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SEVEN-COORDINATE RHENIUM 

V-F, SIZOI, Yu.S. NEKRASOV, YuV. MAKAROV and N.E. KOLOBOVA 

Institute of Organo-Element Compounds, Academy of Sciences, Vavilova SW. 28, 
I1 7312 Moscow (U.S.S.R.) 

(Received March 2nd, 1975) 

The mass spectra of n-RC,&Re(CO),XY (R = H, CHs, COOCH3, X, Y = H, 
CH3, COCH,, Br, I, HgCl) have been studied_ A successive expulsion of carbonyl 
groups, a common fragmentation path for cyclopentadienyl metal earbonyls, is 
observed in addition to the parallel elimination of substituents X and Y from the 
moiecuIar ions of seven-coordinate rhenium complexes. Loss of a hydrogen mol- 
ecule from the I&? - ZCO] ’ ion is a characteristic of the fragmentation of o-metb- 
yl complexes- 

* Recently we reported the synthesis of certain n-cyclopentadienyl complexes 
of seven-coordinate rhenium [l] . The main fragmentation paths under electron 
impact are now considered for tbe compounds of general formula rr-RC5H4Re 
(CO),XY; namely n-C,H,Re(CO),(CH,),, n-C&Re(CO),Br(CH,), 7K5HSRe(C0)2- 
I(CHs), n-C5HsRe(C0)21(COCH3), n-CSHSRe(CO)zBrz, n-CSHSRe(C0)2BrH, 
n-CSHSRe(CO)JH, ~-C5H,Re(CO)21(HgCl), z=(CH3CsH4)Re(CO)&3r2, 5r-(CH300C- 
CSH4)Re(C0)2Br2 and Ir-ICSH4Re(CO),Br,. 

The calculated monoisotopic** spectra of the above compounds, as well as 
the metastable transitions observed are represented jn the Tables l-10. A relative- 
ly high stability of the molecular ions of all complexes permits an unambiguous 
determination of the molecular weights of such compounds. 

A successive expulsion of both carbonyl groups resulting in formation of 
the ions [RC&H,ReXY] + is a typical feature for all complexes studied except 
rr-CSHSRe(CO)2(CH3)2 and n-CSH,Re(CO)21(HgC1). Most cyclopentadienyl metal 
carbonyls of the type C5H5M(CO),X, (where X is a o-bonded ligaud Ar, Alk, 

* Part I. The influence of O-bonded ligaads on the fragmentation of z-ally1 derivatives of iron carboayl 

[Zl. Part II. Mono- and di-cyclopeatedieayl derivatives of titanium [31_ 
** The intensities are corrected by an isotopic compositioa of C. CL Br. Re aad Hg. 

(continued on p. 434):.._ 
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TiiLEl 

