 3,lHz 

7 S2,4H, 746,4H. 
.I, J=7 6 Hz ltJ=76Hz 

7 78-7 92, 8.57-8 65, 157, 164, 
3% 3H. 171. 176. -I---!- 8 16. 1H. 8 73, lH, IW. 4s 

ld,J=71Hz lbla 

H,,, 6 85.7 02,8H,?t, J=7 6 Hz 

Hp7.05.120,4FL2t, Jp7.3 Hz 

6 51~731,2OH, m 

IH NMR spectroscopy The data we hated 111 table 3. Only one rcg~o~somer IS repnsented m the case of 
2c and 2d. As a general rule, the ruthemum msemon mduced a sphttmg of all the porphyrm protons : for 
mstance, the pyrmhc amglets of porphyrm la spht mto two doublets. Wrth 2d, the overlapping of the two 
doublets grves a trrplet. Only these two ruthemum atroprsomers have a symmetry 8x1s normal to the porphynn 
plane. With 2b and 2c, the absence of symmetry axis makes the eight pyrrolrc protons different and 
consequently grves nse to erght doublets For the prcket methoxy protons (15-2 ppm range), sphttmg of the 
stgnals m each atroprsomers is tdenttcal to that has already seen wtth CF3. For the other protons (meso-phenyl, 
amule and picket phenyl). they appear as a luruted number of well defined srgnals m symmetrical 2a and 2d. 
Each kmd of protons has one and two resonances whrle with 2b and 2c, the four dtfferent chrral prckets lead for 
the same type of protons to four sets of peaks which are orqmally of the mcmasmg sphttmg of srgnals and render 
the assrgnment more drfficult. 

Regrolsomer assrgnment. Diphenylmethylphosphme has been used to determme the regroselecuvuy of 
axtal hgatton m these ruthemum chrral picket fence porphyrms It was supposed that bulky hgand complexauon 
wnhm the protected cavity was prevented by the chu-al pickets The two different 2d (cc,a,a,u-Ru) regtorsomers 
reacted drfferently wrth drphenylmethylphoaphme 

Reaction with a regioisomer mrxture leads to the mono-phosphme adduct 3 d 
RuT(oNHMTPA)PP(CO)(PMePh2) and unreacted RuT(oNHMTPA)PP(CO)(THF) 1oF NMR rdenuficaaon of 
the unreacted regtotsomer shows one peak at -70 20 From this result, It 1s proposed that only 
RuT(oNHMTPA)(C0),, reacts with the phosphme Stamng with 2c (a,a,a&Ru) , the same reaction leads to a 
mrxture of mono and brs phosphme adducts The spectra recorded without phosphme excess show 
decoordmahon of the bgand In these condtttons, rt has not been possible to determme the assignments of 
regroisomers 
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CONCLUSION 

The detailed analysis of symmetry on chuul picket-fence porphynns for vanous auoptsomers IS a useful 
source of informatton This example underlines the mterest of usmg fluorme labelling for elmunatton of 
ambtgutttes of proton asstgnments m the crowded tegton of the 1H NMR spectrum. In addmon, asstgnment of 
the pytrole protons leads to the umvocal identtfiiauon of all the chtral atropisomers. This analysts can be apphed 
to a large number of chtral ptcket porphyrms. 

EXPERIMENTAL 

Vtstble spectra were measured on a JOBIN WON HITACHI 100-60 spectrometer m dichloromethane 
soluttons Infrared spectra were taken on a NlCOLET 205 FI-lR spectrometer m dtchloromethane soluuons 
NMR spectra were recorded on a BRUXER AC 300P spectrometer m CDC13 at 300 MHz (lH, CDC13) and 
280 MHz (loF, CFC13) Elemental analysts were petformed by the Service Central d’Analyses (CNRS) at 
Vematson (France) Meltmg points were not detenmned because the products decompose Silica gel 6OC 
(Merck) was used for preparauve chromatography Dtchloromethane and ortho &chloro-benzene were dtsttlled 
under argon bately before use 
a,&a$-T(oNHMTPA)PPH2 la. 

