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from >95% CpRe(CO),D, and KH) with 5 in THF was
followed by 2H NMR spectroscopy. Only one signal at
8 4.05 due to Cp(CO),Re(CH,~CDCHj;) (6-d) was de-
tected.

We have attempted to independently synthesize the
intermediate II proposed for alkyne hydrogenation by
Re—Pt dihydride 1. Although II was not observed, the risky
prediction of Re alkene complex formation with retention
of vinyl stereochemistry was borne out, consistent with our
hypothesis that II is a precursor of rhenium alkene com-
plexes. The reactions of vinylplatinum compounds with
Cp(CO),ReH" (3) are rare examples of the cleavage of a
vinyl-transition-metal bond by a transition-metal hydride.’
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Summary: Reaction of hexafluoro-2-propanethione 1-
adamantylimide (1) and dichlorogermylene at room tem-
perature gives the [3 + 1] cycloadduct (CF3),CSN(R)-
GeCl, (2; R = adamantyl). The bond angles of the four-
membered CSNGe heterocycle 2 are all close to 90°.
This compound exhibits an unexpected stability at room
temperature.

Cycloaddition reactions play an important role in organic
chemistry, but only a few publications have appeared that
deal with [3 + 1] cycloaddition reactions.!® To our
knowledge, there have so far been no reports on [3 + 1]
cycloaddition reactions with carbenes or their homologues.”
Heterocumulenes are important precursors for cyclo-
addition reactions.®

Recently we described the synthesis of (CF;),C=S=NR
(1; R = 1-adamantyl) using C1(CF3);,CSN(H)R as starting
material.’ The latter compound reacts with NaN(SiMe,),
or LiN(SiMe;), in a 1,3-dehydrochlorination reaction to
yield 1. We have shown that 1 reacts with norbornene in
a [2 + 3] cycloaddition reaction to yield the iso-
thiazolidine.®

Herein we describe the reaction of 1 with dichloro-
germylene~dioxane to yield (CF;),CSN(R)GeCl, (2).

The reaction of 1 with 1 molar equiv of dichloro-
germylene—dioxane in Et,O at 20 °C afforded 2 (mp 103
°C) in 42% yield. After recrystallization from THF at —20
°C, yellow crystals of 2 are obtained that hydrolyze readily
when exposed to air. In the ®F NMR spectrum of 2 a
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Figure 1. Structure of 2, shown with 50% thermal ellipsoids.
Selected bond distances (A) and angles (deg) are as follows:
Gel-N1 = 1.813 (3), Gel-Cl1 = 2.008 (4), N1-S1 = 1.787 (4),
S1-C11 = 1.819 (4); N1-Gel-Cl1 = 82.9 (2), Gel-N1-S1 = 96.9
(2), N1-S1-C11 = 89.3 (2), S1-C11-Gel = 89.4 (2).
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single line at —62.3 ppm is consistent with formation of the
four-membered heterocyclic cycloaddition product. This
has been confirmed by the single-crystal X-ray structure'®
(Figure 1).

(10) Crystal data for C,;H,;Cl,F;GeNS (2) at -120 °C: a = 11.811 (2)
A, b=11.431(2) A, c=12800(2) A, 8 =91.42 (2)°, V = 1727.6 (5) A%,
Z = 4,d ;.4 = 1.83 g/cm?, space group P2,/c. A total of 2661 reflections
were measured on a STOE-Siemens-AED diffractometer. After equiva-
lent reflections were merged, 1937 reflections with F > 30(F) were used
for all calculations (all programs written by G.M.S.): final residual R =
0.039, R,, = 0.033. A riding model with idealized hydrogen geometry was
employed for H atom refinement. Further details of the structure de-
termination (atomic coordinates, complete bond lengths and angles,
structure factors, and displacement parameters) have been deposited at
the Fachinformationszentrum Karlsruhe, Gesellschaft fiir wissenschaft-
lich-technische Information mbH, D-7514 Eggenstein-Leopoldshafen 2,
Federal Republic of Germany. Any request for this material should quote
the full literature citation and the reference number (CSD 55654).
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The S-N (1.787 (4) A) and the S-C bond (1.819 (4) A)
are about 0.2 A longer than in 1 (1.544 and 1.646 A, re-
spectively), which indicates that the double bonds have
become single. The NSC angle is reduced from 108.9° (1)
to 89.3° (2). Although the bond angles of the four-mem-
bered heterocycle 2 are all close to 90°, this compound
exhibits an unexpected stability at room temperature. No
evidence for dimerization or ring expansion of 2 was found
even after prolonged storage at room temperature. This
illustrates the ability of the trifluoromethyl groups to
stabilize strained ring systems.!!