MASSSPECTRUMOFC5H5Re<CO)Z<CR3)2 

I& m/e ReLintensitv 

5oev 3oev 15ev 

iI%+ 338 62 56 100 

M-CHCH; ,323 12 11 14 

M-cco' 310 47 49 92 

~C6I&Re<CO)(CH~+ 308 10 10 12 

C,H,Re<CO)* 306 16 17 16 

M-CH3-CO+ 295 21 21 10 

M-co-cH4+ 294 68 74 69 

C6H&e~CO~* 293 75 64 

C$IsRe<CO)+ 280 8 8 

C@4Re~CO~* 279 4 3 

C7H7Eb 278 24 22 

C,I&+E+ 277 4 4 

C+IsRe+ 276 .5 7 

AZ-CO-CHs-CO+ 267 2 1 

Ca7Re+ 266 100 100 3 

CgFfgRe* 265 54 50 
C&ZgFk* 264 22 18 

C&Re* 263 41 22 

C6&Re* 262 8 4 

CSHSRe+ 252 21 14 
CsH&e* 251 4 

CSH$e+ 250 10 3 

CsHRe* 248 4 

C4H4Re* 239 12 3 

C4IWe+ 238 10 1 

C&I2Re+ 237 6 

C4HRe+ 236 4 

WW+=* 226 7 1 

CJIzRe+ 225 11 

c$ZIRe+ 224 10 

eHzRe* 213 14 

CzHRe* 212 11 

CHRe+ 200 8 

CRd 199 2 

Re+ 187 10 

BP .169 2 

M-&2+ 161.5 2 

c6H6Rdco>ccH~** 164' 3 

C7H,Re(CO>'* 153 7 

&f-co-CH42+ 147 12 

C%I%RtiCO,** 146.5 8 

C7H7Re2* 139 10 

C&7Re2' '133 14 

C&I&e'+ 
r z 

132.5 7 

C&EXsRe**- 132 14 

__'-----_- 
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TABLE 1 (continued) 

Metastable tmnsitions ‘- 

m/e 

304 
284 

279 
269 
254 

252 
240 

226 

213 
200 
187 

120 

PIocess 

308-‘306+ 2 
338 -+310 + 28 

310 - 294 + 16 
323 - 295 -t 28 
308+280+-28 

306 - 278 i- 28 
294+266+28 
265+252 + 13 
280 - 252 + 28 

252 -, 239 + 13 

239 - 226 -k 13 
226 - 213 + 13 
213 - 200 + 13 
294’++ 266+++ CO 

Neutral fragment lost 

HZ 
co 

CH4 
co 
co 

co 
co 
CH 
co 

CH 

CH 
CH 
CH 

TABLE 2 

MASS SPECTRUM OF CsEIsRe<CO~~Bz<CH3~ 

Ion 

iw+ 

M - CHf+ 

M - co* 

M- CHJ- CO+ 

M - 2CO+ 

M- 2CO-H; 

Bf - 2C0 - 2H; 

CsHsReBr+ 

CgHjReBr+ 

CSHReBr+ 

M--r+ 

CaHaReBr+ - 

CqHgeBr+ 

CqHzReBr+ 

M-Br-CCH; 

CaHJLeBr+ 

CsHReBr+ 

M-Br-CO* 

C&Re(CO~+ 

QHzReBr’ 

C~HSR~(CO)+ 

CHReBr+ 

CcH$te+ 

C&Re+ 

CaLiRe* 

CsHsRe+ 

CsH3Rd 

C&I4Re+ 

CqHaRe+ 

CJEIJLe+ 

CsHzRe+ 

C-e+ 

CzHzRe+ 

C$tRe+ 

m/e ReL intensity 50 eV 

402 64 

387 9 

374 96 

359 16 

346 71 

344 100 

342 27 

331 74 

329 14 

327 -6 

323 5 

318 10 

317 6 

316 3 

308 8 

305 33 

303 8 

295 5 

293 17 

292 8 

280 14 

279 6 

265 23 

264 14 

263 9 

252 13 

250 2 

239 5 

238 6 

226 3 

225 6 

224 6 

213 3 

212 1 

cHRe+ 200 2 
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TABLEa-- _.- ._ 

:~4SSSPECTR~OFC~ESRe(CO)21<CI132 
i 

Ion m/e ReLintensitY 

6ot?V 3oev 15eV 

in+ 450 100 
m-CHJ 435 21 
m-co* 422 80 
m-cH~-co* 407 17 
JK-2co* 394 40 
iw-2cc3-Ix*+ 392 65 
As-2co-2H*+ 390 32 
C~H~ReI+ 379 56 
cgiJRe1* 377 18 
C&$teI+ 366 5 
C&~ef 365 4 
GqR*RCI+ 364 2 
C.&IR@?I+ 363 1 
CgiJrd 353 20 
C#QReI+ 352 7 
CgiReI' 351 13 
@&HReI* 339 4 
C$te1* 333 3 
CIBM+ 327 10 
M-I + 323 2 
M-HI+ 322 2 

