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The preparation of neopentane-based tripod ligands 

PR2, SR, S-) in a convergent manner is described. The proce- 
dure is based on the aminolytic cleavage of functionalized 
oxetanes CH3C(CH20CH2)CH2R 1 by primary or secondary 
amines, leading to functionalized amino alcohols 
CH,C(CH,NHR')(CH,OH)(CH,R) or CH3C(CH2NII'2)- 
(CH20H)(CH,R) 2. The appropriate activation of the R (e.g. 
OR) and OH groups present in 2 allows for substitution vs. 
SR or PR2 donor functions. Depending on the nature of the 
groups present in each reaction step, various protection and 
deprotection steps have to be taken in the course of this type 
of preparation of the tripod ligands 3. By reaction with 
(CH,CN),Mo(CO),, ligands 3 form Mo(CO)* derivatives 4 or 
Mo(CO), derivatives 5, depending on the reaction condi- 

CH:<C(CH,X)(CH2Y)(CH2Z) 3 (X = NR,, NHR; Y = PR2; Z = 
tions. Tn compounds 4, the ligands are coordinated in a bi- 
dentate mode with the soft donor atoms (P, S) coordinated 
and the hard donor function playing the role of the dangling 
arm. In the trihapto bonding mode present in 5, all three do- 
nor functions, two soft (P, S) and one hard (NHR', NRr2),  are 
coordinated. The two types of coordination compounds may 
be interconverted: 4e (X = NMe2, Y = PPh2, Z = SiPr) with a 
non-coordinating CH2NMe2 group is transformed into 5c 
upon photolytic decarbonylation. Under 1 bar CO at 2 0 T ,  
5c reverts to 4e. X-ray structure analysis of a series of com- 
pounds of types 4 and 5 reveals characteristics of the relevant 
conformational patterns. All compounds have been fully cha- 
racterized by the standard analytical techniques (NMR, MS), 
as well as elemental analysis. 

Introduction 

The neopentane backbone in tripod ligaiids of the type 
CH,C(CH,X)(CH,Yj(CH,Z), (X, Y. Z = donor groups) 
provides an ideal spacer to allow for the facial coordination 
of such ligands to a broad variety of electropositive ele- 
ments['][']. Wlicn these ligands are coordinated to form tri- 
pod metal templates, tripod-M, they effectively block one 
half of the coordination sphere around the metal. At the 
same time, the individual shape of the donor groups and 
the substituents will shape the remaining part of the coordi- 
nation space in a specific and predictable way[?]. The capa- 
bility of tripod ligands to form a kind of sterically protected 
reaction pocket in their templates, tripod-M, may be seen 
as the underlying reason for the fact that many quite uncon- 
ventional ML, fragments have been stabilized as their tri- 
pod derivatives tripod- ML,[*l. 

To date, the potential that neopcnlane-based tripod li- 
gands thus appear to have in coordination chernislry~'1~'1 
has only scarcely been exploited in catalysis[4]. The ad- 
ditional potential lying in the possibility of delibcrately 
varying the kind of donor groups fixed to the neopentane 
Kramework is also only marginally developed. While tripod 
ligands of constitutional C; symmetry with three equal do- 
nor groups are readily accessible and have becn extensively 
used in the field, such ligands with constitutional C, or C1 
symmetry, having up to three different phosphorus donors. 
have only recently been describedl51. Nevertheless, even en- 

antioselective syntheses of ligands of this type containing 
three different phosphorus donors havc been designed[". 
Problems in synthesizing such ligands are general problems 
associated with neopentane chemistry (sluggish S,Z-reac- 
tivity, rearrangernei~tsj[~~][~]['~]. which in this context are 
further enhanced by problems pertinent to the chemistry 
of multifunctional compounds. These problems have largely 
been overcome in the case where all of the donor groups 
have phosphorus donor ccntersr51'61. For sulfur donors. 
the problems have in part been solved as 

gands incorporating nitrogen-centered donors are not yet 
generally accessible[']. It is the purpose of this paper to pre- 
sen1 synthetic procedures of a more general scopc, which 
allow the preparation of CH,C(CH,X)(CH,Y)(CH,Z) li- 
gands, X, Y being sulfur and phosphorus donors and Z 
being an NR, or NHR group. Coordination capabilities of 
these ligands containing up to three different donor atoms 
(P, S, N)  are demonstrated by the synthesis and structural 
characterization of a series of Mo(CO)~ and Mo(CO)~ de- 
rivatives. 

well['bl[5CI [5dI[5cI L-SfI L k I  [')I, while mixed donor set tripod li- 

Ligand Synthesis 

The different strategies so far developed for the synthesis of 
neopentane-based tripod ligands CH?C(CH,X)(CH,Y)- 
(CH,Z) generally involve the introduction of the donor 
functions as nucleophiles to substitute some nucleophugic 
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substituents at the neopentane scaffolding. While this pro- 
cedure works wcll with 0. S, and P donors, the introduction 
of N donors using this type of approach is limited by the 
lack of appropriate nitrogen-centered nucleophiles. The 
standard procedure of using N3- as the nitrogen nucleo- 
phile is only applicable as long as there is no phosphane 
substituent in the molecule; otherwisc introduction of lhe 
azide substituent is invariably accompanied by an immedi- 
ate intramolecular Staudinger reaction (oxidation of Pr' to 
Pv). Potassium phthalimide has been shown to substitute 
neopentane-based tosylate and might be an 
alternative, even though the reactivity of neopentane sys- 
tems bearing large substituents such as PPh2 is possibly too 
low to allow this variant to proceed successfully. It is desir- 
able that the introduction of the nitrogen donor function is 
convergent, in the sense that i l  is the first donor function 
introduced into a starting compound that has already been 
shown to allow the synthesis of a whole range of mixed 
donor set tripod ligands with various 0, S, and P donors. 
Well-behaved starting compounds in this sense are func- 
tionalized oxetanes (Scheme 1). which have been used to 
construct a whole plethora of mixed donor 2et neopentane- 
based tripod ligands[5Cl[~fl[5111[5i1 [SC] 

Scheme 1. Oxetanes as precursors for tripod ligands 

qH - +: 
Two strategies are available for eliciting the reactivity in- 

herent in the oxetane ring: Electrophilic ring-opening by re- 
agents such as HBr leads to one CHzBr and one CH?OH 
group, after which the CH,OH group may be electrophi- 
lically activated in the next reaction skp" '1. Alternatively, 
nucleophilic ring-opening of the oxetane by PR2- nuclco- 
philes incorporates a PR, group and generates a CH20H 
group at the same timeLShl. Electrophilic activation of the 
OH group is then possible as the next reaction step, with 
the PR, group protected as a pho~phanoborane[~~l.  This 
second approach is especially appealing because it intro- 
duces the desired donor group and generates a precursor to 
further nucleophilic substitution in a single step. It would 
therefore be desirable to find conditions under which NR-, 
or NHR groups would nucleophilically open the oxetane. 
Such conditions have in fact been described for some 
specific oxetanes and some specific amine nucleophiles" '1. 
It was necessary to ascertain whether this approach would 
be feasible with appropriately substituted oxetanes and, 
moreover, to evaluate its generality with respect to other 
donor groups already introduced. Once this key question 
has been answered, the standard procedures that have al- 
ready been developed for the introduction of PR, and SR 
entities['fl[sh][9] and variations thereof should facilitate the 
preparation of an almost unrestricled range of tripod prod- 
ucts. 

To develop this idea, a number of oxetanes of type 1 have 
been prepared following published procedures or suitably 
modified adaptations thereof (Scheme 2). 

Scheme 2. Functionalized oxetalies for ti-ipod synthcsis 

L rP l c :  KO'Bu, Mel, EtZO 

1 d: KO%, BnCI, THF I 
'OR 

MsCI, 
NEt3, 
toluene 1 
rP 

l c  [12c](R = Me), yield : 81% 
Id "2d](R = Bn), yield : 81% 

RSLi , THF - -ER 
le (R = 'PA vield : 89% 

LiPPh, , THF 
I b [12b], yield : 80% 

PPh2 

l g  ["I, yield: 90% 

The compounds were obtained as colourless oils after 
purification by distillation, giving correct elemental analy- 
ses and mass spectra (ace Experimental Section). The con- 
stitution of le and If as given (Scheme 2) is unequivocally 
substantiatcd by the relevant NMR data (Table 1). 

Tablc 1 .  'H- and I3C-NMR spectra (solvent CDCI,) of le. If 

'H  NMR [6 values] "C N M R  [S values] 

l e  1 21 [d. 6 H, 'JHH = 6 6 H/, 22 9 (S. CqCH?), 23 2 [S. 

39 7 (s, C H l S ) ,  41 5 ( 5 ,  Cy), 
81 7 ( S ,  oxetdiie-CHz) 

CH(CHI)] .  1 27 (5, 3 H, ('H(CH,)], 35 9 [b. CH(CH,)], 
CqCH?), 2 80 (s. 2 H, CH2S),  
2 84 Isept, 1 H, 3 J ~ ~  = 6.6 
H L ,  CH(CH,)], 4 33. 4 38 (2d, 
4 H. 'JHH = 5 8 Hz, oxe- 
tsne-Cff2). 

CH,Ph). 4.34, 4.41 (2d, 4 H,  
2JHH = 5.9 Hz, oxetane- 126.9-138.0 (nrorn. C). 
CH2), 7.26-7.36 (m, 5 H. 

1 1  1.36 (s, 3 H, CqCH,). 2.78 (s, 23.0 (s, CqCHI), 37.5 (s, 
CH?Ph), 39.7 (s. Cq), 40.8 (s, 2 H, CH2S), 3.76 (s, 2 H, 
CX2S). 81.7 (s, oxetane-CH,), 

aroin. H). 

The presence of an oxctanc ring is in each case clearly 
evident from the characteristic 'H-NMR signals with a 
geminal HH-coupling between the diastereotopic methylene 
protons of around 6 Hz (Table 1)[5h], The 17C chemical shift 
ol' the methylene carbon atoms (Table 1) of the oxetane ring 
is again characteristic of this type of four-membered 
cycle L5hJ.  

The nucleophilic opening of the oxetane ring in l a  with 
HNMe2/HI0 as the nitrogen nucleophile has been reported 
in thc literature to occur after prolonged heating at a pres- 
sure of around 30 bar'"]. A few other secondary amines 
have been found to be effective in this type of reaction, 
whereas attempts to use ammonia as the nucleophile wcre 
unsuccessful["]. Compound 2a was prepared from l a  fol- 
lowing this procedure. On the basis of the 'H-NMR spec- 
tra. the rcactiou was found to proceed almost quantita- 
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tively. After purification of the crude product by distil- 
lation, yields of around 70% were obtained (Scheme 3). 

Schemc 3. Aniinolytic cleavage of oxctanes 
HNR'R", NR'R" 
HZO -6;. +! r 
30 bar 

1 2 

R NR'R" reaction time [h] yield ["/olk'J 

2a OH 
2h O H  
2c OH 
2d OBn 
2e OBn 
2f SiPr 
2g SBn 
- PPhz 

N Me2 20 70l"l 
NMeH 24 86 
NBnH 48 52 
NMe2 96 85 
NMeH 84 69 
NMe, 60 76 
NMez 120 54 
NMe2 168 - 

Analytically pure product after distillation through a 20 cin Vi- 
greux column. - Lbl For comparison see ref.['']. 

While this type of reaction has not prcviously been re- 
ported for primary aniines as nucleophiles, it was fouiid that 
under appropriate conditions methylamine H2NMe and 
benzylainine H2NBn react accordingly to produce 2b and 
2c, respectively. The tolerability of other groups in place of 
the OH group of l a  was checked by using Id-lg as the 
starting compounds. Id reacts with HNMe2 to produce 2d 
and with H2NMe to produce 2e in fair yields. Thc reaction 
times needed are longer than those required with l a  as the 
starting compound (Scheme 3). Both l e  and I f  werc reacted 
with HNMe2 as the nucleophile. Prolonged heating pro- 
duced 2f and 2g in acceptable yields (Scheme 3). With Ig 
as the starting compound, none of the amine nucleophiles 
found to be effective when starting from la .  Id, le, If pro- 
duced any useful amount of ring-opened product. A change 
of the solvent mixture (H,O/THF. EtOH) did not lead to 
any improvement, nor did a change of the reaction tem- 
perature or time. The result of this series of experiments 
was either no reaction or decomposition of the starting 
compound to an ill-defined mixture of products. 

Compounds 2a-2g were obtained as analytically pure 
colourless oils after distillation of the crude products, in 
yields as given in Scheme 3. The connectivity as shown in 
Scheme 3 is in accord with the NMR data of 2a-2g 
(Table 2). 

The three CH2 groups appear in clearly separated ranges 
depending on whether the substitueiit atom is 0. N, or S 
(Table 2). For 2a-2c: which contain two CH20H groups; 
the CH2 protons arc nevertheless diastereotopic. This dia- 
stereotopicity is only indicated for 2a and 2b by relatively 
broad signals, while for 2c a multiplet structure is apparent 
(Table 2). For the chiral, racemic products 2d-2g, the three 
different CH2 groups show the appropriate geminal cou- 
pling with characteristic coupling constants in almost all 
cases (Table 2). 13C rcsonances of 2a-2g correspond in the 
number as well as in the type (135O-DEPT) of the signals 
to the proposed structure (Table 2). 

Table 2. 'H- and '?C-NMR spectra (solvent CDCl3) of 2a-21 

'H NMR [S values] NMR [6 values] 

2a 0.72 (s, 3 H, CqCH,), 2 24 ( 5 ,  6 
H, NMeL), 2 40 (s, 2 H, CH,N), 

2b 0.74 ( 5 ,  3 H,  CqCH?), 2 39 (s, 3 
H, "We). 2 73 (s .  2 H. CH2N), 

2~ 0.72 ( s .  3 H, CqCH?), 2 83 (s, 2 

CH-OH). 3 77 is. 2 H. CH7Ph). 

