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nido-Anions (dicarbollides) and their complexes 

1. Introduction. New discoveries regarding opening, closing, expanding, 

contracting carborane cages continue to be reported, and together with work 

. 
on smaller.c&rboranes (Part B) provide the nest novel and interesting develop- 

ments in carborane chemistry. 

Fundamentally, close-carborane cages can be opened in two ways. Cleavage 

with base removes a boron (or other) atom from the cage, leaving a pentagonal 

open face, as in Hawthorne's synthesis of the dicarbollide monoanion C2B9H12- 

from C2B&ii2. Addition of an electron pair by reduction with alkali metal 

can also open a pentagonal face in a close-carborane, without removing any atoms 

from it. The reverse of these processes will close the open-faced anions to 

close-carboranes. Thus, reaction of a dicarbollide dianion CpBpHlI 2- with a 

Lewis acid such as RBC12 yields the a-carborane C2BlOHllR. or with a 

transition metal cation forms the dicarbollide-transition metal complex having 

one vertesx of the icasahedron occupied by the metal atom. Oxidation of C2E9Hl12- 

can yield the cIoso-carborane CzByHl1. .- 

2. Nomenclature. The reader vho is somewhat inexperienced with car- 

borane chemistry can find information on nomenclature in earlier Annual 

Surveys, especially Organometal. Chem. Rev. B, 5 (1969) 1. The new borane 

nomenclature rules for numbering of&@-carboranes proposed by the American 

Chemical Society are being gradually adopted even by Havthorne, whose own 

numbering system for dicarbollide anions make8 more sense from the practicing 
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chemist's (as opposed to the abstractor and indexer's) point of view. *How- 

ever, readers must be cautioned that two very different numbering systems 

*are in current use, and a structural formula or some familiarity with the 

chemistry is necessary in order to decipher what is meant by a name in any 

given instance. 

Within this Annual Survey, the reader can find properly numbered icosa- 

hedral carboranes in Figs. 6 and 18, a dicarbollyl complex numbered accord- 

ing to Hawthorne's system in Fig. 2, a smaller dicarbollyl-type complex 
I> 

numbered according to the official system in Fig. 10, and a third &$proach 

to the numbering, assigning the metal atom number "l", in Fig. 13. 

As has been the custom in these Surveys, the icosahedral carboranes will 

be referred to by the trivial names "2-carborane" for 1,2-dicarba-closo- 

dodecaborane(l2), "g-carborane" for the 1,7-isomer, and "2-carborane" for 

the 1,12-isomer. 

3. E2q&,'- anions and 13-atom caees. Zakharkin was the first to 

discover that alkali metals can add two electrons to the tcosahedral car- 

borane cage without removing any atoms, thus converting C2B10H12 to C2B,10H122-. 

Hawthorne and coworkers in 1971 showed that this reduction opens a pentagonal 

face in the cage and thus amounts to a cage expansion, and they made a 

cobalt complex, (CsHs)Co(C2B19H12), .having a 13-atom polyhedral cage structure 

(see J. Organometal. Chem.. 41 (1972) 14). Rawthorne's group has now re- 

ported the isolation of the tetramethylammonium salt of the derived 

monoanion, C2B10H13 . Reduction of a'C2B10R12 with sodium in tetrahydrofuran 

gave the dianion (12)-7,8-C2B10H122-, which on treatment with BF3-0Et2 

and then H,O yields (12)-7,8%2B~$i~~- (numbered according to the nev 

American Chemical Society rules). The tetramethylamnonium sait undergoes 

anion rearrangement at 100° to form (12)-3,13-C2B10H13-. structure assigned 

on the basis of nmr spectra, and further pyrolysis at 2000 yields the 

icosahedral carborane Me3NBH2C2B10HIl and dicarbollide monoanion C2B9H12-(1). 