In a two necked flask under argon, 200 mg (2% pmol) of atroptsomer a$,a,P tetrakts (o-ammophenyl) 
porphyrin was dtssolved 11120 ml dry CH2C12 and 378 mg (150 pmol) of (R)-(+)-a-methoxy-a-mfluoromethyl 
phenylacetyl chlortde and 0.2 ml of pyndme were then added The reaction nuxture was stured at room 
~peratum for 2 hours. After removal of solvent, the residue was punfied by chromatography on stltca gel 
plates (eluted wtth hexane followed by dtchloromethane-hexane, 41) to gtve la as blue-putple needles (364 mg, 
236 prnol, 80 % yteld) . VIS (CH2Clz) * hmax/nm 421 (E 290 dm3 mrn01-~ cm-l), 513 (E 40), 545 (E 22). 589 
(a 23). 649 (E 18) ; lgF NMR (CDC13) 8 -70 00 , 1H NMR (CDC13) see table 1 , El. Anal calcd for 

C84H6zN808Fl2, C 65 53. H 4 03. N 7 28, F 14 82, found C 65 39, H 4 12. N 7 11, F 14 71 

Thts protocol was repeated for the other three atroptsomers lb, lc and Id and the nuxture la-d The 
vistble spectra were tdenttcal to la 
a,8,a,B-a,a,B,B-a,a,a,B-a,a,a,a-RuT(oNHMTPA)PP(CO) 2a,b,c,d 

250 mg (162 pool) of unmetalated atroptsomer nuxture was dtssolved m 40 ml of ortho dichlorobenxene 
freshly dtstdled and heated at 180°C under argon for one hour After, 311 mg (487 pmol) of Ru3(CO)l2 was 
added in eight ahquots over two hours The ruthemum mseruon was followed by visible spectroscopy and thm 
layer chromatography unhl complete metallauon (15 hours) The solvent was removed under pump vacuum. The 
resultmg residue was dtssolved m CH$&THF (5 1) and flash chromatography on a stlrca gel column eluted 
wtth the same solvent nuxture to remove decomposmon and mthemum metal After solvent evaporatton and 
redtssoluhon in CH2Cl2, the four mthemum isomers were separated on pmparattve stbca gel plates eluted wtth 
dtethyl ether-hexane-THF (100 100 1) and assigned as prevtously described m the text. Each atroptsomer still 
contamed blue-gray products whtch were elmunated by chromatography under the same conditions The total 
yteld was approxunately 32 96 The spectral charactenshcs, vtstble and mfrared, are ulenttcal for the four isomers 
. VlS (CHzCli) - X max/nm 410 (a 187 dm3 mmol-1 cm-l), 530 (E 24) , IR V, cm-l (CH2Cl2) 1970 (RuCO), 

1705 (NHCO) , 19F NMR (CDC13) see table 2 , lH NMR (CDC13) see table 3 , El Anal calcd for 
C85Henl’+l8OoFl2Ru. C 6126, H 3 72, N 6 72, F 13 69, Ru 6 06, found C 60 93. H 3 88. N 6 67. F 12 52, 
Ru 6.46 
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a,a,a,a RuT(oNHMTPA)PP(CO)(PMePh2) 3d. 

React1011 of a reg~olsomer muture 2d obtamed after lsomensahon (35 mg, 21 l.tmol) wtth the phosphme 
PMePh2 (20 mg, 100 pmol) at 25’C for 3 hours m CH2Cl2 (10 ml) under argon gave a nuxture of 
RuT(oNHMTPA)PP(C!G)(Ph~ and RuT(oNHMTPA)(CG). Separation of the products on sihca gel plates 
elti wth hexane-ether (3:2) gave 18 mg (9 pool) of monophosphme adduct and 15 mg (9 ml) of wmwzted 

starhng product anth the carbonyl out of the pocket. 3d * VIS (CH2C12) : h maxh 424.545 ; IR v/cm-l 
(CH2Cl2) : 1970 (RuCO), 1706 (NHCG) , l% NMR (CDC13) 6 -70.22 (4CF3, s) ,31P NMR (CDCl3) 6 -26.18 
(s) ; lH NMR (CDC13) -2 31 (3H, d, J = 6 Hz, MeP), 1.60 (12H, s, OCH3), 4.11 (4H, t, J = 9 Hz, Ho Ph 
phosphme), 6.55 (4H, td, J = 8.4, 1.9 Hz, Hm Ph phosphme), 6 85, 6 86 (2H, 2td. J = 9.2, 2 1 Hz, Hp Ph 
phosphme, 7.11-7 27 (20 H, m). 7.36 (4H. dd, J = 7 5, 1.6 Hz, Ha). 7 43 (4H, td, J = 7.4, 1 Hz, Hg). 7.78 
(4H, td, J = 7.7, 1.6 Hz, Hq), 8.90 (4H. dd. J = 7 6, 1 Hz, H3). 8.46, 8 52 (8H, 2d, J = 5 Hz, B-pyrrole), 
9 05 (4H, s, NHCG). 
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