3 54 (hr s. 4 H, CH20H). 

3 66 (br s. 4 H, CH20H). 

H, CH2N) ,  3.70 (m, 4 H, 

7 25-7.35 (m, 5 H, ClrONl a) 
'JHH = 13.7 Hz. CH2N), 3.36. 
3.54 (2d. 2 H. 2 J H H  = 9 0 Hz, 
FH20Bn),  3.59, 3 66 (2d, 2 H, 

(br. s. 2 H, CH,Ph), 7 27-7 35 

2d 0 88 ( s ,  3 H, CqCH,), 2 31 (s, 6 
H. N k'ez). 2.36, 2 69 (2d. 2 H, 

- JHI I  = 10 4 Hz, CH2OH). 4 52 

(m, 5 H. nroni -m 
2e 0 89 (s, 3 H,  CqCH?), 2 37 ( 5 ,  3 

H, NMe), 2 52. 2 86 (2d, 2 H. 
2 J H H  = 11 8 Hz, CJf?N), 3 32, 
3 50 ( 2 4  2 H. 'JHH = 9 1 Hz, 
CH20Bn), 3 55, 3 63 (2d, 2 H, 

4 48.4 56 (2d, 2 H. 2 J H ~  = 12 3 
Hz. CH,Ph). 727-737 im, 5 

2 J ~ ~  = 108  HZ, CHzOH), 

H, mom- H). 
2f 0.81 ( 5 ,  3 H, CqCH,), 1.16 [d, 6 

H, 'JHH = 6.2 Hz, CH(CH,)], 
2.23 (s, 6 H, NMel). 2.27. 2.50 
(2d, 2 H, 'JHH = 13.8 Hr, 

'JHH = 12.5 Hr, CEI,S), 2.76 
[scpt, 1 H, ?JHH = 6.2 Hz, 

CHZN), 2.47, 2.63 (2d, 2 H, 

CH(CH,)], 3.49 (b.  2 H, 

ref. [ I  '1 

18 6 (s, CqCH3), 36.9 (s. 

CH2N), 70.1 ( 5 ,  CH20H). 

Cq), 54.5, 57.7 (2s, CH2N i 
CHZPh), 70.5 (s, CHZOH). 
127.0-139.1 (U~O 'OM C). 
20.4 (s, CqCH3), 40.2 (s. 
Cq), 48.6 (s. NMe2), 67.2 ( 6 .  
CHZN), 71.4 ( s ,  CH2OH), 
73.7. 75.0 (2s, CH20Bn i 
CH,Ph), 127.9- 139.0 

NMe). 39.1 (s, Cq), 60.3 (s. 

18.7 (s. CqCH3). 39.1 (s, 

(crrorn C). 

19.0 (s, CqCHq), 36.9 (s, 

CHZN), 70.8 (s, CH'OH). 
NMe), 39.1 (3. Cq), 58.9 (s. 

73.1. 74.3 (3, CH20Bn / 
md'h), 127.2- 138.2 
(irrom c). 

21 0 (s, CqCHx). 23.2, 23.3 
[ZS, CH(C'H,)]. 36 0 [s, 
CH(CH3)], 37.7 (s. C H l S ) .  
38.8 (s. Cq), 47.9 (s, NMc~), 
68.3 (s. C'HZN). 71.7 (s. 
I'HZOH) 

21.7 ( s ,  CqCH3). 38.3, 39.4 
( 2 ~ ,  CH2S, CH>Ph), 39.8 (s, 

CH*N), 72.2 (s, CH20H), 
127.4- 138.9 (nrUJ?l c). 
Cq). 48.6 (s, NMe?). 69.1 (5 ,  

2h 0 78 (s, 3 H. CqCH,), 1 42, 
1 55, 2 54 (3m. 2 H, 4 H, 4 H. 
piperidme-CH,), 2 46 (s, 2 H 

2i 0 82 (s, 3 H, CqCFI?), 1 40, 
1 55, 2 50 (3m, 2 H, 4 H, 4 H. 
ptperidine-CH2), 2 28, 2 62 (2d 

Hz, CH,OMe). 3 33 (s. 3 H, 
OiMe), 3 54, 3 61 (2d. 2 H, 
'JHH = 10 7 Hz, CH20H) 

2j 0 96 (s, 3 H. CqCH3), 1 47 (b. 
9 H, Boc), 2 89 (s, 3 H, NMe). 
320-336 (rn, 6 H, CH2N / 
CH20H I CH20Bn), 4 SO (br 5, 
2 H, CH2Ph), 7 33-7 35 (m, 5 
H, orom H) 

FHZN), 3 59, 3 67 (2d. 4 H, 
J H H  = 11 0 Hz, CIZZOH) 

2 H. './~IH = 142 Hz. CH2N). 
3 26, 3 39 (2d, 2 H. ' J H I I  = 9 1 

2k 0 77 (s, 3 H, CqCH'), 145 ( 5 ,  
9 H, Buc) 291 (s, 3 H. Nkfe), 
335-352 (m. 6 H CH7N 
CH2OH). 
0.82 (s, 3 H, CqCH,), 1.40 (s, 

CH2N i CH,OH), 4.49 (s. 2 H. 

21 
9 H. Boc), 3.32-3.61 (m. 6 H. 

CH2Ph). 7.20-7.39 (in, 5 H. 
arooni. H). 

19.2 (s, CqCHq), 23.3, 26.2, 
56.9 (3s, ~~@evzdme-C), 39 6 
(5, Cq), 66.6 (s, CHZN), 68 4 
is. CH7OH). 

19.6 (s ,  CqCH3). 23.4. 

(s, Cq), 58.9 (s. OMe). 
(s, CH'N), 70.6 
CH2OH). 76.9 

56.8 (3s, piperzd~ne-c), 

CH20Me). 

26.2, 
39.2 
65.9 

(s, 
(5  

18.6 (s. CqCHq). 28.1, 79.9, 
157.7 (3s. BoO. 37.5 (s. 
NMe), 42.'3 (s, Cq), 51.7 (s; 

73.1, 74.2 (2s, CH,OBn / 
CHlN). 64.9 (s, CHZOH), 

CHqPh). 127.2- 138.2 
(ar0;n c). 
18.0 (s. CqC'H3), 28.0, 80.3, 
157.8 f3s, Boc), 38.0 (s, 
NMe), 41 7 (s, Cq), 52.2 (s. 

157.8 (3s, Boc), 42.4 (s, Cq), 

127.2- 138.6 (aron?. 0. 

CH,N), 68.1 (s, CH20H). 
18 8 (s. CqCH3), 28.6, 81.5. 

50.5. 53.9 (2s. CH2N I 
CH,Ph), 69.1 (s, CHIOH), 
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As an alternative to the above autoclave proccdure 
(Scheme 3), we envisaged the reaction of oxetanes with Li 
piperidide. With the parent oxetane (CH&O, this reaction 
has been found to produce 3-piperidinopropan- 1 -01['~]. 
This type of reaction is limilcd to some specific amide re- 
agent~"~] .  The substituted oxetanes l a  and l c  were found 
to incorporate the piperidyl residue with concomitant open- 
ing of the oxetane ring to produce 2h and 2i (Scheme 4). 
The products were obtained after distillation as analytically 
pure, light-yellow oils. Their 'H- and 13C'-NMR spectral 
data were fully consistent with the proposed structures 
(Table 2) .  

Scheme 4. Cleavage of oxetanes by Li-piperididc 

THF 

1 2 

2h OH 75 
2i OMe 41 

La] Analytically pure product afler distillation through a 20-cin Vi- 
greux coluinii. 

Whilc the yields from this type of reaction (Scheme 4) 
are reasonable, the scope of the reaction is rather limited: 
Li-piperidide may not only act as a nucleophile as desired, 
but may also act as a strong base or as an electron-transfer 
reagent. Both these latter properties of the amidc lead to 
complications when more deinanding substituents R are 
present in 1. When If, bearing R = SCH2Ph as the substitu- 
ent, was treated with LiN(CH&, the tetrahydrothiopliene 
derivativc A (Scheme 5 )  was formed in over 90% yield. 

Scheme 5.  Reactions induced by Li-piperidide acting as a base 
(A) or as an electron-transfer reagent (B) 

L 
Li-piperidide 

THF, reflux 
L S B "  

If A, yield : 92% 

t 
ro Li-piperidide 

toluene, reflux \ 

1g B, yield : 19% 

The identity of A was inferred from appropriate elemen- 
tal analysis data, mass spectrometry and N M K  spec- 
trometry (see Experimental Section). The NMR spectra of' 
A show that the two diastereomeric racemates are obtained 
in a I : 1 ratio with no diastercomeric discrimination whatso- 
ever. The formation of A froin I f  is explained by depro- 
tonation of the SCHzPh group as the initiating step["I. The 
carbanion formed in this way will open the oxetane ring 

via an intramolecular nucleophilic attack. Interestingly, the 
product A is a constitutional isomer of the starting com- 
pound If. 

When 1g (,R = PPh2) is used as the starting compound, 
reaction with Li-piperidide in THF or toluene leads to a 
mixture of products, with B being the only product isolated 
in yields of the order of 20% (Scheme 5).  The reaction lg  
+ B corresponds to a reduction process, which is obviously 
broughl about by Li-piperidide acting as an electron- 
transfer reagent. Opening of the oxetane ring in 1 by Li-pi- 
peridide is thus of rather limited scope for the synthesis of 
tripod ligands. 

It was thus decided to concentrate on lhe approach based 
on introduction of Lhc nitrogen nucleophile in an autoclave 
reaction, as described above. Compounds 2a and 2h, bear- 
ing two OH functions and a Lerliary amine group, could 
be 0-mesylated. Reaction of the corresponding dimesylates 
with 2 cquivalents of LiPPh? afforded 3a and 3b in good 
yields. Compounds 2b and 2c, bearing two OH groups and 
a secondary amine function, call for protection of this func- 
tion prior to mesylation (Scheme 6). 
Scheme 6. Transformations of the diols 2 into tripod ligands 3 

1. n-BuLi 
2. MsCl NR'R" 
3. LiPPhz +;;I: +iR" THF 

2 3 

yield PA) NR'R" 

3a N Mez 67 
3b N(CH,), 70 
3h NMeBoc 34 
3i NBnBoc 34 

Under standard conditions[151 the precursors 2b, c, e 
were transformed into the Boc-protected products 2j, k, 1 in 
high yield (Scheme 7). 
Scheme 7 Boc protection of neopentaiie-derived seLondarp amines 

NR'Boc 

- -e NR'H BoczO 

OH dioxane/HzO 

2j, k, 1 

--cR 
2b, c, e 

K R' yield (%) 

OBn Me 82 
OH Bn 88 
OH Me 90 

?k 
21 

The 'H- and 13C-NMR spectra showed all the required 
groups of signais in each case. The CH2 groups of the neo- 
pentane scaffolding give rise to overlapping multiplets inte- 
grating as six protons as expected (Table 3). The corre- 
sponding I3C signals are clearly resolved, although un- 
equivocal assignment to a specific CH2X group is not al- 
ways possible using 1D-spectroscopy (200 MHz). 
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Table 3 IH-, I3C-, and "P-NMR spectra (solvent CDC13) of 3a-3i 

'H NMR [S values] I3C NMR [6 values] 31P NMR [S] 

3a 

3b 

3c 

3d 

3e 

3f 

3g 

3h 

3i 

~ 

0 92 (s, 3 H, CqCH3), 2 29 ( 5 ,  6 H. NMe2), 2 40 (m. 
4 H, CH,P), 2 47 ( 5 ,  2 H. CH,N), 7 29-7 47 (m. 20 
H, U Y O ~  H) 
0 84 (s. 3 H, CqCH,). I 38, 1 46,2 48 (3m, 2 H. 4 H, 
4 H. pipe~id ine-CH~) ,  2 36 (m. 4 H, CfI,P). 2 42 (s. 
2 H, CH,N). 7 27-7.45 (m. 20 H, wan Ir) 
1 0 1  ($. 3 H, CqCH,), 2 02 (s, 3 €1, NMe), 2 38 (m. 
4 H, CH,P), 2 48 ( 5 ,  2 H, CH,N), 7 27-7 48 (m. 20 
H, urmn H) 
1 02 (s. 3 H CqCH?), 2 41 (In, 4 H, CH,P), 2 60 (5 ,  
2 H CH,N), 3 42 (s, 2 H, CH2Ph). 7 13-7 89 (m, 20 
H, uronz H) 

CH(CH,)]. 2 33 (F, 6 H, NMe2), 2 36 (m, 2 H. CH2P). 
2 36 (in. 2 H. CH2N), 2 75 (s, 2 H. CH2S). 2.76 [sept. 
1 H, ' J H , ,  = 6 0 Hz, CH(CH,)], 7 3 1-7 56 (in, 10 H. 
nrom H )  
1 00 (s. 3 H. CuCII,). 2 32 (s. 6 H. NMe,). 2 36 (In 

0 99 (S, 3 H, CqCH3), 1 25 [d, 6 H, 3.1HH 6 0 H Z .  

2 H, CH,P). 2:40 (m, 2 H, CII,N),  2.72 (s, 2 H, 
CH,S). 3 70 (s, 2 H. CH,l'h). 7.30-7.57 (m. 15 H, 
NYOM. H) 
0.93 (s, 3 H. CqCH?). 1.19 (m, 1 H, SH). 2.33 (s, 6 
H, N M &  2 35 (m, 2 H, CH,P), 240  (m, 2 H. 
CH,N) ,  2 74 (s, 2 H, CH,S), 7.25-7.57 (in. 10 H. 