Re.ferencesp.443 
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<12)- 7,8’C.pl@13 (12)-3,13-C2B10H13 

Zakharkin and Kalinin have prepared the (12)-7,8-C2BloH12 
2- dianion, 

reacted it with cobalt chloride to produce a cobalt complex similar to that 

previously reported by Hawthorne and coworkers, and then isomerized the 

cobalt complex by refluxiag it in tetrahydrofuran (2). Oxidation with cupric 

chloride vas found to remove the cobalt from the rearranged cage to generate 

=-carborane. It was noted that this isomerization proceeds under much milder 

conditions of temperature than the usual &- to e-carborane rearrange- 

ment, which requires 400-500°. 

Kalinin and gakharkin have also found that the anions 
2- 

R2C2B10H10 

will reduce aldehydea In a manner analogous to that of gH4-, except that the 

most exposed boron atom of the opened cage bonds firmly to the carbonyl 

oxygen. The initially formed anionic product is oxidized with cupric 

chloride to again form the cXoao-o-carborane, -- which then has the alkoxy 

group bonded to boron at the f-position of the icosahedron (3). 

H H 
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1. PhCHO , 
2. cuc12 

II 

4. Transition metal dicarbollide and related complexes. Tbe most 

interesting new developments in this area involve various cage expaneions 

and contractions studied by Hawthorne and coworkers. Both the base-acid and 

reduction-oxidation approaches to cage opening and closing, already described 

in subsection 1, have been used for this work. 

Degradation of (CsIi5)Co(C2B9Hll) with aqueous base followed by oxidation 

with hydrogen peroxide has yielded the cage-contracted product 

(Structure 11 in Fig. 1) (4). Further transformations of this 

included opening the cage and removing a boron atom with FeC13 

ethanol to produce a &&-dicarbollylcobalt complex, pyrolyeis 

<C5~5)CdC2B#10) 

product 

in refluxing 

to a closo- 

By-dicarbollylcobalt complex, and pyrolytic rearrangements of the close-By- 

dicarbollylcobalt complex (Fig. 1). Similar By compound8 have been prepared 

previously by other methods (Orgawmetal. Chem. Rev. B, 6 (1930) 331-332). 

Analogous degradation of Co(C2B9Hll)2- to <C2B9Hll)Co(C2BSHlC) was also 

carried out (4)- 

The contracted cage compound (C5D5)Co(C2BSR10)open8 to a m-derivative 

(C5R5)Co(C2RgDlo -NC5II5) on treatment with pyridine (5). The analogous 

(“2B9H11)-(C2BgHlo) 

reported the crystal 

behaves similarly (5), and Churchill and Gold have 

structure of.the pyridine derivative (Fig. 2) (6). 
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IFor IA 

a=CH. O=BH 

Fig. 1. Reaction scheme for the degradation of II by PeC13 to give V, followed 
by elimination of Hz from V to give [(n-C5H5)-Co(n-(2)-6,7-B$&)]. [From C. 
J. Jones, J. N. Francis, and M. F. Hawthorne, J. Amer. Chem. Sot., 94 (1972) 
8395.3 

Reductive opening of a CoC2BB cage has been observed by Evans and 

Hawthorne, who have treated (C5H5)Co(C2B8H10) (an isomer of II in Fig. 1; for 

structure, See J. Organometal. Chem., 41 (1972) 16) with sodium naphthalide, 

and on reaction with NaC,$iS and CoC12 obtained the biscobalt dicarbacanastide 

complex (C~H~)CO(C~B~H~~)CO(C~H~) (Fig. 3) (7). 

Substitution reactions of dicarbollide complexes have also provided aome 

novel chemistry. Thermal decomposition of the benzenediazonium salt of bis- 
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Fig. 4. The proposed structure of the anion [(n-7,8-B9C2H10)2-C6H3RCo]- 

(R = H or CH3). [From J. N. Francis, C. J. Jones, and M. P. Hawthorne, J. 
Amer. Chem. Sot., 94 (1972) 4879.1 

from the solvent, and the evidence suggests that a free radicalmechanfsm 

is involved. 

