
of Dinosaurs, K. Pad~an, Ed. (Cambr~dge Univ. 
Press, Cambr~dge, 1986), chap. 24: P. E. Olsen and 
H.-D. Sues, /bid., chap. 25; J. F. Bonaparte n Actas 
11 Cong. Arg. Pal. Bioestr. Buenos A~res Argentina 
15 to 18 May 1978 (Unlvers~dad de Buenos A~res 
and Asociac~on Paleontolog~ca Argentna, Buenos 
A~res, 1980), vol. 1 pp. 123-1 33. 

15. J. F. Bonaparte. Opera Lilloana 22, 1 (1971). 
16. W. B. Harlan et a/., A Geological Time Scale (Cam- 

br~dge Unv. Press Cambrdge. 1989). 
17. Etymology: Paiaeo, early (Gk), and chersis terres- 

tral  turtle (Gk); taiampayensis, after the provncal 
park of Taampaya, La Roja, Argent~na. We collect- 
ed two specimens that are now housed at the 
Unversdad Nac~onal de La Roja. The type (UPVLR 
68) IS an artculated skeleton, complete except for 
the central part of the carapace. The speclmen 
UPVLR 69 ncudes the endocranal cast, the right 
foot, and fragmenls of the carapace and plastron. 
Hor~zon and o c a t y :  Los Colorados Formation, 
UpperTrlassc (Noran). Red sltstone w ~ t h  gypsum. 
30 m below the top of the unlt. Area between Que- 
brada de Los Jachaleros and La Esclulna, about 6 
km west of the 141 km marker, route 26 La R~oja 
province. Argent~na. Palaeochersis 1s diagnosed by 
the followng apomorphes: a quadratojuga that 
forms a large part of the cavum tympani; an angular 
w t h  a strong ventral process; an anterlor projection 
of the carapace beyond the margn of the plastron 
and overhang~ng most of the cerv~cal vertebrae; an 
extensve transverse process of the schum:  a long 
hypoischum underly~ng about f~ve caudal verte- 
brae; and an extreme reduct~on or loss of the f~ f ih -  
d ~ g ~ t  phalanges. 

18. Putat~ve s~ster groups to, turtles are captorhino- 
morphs (4),  procolophon~ds (5, 8), and pare~asaur~ds 
(6). 

19. Characters are enuncated accordng to the der~ved 
condlton unless other~v~se stated. 1 .  External nares 
confluent; 2, external nares large and elongated; 3, 
naral platform; 4, lacrinal bone and duct absent; 5, 
orb~ta  promnences and bosses absent; 6, unpaired 
vomer: 7, prefrontal-vomer contact; 8, squamosal- 
jugal contact absent; 9, palatal teeth on palatine and 
pterygod (0), restricted to the medal port~on of the 
pterygods (I) ,  absent (2); 10, vomerlne teeth absent; 
11, nterpteygoid vacu~ty large and open (0), re- 
duced ( I ) ,  absent (2); 12, trochear process absent 
(0), o t c  ( I ) ,  p t e ~ g o d  (2); 13, lateral vertcal plate of 
pterygoid 14, acute quadrate margln 15, cavum 
tympan absent (0), moderately developed ( I ) ,  deep- 
ly excavated (2); 16, opsthotc covered laterally by 
quadrate; 17. m~ddle ear laterally walled: 18, sinus 
cavernosus: 19, fac~al nerve foram~na separated 
from the snus cavernosus; 20, vert~cal fenestra ova- 
is:  21, slender stapes; 22, quadrate pocket absent; 
23, staped~otemporal canal anterior to fenestra 
ovasl~s; 24, bas~pterygoid art~culaton fused: 25, basi- 
sphenod-bas~occpita? medal process unpared (0), 
paired ( I) ,  absent (2); 26. recessus scalae tympan~ 
and perllymphatlc fenestra defned by bone; 27, jug- 
ular posterior foramna def~ned by bone: 28, small 
anteror jugular foramna: 29. antrum postotcum: 30. 
supraoccp~tal crest, 31, w~de  transverse occ~p~tal  
plane w~ th  depressons for nucal musculature; 32. 
temporal fossa roofed by overhanging process of 
skull root 33, temporal roof extended posterior to 
opisthotc; 34, procesus paraoccp~tals of opisthot~c 
tightly art~culated to squamosal and quadrate; 35, 
supratemporal absent; 36, occ~p~tal condyle neck: 
37, foramen magnum heght greater than wdth: 38, 
small Meckel~an fossa; 39, five vertebral scutes: 40, 
eleven perpheral bones; 41, supramargnal scutes 
absent: 42, marg~nals not separated by an anal 
notch; 43, plastron reaches posterior margln of ischl- 
um: 44, epiplastral hooks absent, 45, epiplastral pro- 
cesses artlculatlng wlth carapace (0). present but 
without art~cuaton ( I ) ,  absent (2); 46, large proml- 
nent entoplastrai keel absent: 47, articulaton of cer- 
vical vertebrae concave or convex: 48, cer?~~cal r~bs 
absent; 49, f~rst dorsal r ~ b  smaller than second: 50, 
tenth dorsal vertebra fused to sacrum; 51, acromal 
process triangular plate (0), rodike ( I ) ;  52, extenslve 
subrectangular and patelke coracod (O), absent ( I ) :  
53, coraco~d foramlna absent; 54, elongated i a c  
neck; 55, ventral isch~al tubercle absent; 56, hypos- 

