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Abstract

The #-allyldicarbonyl complexes, [Mo(N-N)(CO),(7-allyl)Br], can be prepared either directly by the
allyl bromination of [Mo(N-NXCO0),] (N-N = H,CPz,, H,CPz5, PhHCPz,, PhHCPz; Pz = pyrazol-1-
yl; Pz’ = 3,5-dimethylpyrazol-1-yl) or {Mo(PhHCPz;XCO);] or indirectly by the reaction between
[Mo(MeCN),(CO),(m-allyl)Br] and N-N. The products obtained from [Mo(PhHCpz3 )(CO),] or from
[Mo(PhHCPz5)(CO);] are identical, which supports the mechanism proposed previously for the allyl
bromination of substituted metal carbonyl complexes. The single-crystal structure of
[Mo(PhHCPz})(CO),(7-allyl)Br] has been determined by X-ray diffraction, explaining why the central
proton of the allyl group in this complex or [Mo(PhHCPz,)(CO),(#-allyl)Br] is more upfield relative to
those of other similar complexes in the 'H NMR spectrum. Furthermore, the unique structural features
help to confirm unequivocally the solvent-dependent coordination-stability of the pyrazole-derived
bidentate ligands, N-N, in [Mo(N-N)(CO),(=-allyl)Br].

Introduction

The conformational effect of the six-membered boat-metallocycle in the Mo(N—
N) fragment (N-N = H,CPz,, H,CPz}, PhAHCPz,, or PhHCPz}; Pz = pyrazol-1-yl;
Pz = 3,5-dimethylpyrazol-1-yl; Fig. 1) has recently led us to isolate the rare in-
tramolecular n*-arene compound, [Mo(PhHCPz,)CO),] [2], and several para-
magnetic, 16-electron species, [Mo(N-N)CO),X,] with X =Br or 1 [3]. Here we
wish to report conclusive evidence showing that the stability of the metallacycle in

* For Part XIII, see ref. 1.
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Fig. 1. Structure and numering scheme for N-N ligands: (i) 3-C-R = 4-C-R = 5-C-R = 6-C-R = H;
N-N=H,CPz,. (ii) 3-C-R = 5-C-R = Me; 4-C-R = 6-C-R = H; N-N=H,CPz}. (iii) 3-C-R=4-C-R =
5-C-R = H; 6-C-R = Ph; N-N = PhHCPz,. (iv) 3-C-R = 5-C-R = Me; 4-C-R = H; 6-C-R =Ph; N-N =
PhHCpz}.

the w-allyldicarbonyl complexes, [Mo(N-N)(CO),(7-allyl)Br], in solution is depen-
dent on the solvent used.

Results and discussion

The w-allyldicarbonyl complexes [Mo(N-N)(CO),(7-allyl)Br] (N-N = H,CPz,
(I), H,CPz; (I), PhHCPz, (IIT) and PhHCPz} (IV)) can be obtained directly by the
allyl bromination of [Mo(N-N)(CQ),] or [Mo(PhHCPz}, }(CO),] or indirectly by the
reaction between [Mo(MeCN),(CO),(7-allyl)Br] and N-N (eq. 1).

[Mo(N—N)CO),] + H,C=CHCH,Br —3 [Mo(N—N)CO),(-allyl)Br]

-co 1

[Mo(PhHCPz} }(CO),] + H,C= CHCH, Br

- 2MeCN

[Mo(MeCN),(CO), (7-allyl)Br] + N—N

(1)