3 34 (hi, 6 H. CH2P / CN2N), 2.89 (s, 3 H, NMe), 
7.27-7.49 (m. 20 H. U Y U ~  H).  

LiYonl rq. 
0.92 ( s .  3 H, CqCHq), 1 4 1  (s, 9 H. Boc). 2.27, 2.47, 

26.1 (t, 3JCr = 9.2 Hz, CqCH3), 39.7 (br. s, Cq), 39.8 
(m, CHIP), 48.6 (s, "We2), 69.3 (t, 3Jcp = 9.2 Hz, 

26.8 (br. S. CqCH3), 24.7, 27.2, 57.9 (3s, piperidine- 
Q, 40.2 (m. CH2P), 40.9 (s, Cq), 68.6 (m. CH2N), 

26.8 (br. s. CqaI3) ,  35.5 (s, NMe), 38.5 (s. Cq). 40.0 
(m, CH2P). 61.2 (s, C712N). 128.8--139.6 (or-om C). 

26.9 (hr. s, CqCH,), 39.3 (m. Cq). 40.7 (m. CH,P), 

(nroin. 0. 
23.4 (5; CqCH?), 24.5, 24.6 [2s, CH(CH,)]; 36.3 [s, 

48.6 (s. Nhle,'). 67.8 (d. 3JcD = 9.2 Hz. CH,N). 

CH2N). 128.0-140.1 ( ~ T O ~ L  C). 

128.6- 140.8 ( ~ T o ~ w .  0. 

54.8 ( s ,  CHzPh), 5Y.3 (m. CHZN), 127.0-141.2 

CH(CH,)], 37.9 (d. 3Jc.p = 14.8 Hz, CHZS), 40.1 (d, 
2Jcp = 13.0 Hz, Cq), 40.8 (d, ' Jcp 1 11.1 Hz, CHZP), 

-_ 
128 0-140 1 (nroni C) 
25 1 (d, '.Icp = Y 2 H L ,  CqCH?), 38 2 (9 CH,Ph), 
38.6 (br s, CH2S). 41 0 (d, 'Jc = 14 7 Hz, Cq), 42 Y 
(d, ' JCp = 11 0 Hz. C'H2P), 49 1 (s. NuMe2). 68 3 id, 
3Jc-r = 7 3 HZ CH2N). 127 3-140 6 (CZY0172 C )  
24 6 (d, jJLp = 9 2 Hz, CqCH3). 34 4 (d, 3Jcp = 1 I 0 
Hz, CH2S), 37 4 (d, lJCp = 16 5 Hz, CH2P). 40 7 (ni, 
Cq). 49 2 (s, NMe2). 67 7 (d, ' J C p  = 7 4 Hz, CH2N), 

21 8 (br 5, CqCH?) 28 7. 80 3. 158 0 (3s. Boc), 36 3 
(m, CH,P), 38 9 is, NMe). 41 9 (in. Cq), 55 8. 68 0 

128 8-140 5 ( U T O ~ M  C? 

(2s. CH,N). 128 9-140 0 (ai0~17 C )  
102  (s, 3 H, CqCH,), 1 4 1  (s, Y H, BOO, 2 39 (m, 4 

7 11-7 49 (m, 20 H. L I Y O ~  H )  
H, CH*P), 3 44 (b, 2 H. CHZN), 4 51 (s, 2 H, CHZPh), 

26.7 (brr s, CqCH3), 28.7. 80.4, 157.4 (3s, Boc), 40.8 
(m, C.,P), 41.9 (m. Cq). 54.0 (hr. s, CH2Ph), 58.2 
(s, C'HZN), 127 3-  140.2 (OYO/T/ CJ. 

-27.2 (s) 

-26.9 (s) 

-27.4 (s) 

-26.9 (s) 

-27.5 (s) 

-26 9 (s) 

-27.4 ( 5 )  

-28.3 ( s )  

-28.0 ( s )  

The Boc-protected species 3h and 3i were obtained from 
2k and 21 after analogous mesylation and substitution steps. 
The tripodal systems 3 - after purification by chromatog- 
raphy - are eolourless, highly viscous oils. 3a tends to crys- 
tallize upon prolonged storage at room temperature. The 
'H- and "C-NMR spectra of 3a, b, h, i are diagnostic of the 
proposed structures (Tablc 3). Even though the methylene 
proton signals of the neopentane scaffolding give rise to 
separated signals (Table 3), the overlap between the signals 
and the low resolution (200 MHz) do not allow an assign- 
ment of individual coupling constants. The Boc-protected 
compounds 3h/3i, effectively bearing amide nitrogen func- 
tions, show a clear differentiation of the CHZN and CH,P 
signals (Table 3). The PCH2 protons give rise to compli- 
cated multiplet patterns (Table 3). The other groups present 
in 3a, b, h, i all exhibit their characteristic patterns. The 13C- 
NMR data with the appropriate Jcp coupling constants["] 
allows a clear distinction to be made between phosphorus- 
bound and nitrogen-bound groups (Table 3). The equival- 
ence of the two PPh, substituents is evidenced by the ap- 
pearance of just one sharp signal in the 31P-NMR spectra 
in each case (Table 3). 

Deprotection of 3h/3i under standard conditions['5] led 
to 3d3d as tripod ligands having two equivalent phos- 
phorus donors and a secondary amine as the third donor 
function (Scheme 8). 

The identity of these products was verified by their lH-, 
13C-, and 31P-NMR data (Table 3). A characteristic shift of 
the nitrogen-bound CH2 group from 6 ca. 3.4 in the Boc- 

Scheme 8. Deprotection of 3h, i 

PPh2 PPh2 

3h, i 3c, d 

yield ["A] R' 

3c Me 99 
3d Bn 97 

protected precursor to 6 ca. 2.4 in the deprotected products 
was observed. 

Compounds 2f and 2g, containing a tertiary amine 
group, a sulfur donor function and an OH group are ame- 
nable to a straightforward replacement of the OH group by 
a PPh2 group by a sequence of deprotonation, nicsylation 
and PPh2 substitution steps (Scheme 9). After chroinatogra- 
phy, the products 3e and 3f were obtained in high yields as 
colourless. viscous oils. 

The benzyl thioether function in 3f may be viewed as 
a benzyl-protected thiolate function, since methods for the 
reductive cleavage of an SBn bond in the presence of aryl 
bonds are known[9]. The procedure designed for other neo- 
pentane-based tripod ligands"] works equally well for 3f, 
which upon treatment with Li/NH3/THF followed by hy- 
drolytic work-up gives the functioiialized thiol 3g in almost 
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Scheme 9. Synthesis of chiral tripod ligands containing a PINIS 

donor set 
1 .  n-BuLt 

3. LiPPhz 

M F  
+!E; NMez 2. MsCl 

OH - 
3 

*x 
2 

A. Jacobi. G. Huttner. U. Winterhalter 

Scheme 11. Dihapto binding mode of ligands 3 with the amine 
function acting as the dangling arm 

3 4 

X yield (%) NR'R" X 

3e SiPr 84 
3f SBn 77 

8OYi yield (Scheme 10). As with the other compounds of 
type 3, the lH-. "C-,  and "P-NMR spectra convincingly 
prove the constitutions of 3e. 3f, 3g (Table 3). The SH signal 
expected for 3g is observed as a mnultiplet at 6 = 1.19 
(Table 3). 
Schemc 10. Reductiw cleavage of an SBii function in the presence 

of PPh2 functionalities 

THF, -78" 

3f 3g, yield : 78% 

Coordination Chemistry 

All compounds of type 3 are potential tripod ligands. The 
presence of hard and soft donor functions within the same 
tripod ligand might on the other hand preclude a trihapto 
binding mode, since hard and soft ligand functions do not 
generally fit well to a common ML, fragment. In fact, it has 
been observed that q3-bonding of neopentanc-based tripod 
ligands containing two PPhz donor functions and one OR 
or SR group as the third donor function is not realized 
when these ligands are treated with LM(CO)? (M = Crl 
Mo/W, L = ligands prone to substitution such as (CO)3, 
(CH3CN)3, cy~loheptatriene)[~"1[j~]. Instead. M(C0)4 de- 
rivatives with exclusively q2-coordinated ligands are 
formed, with only the phosphorus functions involved in co- 
ordinationr5"1 rSb]. This observdlion was generalized in the 
following statement: "clearly, a hard donor function cannot 
be forced to coordinate to a group VI metal center. not even 
through a tripodal linkage"[5b]. I t  is shown here that while 
q'-coordination of Mo(CO)~ by the tripod ligands with pre- 
ferred coordination of the soft donor functions is a possible 
result (compounds 4, Scheme 1 l), q3-coordination of 
MO(CO)~ by the same ligands, with simultaneous coordi- 
nation of hard and soft donor functions, is also quite fea- 
sible (compounds 5,  Scheme 12). 

When compounds 3a-f were treated with (CH,CN)3- 
M o ( C O ) ~ [ ~ ~ I  at 20 "C, mixtures of complexes containing 
Mo(CO)~  and Mo(CO)~ species were obtained. Selective 
preparation of the M~(CO)~-containing species was 
achieved by refluxing 3a-f with Mo(C016 in toluene 
(Schemc 11) .  

4a NMe2 PI'hZ 
4b N(CH-), PPh, 
4c NMeH ~ PPh; 
46 NBnH W ' h z  
4e NMe, S'Pr 
4f N 1\/1 eL SBn 

The species 4 were isolated after evaporation of the 
solvent and elution of Mo(CO)~ with petroleum ether 
(40-60), as light-brown powders in yields in excess of 60% 
They were purified by recrystallization from CH2C12/petro- 
leum ether (40-60), yielding yellow crystalline materials of 
analytical purity in the case of 4a, b, e, f, while 4c, d were 
precipitated as microcrystalline solids. Mass spectra (con- 
secutive loss of up to four CO fragments) and vccl IR bands 
were in accord with the constitution as shown for 4 (Table 
4). The "P-NMR spectra of 4a-f reveal the presence of 
just one type of phosphorus nucleus in each case (Table 5). 

Table 4. MS and IR spectra of 4 and 5 

[M+] [ M i  [ M '  [M+ [M+ IK,co 
~ CO] - 2 CO] - 3 CO] - 4 CO] (CHlCl-) 

[cm - '1 

4a 692 664 

4b 721 693 

4c 677 650 

4d 755 727 

(3%) (51'41) 

(7'?/0) (30%) 

(15%) (28%) 

( 5 % )  (25%) 

(23%) (39%) 
4e 582 554 

4f 631 603 

5a 651 623 

5b 725 697 

5c 555 527 

(26"Li) (25%) 

(18%) (230/0) 

(14%) (59'0) 

(59%) (78%) 

636 608 
(loo?!,) (59%) 
665 637 
(24%) (515'n) 
622 594 
(50Yu) (3 I%o) 
699 670 
(36%)) (650'0) 
526 498 
(82%) (33'"O) 
574 546 
(22'Y") (23%) 
595 567 

669 64 1 

499 47 1 
(25%) (65%) 

(17%) (68%) 

(6%) (1 9%) 

578 
@So/,) 
609 
( 100%) 
566 
(1 00%) 
642 
(100%) 
468 
(971%) 
5lY 
(1 00%) 

2019 (71, 
1903 (vs, br) 
2018 (9). 

1904 (IS, br) 
2020 (s ) .  
1901 (vs, br) 
2019 ( 5 ) ,  
1900 (15, br) 
2017 ( s ) .  
1898 (vs, br) 
2019 (s), 
1890 (vs, br) 
1924 (vs). 
1805 (s, br) 
1924 (vs), 
1813 (5. br) 
1922 (vs), 
1803 ( 5 .  br) 

For compounds 4a-4d, this means that both thc phos- 
phorus centers present in the compounds 3a-3d are coordi- 
nated and, therefore. that the ainine function is not coordi- 
nated. For compounds 3e and 3f. with only one phosphorus 
donor, even a combination of 'H- and "C-NMR spectral 
data does not unambiguously indicate whether the sulfur 
function or the nitrogen function is coordinated. Almost 
all of the CH2 groups of the neopentane framework show 
multiplets for diastereotopically diKcrcntiated protons 
(Table 5) .  While such a differentiation is not evident for the 
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Tablc 5.  'H-, I3C- and "P-NMR spectra of 4a-4f La] 

' H  NMR [6 values] "C NMR [6 values] "P NMR [B]  

4a 

4b 

4c 

4d 

4e 

4f 

0.65 (s, 3 H, CqCH3), 2.15 (br. x, 2 H, CH2N), 2.34 (s. 
6 H, N(We2), 2.55 (m, 4 H, CH2P), 7.27-7.81 (m, 20 
H,  arorn. H). 
0.61 is,  3 H. CaCH,). 1.46. 1.59. 2.51 (3m. 2 H. 4 H. 
4 H,pi/~ridine-i'H,). 2.16 (br s, 2 H, CH,N), 2 50 (m, 
4 H, CHzP), 7 27-7.87 (m, 20 H. L Z W ~  H) 

3 H, NMe), 2 70 (br s. 4 H. CH,P). 7.20-7 66 (m. 20 
0 88 ( S ,  3 H, CqCH,), 2 17 (bt 5, 2 H, C112N), 2 40 (5. 

H. aroni. H). 
0.80 (s, 3 H. CqCH,), 2.37 (br s. 2 H. CH,N). 2 53. 
2.65 (2dd, 4 H, > J H ~ %  = 14.7 Hz. ' J H P  = 8.9/7.8/4.8/5.5 
Hz. CU2P). 3.62 (x, 2 H. CH,Ph), 7.29-7.74 (ni, 25 H. 
wotn H )  
0 73 ( 5 ,  3 H, CqCH?). 142  [d, 6 H, ' J H H  = 6 5 1-17, 
CH(CHa)], 206, 2.25 (2d, 2 H, 2 J H H  = 14.0 137. 
CHLN), 2 28 (s. 6 H ,  N (We?). 2 33, 2.56 (2d, 2 H, 
' J H H  = 14.0 Hz, CII,P), 2.69, 2.88 (2d, 2 H. 'JHH = 
11 3 Hz, CHlS) ,  3.02 [sept. 1 H. JHH - 6.5 IIz, 
CH(CH,)].  7.35-7.77 (m, 10 H, a ~ o m  H). 