chum absent; 57, fused pelvs; 58, large anterome- 
d a  process of the ilum; 59, large thyrod fenestra on 
sch~um and pubis: 60 phalangeal formula 2222?, 
and 61, posterior schial shelf absent. 

20. The matrlx of Table 1 was examlned w~ th  the pro- 
grams PAUP [D. Swofford. Phylogenetic Analysis 
Using Parsimony verson 3.1 .I (Smthsonian nstitu- 
tion, Washngton, DC, 1993)] and Hennig86 (J. Far- 
ris verslon 1 .5, 1988). The analys~s y~elded a tree 
length of 77, a consistency Index of 0.87 and a 
retenton ndex of 0.89. 

21. The large elongated nares are msslng In the type but 
are shown by an addtonal skull, whch IS mostly 
unprepared and remans uncataloged. 

22. H. Bram, Schweiz. Palaeontol. Abh. 83, 1 (1965); M. 

S. Fernandez and M S. de a Fuente, Neues Jahrb. 
Geol. Pakeontol. Abh 193. 81 (1 994). 
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Serpentine Stability to Mantle Depths and 
Subduction-Related Magmatism 

Peter Ulmer and Volkmar Trommsdorff 

Results of high-pressure experiments on samples of hydrated mantle rocks show that the 
serpentine mineral antigorite is stable to -720°C at 2 gigapascals, to -690°C at 3 
gigapascals, and to -620°C at 5 gigapascals. The breakdown of antigorite to forsterite 
plus enstatite under these conditions produces 13 percent H,O by weight to depths of 
150 to 200 kilometers in subduction zones. This H,O is in an ideal position for ascent into 
the hotter, overlying mantle where it can cause partial melting in the source region for 
calc-alkaline magmas at a depth of 100 to 130 kilometers and a temperature of -1 300°C. 
The breakdown of antigorite in hydrated mantle produces an order of magnitude more 
H,O than does the dehydration of altered oceanic crust. 

I t  has been repeatedly proposed (1) that 
H,O liberated from a subducted litho- 
spheric slab may cause partial melting in 
the overlying mantle wedge, thus giving rise 
to subduction-related volcanism. Hvdro- 
thermal alteration of mantle rocks nea; the 
Earth's surface produces serpentine. Alter- 
ation is extensive in ocean basins ( 2 )  and 
along continental margins (3). Fully serpen- 
tinized peridotites (serpentinites) contain 
about 13% H,O bv weieht; subduction of - , "  
this altered mantle may thus transport large 
quantities of H,O to depths of arc magma 
genesis, provided that serpentine minerals 
are stable to high pressures and tempera- 
tures. Serpentinites are thus potentially a 
more important source of H,O than hydrat- 
ed rnafic oceanic crust, which contains 
<2% H 2 0  by weight at 3.0 GPa and 700°C 
14). T h r o u ~ h  field evidence it has been ~, c7 

demonstrated (5) that serpentine minerals 
are stable under eclogite facies conditions 
(2.0 GPa, 550°C). IVe describe here the 
results of an exverimental studv to evaluate 
the stability of serpentinite under these and 
higher pressure conditions. 