Since [Mo(PhHCPz)(CO);] can be prepared by the decarbonylation of [Mo(Ph-
HCPz5)(CO),][2], the fact that only one product, [Mo(PhHCPz5)(CO),(7-allyl)Br],
is obtained directly from both [Mo(PhHCPz})(CO),] and [Mo(PhHCPz})(CO),]
indicates that the initial loss of the carbonyl group cis to the bidentate ligand, N-N,
in {[Mo(N-N)(CO),] occurs prior to the attachment of allyl bromide. The known
chemistry of metal carbonyl complexes [4] would suggest n>-bonding of the olefinic
moiety rather than the bound bromine atom of C;HBr for this attachment. Thus,
the synthesis supports the mechanism proposed earlier for the allyl bromination of
[Mo(phen)(CO),] (phen = o-phenanthroline) on the basis of the related kinetic data
[5]. Although two different geometrical isomers with the allyl group cis (cf. Fig. 2)
and frans to the phenyl group of PhHCPz, (or PhHCPz,) are possible, the
formation of only one single product with the cis allyl group by the reaction
between [Mo(MeCN),(CO),(7-allyl)Br] (V) and PhHCPz, (or PhHCPz,) can be
rationalized either by considering that there is only one stable conformation for
PhHCPz, (or PhHCPz)) in solution or by supposing that the process leading to the
cis orientation has a lower energy barrier than that giving the trans geometry.



227

In the 'H NMR spectra of [Mo(N-N)(CO),(7-allyl)Br] in acetone-d, the central
proton, H_, of the allyl group resonates as a multiplet at 4.21 for I, 4.36 for II, 2.28
for III and 2.21 ppm for IV (Table 1). Compared with the characteristic H_
resonance range of 4-6.5 ppm [4], the H_ proton of either III or IV is quite upfield.
In order to explain this NMR feature, the solid-state structure of IV was de-
termined; an ORTEP plot of this structure is shown in Fig. 2. From Fig. 3, which
contains a projection view of the allyl group from the phenyl plane, it is clear that
the ring-current of the phenyl moiety shields H_ rather strongly relative to H, (the
anti-protons) or H (syn-protons) of the allyl group in III or IV so that the chemical
shifts for H, or H, in the compounds (Table 1) are within the general range of the
chemical shifts for H, (1-3 ppm) and H, (2-5 ppm) [4].

Since compound I has a better solubility in CD,CN than that in acetone-d,, the
'"H NMR spectrum of this compound was also measured in CD,CN. To our
surprise, the spectrum is more complicated than expected. We then measured the
spectra of other three #-allyldicarbonyl complexes in CD,CN and found similar
features. From the structure of IV and the NMR spectra of V and the N-N ligand,
we soon recognized that any spectrum for [Mo(N-N)(CO),(m-allyl)Br] measured in
CD,CN is the superposition of three species including [Mo(N-N)(CO),( w-allyl(Br)],
[Mo(MeCN),(CO),(m-allyDBr] (V) and the free N-N ligand. In other words,
[Mo(N-N)(CO),(=-allyl)Br] and CD,CN are in equilibrium (eq. 2).

[Mo(N-N)(CO),( 7-allyl)Br] + 2 MeCN = [Mo(MeCN),(CO),( 7-allyl)Br]
+ N-N (2

(We did not measure the equilibrium constants due to the overlap of the resonance

Fig. 2. Structure of [Mo(PhHCPz} }(CO),( 7-allyl)Br] (IV) showing the atomic numering scheme and 50%
probability thermal ellipsoids.



7 (WstXP *H 1679

;9 ‘H9)Lp'T

(*10'HD)