0.69 ( 5 ,  3 H, CqCH,). 2.03, 2.15 (2d, 2 H, ,JHH = 14.0 
Hz. CHZN), 2.13 (s, 6 H, NMez), 2.29. 2.67 (2d, 2 H, 
?JHH = 14.0 Hz. CHzP), 262, 2 79 (2d. 2 H, ' J H H  = 
I I 3 HL, CH2S). 4.05 (m, 2 H, CH2Ph). 7.39-7 87 (m, 
I5 11, arorn. H) 

25.7 (br. s, CqCH3), 39.8 (ni, CHIP). 40.3 (s, Cq). 48.8 

209.3, 215.3 (2m, CO). 

iperidine-C)?, 36.7 (m, CH2P), 40.6 (br. s, Cq), 74.5 (t, 
'Jc,, = 9.2 Hz, C'HzN). 128.0-133.0 (nronl. C). 
29.2 (br. s, CyCT13), 37.8 (s. NMe), 38.2 (s. Cq), 38.3 
im. CH7P). 54.0 (s. CH7N). 125.8- 139.7 larom. 0. 

+17.9 (s) 
(s ,  NMe2). 75.7 (s, CHlN), 128.0-140.7 (QTOIIZ.  C), 

24.8 (t, 3Jcp 5.5 Hz. CqCH3), 23.7, 26.5, 57.4 ( 3 ~ ,  -t16.4 (s) 

+18.6 (s) 

210 9,2i5.6 (2m. CO) I 

Hz, C'H2P). 39 3 (br s. C'q),  54 9 (s, CH2Ph), 63 8 (t, 

211 5. 216.0 /3m. CO). 

28 0 (t. 3Jc = 11 2 

'Jcp = 7.4 Hz, C'HzN), 127 5-140 9 (O~OHZ C), 210.4, 

= 7 0 Hz, CqC'H3), 37 8 (t, ' J ,  +I7  8 (s) 

21.5 (s. CqGk,): 25.9. 26.0 [Zs. CHiCH,)]. 38.7 (d. 
'JCp = 14.7 Hz, CT2P), 40.8 (br. s, Cq), 43.6 [d, 'JCp = 

+15.3 (s) 

7.4 Hz, CH(CH,)]. 46.6 (4, 'JCp = 5.5 Hz, C H Z S ) ,  49.3 
(s ,  NMP~) ,  72.0 (d. 'Jcp = 9.2 Hz, CIIlN), 
128.6-140.1 ( ~ ~ o F v .  C). 209.1, 210.1 ( 2 4  'Jcp = 8.3 
Hz. CO trans CO). 216.9 (d. 'Jp1,  = 25.7 Hz. CO trcms 
P), 217 1 (d. 'Jcp = 9 2 Hz. CO t m i r  S) 

Hr, CH,P), 40 7 (br x, Cq). 46 5 (d. 3Jcp = 5 5 Hr, 
25 3 (d. 'Jcp = 3 7 Hi!, CqCH3). 38.0 (d, ' J c p  = 14 7 

CH,S). 49 0 ( s .  NMPT). 50 0 id. ' J p o  = 5 5 H7. 
CHiPh), 72.2 (h, 'Jcp g ' l l .0  H L , ' & ~ ~ T .  128.6-140.4 
(worn. C), 209.0. 210.3 (2d, 2Jcp = 8.3 Hz, CO I Y ~ S  
CO), 216.1 (d, 'Jcr = 27.6 Hz, CO trtrns P). 217.4 (d, 
'.JCp = 9.1 Hz> (70 fratzs S). 

+ 16.4 (s) 

[a] Solvent CD2C1,; the CD,CI, was condensed into the NMR tubes prior to flame-sealing. 

ligand precursors and is completely absent for the CH,SR 
groups (Table 3), the diastereotopic differentiation is clearly 
increased when part o f  the ligand is fixed by forming a six- 
membered chelate ring. The assignments given in Table 5 
for the CH2N and CH2S fragments, respectively, rely solely 
on one-dimensional spectroscopic data and are largely 
based on the argument that the CHZ group proximal to a 
coordinated donor runction should show a lowfield NMR 
shift. Assuming that the CH2S function is coordinated, the 
data are consistent with this expcctation. The NCH? group 
thus assigned shows an unexpected highfield shift (Tables 
3/5) of up to A6 = 0.3 in the dangliiig arm. While the as- 
signment is not completely unambiguous, the X-ray analy- 
sis of the compounds (see below) supports this assignment 
in as much as the sulfur function is found to be coordinated 
whilst the aniine function is not. The IjC-NMR spectra of 
4e and 4f show the presence of four chemically distinct car- 
bony1 groups. The two non-equivalent equatorial CO 
groups tmns to P and trans to S are characterized as such 
by their respective shifts and P-C coupling constants 
(Table 5). The two  remaining signals, which are only sepa- 
rated by l ppm in each compound (Tablc 5) .  are assigned 
to the two axial carbonyl groups, which are differentiated 
by the chirality of the ligand. The discrimination between 
the two enantiotopic positions of these carbonyl groups can 
be understood in terms of a twist conformatioii of the che- 
late cycle, as observed in the X-ray structure determinations 
of these compounds (see below). 

The tetracarbonylrnolybdenum derivatives 4 could also 
be obtained from 3a-f using Mo(CO), as the starting com- 
pound (Scheme 11, see Experimental Section). No tricar- 

bonylmolybdenuin derivatives wcre forincd under these 
conditions. In contrast. reaction of the same ligands 3a-f 
with (CH3CN)3Mo(CO)3 led to mixtures, the presence of 
tricarbonyl dcrivativcs in which was indicated by the IR 
spectra (see above). The isolation or the corresponding 
tricarbonylmolybdenum derivatives containing the ligands 
in an q3-binding niodc was achieved by performing the re- 
actions of 3c-3e with (CH,CN)3Mo(CO)3 in CH2C12 at 
-70°C. Such reactions are initially heterogeneous, with 
(CH3CN)3Mo(CO)7 being almost insoluble in CH,Cl, at 
-70°C. In the presence of the ligands 3. the precipitate 
slouly dissolves over a period of hours and yellow solutions 
of 5 are formed. On rernoval of the solvent at -7O"C, yel- 
low powders remain, which upon crystallization rroni 
CH2C12/petroleum ether (40-60) give 5a-5c in fair yields. 
in the form of analytically pure yellow crystals (Scheme 12). 

Scheiiic 12. Trihapto coordination of tripod ligands containing a 
combination of hard and soft donor functions 

3 

Phz 

5 

NR'R" X 

5a NMcH PPh2 
5b NBnH PPhq 
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Mass spectra and vCu IR bands are in accord with the 

proposed structure for 5 (Table 4). The 31P-NMR spectra 
of 5a and 5b show the presence of two chemically distinct 
phosphane donors, with 'Jpp coupling constants or around 
20 Hz (Table 6). For 5c, only one singlet is observed. as 
would be expected. Tlic 'H-NMR spcctra or 5 allow the 
unambiguous assignment of the different groups, even 
though the pattcrns cannot be resolved completely at 200 
MHz (Table 6). 

Table 6. IH-. "C- and "P-NMR spectra of 5a. 5b and 5d"l 

'H NMR [6 values] "C NMR [6 values] 3 'P N M R  [6] 

5a 1 2 9  ( 5 ,  3 H. 
CqCH3), 2 1 1  (m, 1 
H, CHH-P), 2.15 (m, 

(m, I H. CHH-N). 
2 50 (m. I H, CHH- 
P). 2 51 (m, I H, 
CHHN), 2.64 (d. 3 

NMe), 2 88 (in, 1 H. 
CHH-P). 305 (m, I 

(m, 20 H. a r m  H) 
5b 118 (s, 3 H. 

(2m, 2 H, CH2-P), 
2 19. 2 38 ( h i ,  2 H, 

(2m. 2 H. CH2-N), 
321  (m. 1 H. NM. 

1 H, CHH-P), 224 

H, ' J H H  = 5 8 I I L ,  

H, NH). 703-790 

CqCH,), 2 05. 2 16 

CH?-P), 2.52, 2 78 

?.49 (dd, 1 H ,  

'JHH = 10.4 Hz, 
CHH-Ph), 4.47 (dd, 
1 H, 'JIllr = 13.3 Hz, 

- J H H  = 13.3 Hz, 

3JHH = 2 7  HZ, 
CHH-Phl. 
7.08-7.97 (m, 25 H, 
CITOI11. M. 

5c 1.18 (s, 3 H, 
CqCH3). 1.44, 1.50 
[2d. 6 H, 3 J ~ ~ ~  = 6.5 
Hz. CH(CHA1. 
2.23-2.84 (ni. 6 H, 

6 H. Nhfe,). 3 03 

CH2P I CHZN I 
CH2S) 2.46, 2.85 (2s, 

[sept. 1 H. 'JHH = 

7.39-7.91 (m, 10 H. 
6.5 Hz, CH(CH,)], 

34.5 (t, ' J c ,  = 9.2 
Hz. CqCH'), 35.0, 

Hz, CHZP), 37.5 (t, 
35.2 (2d, 'JCp = 9.2 

3JCp = 7.3 Hz, Cq). 
48.6 (d, 'JCp = 5.5 
HL. NMe), 62.1 (d, 
sJc.p = 7.4 Hz, 
CHZN), 128.4- 140.3 
(uvorn. q. 

22.1, 22.3 [2s, 
CH(CH,)], 33.8 (d, 
'Jcp = 9.2 Hz, 
CqCII3). 35.5 (d, 
'Jcp = 9.2 Hz, 
CH2P), 38.8 (d, 
'Jcp = 7.4 Hz, Cq), 
39.7 (br. b, CH2S). 
43.3 [d. '.Icp = 5.5 
Hz. CH(CHq11. 60 1. 
61.6 u s ,  NGe;). 73 1 

(uronz C') 

(d, 3Jcp = 5.5  Hz. 
L'HZN). 128.7-139.8 

+18.3, 204 
(2d. 'JPp = 
20.8 Hz) 

+18.8. 21.3 
(2d, *JPp = 
19.9 H7) 

+19.2 (s) 

p.1 Solvent CD,CI,: thc CD,CI-, was condensed into the NMR tubes 
prior to flame-sealing. - bl 13C spectrum could not be obtained 
because of the low solubility of 5b in CD2Cl,. 

I3C- and 'H{?'P)-NMR spectral data further corrobo- 
rate the given assignments (Table 6, Scheme 12). The iso- 
lation of analytically pure, crystalline products has to date 
only been achieved with the ligands 3c-3e, producing 
5a-5c. The ligands 3a, b. f also react with 
(CH3CN)3Mo(CO)3 in CH2C12 at -70°C to give yellow 
solutions. The vco IR bands of these solutions [vco 
(CH2C12) cm-'I: 3a, 1925 (vs): 1810 (s, br); 3b, 1933 (vs), 
1824 (s, br); 3f, 1923 (vs): 1805 (s, brj] are characteristic of 

the presence of Mo(CO)~ as the cliromophoric group. When 
these solutions are concentrated to dryness, brown powders 
are formed, which only partly redissolve in dichlorometh- 
ane. The solutions thus obtained no longer show the vco 
IR two-band pattern characteristic of Mo(CO), groups; 
vco IR bands are still present, but their intensity is de- 
creased and they are more nu~nerous. While it is probable 
that compounds analogous to 5a-5c are formed initially, 
an alternativc explanation for the observed Mo(CO)~ band 
pattern would be that the ligaiids are only q2-coordinated 
and that the remaining position is occupied by acetonitrilc 
acting as a ligand. A decision between these two alterna- 
tives is not possible at present. 

Compounds 5 3 - 5 2  are sensitive to moisture and air, even 
in the solid state. Their stability in solution is limited and 
it is essential to prepare and handle thcir solutions at tem- 
peratures below 0 "C. Their lability appears to be connected 
with the ease with which the nitrogen donor can be dis- 
placed. Thus, a CH2Cl2 solution of' 5c reacts spontaneously 
with CO (1 bar) to produce the tetracarbonyl species 4e 
(Scheme 13). Irradiation of 4e iiiitiates photolytic decar- 
bonylation, with the vacant coordination site thus produced 
allowing recoordination by the NMe, dangling arm 
(Scheme 13). The identity of 5c and 4e, as produced from 
these reactions: was substantiated by "P-NMR and vco IR 
bands in each case (see Experimental Section). 

Scheme 13. Interconversion of 5 and 4 

5c 4e 

X-ray Structures 

In order to independently prove the connectivity schemes 
established for 4 on the basis of their NMR spectra, the 
structures of 4a, 4b, 4e, and 4f were determined by single- 
crystal X-ray analyse~r'~1. The connectivities observed for 
the molecules in the solid state (Figure 1) were found to be 
consistent with thosc inlcrred from NMR data for the same 
compounds in solution. The coordination environment of 
the metal is idealized octahedral. There are two crystallog- 
raphically independent molecules in the crystal of 4f, which 
are designated 4f/l and 4f/2 (Table 7, Figure 1). 