RCI* 314 4 
M-I-cx; 308 5 

sr-x-co' 295 5 

C&Re(CO?+ 294 3 

C&%Rc(cO>+ 293 22 

C~HSR~<CO)+ 230 7 

C&,Re+ 266 9 

C6HdLe+ 265 20 

W%Rd 264 6 

C&L++ 263 16 

CgHsRI 252 8 

csHjae* 250 5 

C4aRe+ 239 5 

C4wRe+ 238 7 

C#i2Re+ 237 2 

C3W=+ 226 4 

CgzRe+ 225 11 

CjIIRf 224 11 

QEIIRe+ 213 4 

QHRe* 212 5 

CEste* 260 7 

=2* 189 8 

Rd 168 7 

Re+ 187 4 

f 127 5 

100 100 
22 9 
88 55 
18 
49 9 

67 3 

20 2 

56 2 
16 
4 

11 

3 
2 

2 1 

2 1 

5 2 

4 
2 

28 1 

7 
8 

22 2 
4 

12 
7 
2 
2 
3 

3 



TABLE 4 

MASS SPECTRUM OF C5I-I5R~CO)~I<COCH3) 

IOn m/e ReL intensity 

50eV 30 ev 15 eV 

iu+ 478 30 38 86. -. 

M - CHj 463 .2 2 3 

M-co* 450 -18 22 79 

M - COCH; 435 20 23 31 

M - 2co+ 422 12 14 28 

C5HgRe<CO)I* 407 29 33 13 

C&+ZeI+ 394 6 8 10 

C&ReI’ 392 22 25 6 

C$I&eL* 390 7 8 

CgHsReI+ 379 76 89 6 

CSH$teI* 377 22 22 

C$iRCI+ 375 4 4 

C*H&eI+ 366 2 2 

C,+I3ReI+ 365 2 2 

CqHzReI+ 364 2 2 

C~IiReI+ 363 1 1 

CjH$ZeI+ 353 26 22 2 

M - I’. CsHReI+ 351 20 16 31 

GHzReI+ 340 2 2 

C,HSRe<CO)a+ 336 50 51 100 

CHREI” 327 2 2 

C5H5Re<CO)(COCH3)+ 323 9 11 7 

CSH$WCO)<COCH~)* 321 10 12 11 

CsHSRe<CO); 308 36 43 37 

C5HSRe<COCH3)+ 295 18 22 6 

C&ReKOCH3)+ 293 29 38 3 

C&Re(CO)* 280 100 100 15 

C,HJrelCOCH3>+ 269 7 10 

C5HSRe(CH3)* 267 3 2 

CdHdle+ 265 17 22 

C&IqRe+ 263 9 10 

CsHgRe+ 252 73 75 2 

CsHsRe+ 250 28 28 

CsHRe+ 248 12 3 

CaI&Re+ 239 4 3 

CeHsRe+ 238 5 2 

Cs3Rf 226 26 19 

CaHzRe+ 225 36 9 

QHRe+ 224 42 11 

C+HzRe+ 213 5 1 

C$TRe+ 212 9 1 

HI+ 128 31 36 31 

I’ 127 19 18 

(continued) 



m/b? PrinYerr _ NCX.IM figment lost 

424 478-450+-28 co 
396 478-+435+43 

450-,422i28 
COCH3 
co 

-381 4354407+28 -co 
368 422-394+28 co 
353 407-379+2a co 

267 351'323+28 - co 
282 336-308+28 co 
269 323-295+28 co 
256 478-c351+127 I 
254' 308-280+28 co 
227 280-252+28 CO 

TABLE5 

MASS SPECTRUM OF C5H5Rt(C012Br2 

Ion m/e Relintensity 

50eV 3oev 15ev 

IIf+ 468 13 5 15 

iw-co+ 440 25 15 32 
Bi--Co+ 412 49 33 14 

X-Br 387 30 28 100 
M-Br-CO* 359 23 28 33 

ReBrz* 347 3 
C$IsReBr* 331 100 100 18 
CsHjReBr* 329 23 15 3 
C~HSR~(CO); 308 9 9 7 
C$I*e(Co>2* 306 8 6 1 