;W HDEY [, FOP HO0E ;(68XPHD6UL *, (L'SD(P'H D609 , (49 ‘H T)66'S S (49 ‘H 9P °p-ouoiooe $S8L ‘0561 (|
(S ‘HE)yT
s ‘H €)ECT
wsP HDOO9  (S'H LSS ‘(s 'H ©)81'T (E:p'))
(W 'y ey (9P ‘HD80E  (TeXp'HT9TT  “(WSINP‘H I)S6S  ‘(s'H IW8S ‘s ‘H ©L0T NeXef) 8281 ‘TT61
(ND2W)
(UsHH8I ‘9981 ‘9561
EXPH DspL (P ‘H D)E0'8 (“1D%HY)
(wH DITY (19 ‘H 2)os'e  (T'6XP‘H DTE'L “(€)p*H Dsg L 0 ‘H 89 “90(P ‘H 1608 °p-ouciaoe T8I ‘P61 1
HD, @ HOLSL (63:9°))
(W'H sty (0P HDESE (€6 HDLE'L “(e)Xp ‘H 1)ST'8 O HOW9 (ZXP 'H 1)68°L NOaD 9781 ‘pE61
(g D10°L (S‘HekLT
‘(W H e L ‘S'HeXIT
(S'HDSSL (19'H )68 ‘(9 'H 911°T NOfaD ‘2dDHUd
» (W'H 0L
(W eH €8¢, (D ‘H 8sL
S'HDYL G ‘HOPE9 ‘WP HIL NOfaD ‘zdDHUd
G ‘HYWT
(S‘HOS6'S  (SHUBLS ‘s H9ov'T NO'dD zdD'H
& DP HOLY'L
(S‘HD6T9 G HOLT9 WP HISLL NO'aD ‘zdO>°H
,°H >'H ,"’H  H-D-9/4-2-9 q-O-F d-0-5/4-0-¢ 1u2AjOg o
wdd * JAN (00) , 41 punodwio)

saxodwod [KuoqreoipiA[[e-£ oYy pue spuediy N-N ay3 1oj eiep 91doosoryoadg

I 91981



229

‘[1] erep parroday ; 'suojoxd [Auayq ,
719y Ut yueisuod Surdnon) » "Kjeanoadsar ‘dnoid [A[e-z a1 Jo suojoxd-fenuad pue -uds “ygup ay jussaxdar °H pue SH °H , S1[3uls pourquoo om) 10 1e[dninu
PaA[OSaIUN 31} JYG oq Aewl Yomym [eudis peoiq e ‘Iq ‘ajdumu ‘wr fordu 4 “oiqnop ‘p 19[Surs ‘s :suonrIAdIqqQY ‘S[euIs 19y10 Ul paunq [eudis e sjuasardal Ysuajse
uy ‘suojord Y-H-¢ pue Y-D-¢ Y} JOJ pSuBISSE JOU UL SIIYS [EIMUYD YL ¢ “JOPINOYS YS :UONEIAGIGQY "JUIA[OS SB NDIW 10 L[DTHD Suisn uonnjos ut 1o osip 1gy U] ,

(‘g 100y

(‘Y 1T

(W ‘H DITT

S 'HETST
(w‘H DTe

(wr ‘g 1)87°C

(w‘H 1oeT

(T9Xp ‘H 7)sT€

(68Xp ‘1 187

(9'9Xp ‘H D)sLT

99XpP ‘HOLLT

(19 ‘H 2)8LT

(19 ‘H6L'T

(€6Xp HIWL'T

(€6XP ‘HDLO'T

(€6)P ‘H DE60

(P‘H 00’1

(WY €)pL
(6'8XP ‘H 2)96'0

(06XpP ‘HOZ0'L

(w *H 209

‘(w ‘Y €)9¢°L
‘s ‘H 19T'L
(w ‘4 D119
(W H £)EpL
‘s ‘'H DI9'L

(ur ‘4 2)90°9
“(w ‘Y €)epL
S'H1SSL

(W ‘H 7)90°9
s 'H DIE'8
(w ‘H 2)10°9
‘(w “H )ov'L
‘s ‘H Dey's

(19 ‘H D19

(19 ‘H 2)€T9

(1q ‘H D619

(0 H D199

(0 ‘H D959

(1q ‘H 9)79°CT
‘49 ‘H 9Tp'T

(s ‘H9LS'T
‘(39 *H 95T

‘C‘HE)ErT
3q ‘H 9)61°T

(1q ‘H D108
(9THP ‘H DLES
€9ZXP ‘H D8e'8

(19 ‘H 0)96°L
“€IP ‘H 20T'8

NOfad

f1pan

9p-auoidoe

NOad

9p-auojaoe

NDO*aD

(NDW)
$981 ‘vso6l
agy)
OE81 ‘9v61

(NOSW)
(ys)gv81 ,ve,ﬁ
TH61 “(USHpS61

(*1D'HD)
0S81 ‘9v61

(ay)
0£81 ‘9z61
(NDSW)
7981 “TS61

(*1D'HD)
0981 ‘0s61

gy
LSST ‘pP61
(NOSW)
7981 ‘661

Al

III



230

Fig. 3. Projection view of the w-allyl group from the phenyl plane in 1IV.