The scalar properties of all five different molecules of 
type 4 are closely similar where appropriate comparisons 
can be made (Table 7). Mo-P and Mo-S distances are 
also vcry similar. The Mo-C(C0) distances to the carbonyl 
groups trans to the heteroatoms (Mo-C41, Mo-C42) are 
consistently significantly shorter [ I94.9(5)- 199.0(4) pm] 
than the distances found for the carbonyl groups trans to 
each other [201.8(6)-205.5(5) pm] (Table 7). The trans-ef- 
fect of the phosphorus donor is not significantly different 
from the rranns-effect of the sulfur donor function. While in 
4e the M-C(C0) distances ~rans  to P and trans to S 
(Mo-C41, Mo-C42) are slightly different [197.2(5), 
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Figure 1. Conformations observed for 4a, 4e and 4f in the solid 

stateLa1 

V 

4n 

J 
c31 

4f/l 

4e 4w2 

La] 4f/l and 4fi2 denote the two crystallographically independent 
molecules in the crystal of 4f. The structure of 4b corresponds in 
its overall arrangement to the structures shown for 4a and 4fil. 
The chelate ring has chair conformation as in 4a and in 4f/l (see 
also Table 7). 

194.9(5) pm], these distances are equal within the limits of 
error in 4f (Table 7). 

The bite angles of the different ligands vary between 
82.4(1)' and 88.9(1)". While the scalar properties are thus 
in almost quantitative agreement for all compounds 4, the 
torsion angles characterizing the individual conformations 
are different (Table 7). Figure 1 shows the reason for this 
difference: While 4a and 4f/l have the chelate rings in a 
chair conformation {as does 4b, not shown in Figure 1. data 
in Table 7) .  4e and 4fl2 show a twist-boat conformation of 
these rings. Hence, there are two classes of conformations. 
Columns 4a, 4b. and 4f/l in Table 7 show the close agree- 
ment between the individual torsion angles characterizing 
this class of compounds, which have the chelate ring in a 
chair conformation. Analogously, columns 4e and 4fl2 
show the good agreement between their conformations, 
both having a twist-boat arrangement of the chelate ring 
(Figure 1, Table 7). The chair conformations (4a, 4b, 4f/l) 
are characterized by an approximate mirror symmetry, 
which relates the corresponding torsion angles in pairs such 
that angles related by this symmetry [Mo-PI-CI -C4, 
C4-C2-P2(S2)-Mo, elc.] are close in absolute value but 
opposite in sign (Table 7). For the twist-boat conformations 
(4e, 4f/2). inherent C1 symmetry does not call for any pair- 

wise agreement (an idealized twist-boat conformation 
would impose C, symmetry). For the two diKcrent com- 
pounds 4e and 4f, both of which have their chelate rings in 
twist-boat conformations (4e, 4f/2), the values of the torsion 
angles characterizing this conformation are quite similar 
(Tablc 7 ) .  All fivc molecules 4a, b and 4e, 4f/l, 4f/2 have the 
PPh2 donor group in common. Comparison of the arrange- 
ment of the phenyl rings of this group centered at PI (Fig- 
ure 1 )  suggests that the torsional arrangement of these 
groups is in fact very similar for all the compounds shown 
{Table 7). As measured relative to the Mo-PI axis, the tor- 
sion angles around PI -CI1 (PI01 -C111 in 4f/2) Fall iii a 
narrow range from 6.3(3) to -22.1(4)". The corresponding 
torsion angles characterizing the rotation of the second 
phenyl group at this phosphorus center arc equally close to 
each other, lying between -68.3(4) and -83.3(3)" (Table 7). 
The comparison ol'4a, 4f/l and 4e, 4f/2 in Figure 1 suggests 
that the main difference in the appearance of the PPh2 
group at P1 (PI01 in 4f/2) is caused by a rotation of this 
group around the Mo-P axis. The torsion angles 
C44-Mo-Pl-Cl (Table 7) confirm this idea. The differ- 
ent torsional arrangements required for the chair confor- 
mations (4e / 4f/2) necessitate this torsion about the Mo-P 
bond. The torsional arrangement o f  the two PPh2 groups 
present in each of 4al4b corresponds quite closely to the 
idealized mirror symmetry o f  these compounds (Table 7, 
Figure I). In each case. the two different substituents at the 
carbon atom C4 (C104 in 4f/2) are arranged such that the 
aminomethyl substituent points away from the center of the 
coordination polyhedron (Figure 1). This corresponds to an 
equatorial position in 4a. 4b, 4f/l with respect to the chelate 
ring. The methyl group at C5 is pointing inward (Figure 1) 
and thus comes into close contact with one phenyl group 
at P1 (Cl 1 in 4a, b, e, f/l; Cl  11 in 4f/2) in each case. The 
distance between C5 (C105) and the center of this phenyl 
group measures between 368 pm (4f/2) and 413 pm (4b). 
Due to the close proximity of this phenyl ring and the 
methyl group, the rotational freedom of the phenyl group 
is obviously quite restricted. Consequently, very similar tor- 
sion angles Mo-Pl-Cll-C6 (Mo-P101-Clll-C106 in 
4fi2) are found in all of the compounds (see above). The 
second phenyl group at this phosphorus has to adopt an 
orientation according to the given rotation of the first one. 
Thus, the torsion angles Mo-PI -C17-C12 
(Mo-PI01 -CI 17-Cl12 in 4f/2) are again quite close to 
each other for all the molecules 4 (Table 7). The rotational 
position occupied by the CH2NR2 substituent (rotation 
around C3-C4; C103-Cl04 in 4f/2) corresponds to the 
idealized C,-symmetry of the chair-type chelate arrange- 
ments in 4a, 4b, 4f/l (Figure 1) with torsion anglcs 
C5-C4-C3-N3 close to 180" (Table 7). For the twist-boat 
conformations, these torsion angles respond to the skew of 
the twist conformation and the corresponding angles are 
close to 60". Molecukdr models built for the compounds 
suggest that this difference in the orientation of the 
CH2NR2 groups is due to a minimization of the repulsive 
contacts between the NR2 group and the other organic sub- 
stituents. 
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Table 7. Selected bond distances [pin]. bond angles ["I and torsion angles ["I for 4a. 4b, 4e. and 4ff4 

4a 4b 4e 4fll 4f12 

Mol -PI 
Mol -P2 
Mol -S2 
Mol -C41 
Mol -C42 
MolbC43 
MolbC44 

PI-MoI-P?. 
P1 -Mo 1 -S2 

Mol -Pl-CIl  -C6 
Mol -PI -Cl7-C12 
Mol-P2-C23-C18 
MO I - P2 - C29 - C24 

C44-Mol - PI-Cl 

Mol -PI -Cl-C4 
PI -c1 -c4- c2 
c1 -C4-C2-P2(S2) 
C4- C2-PXS2) - MO I 
C2-P2(S?)'Mol -PI 
P2(S2)-MuI-Pl-C1 
CS-C4-C3-N3 

252.2( I )  
254.7(2) 

199 J(4) 
198.8(4) 
202.4(4) 
204.7(4) 

88 9( 1) 

6 3 ( 3 )  
-83 3(3 )  
- 24.3( 3) 
115.4(3) 

- 

- 

- 127.2(2) 

58.2(3) 
-76.4(3) 
-71.2(3) 

- 27.q 1 ) 
-29.4( 1) 
- 179 .O(B) 

51.2(3) 

254 l(2) 
253 3(2)  

198 2(6) 
197 O( 6) 

201 8(6) 

- 

205 2(7) 

85 S(1) 

0 2(5) 
-70 6(5) 
-0 2(5)  
69 6(4) 

- 

- 140 4(3) 

60 6(4) 

61 S(4) 

-65 7(6) 
-66 l(5) 

-41 3 (2) 
-41 O(2) 
- 180 O(4) 

253.8(1 j 

256.7( I )  
197.2(5) 
194.9(5) 
205.5(5) 
203.4(G) 

- 

- 

82.4( 1 1 

0.7( 5) 
-68.3 (4) 
- 
- 

- 101.7(2) 

61.4(4) 
-3X.5(5) 

42 5(5) 
-89 6(3) 

46 6(2) 
9.0(2) 

- 61.7( 5 )  

252.8(1) - 

253.0( I )  
198.0(4) 
197.7(4) 
203.4(4) 
203.9(4) 

- 
83.0( I )  

- 14.7(4) 
- 7 7 x 3 )  
- 
- 

- 132.1(2) 

56.3( 3) 
62.4(4) 

-73.6(3) 
76.3(3) 

-5l.8(1) 
-34.2 I )  
178.3(3) 

2 n 9 (  1) 

2S6.4( 1) 
197.3(4) 
1 9 7.1 (4) 
203.0(4) 
204.1(4) 

- 

- 

83.7(1) 

-?2.1(4) 
-82.6(3) 
- 

- 

116.2(2) 

70.4(3) 

44.1(4) 
- 83.1(3) 

K 4 ( 1  j 
- 21.6( 1 ) 
-57.7(4) 

- 3 7.8(4) 

4f/l. 4f/2 see legend lo Figure 1 ,  Compound 4h is not shown in Figure 1. The numbering schcme is such that chemically equivalent 
atoms have the same numbers in molecules 4a, 4b, 4e, 4fil; the numbering schcmc adopted for 4f/2 relales chemically equivalent atoms 
by adding 100 to the numbers used in 4f/l (not including inolybdcnum). 

The substituents at the su1lLLr centers also occupy posi- 
tions that reduce steric crowding within the molecules (Fig- 
ure 1). The positions are equatorial in the chair confor- 
mations of 4a. h, f/l and quasi-equatorial in the twist-boat 
conformations present in 4e. 4f/2. The chiral centers at C4 
and S2 in 4f have the same sense of chirality (R,R) in 4f/l. 
In 4fi2, the chirality at the sulfur center is (9, correspond- 
ing to an inversion at sulfur: the (R,S) isomer is thus 
formed. Of course. with the synthesis being non-enantiose- 
lcctivc and the crystals not belonging to a chiral space 
group, both enantiomei-s are found in the crystal [( R.R)/ 
(S,S) in 4f/l, (R,S)/(S.R) in 4f/2]. Accordingly, both enanti- 
omers are found in the crystal of 4e. The nomenclature for 
assigning absolute configurations[lX1 assigns (S) to the con- 
figuration at sulfur in 4f/2 and ( R )  to the sulfur configura- 
tion observed in 4e, which might be somewhat misleading 
if not clarified here. The configuration in 4e is thus desig- 
nated as (R,R)  while being almost equivalent to the (R,S) 
configuration of 4f/2 ( Figure 1). Again both enantioniers 
arc found in the crystal. 

To probe the influence of two or three different donor 
functions in a neopentane-based tripod ligand, the struc- 
turcs of 5a, 5h, and 5c were determined by X-ray crystal- 
lography (Figure 2, Table 8)['71. It was of particular interest 
to scc how the bicyclo[2.2.2]octane-type chelate cage would 
adapt to the presence of hard and soft donor functions and 
hence to donor atoms or quitc different radii. 

Figure 2 shows that the distortions caused by this in- 
equivalence of donor functions are not particularly promi- 
nent at first glance, even though the Mo-P (Mo-S) dis- 
tances differ from the Mo-N distances hy around 15 pin 
(Table 8). Tlic angles subtended at the metal by the donor 
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atoms are smaller than 90" for the P-Mo-P as well as for 
the P-Mo-N, P-Mo-S, and S-Mo-N fragments (in 5b, 
an angle of around 90" is found for the P-Mo-P arrange- 
ment; the standard deviation for this angle is quite good 
but there might be somc systematic error introduced by the 
fact that the benzyl group in this compound shows disorder, 
even though this disorder is wcll-resolved in the structural 
analysis['7]). As already observed for compounds 4 (Table 
7) ,  neither the Mo-P and Mo-S distances nor the 
Mo-C(C0) distances relating to bonds rmis to P or tmrzs 
to S show any significant differences (Table 8). 

The tmzs-effect of the nitrogcn donors is indicated by the 
observation that the average Mo-C(C0) distances relating 
to carbonyl groups t r i m  to nitrogen (Mo-C43) are shorter 
(193.5 pm) than the distances Mo-C41 and Mo-C42 
( 1  96.2 pm, see Table 8). 