C$IfleBr+ 305 30 14 2 

CjH+ReBr* 304 16 4 

C$IReBr* 303 16 8 
C~H+?KO~* 280 33 27 2 

CHReBf 279 10 
ReBr* 266 3. 
C&?gLd 252 21 17 2 

C!,H$Ze* 250 9 6 

C&Et 248 5 

c3=3Re+ 226 11 3 

CszRe* 225 11 3 
QHRe* 224 25 6 

CSf 223 2 

HBr+ - 80 34 53 

Br+ 79 15 1s 

Metaatable transitiona 
- 

m/e pm- 

414 468-,440+-S 

~386. 44O-r412+28 
254 308-c280+28 

'227 280*252+28 

Ncutral~entIost 

co 
co 

co 
co 
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TABLE 6 

MASS SPECTRA OF CSH~R~<CO)~(X)H (50 eV) 

IOn X=Br x=1 

m/e ReL intensity m/e ReL intensity 

Bf+ 388 19 436 13 

iv--co+ 360 31 408 15 

iv - 2co+ 332 50 380 15 
M-2cO-H+ 331 19 379 11 

M - 2co - cgQ+ 306 .6 354 5 

C$&ReX* . 305 4 358 6 
CSH5Re<CO)x+ 336 66 336 68 

C$I,Re<CO),+ 308 33 308 35 

CSHSR~(CO)+ 280 100 280 100 

C$SRe+ 252 57 252 60 

CsH$Ze* 250 11 250 20 

CJIsRe+ 226 6 226 14 
C!@Re+ 224 3 224 20 

CHRe” 200 200 8 

HX+ 80 5 128 7 

TABLE 7 

MASS SPECTRUM OF C~HSR~(CO)$<H&I) 

IOn m/e Ret intensity 50 eV 

M’ 672 

M - H&l+ 435 31 

C+I~Re<CO)I+ 407 38 

CsHsReI+ 379 59 

CsHJLeI+ 377 14 

QH3ReI+ 353 16 

CsHzReI+ 352 6 
C$ZRd’ 351 5 
CSH5ReUZO)s+ 336 56 
CSH~R=<CO)~+ 308 25 

C5H5ReCl+ 287 28 

C&H3ReCl+ 285 9 

C5HSRe<CO)+ 280 100 

CsHgRe* 252 53 

CSHsRe* 250 16 

WGRe* 226 20 

C$-izRe+ 225 23 

C&lure+ 224 18 

I%+ 202 150 

Re* 187 25 

Hl+ 128 22 

I+ 127 14 
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MA%?iSPECTRUM OF CH$sH&e<COhBr2 

IOP m/e Relintcnsity 

5OeV 3oev 15ev 

M’ 482 7 
.iw- -co+ 454 22 
M - zco* 426 44 
M-Er+ 401 31 

M-Br-co+ 373 21 

CH$$QReBr+ 345 98 

C&ReBr* 344 190 

C&ReBr* 343 59 

C&L&eBf 342 23 

C.&&ReBr+ 341 4 

C~HSR~B~+ 33x 6 
iM-2BX* 322 3 

CH$$ZQReBr+ 319 3 

CH&EUZeBr* 318 12 

CH3cjReBr+ 317 40 

QH$ieBi+ 305 6 
C#ReBr+ 303 4 

CH3CsEEuRdCOJ+ 294 17 . 