signals. However, the 'H NMR signals observed in CD,CN were assigned (Table 1)
and the ratios — 0.39 for [V]/[1], 0.69 for [V]/[1I], 0.72 for [V]/[1l]] and 1.06 for
[V]/[IV] — were calculated based on the integrated area of resonance signals of H,
in [Mo(MeCN),(CO),(7-allyD)Br] (V) and that in [Mo(N-N)CO),(-allyl)Br]).
Thus, although two sharp carbonyl-stretching bands are present at their specific
positions for [Mo(N-N)(CO),(7-allyD)Br] in a KBr disc or in CH,Cl,, two »(CO)
bands or shoulders are found in identical positions within experimental error (ca.
+5 cm™!') to those of 1954 and 1864 cm™! for [Mo(MeCN),(CO),(-allyl)Br] in
MeCN (Table 1).

The solid-state structure of [Mo(PhHCPz;)(CO),(m-allyl)Br] (IV)

The molecular structure of [Mo(PhHCpz; )(CO), (7-allyl)Br] (IV) is shown in Fig.
2 and pertinent crystallographic parameters are given in Tables 2—-4. The molecule
can be described as pseudooctahedral with the assumption that the allyl moiety
occupies one coordination site. The molybdenum atom is surrounded by six ligands,
viz. an allyl group, two terminally coordinated carbonyl groups, the bidentate ligand
and a bromine atom.

The six-membered Mo—-N(1)-N(2)-C-N(3)-N(4) metallacycle of the Mo(Ph-
HCpz}) fragment in IV adopts a shallow boat form analogous to the metallocycle in
[Mo(PhHCPz5)(CO),] [2] and that in [Mo(PhHCPz5)(CO),1,][3], but in contrast to
the nearly planar five-membered Mo-N-C-C-N linkage of the Mo(phen) or
Mo(bpy) (bpy = 2,2’-bipyridine) fragment observed in other -allyldicarbonyl com-
plexes, including [Mo(bpy)(CO),(w-allyl)(pyridine)][BE,] (VI), [Mo(phen)(CO), (-
2-methylallyl)(NCS)] (VII), [Mo(bpy}XCO),(7'-C,Ph;0)Br] (VIII) and [Mo(bpy)-
(CO),(7’-C5Ph;)Br] (IX) [6-8]. The fact that the distances between Mo and N(1)
and N(4) in IV are 2.307(5) and 2.327(5) A, respectively (Table 3), which are
significantly longer than the Mo-N distances of 2.209(6), 2.290(5) in VI [6],
2.252(8), 2.255(8) in VII [7}, 2.211(8), 2.233(8) in VIII and 2.223(19), 2.221(17) A in
IX [8], and that the Mo—Br bond length in IV is 2.649(1) A (Table 3), which is
slighly longer than that of 2.619(1) in VIII or that of 2.626(3) A in IX [8], indicates
that the nonbonded interactions between the two pyrazolyl rings sticking below the
boat and the Br atom weaken the Mo(N-N) metallacycle more than the Mo-Br
bond in I-1V so that acetonitriles capable of strongly coordinating the central metal
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Table 2

Atomic coordinates (X10%) and anisotropic displacement coefficients * (A? x 10%) for
[Mo(PhHCPz,)(CO),( #-allyl)Br] (IV)