The three torsion angles (Table 8) describing the skew of 
the scaffolding, and thus characterizing the conformalion 
of the chelate cage, are within the range of torsion angles 
prcviously observed for coordination compounds of 
CH3C(CH2PPh2)313"1. The rotational positions of the aryl 
groups at the PPh2 donor centers observed in 5 nierit some 
comment. The mutual arrangements or thc two phenyl 
groups closest to each other at P1 and P2 (C11, C23) show 
a clear distinction. These rings are almost parallel in 5a and 
almost vertical to each other in 5b. The conventional tor- 
sion angles given in Table 8 do not appropriately describe 
what is apparent when looking at Figurc 2. If a diffcrcnt 
convention, as given in the footnote to Table 8, is used to 
define these aryl torsions. the numbers arc more easily in- 
terpreted[ja1. With this convention. the rotation about the 
P-C axis relative to an idealizcd C;-axis or the MO(CO)~ 
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Figure 2. Structures of Sa, Sb, and Sc obscrved in thc crystal Table 8. Sclccted bond distances [pin], bond andes ["I and torsion 
anglcs [ "1 for Sa, Sb, and 5cbA7 

Sa Sb 5c 

Mol-PI 255.7(2) 250.8(3) 253.0(1) 
MO 1 - P2(S2) 252.0(2) 253.4(2) 255.1(1) 
Mol-N3 236.3(6) 236.6(6) 239.1(3) 
MoI -C4l 196.0(6) 196.4(8) 196.7(4) 
MolFC42 199.5(6) 194.6(7) 194.0(4) 
MolGC43 19437) 1 92.9( 8) 1 93.3(4) 

Pl-Mol-P2(S2) 80.0( 1 j 90.1(1) 81.2(1) 
P1 -Mu1 - N3 84.1(1) 80.2(2) 82.9(1) 
P?(S2)-Mol -N3 82.9(1) 79.2(2) 85.5(l) 

Mol-PI -Cl -C4 20.6(5) 26.6(6) 29.w 3 )  

Mo-N3 -C3 -C4 3 8. 5( 7) 17.8(6) 32.4(4) 

57.2(31 

Mo-P2(S2)-C2-C4 36.3(5) 4.5(6) 36.4(3) 

Mol  -Pl -Cl 1 -C6 - 5 1.1(6) 30.0(7) 28.6(4) 
Mol  -P1 -C17-Cl2 - 15.6(6) 61.1(6) 
Mol -P?-C23-ClS 39.9(6) 8.1(7) 
Mol -P?-C29-C24 -32.0(6) 83.4(7) 
H71-P1-C11-C6 -15.5 68.8 64.4 
H,l- Pl--C17-C12 -55.9 14.6 11.9 
H72-P2-C23-C18 --14.5 -34.2 - 

- 
- 

HJ - 1'2- C29 - C24 - 6.3 -46.8 - 

La] The torsion angles involving H, at thc bottom of the table are 
defined as follows: P-H, designates a vector that is vcrtical to the 
plane formed by thc thi-ee donor atoms and points towards lhe 
observer whcn in a projection onto this plane the vector Mo-C4 
points away from the observer, that is C4 is below this plane (Figure 

The planes defined by the donor atoms of the tripod ligands 
in S are alniost parallel lo the planes defined by the carbon atoms 
of the Mo(CO)? fragment in each case. 

sponds to this axis being parallel to the ring plane. whilc a 
value of k90" indicates that the corresponding phenyl group 
appears maximally extended in a projection along this axis. 
(The axis of projection used in Figure 2 is somcwhat tilted 
with respect to the idealized axis in order to allow for a 
minimization of overlap in the two-dimensional projection.) 
The meaning of the torsion angles as defined above is still 
apparent from this kind of projcction (Figure 2). The ar- 
raiigement found in 5a corresponds to a "parallel" ap- 
proach of the two inncr phenyl rings, while these two rings 
approach in a vei-tical mode in Sb (see torsion angles at. the 
bottom of Table 8). The torsion angles as defined show that 
the PPh2 groups at PI in Sb and Sc have very similar tor- 
sional arrangements. This is also intuitively clear froin 
Figure 2. 

In conclusion, tripod ligands CH,C(CH2X)(CH2Y)- 
(CH2Z) with one nitrogen donor group X and two equiva- 
lent phosphorus donor functions Y = Z = PR2, or with 
one phosphorus and one sulfur donor function Y = PR,, 
Z = SR, are readily accessible. 

Such tripod ligands with two sort (P. S) and one hard (N) 
donor atoms tend to coordinate primarily in  an q2-binding 
mode to Mo", with the soft bases bound to the metal. The 
six-membered chelate rings thus formed adopt chair con- 
formations when the donor functions are the same, but 
may have twist-boat conformations with dissimilar donor 
fknctions. 

q3-Coordination of tripod ligaiids with one nitrogen and 
two phosphorus donors, as well as those with one nitrogen, 

fragment (corresponding closely to the idealized C3-axis of 
the chelate cage) is measured. Hcrc, an angle of 0" con-e- 
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one phosphorus, and one sulfur donor, is quite possible in 
tripod-Mo(CO), coordination compounds. Under  car- 
bonylation conditions, carbonyl substitution of the nitrogen 
donor occurs selectively. 
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Experimental Section 
All manipulations involving phosphanes were carried out under 

an argon atmosphcre by means of standard Schlenk techniques. - 
The aminolytic cleavage of oxetanes w;1s carried out in a HR 100 
stainless steel high-pressure laboratory reactor (BerghofiMaasen 
GmbH). - All solvents were dried by standard methods["] and 
distilled under argon. The CDCI? and CD,CI, used for the NMR 
spectroscopic measurements were degassed by three successive 
"freeze-pump-thaw" cycles and dried over 4-A molecular sieves. - 
NMR: Bruker Avance DPX 200 at 200.13 MHz ('H), 50.323 MHz 
("C('H)), 81.015 MHz (3LP{L€I}); T = 298 K; chemical shilis (6) 
in ppm with respcct to the proton residues in CDCIi ('H: 6 = 7.27, 
I3C: 6 = 77.0) and CD2Cl2 ('H: 6 = 5.32. I3C: 6 = 53.5) as internal 
standards, and chemical shifts (F) in ppm with respect to 85% 
H3P04 (31P: 6 = 0) as external standard. - IR: Bruker FT-IR IFS- 
66; CaF2 cells. - MS (EI): Finnigan MAT X400. - Melting points: 
Gallenkamp MFB-595 010; melting points are uncorrected. - 
Elemental analysis: Microanalytical Laboratory of the Organisch- 
Chemisches Institut, Universitat Heidelberg. The procedures used 
for determining the carbon content often gave falsely low values 
when Mo was present in the compound owing to the formation of 
incombustible Mo carbide. - The silica gel (Kieselgel z.A. 
0.06-0.2 mm, J.T. Baker Chemicals B.V.) used for chromatography 
was degassed at 1 mbar for 24 h and saturated with argon. A solu- 
tion of 2.5 M nBuLi in hexanes was used for deprotonations. 
Mo(CO)~ was sublimed before use. (CHjCN)3M~(C0)3['6], la[12a1, 
lb[12b], and lg["] were prepared according to litcra- 
ture procedures. All other chemicals were obtained coinnicrcially 
and used without further purilication. 

X - ~ ~ J J  Structure Deterniitwtions: The measurements for 4a, 4b. 
4e, 4f, 5a, 5b, and 5c were carried out on a Siemens P4 four-circle 
diffractometer (equipped with a low-temperature devicc) with 
graphite-nionochromated Mo-K, radiation. All calculations were 
performed using the SHELXT-PLUS["] software package. Struc- 
tures were solved by direct mcthods with the SHELXS-86 pro- 
gram and refined with the SHELX-93 program [*Ob]. Graphical 
handling of the structural data during solution and refinement was 
performed with XPMA12'I. An absorption correction (n-scan, 
A ~ J  = 10') was applied to all data. Atomic coordinates and aniso- 
tropic parameters of the non-hydrogen atoms were refined by full- 
matrix least-squares calculations. Data for the structure determi- 
nations are compiled in Table 9[171. 

Ligand Syntheses 

Oxetanes. - Preparation qf le, If: 6.1 g (60 mrnol) oP l b  was 
dissolved in 500 ml of THE Meanwhile, 65 mmol of the thiol was 
deprotonated with 26 ml (65 mmol) of nBuLi solution in 200 ml 
of THF at 0°C. After 1 h, the solution of l b  was added slowly to 
the Li-thiolate solution resulting in a voluminous white precipitate 
o f  lithium mesylate. The reaction mixture was stirred at room tem- 
perature for 12 h. THF was then removed by means of a rotary 

evaporalor. the crude product was dissolved in 200 ml of Et20 and 
washed with 100 in1 of a saturated aqueous NaCl solution. The 
phases wcrc scparated and the aqueous phase was washed thrce 
times with Et20. The combined organic phases were dried with 
MgS04, the solvent was removed in vacuo, and the products were 
distilled under reduced pressure through a 15 cm Vigreux column, 
yielding oxetanes 1 as colourless liquids. 

3- ~Isoprop.~lsulfunyltnet~iyl) -3-nzetli.vk(ix-etnne (le): Yield: 8.54 g 
(53.3 mmol, 89%). b.p. 94°C (23 Torr). - El-MS: 177/Z (%): I60 (10) 

- C8HI60S (160.27): calcd. C 59.95, H 10.06, S 20.00; found C 
60.00, H 10.21, S 19.95. 

3- (Ben=ylstiEfrn~~lrncth,~l) -3-tnetlzdoxetune (If) r91: Yield: 10.65 g 
(51.1 inniol, 85%), b.p. 94°C (23 Torr). - EI-MS; iniz (%): 208 (10) 
[M+], 125 (25) [SCH,Ph+], 91 (100) [C,H:]. - C,2H,60S (208.31): 
calcd. C 69.19. H 7.74; found C 68.67. H 7.66. 

Amino A1rohol.v. - Preprution oJ2a-g: A mixture of 50 mmol 
of 1 and 125 inmol of amine (45% aqueous solution) was main- 
tained at 150°C i n  an autoclave (for reaction times see Scheme 3). 
Aliquots were withdrawn at intervals and analyzed by ' H  NMR to 
monitor the progress of the reaction. Upon completion, the excess 
amine and water were removed in a rotary evaporator. and the resi- 
due was distilled at reduced pressure through a 20 cm Vigreux col- 
umn (for 'YO yields see Scheme 3). 

2-~Dinzeth~~luminvnieih~l~-2-n~eti~ylpro~anr-I.3-diol (Za)["]: 
Yield: 5.17 p (35.1 mmol), b.p. 90-93°C (0.7 Torr). - CiH1,N02 
(147.22): calcd. C 57.11, H 11.64; found C 56.85: H 11.41. 

2-Metl~,~l-2-(rnethyla~i11o;~~et~~yl~propu11e-l ,3-d~~~l (2b): Yield: 
5.73 g (43.1 mmol), b.p. 90-92°C (1 Torr). - EI-MS; m/= (9%): 133 
(100) [M+], 103 (35) [M'~ - NHMe]. - C6Hi5N02(133.11): calcd. 
C 54.11. H 11.35, N 10.52; found C 53.98, H 10.97, N 10.28. 

[M+]. 130 (111 [ M '  - CH2O], 74 (100) [SC,H']; 54 (33) [C,H:]. 

2-(Ben~~vluwzinomcthyl~-2-n1ethy~ropune-l,3-~iol (2c): Yield: 
5.42 g (25.9 mmol), b.p. 135-140°C (0.6 Torr). - El-MS; ndz (9'1"): 
209 (3) [M+], 120 (46) [M+ - Bn], 91 (100) [C,H:]. - C12H19N02 
. li5 H 2 0  (209.29)*: calcd. C 67.70; H 9.19, N 6.58: found C 67.94, 
H 9.10. N 6.64; * water content: H 2 0  cannot be completely re- 
moved by distillation. 

( + ) -2 - ( Bcnzoxyma t hy 1) -2 - ( d i m e  t hylain inoine t h j ~ l )  -2-methyl- 
propan-1-01 (2d): Yield: 10.03 g (42.3 mmol), b.p. 140-145°C (1.1 
Torr). - EI-MS; iniz (oh): 237 (2) [M+], 146 (11) [Mf - Bn], 91 
(12) [C7H:], 58 (100) [C4HLO+]. - C14H21N02 (237.34): calcd. C 
70.85, H 9.77, N 5.90; found C 70.75. H 9.62, N 5.65. 

(k)-2- ( Benzoxjzmethyl) -2-inethyl-2- ( m e l ~ i ~ ~ a i ~ i i n o n 7 e t h y ~ J  - 
prupati-1-01 (2e): Yield: 7.68 g (34.4 mmol). b.p. 150-153°C (1.3 
Torr). - El-MS; i d 3  (Yu): 223 (18) [M']. 132 (59) [M+ - Bn]. 91 
(100) [C,H:]. - C6HljN02 (223.32): calcd. C 69.92, H 9.48, N 
6.27; found C 69.73, H 9.54, N 6.14. 

(l: j - 2 - (  ~iine~h~luminorneth?lll-2-j isopropvlsu~anylmethj,l)-2- 
melhylpropun-1-01 (20: Yield 7.79 g (38.0 mmol), b.p. 109°C (1.1 
Torr). - El-MS; rn/z ("0): 205 (15) [M'], 162 ( 5 )  [M+ - NMe2], 

(100) [C4Hl0+]. - CloHz3NOS (205.36): calcd. C 58.49, H 11.29, 
N 6.82; found C 58.71, H 11.25, N 6.33. 

( r t )  -2- jBenzyl.vulfunylmet11,~~l I-2- (dinzeth?,laminorwethyl)-2- 
mutlzylpropun-l-oI (2g): Yield 631 g (26.9 mmol), b.p. 115°C (1 
Torr). - CI4H2?NOS (253.4): calcd. C 66.36. H 9.15, N 5.53, S 
12.65; found: C 66.11, H 9.29, N 5.27, S 12.49. 