Serpentines [generalized formula Mg3Si2- 
O,(OH) J are trioctahedral phyllosilicates 
that have 1 : 1 octahedral-tetrahedral layer 
structures (6) and are composed of three 
basic minerals: chrysotile, lizardite, and an- 

lnstitut fur Mineraloge und Petrographie, Edgenossche 
Technische HochschuleZentrum. CH-8092 Zur~ch. 
Sw~tzerland 

tigorite. Experimental studies (7) have dem- 
onstrated that antigorite is the only serpen- 
tine mineral stable at conditions up to 1.5 
GPa and 650°C. In nature, antigorite forms 
either throueh breakdown of less stable ser- " 
pentine minerals or directly from peridotite. 
Our experiments were therefore carried out 
on antigorite. 

Antigorite [typical compositioll Mg2,ii2- 
Si20j(OH),  ,,I is co~nposed of corrugated 
layers with a sinusoidal octahedral layer and 
a tetrahedral layer that reverses its polarity 
every half wavelength. The wavelength is 
variable and is expressed in terms of the 
number of tetrahedra (m) occurring along 
an entire wave. Some variations in compo- 
sition and structure are common as a con- 
sequence of wavelike structural modula- 
tions (8). It is therefore crucial that in 
experimental investigations homogeneous 
material that is well characterized be used. 

Such material cannot be obtained svn- 
thetically. We therefore chose a homoge- 
neous natural antigorite [m = 17, ideal for- 
mula Mg48Si3408j(OH)h2] that shows no 
structural or comnositional modulations (9). 
This natural antigorite contains impurities 
(10). The calculated shift in the breakdown 
equilibrium curve of this antigorite with re- 
spect to a pure end-member, hoa,ever, is in 
the range of experimental uncertainty 
(1 1 ). The sample separated from the rock 
(sample Mgl59) consists of 85% antigorite 
and 15% brucite [Mg(OH):] by volume. 
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T h e  starting mixture was co~nposed of 
90% of the  separate and 10% by weight of 
the  high-temperature products [forsterite 
(Mg,Si04)  and enstatite (MgSiO,)] ob- 
tained by reacting the original material a t  
1.0 C P a  and 900°C for 48 hours in a 
piston-cylinder apparatus. This mixture is 
similar to  that used by Evans e t  nl. in their 
study of alltigorite stability to  a pressure P 
of 1.5 GPa  (7). W e  included brucite, 
which reacts a t  low temperatures with an-  
tigorite to  form forsterite + H 2 0 ,  to  en- 
sure that H , O  saturation was satisfied in 
the  experiments, that is, P H ~ O  = Ptota,. 
T h e  atnount 'of H 2 0  produced in this way 
is approximately 3.5% by weight. 

W e  performed experiinellts a t  pressures 
up to 3.5 GPa on ellcapsulated samples in 
two piston-cyl~nder apparatuses. Runs last- 
ed 100 to 250 hours (12).  IVe carried out 
experiments at pressures from 3.5 to 8.0 
C P a  in a Walker-type multi-anvil apparatus 
on  samples as described above with run 
durations of 12 to  50 hours (13).  

After the runs had been completed by 
isobaric cluenching, the capsules were 
pierced and inspected to  assure the presence 
of H20 .  All recovered charges were ana- 
lyzed by high-resolution x-ray diffraction, 
and a few by electron microprobe analysis. 
T h e  direction of reaction was determined 
from shifts in the intensities of x-ray peaks. 
N o  shift in the positions of peaks was ob- 
served. Brucite was completely consumed in 
all run products. Olivine, which amounted 
to  -5% of the starting material, was, up to 
6.6 CPa ,  always 2 1 5 %  of the  product as- 
semblage, delnonstratillg that the low-tern- 
perature reaction of alltigorite (rn = 17) + 
20 brucite + 34 forsterite + 51 H 2 0  always 
went to completion. 

Below 2.1 = 0.2 GPa, antigorite reacted 
according to the reaction: antigorite (m = 

17) + 18 forsterite + 4 talc [Mg,Si40,,- 
(OH),] + 27 H,O (Fig. 1) .  A t  higher pres- 
sures, antigorite reacted according to  the 
reaction: alltigorite (m = 17) + 14 forsterite 
+ 20 ensptite + 31 H 2 0  Above 5.4 GPa 
the 10 A phase [Mg,Si401,(OH)2.H20] 
(14) was observed in addition. Above 6.6 
CPa,  the join forsterite-H20 was no longer 
stable but was replaced by phase A 
[IClg,Si,O,(OH),] plus enstatite. The  break- 
down of antigorite produced dense hydro- 
lnagnesian phase A + enstatite. Where non- 
reacted a12tigorite was present in the charges, 
the 10 A phase persisted to the highest 
pressures. 