Atom  x y z Uy U, Uss Uss Uns Uz

Mo 6131(1) 823(1) 8214(1) 28(1) 241) 331 —11) -31) —1Q)
Br 6586(1) 742(1)  9988(1)  50(1) 45(1)  35(1) 21 —6(1) 3(1)
O(11)  3426(5) 468(4) 877I(S)  31(3) S84) 118(5) 8(4) 3@ -1209
0(22) 5608(6) —1270(4) B195(5) 834 2630 91(5) —203) —164) —15(3)
N(1)  8254(5) 838(4) 8190(4) 29(3) 30(3) 453) —9(3) 3(3) 5(3)
N@2)  8984(5)  1620(4) 8234(4) 26(3) 30(3) 443 —503) 33) 32)
N(3)  75145)  2861(4) 84204y  28(3) 24(3) 40(3) —3(2) 2A2) 22)
N@)  6424(5)  2398(4) 8489(4)  30(3) 25(3) 35(3) 52) 0(2) a2)
C 8551(6)  2503(5) 790%(5)  34(4) 25(3)  40(4) 103) 43)  -50)
Cal)  M34(7) 651(5) 8563(6) 35(4) 324) 61(5) —1(4) —8(4) 1(3)
C(22) 5858(7)  —496(5) B179(6) 43(4) 37(4) 43(4) —6(@) —94) 0(3)
C(31)  6376(8) 279(7)  6741(5)  S4(5) S8L(6)  354) —18(5) 04) —12(5)
C(32)  5936(9)  1181(6) 67626) 86(7) 55(5)  35(4) 5(4) —17(5) —38(5)
C(33)  4759(9)  1340(7) T107(6)  67(6) 60(6)  53(5) 154) =315 =1705)
C(41)  8473(7)  4410(5) 8766(6) 49(5) 39(8) T2A5) —17(4) —8(4) —12(4)
C(42)  7454(7)  3726(5) 8795(5)  42(4) 24(3) 354 —6(3) —6(3) —5(3)
C(43)  6294(6)  3801(S) 9140(5) 44(5) 28(3) 41(4) —8(3) —3@4)  1203)
C(44)  5680(7)  2980(5) 8937(5)  34(4) 34(4)  37(4) 43) 0(3) (3)
C@5)  438U(T)  274%6) 91946) 41(4) 43(5) 65(5) —6(4)  10(4) 74)
C(51) 8606(8) —851(6) 8459(8) 53(5) 314) 142(10) 86 —10(6)  20(5)
C(52)  9026(7) 135(5) 8400(6)  40(4) 27(3) 64(5) —12(4) 10(4) 6(3)
C(53) 10206(7) 471(5) 8545(6) 27(3) 32(4) 60(5) -3 -203) 123
C(54) 10157(7)  1420(5) 8431(5) 37(4) 434) 324 33 -303) 6(3)
C(55 11147(7)  2115(6) 8479(6) 34(4) 525)  TI(6) 44  —125) &4
C(61)  8402(7)  2572(5) 6873(5)  40(4) 31(3)  40(4) 03) 84) —8(3)
C62) T687(8)  3241(5) 6492(5) 62(5) 344)  41(4) 73)  —-14) —24)
C(63)  759310)  3329(6) S560(6)  90(7) 48(5)  46(5) 94) -25 —1(5)
C(64)  822011)  2724(8) S012(T) 116(9) T4T)  38(5) 9(5) 96) —18(7)
C(65)  8935(11)  2029(7) S5378(7) 1038) 76(7)  S1(6) —16(5  30(6) A7)
C(66) 9023(9)  1946(6) 6312(6) 64(6) S2AS) 45  —4(d) 7(5) 6(5)

“ The anisotropic displacement exponent takes the form: —2a2(h%a? X Uy, + ... +2hka X b X Uyy).

atoms can compete with the chelate effect of the N-N bidentate ligands. Since a
nearly quantitative yield of the product from the reaction between
[Mo(MeCN),(CO),(w-allyl)Br] and N-N was obtained (cf. the experimental sec-
tion), [Mo(N-N)(CO),(#-allyl)Br] and acetonitrile in solution are in equilibrium 2,
and Le Chételier’s principle applies during the final workup in the synthesis of the
product (i.e., as acetonitrile is removed under vacuum, the equilibrium shifts to the
left and the product is finally obtained from the total conversion of
[Mo(MeCN),(CO), (7-allyl)Br]).