Preparation qf2h, 2i: 3.36 g (40 mmol) of piperidine was depro- 
tonated in 30 ml of THF with 16 in1 (40 mmol) of nBuLi solution 

130 (22) [M+ - SC?H,], 100 (6) [Mf - CH&H - SC3H?], 58 
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Table 9. Crystal data for 4a, 4b, 4e, 4f. Sa, 5b. and Sc 

Compound 4a 4b 4e 4f Sa 5b SC 

Formula C ~ ~ H ~ ~ N O ~ P ~ M O  C ~ R H ~ ~ N O ~ P ~ M O  CZ~H~?NO~PSMO CJoHj,NOJ'SMo C ~ ~ H ~ ~ N O ~ P ~ M O  C ~ ~ H ~ , N O , P & ~ U  CZ5H3lNOj- 
PSMo 

Molecular mass [dmol] 691.55 721.54 581.52 629.56 649.52 725.62 553.51 
Crystal sire [mm] 0.2 x 0.2 x 0.15 0.4 x 0.25 x 0.3 x 0.3 x 0.3 0.3 x 0.4 x 0.3 0.3 x 0.2 x 0 .2  0.3 x 0.2 x 0.4 0.3 x 0.3 x 0.3 

0.25 
crystal system triclinic triclinic triclinic triclinic moiiocliiiic inonoclinic orthorlionihic 
spacc group (NO.) I~~~I  Pi (No. 2) PI (No. 1) PI (No. 2 )  Pi (No. 2 )  P2, (No. 4) PZlin (No. 14) Plxa (No. 61) 
a [Ism] 942.6(4) 946.2(4) 912.0(2) 1066.4(5) 902.6(3) 984.7( 1) 1652.3(1) 

c [PlN 175o.n(7) 1082.3(4) 1308.6(3) 1886.6(6) I155.6( 3) 2075.7(3) 1996.2(2) 

P ["I 93.3 l(4) 11 1.33(5) 82.51(2) 87.35(1) 107.21 ( 1  ) 98.44( I )  90 
Y ["I 102.16(3) 110.98(?) 74.63(1) 88.4612) 90 90 90 
I/ [lo6 pm31 1658.3(1) 895.6(6) 1381.9(5) 3069.2(2) 1521.7(8) 3389.0(14) 5076(2) 
Z 2 1 I 4 2 4 8 
dx [g ~ m - ~ ]  1.385 1.356 1.397 1.407 1.417 1.422 1.449 
T [KI 200 200 200 200 200 200 200 
no. fflns. for cell 15 25 25 25 25 33 39 
param. refinm. 
scan range 

h [pml 1078.9(2) 1079.0(4) 1213.2(2) 1690.8(6) 1527.3(5) 1676.2(6) 1538.9(5) 

a ["I 106.14(3) 100.67(3) X4.89( 1 ) 64.590) 90 90 90 

7 

4.5" 5 2 0  5 46.0" 4.3" 5 2 8  5 50.0" 4.6" 5 2 0  >: 50.0" 3.8" 5: 2 0  5 50.0" 4.6" 5 2 0  5 52.0" 4.4" 5 2 0  5 4.3" 5 2 0  5 

50.5" 50.0" 
scan speed [" min-'1 <u = 11 cb= 10 & = 7  i b = 7  &I = 10 cu = 7 ( ; , = 8  
no. rflns. measured 4835 3278 5243 10967 3286 6415 3955 
no. unique rflns. 4506 3278 4866 10353 3105 6041 39.55 
no. rflns. observed 3995 3206 3570 8664 2723 3419 2883 
observation criterion I =' 2u I 2  2 0  I 2  10 I 2  20 I - -  20 I ?  20 I 2  20 
no. param. refined 528 423 314 729 364 13 1 296 
residual el. density 0.48 0.47 0.64 0.66 1.10 0.76 0.70 

e pm-j] 
R,  i ['O] 3.4 8.7 3.0 / 7.1 4.8 i 9.9 3.7 / 10.3 3.9 i 8.6 6.X I 14.8 3.5 18.2 
(refinement on F') 

at 0°C. After 10 min., the resulting bright-yellow solution was ad- 
ded to a solution of 20 mmol 1 in 150 ml of THF at 0°C. The 
reaction was completed by heating to reflux for 2 h, and then 
quenched by adding 50 ml of water. The phases were separated and 
the organic phase was dried with MgS04. The solvent was removed 
in a rotary evaporator and the product was distilled under 1-cduccd 
pressure through a 15 cm Vigreux column resulting in a light-yel- 
low liquid. 

2-1Metl~~~I-2-(p~erirlinotnetli~~I)pro~~ane-1,3-n'iol(2h): Yield: 2.82 g 
(15.1 mmol. 75%), b.p. 110°C (0.8 Torr). - EI-MS; /n/z (%I): 187 

CloHIINO, (187.28): calcd. C 64.13. H 11.30, N 7.48; found C 
63.60, H 11.21, N 7.34. 

(2ij: 
Yield 1.65 g (8.2 mniol. 41%). b.p. 79°C: (0.8 Torr). - EI-MS; pnlz 

(201.31): calcd. C 65.63, H 11.52, N 6.96; found C 65.43, H 11.46, 
N 6.81. 

(17) [M-1, 98 (100) [CH,N(CH,)l], 84 (37) (N(CH?):]. - 

(+I -2- !i~etliosyrizetli~vl) -2- ipiperi~linomet1~?lJpropi~n-/-(~l 

('XI): 201 (42) [M+], 98 (100) [CH,N(CH,):]. - CllH,,NO, 

Preparation qf2j, 2k. 21: 20 mmol of 2 was dissolved in a mixture 
of 25 ml of water and 25 ml of dioxane. 1.85 g (22 mmol) of 
NaHC03 was added and the solution was cooled to 0°C. Then, 
4.36 g (20 mmol) of BoczO in 20 in1 of dioxanc was added and the 
reaction mixture was stirred at room temperature for 12 h. The 
solvents were then removed at lo-' mbar, the remaining white solid 
was suspended in Et,O and liltered through 3 cm of kieselguhr. 
After evaporation of the solvent from the filtrate, the product re- 
mained as a white, microcrystalline solid. 

(323.43): calcd. C 66.84, H 9.04, N 4.33: found C 66.60. H 8.82, 
N 4.27. 

2-1 jfeut- Butox~vcarbon?;ljmeth~la~nino~ethyl]-2-me~~~?;~rt~pune- 
1,3-diol (2k): Yield: 4.10 g (17.6 mmol, 88"h). - EI-MS: /n/z ('%I): 
233 ( 5 )  [M+], 176 (12) [M+ - C,H,]. 144 (39) [CH,NMeBoc+], 
129 (38) [NMeBoc+]. 88 (13) [M+ - CH2NMeBoc], 56 (100) 
[C,H$]. - ChH15N02 (233.31): calcd. C 56.63, H 9.94. N 6.00; 
found C 56.67. H 10.06, N 5.90. 

2-[Be~i=~l~t ter t -butox~carbon~l)  uininoiriethylj-2-inethylpropane- 
I,3-diol (21): Yicld: 5.58 g (18.1 mmol, 90%). - EI-MS; mi= (%I): 
309 (15) [M+], 253 (22) [M+ - C4H9], 218 (35) [M+ ~ Bn], 164 
(31) [M+ - C4Hq - Bn], 120 (93) [CHZNBn+], 91 (100) [C,Hf] ,  
57 (80) [C,H:]. Ci7H27N04 (309.41): calcd. C 65.99, H 8.80, N 
4.53; found C 66.89, H 8.65, N 4.62. 

Reaclions Leading to Intramolecular Complications. - 4- (Hy- 
dro,~~ytnetliyl) -4-nietii?;l-2-~~Iien,~lthiolnne (A): 4.1 ml of nBuLi solu- 
tion (10.3 mmol of nBuLi) in 15 tnl of Et20 was cooled to 0°C. To 
this solution, 0.85 g (10 nimol) of piperidine was added and the 
yellow mixture was allow~ed to warm to room temperature. Then, 
830 mg (4 mmol) of If was added dropwise over a period of 5 min. 
After 2 h, the orange-coloured solution was quenched with 0.2 nil 
of water. The solvents wcrc removcd in a rotary evaporator and the 
residue was chromatographed on silica gel with a petroleum ether 
(40-60)/Et20 mixture: Yield: 0.96 g (3.7 mmol. 92%) of a viscous 
oil, Rf = 0.37 (PE/Et,O. l : l ) ,  - ' H  NMR (CDCI3): F = 1.25 (s, 6 
H, CqCH,). 1.81 (br. s. 2 H, OH), 1.78-3.22 (m, 8 H, C&S, 
CqCH2), 3.61, 3.67 (2s. 4 H, CH20H). 4.59 (ni: 2 H, CHPh) 

( + ) - 2 - B e n ~ o x ? ; m e t h y l - 2 - / j l r r t - b ~ l t a x y c u r e t h y l -  
a m i u r o m e t ~ r ~ ~ l / - 2 - ~ ~ ~ ~ r ~ r ~ ~ ~ u ~ ~ ~ ~ ~ n - l - o l  (2j): Yield: 5.32 g (16.5 mmol, 
82%). - EI-MS: ndz (YO): 323 (6) [M+], 176 (50) [M+ - Bn - 
C4H8], 144 (29) [CH2NMeBoc~'], 91 (100) [C7H?]. - CIHH29NOJ 

Cliern. BerlRecueil 1997, 130, 1279- 1294 

7.25-7.37 (m, 10 H, arom. H).  - I3C NMR (CDC13): 6 = 21.4, 
22.8 (2s, CqCH,). 40.9. 41.9 (2s. CH2Cq), 49.3, 49.4 (2s, Cq), 48.8, 
49.1, (2s. cH2S), 50.9, 51.3 (2s, CHPh), 67.6, 69.8 (2s, CH,OH), 
126.9-141.8 (arom. 0. - EI-MS; in/z ("A): 209 (100) [M+]. - 
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CllH160S (208.31): calcd. C 69.19, €3 7.74. S 15.39: foulid C 69.11, 
H 7.79, S 15.25. 

2-(Dipheti~~1phospfinn~l~ietl7yl)-,7-tne/lz~~l~~roipcn-l-ol (B): 0.85 g 
(10 mmol) of piperidine in 15 ml of toluene was deprotonated with 
4.1 ml (10.3 mmol) of iiBuLi at 0°C. Subsequently, 0.9 g (3 mmol) 
of l g  in 10 ml of toluene was added dropwise at room temperature. 
The ycllow reaction mixture was heated to reflux for 20 h. leading 
to a gradual change in colour from orange to dark-red. The solu- 
tion was then quenched with 0.2 ml 01-deoxygenated water and the 
solvents were removed at 10-I mbar. The residue was chromatog- 
raphed on silica gel with a petroleum ether (40-60)/E,t20 niixturc: 
Yicld: 0.16 g (0.6 mmol. 19%) of a viscous oil. R,. = 0.37 (PE/Et,O, 

1.00 (s, 6 H ,  CqCH3), 1.50 (br. s, 1 H, OH) ,  2.22 (br. s, 2 H, CH2P), 
3.42 (s. 2 H. CHIOH), 7.27-7.54 (in, 10 H. arom. H).  

Tripod Li,yunds. - Prepnriztion of  3a. 3b, 3h. 3i: 1 equiv. of the 
appropriate substituted propane-1.3-diol in 'THF was deprotonated 
with 2.2 cquiv. of nBuLi at 0°C. The resulting ycllow solution was 
allowed to warm to room temperaturc and subsequciitly rccoolcd 
to 0°C. A THF solution of 2.2 equiv. of methanesulfonyl chloride 
was then added dropwise, and the now colourless reaction mixture 
~ 7 a s  stirred at room temperature for 3 h. I n  a separate vessel, 2.5 
equiv. of diphenylphosphane in THF was deprotonated with 2.75 
equiv. of nHuLi. The resulting red Li diphenylphosphide solution 
was slowly added to the reaction mixture at 0°C. After stirring for 
10 h at room temperature, the reaction ~ a b  quenched by the ad- 
dition oP 100 ml of deoxygenated water. The phases were separated 
and the solvent was evaporated from the organic phase. The re- 
sulting pale-yellow oil was chromatographed on silica gel with a 
petroleum ether (40-60)/Et20 mixture. 

.?,2 - Ri.s i dipli c . n y ~ h o , s p l i i i n ~ l i i z ~ ~ i ~ ~ ~ i ~  - iV, N-diiwlhylp roptmumine 
(3a): Yield: 16.20 g (33.5 mmol, 67c!/r~) of a viscous oil, Rf = 0.31 
(PE/EtlO, ?:I). - El-MS; m/z (o%): 483 (30) [M+], 425 (25) [M ' - 
CH2NMe2], 406 (86) [M+ - Ph], 199 (36) [CH,PPh:], 183 (42) 
[PPh,t], 58 (100) [C4HIO+l. - C31H35NP2 (483.57): calcd. C 77.00. 
H 7.30. N 2.90, P 12.81; found C 76.73. H 7.70, N 2.39, P 12.69. 

2,2- Bis f diplienylpliospliai~yltiietlzyl~ -2-p~~erii l inoti iurh)~~ropurze 
(3b): Yield: 7.33 g (14 mmol. 70%) o f  a viscous oil, R f  = 0.37 (PEI 

2:3). - 31P NMR (CDCI,): 6 = -27.0. - ' H  N M R  (CDC13): 6 = 

Et,O, 9:l). - El-MS; rn/z ('%I): 523 (33) [M+], 446 (61) [M- ~~ Ph], 
338 (12) [M' - PPhl], 183 (16) [PPhT], 98 (100) [CH2N(CH?);]. 
- Ci4Hj9NP2 (523.64): calcd. C 77.99, H 7.51, N 2.67, P 11.83: 
found C 77.90, H 7.36, N 2.62, P 11.71. 

N- ( tert- Butoxycfirboii~l~ -2.2-,is(diphen~~lphospliati~li?i~th~l) -AT- 
i t i e t l i ~ ~ r o p a i ~ a t ~ ~ i / z e  (3h): Yicld: 3.87 g (6.8 mmol, 34%) of a viscous 
oil; Kf = 0.45 (PE/Et20. 3:l). - EI-MS; m/z Wi): 569 (20) [M+], 
492 (12) [M+ - Ph], 436 (59) [M ' 
- 2 PPhz], 

- Ph - C4Hgl. 199 (22) [M+ 
- CjjH41NOZPZ 184 (39) [PPhj]. 56 (19) [C4H$]. 

(569.66): calcd. C 73.80. H 7.25. N 2.46; found C 73.60, I1 7.66, 
N 2.34. 

N- Ben r y I- N -  ( t e r t - h 21 f o x y  c a111 o n y  I )  -2,2 - b is ( d i p  li e n  y I- 
pl2o,sphanylrnet~iyl)p~opu~zf~/~r~?ie (3i): Yield: 5.87 g (8.5 mniol, 34x1) 
of a viscous oil, K s  = 0.48 (PE/Et20, 3:l); El-MS; mi: (oh): 645 
(20) [M+], 568 (100) [M ' - Ph], 512 (50) [M' - Ph - CJH,], 425 
(20) [M+ - CH~NBIIBOC], 183 (36) [PPh$], 91 (47) [C,H:], 57 (22) 
[C4H:]. - C41H4jN02PZ.1/2 E t 2 0  (645.76): calcd. C 75.65. H 
7.38; N 2.05, P 9.07: found: C 74.82, H 7.15, N 2.07, P 9.00. 