c&rsReKo,+ 293 10 

C!&?sReKO,* 292 3 

CHReB; 279 3 

CH3C5IQRe+;ReBr+ 266 12 

W%R=* 265 10 

C,&Re+ 264 7 

CiH+* 238 5 

w=e+ 236 3 

C$QRe+ 225 3 

C$il%Z 224 7 

QHzRe+ 213 8 

CgzRe+ 212 9 

Re+ 187 -6 

C&I&eB?+ 1725 11 

C~5Re&+ 172 12 

HEr* 80 71 

Br+,CH3C++ 79 23 

Metastabze fraasitions 

5 

19 

44 

36 

26 

100 

86 

59 

25 

7 

3 

5 

4 

5 

19 

2 

14 

1 

11 

10 

4 

so 
19 

9 

31 
14 

100 

24 

17 

9 

3 

2 

1 

2 

1 

m/e Process Neutral fragment lost 

427 482-+454+28 
399 454+426+28 

346 40x-373+28 
277 4264344+82 

co 
co 
co 
HBr 
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TABLE 9 

MASS SPECTRUM OF CH3OOCC5~e<C0)2Br2 

Ion m/e Rd. intensity 

50eV 30 eV 15 eV 

a!f+ 526 20 23 32 

&f-co+ 498 45 53 100 

M - MeO+ 495 3 3 

M- 2co+ 470 100 100 25 

JK-r&o-co+ 467 3 3 

Bf-Br+ 445 28 28 89 

M - 2C0 - CH20+ 440 10 : 14 

M-2co-cocq+ 427 30 19 

M-Br-CO+ 417 13 12 20 
CS&ReBr2‘+ 411 11 3 

df-Br-2CO* 389 48 35. - 12 

CH3OReBr,+ 378 9 5 

M - 2Br+ 366 4 4 

CH3OCS&ReBr* 361 40 32 

CSH&OReBr* 358 63 35 

ReBrz+ 347 6 

QI&OReBr+ 346 6 2 

CSHsOReBr+ 345 4 1 

M-2Br-CO+ 338 1 2 

CsHsReBr* 331 64 30 

CgHqReBr* 330 19 7 

C$-QReBr* 329 31 4 

CsHReBr+ 327 4 

CaH@eBr+ 320 17 2 

M - 2Br L 2CO+ 310 31 21 

C$-IJR=BZ+ 305 21 2 

C3H2ReBr+ 304 41 2 

C$IReBx+ 303 8 

CH20ReBr* 296 17 5 

CH3OCsH,tRe* 282 15 10 

CHJOC~H~R~+ 281 34 25 

C$LtCOReH+ 280 9 7 

C5H&ORe+ 279 13 7 

ReBr+ 266 5 

hl=+ 263 3 

CsHgRe+ 252 14 3 

Q&R=+ 251 8 

CSH$Z~ 250 2 

M - CO*\ C$izRe+ 249 3 

c$IRe+ 248 8 

M - 2co” 235 12 

CaHsRe+ 226 3 

CjHzRe+ 225 13 

c3HBe’ 224 25 

c,H&o+ 92 38 14 

HBr’ 80 60 30 

Br+ 79 21 4 

(continued) 
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TABLE 9 <continued) 

Ikfetastobk transitions 

m/e Process 

443 493-,470+23 
419 526-470-t-56 
411 470-440+30 
390 9+45-417+28 
387 470-'427+43 
375 526-t445+81 
362 417-3S9+28 
312 366-338+28 

305 470+378+92 
292 4404358+82 
234 338-r310+28 
256 310-282+28 
253 310-+2ao+30 
227 279-'251+ 28 
218 358-279+79 

Neutral fragmentlost 

co 
2co 
CHzO 
co 
COCH3 
BIT 
co 
co 

CsH4CO 
HBr 

co 
co 

CHzO 
co 
Br 

py3 etc-) are known to undergo the expulsion of X, as well as a fragmentation 
of both the cyclopentadienyl ring and a ligand X, only from the ion [C,HSMX,]*, 
that is after the loss of all carbonyl groups [4]_ In contrast, the molecular ions 
of seven-coordinate complexes of rhenium together with expulsion of carbon 
monoxide eliminate in parallel the substituents X and Y yielding the ions [R&l&- 
Re(CO),Y]* and [RC,&Re(CO),X]’ (n = 1,2), the latter ions in some cases being 
of higher intensity than the ions [M - CO J+_ 