Earlier experiments involving serpentine 
above 5.0 GPa have indicated a consider- 
ably different pressure and temperature sta- 
bility of the serpentine minerals (14-16). 
Experitnents in synthetic (MgO-Si02-  
H,O) systems and with natural antigorite 
resulted in a pressure stability of serpentine 
tninerals of less than 5.5 GPa and less than 

550°C at 5 GPa (14, 15); the breakdowp 
products at  5 C P a  were fogterite + 10 A 
phase and phase A + 10 A phase. In ex- 
peri~llellts on  the breakdown of natural and 
synthetic antigorite ( 16), forsterite + en- 
statite was produced to  4.6 C P a  (630°C) 
and clinoenstatite + brucite ivas produced 
at 5 GPa (500°C). All these experiments 
were performed with large amounts of ex- 

cess H 2 0  in the starting mixes and with 
serpelltines of unknown structural state. 

Our  data delnonstrate a higher pressure- 
temperature (P-T) stability of antigorite 
than previously observed ( 14 -1 6) .  W e  as- 
cribe this discrepancy to  two factors dis- 
cussed below: ( i )  the influence of the struc- 
tural state of the serpentine starting inate- 
rial; and (ii) occurrence of antigorite-free 

8 
Ant ! Phase*+ enstatite 1 

00 

Antigorite 

Fig. 1. Experimental pressure- 
temperature diagram for reac- 
tions lnvolvlng the breakdown of 
antlgorlte and of forsterlte + 
talc. Reacton cuwes are sche- 
matc and meet at an invariant 
polnt from whch two addtonal 
curves (not shown) emanate. 
The nvarlant pont Iles at about 
2.1 GPa and 730°C. Abbrevia- 
tlons are as  In Table 1 .  

.4 
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Fig. 2. Scenario for the sub- 
ductlon of oceanlc I~tho- 
sphere. DIP of subductlon 
zone. 60"; veloclty of sub- 
duct~on, 4.5 cm year-', 
temperatures In the mantle 
away from the slab, 1 32S0C, 
at a depth of 100 km [flgure 
5b in (78)l. The antlgorlte 
breakdown curve, corre- 
sponding to the reactions In 
Fig. 1 ,  IS shown by the thick 
curve. Antigorlte enters the 
subducted lthospheric slab 
at a depth of -200 km (polnt 
A). Antigorlte breakdown 
would occur at greater 
depths In faster or steeper 
subductlon zones and at 
shallower depth In shallower 
or slower subductlon zones 
(79). Fluids produced at 
pont A as a result of antgo- 

0 krn 

200 krn 

400 krn 

rite breakdown can reach the source regon for calc-alkalne magma In the overrldlng mantle wedge (M) 
at a depth of 120 i 35 km (1) as  indcated by the arrow. The volcano IS not to scale. 
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two-phase fields due to high silica solubility zones, is thought to  trigger magmatism 
in  the  aaueous vhase. above the  subduction zones ( 1  9 ) .  T h e  re- 

Most natural antigorite is characterized 
by imperfections, polysomatism, and struc- 
tural dlsorder in  addition to a variation in 
tn. T h e  contributions of the  imperfections, 
which may approach over 2046 by volume 
of the antigorite structure (9 ) ,  t o  the  con- 
figurational entropy of the  mineral must be 
cons~derable. 

T h e  obserl-ed occurrence of the  assem- 
blage antigorite + phase A (runs 568 and 
570, Table 1)  requires metastability of the  
join forsterite + H,O. A t  high silica solu- 
bility (1 7, I%), the  three-phase field antig- 
orite + phase A + fluid (relatively lower 
bulk H,O) will be bounded by sizable two- 
phase fields; phase A + fluid [(14) relative- 
ly higher bulk H;O] and antigorite + fluid 
(outside of our bulk composition). In  order 
to determine the  maximum stability of an- 
tigorite, the  initial bulk H,O contents of 
the charges must be caref~~l ly  chosen. 

Introduction of H,O,  released to  the  
overly~ng mantle wedge In subduct~on 

lease of H,O has been considered a result of 
the  breakdown of hydrous minerals in the  
subducti~lg slab. Various minerals have 
been proposed as possible sources for H,O 
release, including amphibole, chlorite, 
mica, lawsonite, and chloritoid (5, 20, 21). 
A t  2 3  GPa  and 2 6 0 0 ° C  119). mafic oce- ~, 

anic crust contains a max im~un  of 2% H,O 
by weight, which is liberated episodically. 
In  contrast, f~ully serpentinized peridotite 
contains 13% H,O by weight, all of which 
could be liberated in  a narrow P-T interval 
when the  slab passes the  antigorite break- 
down condition above 2.1 GPa and below 
6.6 GPa. Hydrated oceanic mantle is there- 
fore about an  order of magnitude more ef- 
fective in  producing H;O at high pressures 
than mafic oceanic crust. In  a "cold subduc- 
tion enr~ironment," transport of H 2 0  to  
even greater depth is possible, if the geo- 
therm passes a condition in  which antigo- 
rite is replaced by assemblages containing 
the dense hydromagnesian phase A (21).  