Preporation of 3c, 3d: 5 mmol of 3 w s  dissolved in 10 in1 of 
CH2C12 and 5 ml of trifluoroacetic acid was added. The solution 
was stirred for 2 h and then the solvents were removed at lo-' 
mbar. The resulting highly viscous oil was dissolved in EtzO and 
10 ml of deoxygenated water was added. Residual trifluoroacetic 
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acid was neutralized with KOH (I  N solution in deoxygenated 
water). The phases were separated and the organic phasc was dried 
with MgS04. Removal of the solvent at lo-' mbar yielded wry 
viscous oils; which tenaciously retain solvents. 

2.2-~is~diphe~iy lphosphun~~l~te t l t~~l~-N- t~ ie th~~lpropunat~i ine  (3c): 
Yield: 2.31 g (4.9 inmol, 99%). - EI-MS; nrlz (%): 469 (21) [M+], 
425 (12) [Mi - CH?NCHI], 392 (100) [Mi - Ph], 199 (22) 
[CH,PPh2+], 183 (39) [PPhT], 84 (53) [CSHlON+]. - C3oH,3NPz' 1/6 
CH2C12 (469.55): calcd. C 74.91. H 6.95, N 2.90, P 12.81; found C 
75.27, H 6.99, N 2.91, P 12.73. 

~~-Bei1r~l-~.2-bis/n'ipl1criylphosp~ia~i~~l1nctli~~l~propuiii~i~zirre (3d): 
Yield: 2.67 g (4.9 mmol, 9 7 O h ) .  - EI-MS; m k  (oh): 545 (4) [M+], 
470 (20) [M+ - Ph], 254 (47) [M - NHBli - PPhZ], 199 (39) 
[CHzPPhf], I85 (36) [PPhT]. 160 (37) [M+ - CFI2PPh2 - PPh,], 
91 (100) [C,H:]. - C16H37NP2. l /2 Et,O (545.64): calcd. C 78.22. 
H 7.01, N 2.47, P 10.90: found C 78.56, H 7.09, N 2.47. P 10.98. 

Preptrmfion .J 3e, 3f: The preparations oP 3e and 3f were carried 
out similarly to that of 3a. Half of the stated amounts of rzBuLi 
(deprotonation of the alcohol moiety), niethanesnlfonyl chloride. 
and Li phosphide wcrc employed. 

i ?) -2- ~ D i p h c n ~ ~ l p I i o s p h a t i ~ l ~ ~ i e t l ~ ~ ~ I j  -2- i i,soprc~p~~Isirlfuri~lnret~iylj - 
-dii?-ietlz~~,o~?na/nitze (3e): Yield: 7.88 g (21.1 mmol. 84%) of 
scous oil, Rs = 0.28 (PE/Et,O. 9:l). - EI-MS; m/z  (9;): 374 

(25) [M+]. 330 (68) [M+ - NMe?], 183 (33) [PPh:]. 58 (100) 
[C,H,,,+]. - CZ2Hi2NPS (373.541: calcd. C 70.74, H 8.63, N 3.75, 
P 8.29, S 8.58; found C 70.28. H 8.74. N 3.63, P 8.17, S 8.66. 

( i) -2- ( ~ ~ n ~ ~ ~ l , s i i l f u i i y l ~ t i e t ~ i ~ l )  -2- (dip/~eri.ylp/iosphtrriglnic.th~~lj - 
~ ~ ~ ! N - d i ~ i ? e t i i ~ ~ r o ~ r t i i i / ~ i i i ~ e  (30: Yield: 4.78 g ( 1  1.3 mmol, 77'%) of a 
viscous oil, R, = 0.38 (PE/Et20. 3:l). - El-MS; t ~ d z  (%I: 422 (50)  

- C2(,H,,NPS (421.58): calcd. C 74.08. H 7.65, N 3.32. P 7.35, S 
7.60: found C 74.02. H 7.81. N 3.35, P 7.52, S 7.20. 

[M+], 330 (68) [M' - NMeZ], 183 (33) [PPh;], 5X (100) [C,H,,+]. 

Prepuriitioii 4 3 g :  The reductive cleavage of the SBn bond in 3f 
was achieved with Li/NH,ITHF following a published procedurei'l. 

f +) -2- ~Uiplieri~~lphosphtinylinetliyl~ -2- (sulfiinylrneth~~li- 
nin?etllylpropano/~iinc. (3g): Yield: 1.43 g (4.3 mmol, 78'%) of a vis- 
cous oil, R,- = 0.35 (PE/Et,O. 1:l). - EI-MS; ni/z (Yo): 330 (4) 
[M+], 298 (15) [M+ - SH]. 199 (22) [CH*PPh']. I83 (28) [PPh:]. 
58 (100) [C4HlO+]. ~ ClyH2,NPS (331.46): calcd. C 68.85. H 7.91, 
N 4.23: found C 68.52, H 7.93. N 4.18. 

Coorihition Chetiklvy 

Tetraccirhonyl Molybdenuni Compounds. - Pieparotion oj'4a-4e: 
1 mmol of 3 was dissolved in 100 ml of freshly distilled toluene. 
264 mg ( 1  Inmol) of Mo(CO), was addcd and thc mixture was 
heated to reflux for 4 h. The toluciic was tlicn removed at lo-' 
mbar. The resulting brown solid was washed three times with petro- 
leum cthcr (40-60) to rcmove excess MO(CO)~. Crystals suitable 
for X-ray structural analysis were obtained by vapour diffusion of 
petroleum ether (40-60) into a solution of the crude product in 
CH2CI, (4a: 4d, 4e). 

($ -8 P- [2,2 - Bis ( diph eny l ph  osp hany In? e thj , l )  - N, N-dim e t t q  I-  
propni~nmir ieJ~te truc .arbonyl~~io~b~e~iu i~ i (0)  (4a): Yield: 486 mg 
(0.7 mmol. 70%) of a brown solid. Recrystallization afforded 346 
mg (0.5 mmol, 5OU%) of yellow crystals, m.p. 104 -106°C. - 

C 60.45, H 5.16. N 1.84. 
CiSH3jMoNOJPI (691.55): calcd. C 60.79, H 5.10; N 2.03; found 

{q2 - E P- /2 ,2  - Bis (d iph  erij , lph ospli unyltne thj'1) -2- ( p  ip er idin o- 
inethy1)propane Jltctracarbon),lrizolj~bdenut~i~0J (4b): Yield: 586 ing 
(0.8 mmol. 81%;) of a brown solid. Recrystallization afforded 244 
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mg (0.3 nimol, 34%) of yellow crystals, n1.p. 1[~-1(i7"c.  - 
C ~ ~ H B M O N O ~ P ?  (721.54): calcd. C 63.26, H 4.05, N 1.94; found 
C 61.79, H 5.42, N 1.84. 

{IT' - E P- (2.2 - Bis ( diplzen~,lpliosphiin.~ hn e thy I )  - N-in e thy@ ropinz - 
ainirie/) tc tracnrboi iy~~no/y~)~eni~~i  (0)  (4c): Yield: 600 mg (0.9 
minol, 89%) of a brown solid, m.p. 104°C. - C34H43MoN04P2 
(677.53): calcd. C 60.27, H 4.91, N 2.07; found C 57.24, H 4.83, 
N 1.95. 

{q' - P, P- [iV- Ben z y  1-13,? - b is (d ip l i  eizy Ip h osplitinjilmr t h j , l )  - 
pro~~unwnine 1 Itetracnrbon~lino!l.htlenu~~i(O) (4d): Yield: 522 ~ i i g  
(0.7 mmol, 69%) of a brown solid, 1n.p. 115°C. - C40H37MoN04P2 
(753.63): calcd. C 63.75. H 4.95, N 1.86; found C 61.97, TI 5.20, 
N 1.76. 

{q2 - P, S -  / 2 - ( D iph en?; Ip Ii o s p  h a iiy Im e t11.v I -2 - ( i s  op  rop j '  I -  
sul f ~ n y b n e t l i q l )  -N N-dir~ie t l i j~ lpro~~~a~i~imine /  ) tei  r~ic~r irhoi~~~l~nolqb-  
denum(0) (4r): Recrystallization of the crude product atTorded 187 
mg (0.3 mmol. 32%) of yellow crystals, m.p. 125-130°C. - 
C2hH;2MoN04PS(581.52): calcd. C 53.70, H 5.55, N 2.41, P 5.33; 
found C 52.28. H 5.87, N 2.18, P 5.06. 

{?i2-e S-(2-  (Bcii=ylsirlfirn)~l~~iethyl) -2- idiphciiyl~~lzosphariyl- 
p h  osp hany h i e  thy 1)  -A: N-dim e thy lpr opnnam inc j ) t e t ru cr bo ny I -  
niolybrIeizzm(O/ (40: The preparation of 4f was carried out sinii- 
larly to that dcscribcd for 4a. However. excess Mo(CO)~ could not 
be removed by washing with petroleum ether (40-60) since 4f is 
freely soluble in this solvent. Reci-ystallizatioii of the crude product 
from petroleum elher (40-60) afforded 249 nig (0.4 mmol. 39%) 
of yellow crystals, m.p. 134- 137°C. - C30H32MoN04PS (629.56): 
calcd. C 57.24, H 5.12. N 2.22, P 4.92. S 5.09; found C 56.20, H 
5.30, N 2.15, P 4.85, S 5.05. 

Tricarhonj>l :klolybdenLmi Conipounds. - Prepnration of 5a, 5h: 
A stirred solution of 1 tnmol of 3 in 100 nil of CH2C12 was cooled 
to -70°C and 0.95 mniol (288 mg) of freshly prepared 
(CH;CN)3Mo(C0)3 was added. After 2-4 h. all of the 
(CH,CN),MO(CO)~ had dissolved, resulting in a clear yellow solu- 
tion. 'The solvent was then removed at lo- '  mbar without heating 
the solution. The products were recrystallized by vapour diffusion 
of petrolcuin ether (40-60) into a solution of 5 in CH2Cl2 at 0°C. 

i ? 1 - [ 2 ,2 -  Bis ( d i p  h eny Iph osphiin y 1111 c t h j i l j  -AT- nie thy lpro  - 
pirizni?iine~tricarbo1zqI1~io~~b~~e1~1ii~i~0) (5i): Yield: 586 mg (0.8 
nnnol, 81%) of a ycllow solid. Recrystallization afforded 298 mg 
(0.5 mmol, 46%) of yellow crystals, m.p. 168-174°C (dcc). - 

found C 60.53, H 5.41. N 2.07. P 9.46. 
( ? ) - [ N - B e n  z y 1-2, 2 - b is ( d ip  h e r1.y I p  h o s p  k a n,v Im e t li),  I )  - 

proparrm~iine/tricurbo~1~~Ir7iol~~bdenzrr,,I~ j (5b): Yield: 548 mg (0.8 
mmol, 75%) of a ycllow solid. Recrystallization afforded 197 mg 
(0.3 mniol, 27%) of ycllow crystals, imp. 200-205°C (dcc). - 

- found C 62.77, H 5.17, N 1.87, P 8.45. 

[2- ( D i p l i e n ~ ~ l p h o s p h a n ~ l ~ r i e t ~ i ~ l )  -2- (isoprop~lsuIfclnylriiet~~yl) - 

h! ~ - d i t i ~ e t h ~ ~ ~ r o p a r u m ~ ~ ~ e / i r ~ c ~ r L ~ o ~ i y ~ ~ n o ~ ~ ~ ~ ~ e n ~ ~ i ~ z  ( 0 )  (Sc): The 
preparation of 5c was carried out similarly to that described for 
5a (see above). After 3 h, the clear yellow reaction solution was 
concentrated to half of the initial voluinc and laycrcd with petro- 
leum ether (40-60). After two days a1 O'C, 174 mg (0.3 nimol; 
31%~) of long, yellow needles suitable for X-ray structural analysis 
were obtaincd: m.p. 145- 147°C (dec). - C2,H3,MoNO,PS 
(553.51): calcd. C 54.25, H 5.83, N 2.53. P 5.60, S 5.79; found C 
53.69, H 6.02. N 2.43. P 5.59. S 5.64. 

Interconver,rion O.f'Mo( COjs and M o I C O ) ~  Deriintives. - Cotz- 
vec~ion of 5c to 4e: 0.61g ( I .  1 mmol) of 5c was dissolved in 100 ml 

C ~ ~ H ~ ~ M O N O ~ P ~  (649.52): calcd. C 61.02, H 5.12, N 2.16. P 9.54: 

C ~ ~ , F I ; ~ M O N O ~ P ~  (725.62): calcd. C 64.56, H 5.14, N 1.93, P 8.54: 

of CH2Cl,. The solution was stirred while CO ( I  bar) was bubbled 
through it. After Ih. only thc vc0 1R band pattern of a tetracar- 
bony1 species could be dctectcd. The solvent was removed at 10 ' 
mbar affording 0.61 g (1 mmol, 95%) of a dark-yellow solid, which 
showed 31P-NMR, IR, and mass spectra identical to those of4e. 

Con~ersion 9f4e to Sc: 0.75 g (1.3 minol) of 4e was dissolved in 
100 ml of THE The solution was irradiated at -5°C in a 2-propa- 
nol-cooled Duran-50 glass apparatus with a mercury lamp (TQ 150 
Hanau). 1R-samples were taken periodically to monitor the prog- 
rcss of the reaction. After 12 h, only the vco IR band pattcrn of a 
tricarbonyl species was detectable. The solvent was removed at 10-I 
mbar rcsulting in 0.6 g (1.1 mmol, 8S%) o l  a brown solid showing 
"P-NMR. IR, and mass spectra identical to those of 5c. 
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