Since a ready elimination of the CO group in preference to other TC- and 
u-bonded ligands is interpreted in terms of a low strength of a metal-CO bond 
[5 J, a competitive loss of the ligarids X and Y (Br, I, CH3, COCH3) is due to a 
low (compared with metal-CO) bond strength of the metal-X and metal-Y 
bonds- 

A probability of substituent elimination from the rhenium atom, which is 
defined as the ratio of the intensity of the ion [M - Xl’, [M - Y]’ or [M - CO]’ 
to the total intensity of these ioti (Z = [M - X]’ ? [M - Y J’ + [M - CO]‘) de- 
pends on the nature of the substituent, as well as on the nature of its neighbours 
Based on comparison of the values [M - CO]+/Z, [M - Br]+/‘/Z in the mass spec- 
trum of CSHSRe(CO)zBr2 and the values [M - CO J”/Z and [M - CH,]‘/Z in the 
mass spectrum of CSHSRe(CO)&H3)2, as well as the values [M - CO]+/Z, 
[M - 13*/L: and [M - CHs]+/Z in the spectrum of C5HSRe(C0)21(CH3) (Table 
II), the substituents are placed in the following series according to the elimina- 
tion facility: Br > CO > CH3 > I.-It follows from the analysis of the mass spec- 
trum of CSHSRe(CO)IBr(CH3), however, that substitution of the bromine atom 
by a methyl group increases the intensity of the [M - CO]* ions compared with 
the [M -Br]’ ions_ At the same time, the insertion of the methyl group into the 
cyclopentadienyl ring does not affect the process of CO elimination. However, 
an increase in the ratio [M - CO]*/Z is observed when passing to the derivatives 
of the seven-coordinate rhenium containing the methoxycarbonyl or iodine sub- 
stituent on the ring- 

It should be noted from the comparison of the mass spectra of CSHSRe- 
(CO)2Br(CH3) and C&H,Re(CO),I(CH,) that the stability of the molecular ion 
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TABLE 10 

MASS SPECTRUM OF ICSIQRe<CO)ZBr2 

Ion m/e ReL intensity 

50 ev 30 ev 15 ev 

fir” 594 14 8 37 

M-co- 566 51 31 98 

a2 - 2co+ 538 100 75 51 

M-Br* 513 25 30 100 

IC+qRe+ 605 40 46 32 

M-Br-CO* 485 35 32 47 

ICs2ReI+ 479 14 19 19 

nf - Br- 2co+ 457 95 100 34 

C5HSRe(CO)$ 435 18 11 62 

CSH3Re(CO)$+ 433 17 20 32 

ICaHzReBr+ 431 25 30 20 

M--co-II’, 411 79 75 25 

CgH5Re<CO)zBr* 387 12 10 15 

CsH3Re<CO)2Br+ 385 12 11 18 

CsHSReI+ 379 35 27 12 

ICsHaRe+ 378 28 36 26 

CsHsReI+ 377 36 20 20 

CSH5Re<CO)Br+ 359 6 5 6 

ICaHzRe+ 352 40 49 22 

ReBrZ+ 347 5 

CsHsReBr+ 331 24 27 10 

CsaReBr+ 330 27 40 23 

CsHsReBr+ 329 54 52 21 

CsHsReBr+ 305 30 f8 7 

CflzReBr+ 304 67 64 19 

CsHReBr* 303 28 17 

CSeRe+ 251 7 6 

CsHsRe+ 250 3 4 

CsHzRe+ 249 12 5 

C5HRe+ 248 24 5 

CaHaRe+ 239 6 5 

CsHZRe* 225 27 13 6 

c$me+ 224 53 13 8 

HI+ 128 20 26 

I” . 127 11 12 

HBr+ 80 95 100 

Br+ 79 38 48 

of the iodine compound is much higher than that of the bromide derivative. A 
similar tendency has already been noted by us for 7r-ally1 complexes of iron, 
n-AllFe(C0)3X, where the stability of the molecular ion when X = I is several 
orders higher than when X = Cl [2] .- This increase in relative intensity of the 
molecular ion of the iodine derivative reflects the well known stabilizing effect 
of iodine [6,7]. In addition to the effect of the substilxents on the loss of car- 
bon monoxide, substitu~on of a methyl group in the molecule results in specific 
fragmentation paths for these compounds. 
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TABLE ll- 