Experimental Section. All operations were conducted
under an inert atmosphere. A 13.25-g (40-mmol) amount
of 1 was added at room temperature to a suspension of 9.26
g (40 mmol) of dichlorogermylene-dioxane in 60 mL of
anhydrous Et,0. After 72 h the reaction mixture was

(11) Lacrampe, G.; Lavayssiére, H.; Riviére-Baudet, M.; Satgé, J. Recl.
Trav. Chim. Pays-Bas 1983, 102, 21.

filtered and the solvent removed in vacuo. The residue
was crystallized from anhydrous THF at -20 °C, giving 8.0
g (42%) of a yellow solid, mp 103 °C. IR (Nujol 1270-1190
(vs, br), 980 (vs), 690 (vs), 450 (vs). 'H NMR (C;Dq; 6,
ppm): 1.73 (m, 3 H), 1.52 (m, 6 H), 1.27 (m, 6 H). *F
NMR (C;Dg; 6, ppm): —62.3 (s). *C NMR (C.Dq; 6, ppm):
123.7 (mgq, 'Jep = 281 Hz, CF,), 72.5 (sep, 2Jcr = 32 Hz,
C(CF;),), 58.7 (s, Ad), 35.7 (s, Ad), 29.7 (s, Ad). Mass
spectrum (70 eV; m/e (relative intensity)): 475 (10), 135
(100)- Anal. Calcd for 013H15012F6G9NS: C, 32.9; H, 3-2;
N, 2.9. Found: C, 31.4; H, 3.6; N, 2.3.
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Summary: Nucleophilic addition to the exo, syn isomer
of [(CsHs)Rh(Pr,PXn-crotyl)] TBF,” is shown to yield me-
tallacyclobutane complexes in high yield, in contrast to a
previous report. The S-unsubstituted metallacycle from
hydride addition is unstable with respect to rearrangement
to the (E)2-butene complex, but S-monosubstituted me-
tallacycles from carbon nucleophile addition are indefi-
nitely stable. In contrast, the corresponding endo, anti
isomer of [(CsHs)Rh(Pr,P)Xn-crotyl)]*BF,~ suffers kinetic
nucleophilic addition exclusively at the allyl terminal car-
bon, giving (Z)-olefin complexes.

Metallacyclobutane formation by kinetic nucleophilic
addition to the »®-allyl central carbon is general for com-
plexes of the form [(C;Me;)M(L)(n?-ally)]*X~ (M = Rh,
Ir; L. = MesP, C,H; X = BF,, PF, OTf).12 1t is therefore
surprising that two isomers of the closely related cyclo-
pentadienyl complex [(CsH;)Rh(‘PrsP) (n-crotyl) 1 X (1;
n’-crotyl = 1-methyl-n*-allyl; X = PF, BF,) are reported
not to give metallacyclobutane complexes on treatment
with LiAlH, at low temperature.> To probe the origin of
this discrepancy in reactivity, we have reinvestigated nu-
cleophilic additions to this and related systems. In this
communication, we report the reassignment of the n°-crotyl
configuration in one isomer of complex 1 and a complete
divergence in reactivity between the two configurational
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isomers, only one of which kinetically yields the anticipated
metallacyclobutane complexes. In addition, we find that
an alkyl substituent on the metallacycle g-carbon syn to
the phosphine ligand stabilizes the rhodacyclobutane
complexes toward both rearrangement and decomposition.

The isomeric n>-crotyl complexes 1, and 1, were prepared
from (C;H;)Rh(‘Pr;P)(2-butyne) and HBF,OEt,, as re-
ported (eq 1).> The dramatic differences observed in the
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'H NMR resonances of the crotyl ligand,*® coupled with
our previous experience with isomeric 4°-allyl complexes
of iridium,'® led us to suspect that these complexes were
configurational isomers® as well as stereoisomers at the
methyl substituent, as previously assigned. Difference
NOE spectroscopy was used to resolve this ambiguity;’ the

(4) We report® spectroscopic data in CDCl, for the BF, salts of com-
plex 1, complementing Werner’s data in CD;NO, for the PF,; complexes.

(5) Spectroscopic and analytical data are provided as supplementary
material.

(6) In the conventional nomenclature for n*-allyl complexes of this
type, exo refers to the allyl orientation “point up™ toward the C;R; ligand
and endo to the corresponding “point down” configuration. Syn and anti
refer to the orientation of the allyl substituent in relation to the allyl
central proton.
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