Table 1. Data for th6 antigorite experiments. Staring material: FT/E, reversed experiments usng [I)  
synthetic forsterite + talc + H,O and ( i i )  synthetic enstatite + H,O; AB, 85% antigorite Mgl59c (9) and 
10% brucite: ABFE, 90% AB and 10% product (forsterte plus enstatite produced at 1.6 GPa, 800°C). 
Productphases: A, phase A [M~,SI,O,(OH),]; Ant, antlgorte; Ch ,  chlorte: En, enstat~te: Fo. forsterite; Tc, 
talc; 10 A, 10 A phase [Mg3S~,0i,(OH),~H,0]; mlnus slgn, amount of phase decreased; and parentheses, 
phase present only in trace amounts. Technique: MA, Walker-type multi-anv~l dev~ce; BE, end-loaded 
piston cy~nder; and JO, non-end-oaded p~ston cylnder. 

Run P T Starting Tlme Tech- 
(GPa) ("c) materlal (hours) nlque 

Product phases number 

FT/ E 
FT/E 
ABFE 
ABFE 
ABFE 
ABFE 
ABFE 
AB 
ABFE 
ABFE 
AB 
ABFE 
ABFE 
ABFE 
ABFE 
ABFE 
ABFE 
AB 
AB 
AB 
ABFE 
ABFE 
ABFE 
ABFE 
AB 
AB 
ABFE 
ABFE 
ABFE 
ABFE 
ABFE 
ABFE 
ABFE 
ABFE 

70.0 
72.0 

139.0 
257.1 
100.0 
70.2 
69.2 

236.6 
65.7 
70.4 
70.0 
63.6 
70.6 
71 .0 
68.1 
26.2 
40.8 

6.6 
6.0 
5.5 

22.3 
40.0 
30.0 
30.0 

5.0 
6.5 

11.0 
23.8 
28.0 
20.0 
12.2 
30.0 
8.0 

11.0 
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Fo. Tc 
En 
Fo, En 
Ant. Fo 
Fo, Tc, -En, -Ant 
Fo, Tc, -Ant 
Fo, En. Chl 
Ant. Fo 
Ant, Fo 
Ant. Fo. En 
Ant. Fo 
Ant, Fo 
Fo. En, -Ant 
Fo, En, -Ant 
Ant. Fo 
Ant, Fo 
Fo. En. Chl, -Ant 
Ant. Fo 
Ant. Fo. (En) 
Fo, En 
Ant. Fo 
Fo. En. Chl. -Ant 
Ant, Fo 
Fo, En. (Chi): -Ant 
Ant, Fo, 10 A 
Fo. 10 A. -Ant 
Fo, En, -Act 
Fo. En. 10 A. -Ant 
Ant,A. 1 0 4  
Ant, A, 10 A 
A. En 
A, En. 10 A. -Ant 
A, En 
A, (En). (1 0 A) 
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Serpentinite is abundant in oceanic ba- 
sins and margins. Serpel~t i l~i tes  with a 
thickness of 5 to 6 km have been identified 
through dredging, drilling, and seismic in- 
vestieations in  the  Atlantic near the  Gali- - 
cian margin (3). Serpentinite has been 
found In oceanic fracture zones (22).  in  , , 

seamounts of Pacific forearc regions (23,  
24),  and also in several areas away from 
continental margins and transform zones 
(2 ) .  Hvdrated mantle consists of more than , ,  , 
9046 serpentine minerals. It is very likely 
that large vol~unes of serpentinite, especial- 
ly serpentinized ocean floor, are subducted 
together with other oceanic lithosphere in 
subduction zones. 