TEEINTENSITYRATIOSFORRCSQR~<C~~~XY<~=~~- X]++[M-YY3++~IM-Col+~ 

R- x Y EM-XlfZ [M-Yl+/C [iW-col+/z [iv-Xl’+ 
1Bf - Yl +/z 

15eV 50eV 15ev 5oev 15eV 50eV 15eV 5OeV 

H 

H 
Ii 

R 
II 

=3 
CFI3ooc 
I 

Br Br 0.24 0.45 0.76 0.55 
Br CE3 0.16 0.05 0.03 0.08 0.84 0.87 0.16 0.13 
I CR3 0.02 0.02 0.14 0.20 0.85 0.78 0.15 0.22 

CH3 CH3 0.87 0.80 0.13 0.20 
I COCH3 0.22 0.34 0.56 0.31 
Br Br 0.24 0.42 0.76 0.58 
Br Br 0.53 0.62 0.47 0.38 - 
Br Br 0.49 0.67 0.51 0.33 

The expulsion of a hydrogen molecule from the ion [CsH5ReX(CH3)]*, 
giving the ion [C,.&ReX]* is a common process for all u-methyl complexes of 
seven-coordinate rhenium (Scheme 1). Such a process appears to be a general 
one for Ir-complexes containing a methyl group bonded to a metal atom. The 

C 

+ 
C5H5Re<C0)2X <CH$ 1 -co 

C 
c 

-- 
* 

C5H5Re(CO)X(CH3) 1 

[C6H6ReX] •!- 
-H2 

C I 
i- _--- x C5H5R eX (C H3) 

m/e 344 (X = Br) 

m/e 392 (X = I) 

molecular ion oE?r-indenyl-Mo(C0)3CH, was shown 183 to eliminate three CO 
mofecules and then a hydrogen molecule yielding the [C,,HsMo]*. It has been 
pointed out that the loss of the hydrogen molecule is from the o-bonded methyl 

group- 
The ion [CSH5FeCH3]+ which is formed by expulsion of three carbonyl 

groups from the ion [CSHSFe(CO)2(COCH3) J’ also eliminates a hydrogen mole- 
cule yielding ths ion [C&Fe]’ [9]. The formation of ions with Gz-electron sys- 
tems, of the type [C&&M]‘, appear6 to be a governing factor in this process. 

Successive expulsion of three CO molecules from C&,Re(CO),I(COCH,) 
results-in the ion [CsHsReICHs]’ which ehmirihtes a hydrogen molecule to form 
the ion [C,H&epI’ (m/e 392). This indicate6 that ion6 [M - 3CO]’ present in 

* Here and in the folIowiug SChUUer. the asterisks dePOtt dmdation routes identified through the 
respective amdatable peaks 
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the mas spectrum of C5H&e(CO)21 (COCH;) and CM - 2CO]’ in the spectruru 
of C~H&te(CO)2 (CH,) are structurally similar_ ._ 

The presence of two methyl groups o-bonded to the met&I atom resu&m 
alternative frslgmentation paths for the molecular ion of C,H,Re(C0)2(CH& 
A successive elimination of carbonyl groups from the molecular ion, which is a 
typical process for carbonyl complexes, is absent in this case. Instead a consec- 
utive expulsion of CO, CH, and CO is observed which leads to the base ion 
[&,H,Re]+ in the spectrum. A loss of the second carbonyl group proceeds, there- 
fore, only after elimination of a methane moIecuIe from the ion [M - CO]’ 
(Scheme 2). 