Although the Mo—Br and Mo-N bond lengths in IV (Table 3) are longer than
the correspondmg ones in VI-IX [6-8], the Mo-CO bond lengths of 1.930(8) and

1.924(7) A in IV are not longer but shorter than those of 2.061(8), 1.911(8) in Vi,
1.987(10), 1.950(10) in VII, 1.990(11), 2.005(12) in VIII and 1.992(24), 1.990(25) A
in IX [6-8). Since the distance between Mo and the central carbon atom (C_ or
C(32)) of the allyl group in IV, which is 2.200(8) A, is much shorter than the Mo-C,
distances of 2.279(10) in VI, 2.274(13) in VII, 2.234(10) in VIII and 2.193(18) Ain
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Table 3

Selected bond lengths (A) and bond angles (°) for IV

Mo-Br
Mo-N(4)
Mo-C(22)
Mo-C(32)
O(11)-C(11)
N(1)-N(2)
N(@2)-C
N(3)-N@4)
N(3)-C(42)
C-C(61)
C(32)-C(33)
C(42)-C(43)
C(44)-C(45)
C(52)~C(53)
C(54)-C(55)
C(61)-C(66)
C(65)-C(66)
C(64)-C(63)

Br-Mo-N(1)
N(1)-Mo-N(4)
N(1)-Mo-C(11)
Br-Mo-C(22)
N(4)-Mo-C(22)
Br-Mo-C(31)
N(4)-Mo-C(31)
C(22)~-Mo-C(31)
N(1)-Mo-C(32)
C(11)-Mo-C(32)
C(31)-Mo-C(32)
N(1)-Mo-C(33)
C(11)-Mo-C(33)
C(31)-Mo-C(33)
Mo-N(1)-N(2)
N(2)-N(1)-C(52)
N(1)-N(2)-C(54)
N(4)-N(3)-C
C-N(3)-C(42)
Mo-N(4)-C(44)
N(2)-C-N(3)
N(3)-C-C(61)
Mo-C(22)-0(22)
Mo-C(32)-C(31)
C(31)-C(32)-C(33)
N(3)-C(42)-C(41)
C(41)-C(42)-C(43)
N(4)-C(44)-C(43)
C(43)-C(44)-C(45)
N(1)-C(52)-C(53)
C(52)~C(53)-C(54)
N(2)-C(54)-C(55)
C-C(61)-C(62)
C(62)-C(61)-C(66)
C(66)-C(65)-C(64)
C(65)-C(64)-C(63)

2.649(1)
2.327(5)
1.924(7)
2.200(8)
1.169(10)
1.380(8)
1.437(9)
1.363(7)
1.364(9)
1.529(10)
1.394(14)
1.362(10)
1.492(10)
1.387(10)
1.471(11)
1.395(11)
1.377(13)
1.367(14)

80.2(1)

81.8(2)
163.9(3)

90.7(2)
171.5(3)
151.6(2)
118.5(3)

70.0(3)

94.5(3)
101.2(4)

35.6(3)
128.8(3)

67.3(3)

62.0(3)
125.5(4)
104.2(5)
112.4(5)
122.7(5)
124.9(6)
127.8(4)
113.5(5)
114.0(6)
174.5(7)

76.6(5)
118.6(8)
124.0(6)
130.5(7)
110.4(6)
126.0(7)
110.3(6)
107.0(6)
124.1(7)
121.0(6)
119.6(7)
119.3(9)
121.0(9)

Mo-N(1)
Mo-C(11)
Mo-C(31)
Mo-C(33)
0(22)-C(22)
N(1)-C(52)
N(2)-C(54)
N@3)-C
N(4)-C(44)
C31-C(32)
C(41)-C(42)
C(43)-C(44)
C(51)-C(52)
C(53)-C(54)
C(61)-C(62)
C(62)-C(63)
C(65)-C(64)