S o  far, amphibole generally has been 
regarded to  be the  most effective H 2 0  
source for subduction-related volcanisnl 
119). Its stability is. however, limited to  ~, 

pressures of 2.3 G P ~  in  basal& composi- 
tions 125) and to 3 .0  GPa  in  veridotitic , , 

compositions (26).  This restriction has led 
to complicated models for H 2 0  transport to  
the  source regions of calc-alkaline volcan- 
ism (19) .  Because antigorite is stable to  7.0 
GPa,  H,O from the  breakdown of antigorite 
in subduction zones can be released below 
the  source region of arc-type volcanism. 
During ascent, this H 2 0  cannot be con- 
sumed bv the crvstallization of amvhibole 
because ;he ascent in  the  subductLd slab 
and mantle wedge (arrow in Fig. 2) follows 
a P-T trajectory in which amphibole is not  
stable. Our  results suggest that the  domi- 
nant  mechanism for H,O transport to  great 
depths is the  subduction of hydrated ocean- 
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Dinitrogen Cleavage by a Three-Coordinate 
Molybdenum(lll) Complex 

Catalina E. Laplaza and Christopher C. Cummins* 

Cleavage of the relatively inert dinitrogen (N2) molecule, with its extremely strong N=N 
triple bond, has represented a major challenge to the development of N2 chemistry. This 
report describes the reductive cleavage of N2 to two nitrido (N3~) ligands in its reaction 
with Mo(NRAr)3, where R is C(CD3)2CH3 and Ar is 3,5-C6H3(CH3)2, a synthetic three-
coordinate molybdenum(l 11) complex of known structure. The formation of an intermediate 
complex was observed spectroscopically, and its conversion (with N=N bond cleavage) 
to the nitrido molybdenum(VI) product N=Mo(NRAr)3 followed first-order kinetics at 30°C. 
It is proposed that the cleavage reaction proceeds by way of an intermediate complex in 
which N2 bridges two molybdenum centers. 

1 he relatively inert dinitrogen molecule 
(N2) composes 78% of the Earth's atmo­
sphere; the development of this molecule's 
chemistry is clearly desirable if this im­
mense natural resource is to be utilized 
optimally. In this regard, the discovery of 
mild methods for scission of the N=N 
triple bond represents a major challenge. 
Although the metalloenzyme nitrogenase 
constitutes a unique biological nitrogen-
fixing system (I) and the Haber-Bosch 
ammonia synthesis is an example of indus­
trial nitrogen fixation (2), little molecu­
lar-level detail is available concerning the 
critical N2 cleavage processes operative for 
either of these processes. Well-character­
ized synthetic systems capable of splitting 
N2 have been elusive (3), despite the mul-
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titude of known transition-metal com­
plexes containing intact dinitrogen as a 
ligand (4). In connection with a study on 
cleavage of the N - N bond in nitrous oxide 
(N 2 0) , Laplaza et al. reported (5) the 
synthesis and structural characterization of 
the three-coordinate Mo(III) complex 
Mo(NRAr)3 [1, where R = C(CD3)2CH3 

and Ar = 3,5-C6H3Me2 (Me, methyl), 
Fig. 1]. We now report the reductive scis­
sion of N2 to two N 3 _ ligands in its reac­
tion with 1. The reaction occurs in hydro­
carbon solution at low temperatures 
( -35° to 30°C) and pressures (1 atm). 

Purification of red-orange 1 consisted 
of recrystallization under an Ar atmo­
sphere (ethyl ether, 0.1 M, -35°C) . 
When we attempted to purify 1 by recrys­
tallization under an atmosphere of N2, the 
solutions (ethyl ether, 0.1 M, -35°C) 
took on an intense purple color in less 
than 45 min. Examination of the purple 

solutions by 2H nuclear magnetic reso­
nance (NMR) spectroscopy (6) revealed 
that the signal at 64 parts per million 
(ppm) for 1 was being replaced by a single 
new peak at 14 ppm, attributable to the 
purple species (2, Fig. 2). When we carried 
out the reaction using pure 1 in toluene 
(leaving all other conditions unchanged), 
from which the complex crystallizes less 
readily, complete conversion to 2 took 
approximately 48 hours at —35°C. On 
warming to 30°C, the purple solutions of 2 
gradually became gold and lost their para­
magnetism. Removal of all volatile mate­
rial in vacuo left an amber crystalline res­
idue that dissolved readily in benzene-d6 

for lH NMR spectroscopic analysis. The 
lH NMR spectroscopy showed that a ter­
minal nitrido Mo(VI) complex (3, Fig. 2), 
identical to the complex that we isolated 

Fig. 1. Line drawing of the molecular structure of 
Mo(NRAr)3 (1). The structure of 1 was determined 
by x-ray crystallography (5). 
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