SCHEME 2 

c 1 
-& 

C5H5Re(C0)2(CH3)2 1 
+ 

(CH,), 

m/e 330 *m/e 310 

* I -CH, 

Further degradation of [C6H,Re]’ results in the ions ICeHeRe]+ (m/e 265), 
[C6HsRe]’ (m/e 264), [C&&ReJ* (m/e 263) and [C&Re]’ (m/e 262) -Another 
competitive fragmentation path of the ion [C,H,Re(CO)(CH&]’ (m/e 310) 
consists of successive elimination of two hydrogen molecules with the forma-- 
tion of the ions with m/e 308 and m/e 306 (Scheme 3). 

SCHEME 3 

442 
[Z$,ReKO) (CH&] + - [C6H6R e(CO) (CH3 I] t 

m!e 310 m/e 308 

m[e 278 

Decarbonylation of the ion [C,H,Re(CO)]’ leads to the ion [C,H,Re]’ 
further fragmentation of which consists of a stepwise elimination of CH-(Scheme 

4). 
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SCHEME 5 

C 
+ -co 

CIS,G$i,Re(C0)2 Br* I- Y [cH~c=J-I~R~ (CO) or,]+ 

me 482 I m/e 454 

% 

1 

-co 

t 

-HBr -I- 3 r 
CH3C5H4ReBr2 1 

m/e 426 

ReBr 

m/e 344 

The presence of the methoxycarbonyl group on the cyclopentadienyl ring 
leads to certain specific features in the fragmentation pattern of the molecular 
ion of CH300CC5HJ3.e(CO)2Br2 under electron impact (Scheme 6). Together 
with abundant processes of elimination of *he CO groups and the bromine atom 
the loss of the methoxyl radical is observed from the molecular ion. A known- 

SCHEME 6 

-co 
@H,00C~H,Re(C012Br2] l y 

- c 
CH,OOCCsH,Re(CO) Brs 1 + 

m/e 526 m/e 498 

t 

[Me0 ReBq]* 
- C,H,CO 

x [Ci-&OOCCsH_,ReBr2] + 

m/e 378 m/e 470 

C 1 
+ 

C,H,COReHBr, 

m/e 440 

x -HBr 

I 

C 
C,H,COReBr 1 + -Br 

* -COCH, 

I 

C 
C,H,OReBr, 1 

+ 
m/e 427 

C I 
+ 

CSH,CORe 

m/e 279 m/e 358 
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-process Of migration of the methoxyl group to the metal atom leads to the ion 
ICH~OReBr2]’ with m/e -378 112 J. Th e 1 ass of HBr from the latter yields the ion 
[CH,OReIIrJ’ (m/e 296). The elimination of formaldehyde described earlier for 
ferrocenyl ester [12] leads in this particukr case to the ion [C$f&OReHRr~ 1’ 
(m/e 440) furth er d ecomposition of which rcsuIts in the ion [CSH,Re]’ (m/e 
251). A similar process of CH,O elimination is aIs0 found from the ion [CHsOOG 
C&I&e]+. 

An unusual expulsion of the acetyl group from the IM - X0)’ ion should 
he emphasized. The ion [CsH40ReBrJ with m/e 42’7 formed thereby further 
loses the oxygen atom yielding the ion [CS&ReBrz 1’ (k/e 411). 

The presence of the abundant ions [ICsH,ReI]’ (m/e 505), [IC3HzReI]’ 
(m/e 479) and [CSHSRe(C0)21]’ (m/e 435) is characteristic of the mass spectrum 
of ICSH4Re(CO)J3rz. The formation of the ions mentioned appears to be due to 
substitution of bromine for iodine, this process taking place in the gas phase. 

E&terimental 

The mass spectra were run on the mass spectrometer MXl303 provided 
with a direct inlet system at 30-90°C; the temperature of the ionizing chamber 
was 150°C. The ionizing voltage was 50,30 and 15 eV. 
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