Br—-Mo-N(4)
Br-Mo-C(11)
N(4)-Mo-C(11)
N(1)-Mo-C(22)
C(11)-Mo-C(22)
N(1)-Mo-C(31)
C(11)=-Mo-C(31)
Br-Mo-C(32)
N(4)-Mo-C(32)
C(22)-Mo-C(32)
Br-Mo-C(33)
N(4)-Mo-C(33)
C(22)-Mo-C(33)
C(32)-Mo-C(33)
Mo-N(1)-C(52)
N(1)-N(2)-C
C-N(2)-C(54)
N(4)-N(3)-C(42)
Mo-N(4)-N(3)
N(3)-N(4)-C(44)
N(2)-C-C(61)
Mo-C(11)-0(11)
Mo-C(31)-C(32)
Mo-C(32)-C(33)
Mo-C(33)-C(32)
N(3)-C(42)-C(43)
C(42)-C(43)-C(44)
N(4)-C(44)-C(45)
N(1)-C(52)-C(51)
C(51)-C(52)-C(53)
N(2)-C(54)-C(53)
C(53)~C(54)-C(55)
C-C(61)-C(66)
C(61)-C(62)-C(63)
C(61)~-C(66)-C(65)
C(62)~C(63)-C(64)

2.307(5)
1.930(8)
2.312(8)
2.327(9)
1.149(9)
1.351(9)
1.338(9)
1.449(9)
1.337(9)
1.385(13)
1.483(10)
1.390(10)
1.494(11)
1.379(10)
1.358(11)
1.376(11)
1.377(15)

81.3(1)

85.0(2)
102.2(3)

99 .4(3)

74.5(3)

82.7(3)
108.2(3)
167.9(2)

87.3(3)
101.0(3)
144.9(2)

84.0(3)
101.4(3)

35.7(3)
127.6(5)
121.3(5)
125.0(6)
112.1¢5)
125.7(4)
104.8(5)
114.9(6)
174.4(7)

67.7(5)

77.1(5)

67.2(5)
105.4(6)
107.3(6)
123.6(6)
122.5(7)
127.3(7)
106.0(6)
129.8(7)
119.4(6)
121.0(8)
119.8(8)
119.2(9)
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Crystal data for IV
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Empirical formula
Color; habit

Crystal size (mm)
Space group

Unit cell dimensions

Volume

VA

Formula weight
Density (calc.)
Absorption coefficient
F(000)
Diffractometer used
Radiation
Temperature (K)
Monochromator

26 range

Scan type

Scan speed

Scan range (w)

Background measurement

Standard reflections
Index ranges
Reflections collected
Independent reflections
Extinction correction

Hydrogen atoms
Weighting scheme

Final R indices (obs. data)

Goodness-of-fit
Largest and mean 4 /o

Data-to-parameter ratio

Largest difference peak
Largest difference hole

Cy,H,sN40,BrMo

yellow chunks

0.5%0.5x0.4

orthorhombic, P2,2,2,;
a=10.866(3) A

b=14.410(3) A

c=14657(3) A

2295(1) A

4

553.3

1.601 g/cm?

2.306 mm !

1112

Nicolet R3m/V

Mo-K,, (A =0.71073 A)

297

highly oriented graphite crystal
2.0 t0 50.0°

0/26

Variable; 3.26 to 14.65° /min. in
1.02° plus K ,-separation
stationary crystal and stationary
counter at beginning and end of
scan, each for 50.0% of total
scan time

3 measured every 50 reflections
0<h<12, —17<k <0, -17<1<0
2365 (1964 > 3.00(1))

2315 (1944 > 3.00(1))

x = 0.00018(8), where

F* = F[1+0.002x F/sin(28)]"1/*
riding model, fixed isotropic U
w™!l=02(F)+0.0010F?
R=1337%, R, =3.54%

1.10

0.054, 0.000

7.1:1

0.67e A3

-057eA™?