Beer and Todd have 

molybdenum. or tungsten 

leads to phosphorus- or 

(Fig. 3) (9). 

n 

found that the photochemical reaction of chromium, 

carbonyl with Fe(1,7-CB9HlCP)2 or Pe<l,7-CH9H10As)2- 

arsenic-linked complexes of the metal carbonyl 

2- 

Fig. 5. Proposed structure of the (r1,7-B9HgCHP-Cr(CO)5]2Fe)2- ion and 

related complexes. [Prom D. C. Beer and L. J. Todd, J. Organometal. Chem., 
36 (1972) 83.) 
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More examples of thermal rearrangement of dicarbollide complexes have 

been reported. u-1,2-Trimethylene-o-carborane (Fig. 6) has been prepared from 

dilithio-9-carborane and 1,3-dibromopropane and has been converted to the 

corresponding dicarbollide ion and its cobalt and nickel complexes (10). 

The nickel(I1) and nickel(III) complexes are interconvertible, but rearrmge- 

ments occur on oxidation to nickel(IV) (Fig. 7). 

. H 

Fig. 6. Proposed structure of u- 
1.2-trimethvlene-1.2-dicarba- 
close-dodecaborane(12). [From T. 
E. Paxson, M. K. RaloustLan, G. 
M. Tom, R. J. Wiersema, and X. F. 
Ravthorne, J. Amer. Chem. Sot.. 
94 (1972) 4882.1 

Referencesp.40 

[TM, Ni’-A]z- - 

g,& and meso [T_&jNi’ 

OBH 

l C 
l H 

[TaNi=-A]- - 

I 
-e’ 

& [TM, Nim-B]’ - 

Fig. 7. Reaction sequence and stereo- 
chemistry of the m(n-p-1,2-trimethyl- 
ene-1,2-dicarbollyl)nickel system. 
[From T. E. Paxson, M. K. Raloustian, 
G. H. Tom, R. J. Wiersema, and K. F. 
Hawthorne, J. Amer. Chem. Sot., 94 
(1972) 4884.1 
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Like o-carborane itself, dicarbollylcobalt(II1) complexes of the type 

(C3H~)C0(C2B9H9R2) rearrange at 400° and above. Structures of some of the 

compounds isolated were shown in last year's annual survey (JOM 41 (1972) 17), 

based on the preliminary couraunfcation, and the full paper on this work 

now appeared (11). 

has 

The crystal structure of one of the isomers of RRt4+ CocC2B7Hg)2- 

(Hawthorne's "bisdicarbazapylcobalt" ion, Organometal. Ghem. Rev. B, 6 

(1970) 331) has been determined (Fig. 8) (12). 

co 0 c 

0 
DiSardarSd 

B 8 and C 

Fig. 8. Skeletal drawing of the Co(B7C2li9)2- anion. [From D. St. Clair, A. 
Zalkkln, and D. 8. Templeton, Inorg. Chem., 11 (1972) 378.1 

., 
: 

: , 
:_ 

: .- 1._‘_.. .-.. . . . 
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Dicarbollide anion analogs in the smaller size range can be made by 

abstracting a proton from a a-carborane and have been investigated by 

Grimes and coworkers. Reaction of Na+C2B4H7- wLth (C5H5)Fe(CO)pI yields LL- 

[(C5H5)Fe(CO)2]C2B4H7, which apparently contains a B-Fe-B bridge bond, and 

this compound on ultraviolet irradiation loses carbon monoxide to form a 

mixture of (C5H5)Fe(C2B4H7) and (C5Hs)Fe(C2B4H6) (Fig. 9) (13). 

C 

(1) 0 03) cm 
Proposed s 

;:@C2B4H7) (II) 
tructures of n-[ n-C H )Fe<CO) ]C B B (I), (n-C H )- 
, and (n-C5H9)FeS11(%s2B4H6) tII$>! 7'Ihe solid si?cles 

represent CH groups and the open circles BH groups. A possible location for 
anomalous hydrogen atom in II, involving partial bonding to iron and to the 
carborane cage, is indicated schematically. If an Fe-H bonding interaction 
exists in II, the C5H5 and carborane rings are likely to be skewed relative 
to each other. [From L. G. Sneddon and R. N. Grimes, J. Amer. Chem. Sot., 
94 (1972) 7162.1 

Methyl-substituted der*ivatives of the three-carbon u-carborane 

C3B3H7 (FLg. 10) have been studied by Howard and Grimes (14). 2-CH3-2,3,4- 

C3B3H6 reacts with sodium hydride Ln tetrahydrofuran to form Na+ CH3C3B3H5-. 

Either reaction of this sodium salt with BrMn(C0)5 or reaction of CH3C3B3H6 

with Mn2(CO)10 in the gas phase at 175-200° yielded the manganese complex 

(CH3C3B3H5)Mn(CO)3 (Fig. 11). 

Referencesp.40 
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12 D.S. MATTESON 

0 

@C”, @w 0c 00” 

Fig. 10. Structure of the 
C3B3Ii7 cage system. Shaded 
circles represent carbon atoms, 
and open circles, boron. 

Fig. 11. Proposed structure of 
(n-2-CH3C3B3HS)Mn(CO)3. 

:Eig:. 10 and 11 from J. W. Reward and R. N. Grimes, Inorg. Chem., 11 (1972) 
‘J 

5. Dicarbollfde and related chemistrv of nontransition elements. 

Some of this chemistry has already been covered in the process of discussing 

the transition metal complexes and will not be repeated here. What remains 

includes cage openings by bases, compounds formed by combination of a group 

111 element with a dicarbollide-type anion, and a removal of phosphorus 

a phosphacarborane. Other phosphacarborane and arsacarborane chemistry 

included in Part C on icosahedral carboranes. 

from 

is 

Fig. 12. Reaction of 1,6-C2B H6 with trimethylamine to give 5-(CH3)3N+- 
[2~,4-C2B4H6-] (proposed overa 4 1 mechanism). [From B. Lockman and T. Onak, 
J. Amer. Chem. Sot., 94 (1972) 7923.2 

. . ..___.‘-:, :_;;__: .-_ -._: ._ -. 
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Trimethylamine opens the claso-carborane 1,6-C284H6 to a zvitterionic 

u-carborane (Pig. 12) (15). 

Heating g-carborane with copper(X) acetate and aqueous pyridine followed 

by acidification has yielded 9-pyridinium-7,8-dicarba-&&-undecaborate(l2). 

and various substituted analogs have been similarly prepared (16). 

Cu(OAc)2 

pyridine 
> 

Oxidation of the protonated =-dicarbollide anion, C2B9H12-, with FeC13 

in aqueous acid has yielded 5,6-dicarba-&Q-decaborane, which eliminates 

hydrogen on treatment with N-ethylpiperidine-borane at 120° to form the 

close-carborane 1,2-C2B8H10 (17). 

The crystal structure of C2BgH12AlMe2 has been determined at -loo0 

and the full details have been published (18). The Me2Al group bridges be- 

tween two boron atoms in the open face of the dicarbollide group. (For a 

drawing of the structure, see J. Organometal. Chem., 41 (1972) 25.) Full 

details of the crystal structure of 3-ethyl-3-alumina-g-carborane have 

been published(19). (For a draving of the structure, see J. Organometal. 

Chem., 41 (1972) 26.) 

Zakharkin and Kozlova have synthesized C-B linked bis-g-carboranes (20). 

/ 

CH 

H\ 
H\C -C' 

BC12 
H\. 

\O/ 
C2B9H112_ 

C-C-3-HgBloO 

\SY I 
Bdlo BloHlo 'CH 

Referencesp.40 
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Trimethylgallium reacts with the _ nido-carborane 2,3-C2BqRg to form CLi3GaC2B&R6 

(Pig. 13), which has been characterized by nmr, mass, and infrared spectra and 

also by X-ray diffractfon. The unexpected geometry of the Ga-CH3 group was 

interpreted by Grimes and coworkers as being the result of back bonding from 

a filled d orbital of the gallium to an antibonding molecular orbital of the 

carborane ligand. A skilar indium compound was prepared (21). 

a7 

Fig. 13. Structure of l-CH3GaC2B4H6. [From R. N. Gr"es~~~_J,,~"fe~Per, 

M. L. Denniston, R. F. Bryan, and P. T. Greene, J. Amer. 

(1-972) 1867.1 

Todd and coworkers have found that phosphorus or arsenic is removed from 

1,2-CBlGHLlP or 1,12-CBLGHlLAs on treatment with sodium in liquid ammonia, 

yielding the anion l-CBlCHL3- (22). 