IX whereas the distances between Mo and the terminal carbon atoms (C, or C(31),
C(33)) of the allyl group in IV, which are 2.312(8), 2.327(9) A, respectively, are
within the range of the Mo-C, distances of 2.204-2.350 A in VI-IX, the C, atom of
the negative allyl anion in the Mo" complex, IV, apparently donates more electron
density toward the central metal atom in this complex than those in VI-IX. The
bond angles, formed from the carbonyls, C(11)O(11) and C(22)O(22), the central
Mo atom and the C(32) atom of the allyl group in IV, are not 90° but 101.2(4)° for
C(11)-Mo-C(32) and 101.0(3)° for C(22)-Mo-C(32) (Table 4), probably help the
better back-donation of electron density from Mo to the carbonyls through the
overlap of orbitals with suitable symmetry [4].
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Experimental

All operations were performed by the usual Schlenk techniques [9], using de-
oxygenated, dry solvents and gases. IR spectra, calibrated with polystyrene, were
recorded on a Hitachi Model 270-30 instrument; NMR spectra were obtained on a
Bruker WP-100 (*H, 100 MHz) FT-NMR spectrometer. Proton chemical shifts (§ in
ppm, J in hertz) are positive downfield or negative upfield relative to internal SiMe,
(TMS) standard. Elemental analysis results were obtained by the staff of the
Microanalytical Service of the Department of Chemistry, National Cheng Kung
University.

The ligands, H,CPz,, H,CPz;, PhHCPz,, and PhHCPz), were prepared as
described previously [10-13]. The complexes, [Mo(H,CPz,)(CO),],
[Mo(H,CPz,)(CO),], [Mo(PhHCPz,)(CO),], [Mo(PhHCPz,)CO),] and {Mo(Ph-
HCPz,)(CO),], were prepared by literature methods [2,12-15]. The allyldicarbonyl
complexes, -1V, can be prepared by the following two methods (methods 1 and 2)
while I'V can also be prepared using the third method (method 3). Any method used
can afford the complexes in the nearly quantitative conversion. The IR and NMR
data are collected in Table 1.

Method 1. The orange-yellow complexes, I, 1II and IV, can be prepared by
following a similar procedure to that for preparation of 1I [15]. The new compounds
were further recrystallized from CH,Cl,. I: Anal. Found: C, 34.27; H, 3.10; N,
13.27. C,;H;3BrMoN,O, calc.: C, 34.23; H, 3.11; N, 13.30%. III with one molecule
of CH,Cl,: Anal. Found: C, 39.12; H, 3.41; N, 9.59. C,,H,,Cl,BrMoN,QO, calc.: C,
39.20; H, 3.29; N, 9.62%. 1V: Anal. Found: C, 47.73; H, 4.64; N, 10.20.
C,,H,sBrMoN,O, calc.: C, 47.76; H, 4.55; N, 10.13%.

Method 2. A solution of one mmol of [Mo(MeCN),(CO),(#-allyl)Br] [16] in 20
ml of MeCN was added to one mmol of N-N. The mixture was stirred for one hour
and the solvent was removed under vacuum to give the product, I-1V.

Method 3. A solution of one mmol of [Mo(PhHCPz})(CO),] [2] dissolved in 50
ml of CH,Cl, was treated with excess allyl bromide (ca. 0.5 ml). The mixture was
stirred for one hour. Removal of the solvent and excess allyl bromide gave a solid
residue. The product was recrystallized from CH,Cl, /hexane to give 0.55 g (95%) of
Iv.

X-Ray diffraction study of [Mo(PhHCPz,)(CO),(n-allyl)Br] (IV). The crystals of
1V were grown from CH,Cl,/hexane at room temperature. General operating
procedures and listings of programs were previously given [17]. Absorption correc-
tion was performed on this structure using ¢ scans. Final coordinates of the
non-hydrogen atoms (Table 2), selected bond lengths and bond angles (Table 3),
and the related crystal data (Table 4) are reported. The H-atom coordinates and
structural factors are available from the authors.
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