1. Na (NR3) 

2. Ii+ 



BORON.1 15 

B. Smaller carboranes 

1. close-Carboranes. The smaller C2BnHn + 2 carboranes are all known 

3' 
and only a few details have been added to their chemistry during the past year. 

The cage opening described in Part A-S (Fig. 12) (15) should be noted. 

Ditter, Klusmann, and Williams have patented the preparation of C2B6H8, 

C288H10* snd C2B10HL2 by pyrolysis of C2B5H7 in the presence of B2H6 (23). 

Small amounts of B-methyl close-carboranes are formed as by-products in the 

pyrolysis of acetylene and pentaborane to produce the smaller close-carboranes 

(24). 

Burg and Reilly have studLed some of the chemistry of 1,5-C2B3H5 (25). 

The trimethylamine adduct is stable at -78' but polymerizes rapidly on melting. 

C2B3H5 itself polymerizes after several weeks at 25O. Chlorination yielded 

polymeric product. C2B3H5 hydroborates methylacetylene to form the B-propenyl- 

carborane. 

Pyrolysis of trimethylborane at 500 o has yielded a mixture of Me2BCH2BMe2 

and the carboranes C2H3<BMe)3 and C4H4(BMe)6 (26). 

Marynfck and Lipscomb have presented an interpretation of quantum mechanical 

calculations on 1,6-C2D4N6 and other small carboranes in terms of fractional 

three-center bonds (27). They have also published detailed results of self- 

consistent field calculations on the close-carborane 2,4-C2B5H7 (28) and the 

&&-carborane 4,5-C2B4H8 (29). complete with a number of electron density 

maps and localized orbital descriptions. 

2. m-Carboranes. The m-carboranes are generally more reactive 

and less thoroughly studied than the close-carboranes, and the volume of new 

literature in this area is much greater. 

New theoretical work on carborane structures has continued to appear. 

(Note also Lipscomb's calculations mentioned in the preceding subsection.) 

Rudolph and Pretzer have presented a theoretical analysis of bonding rules 

for closo- ) w-, and arachno-carboranes (Fig. 14) (30). For stability, 

Referencesp.40 
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the magic numbers of framework electron in the close serfes are 2n + 2, in 

the nido series 2n + 4, and in the arachno series 2n + 6, vhere n is the 

number of cage boron or carbon atoms. 

Onak and coworkers have found that the negative ion mass spectra of 

the a-carboranes 2,3-C2&+HS, 2-~3-2,3-C2%4R7. and 2,3-<CH3)2-'2.3-C2BqR6 

yield the P - 1 anion by loss of hydrogen as well as further fragmentation 

by loss of BH3 (31). The negative ion mass spectrum of 2,3-C2BqHg shows 

strong peaks corresponding to the close-anions CzB4H5- and C2B3H4- (32). 

The w-carborane 6,9-C2B8H14, which is isoelectronic with B10H14 2- 

(part D) and the decaborane-ligand complexes BloH12L2 (where L is CH3CN, 

R2S, etc.), has been assigned the structure analogous to these boranes on 

the basis of its boron-11 nmr, mass, and infrared spectra (33). 

H- 

Ii 

Fig. 14. Idealized structures for close nido -)A and arachno boranes and hetero- 
boranes. From left to right, the vertical columns give the basic close nido 
and arachno frameworks; 

-9-s 

when appropriate, 
bridge hydrogens and BH2 groups are not shown, but 

they are placed around the open face of the framework in a 
manner which preserves the symmetry of the basic nido or arachno framework. 
Any _nido or arachno structure can be derived from the appropriate deltahedron 
by ascending a diagonal from left to right; this progression generates the 
nfdo structure by removing the most highly connected vertex of the deltahedron; 
the arachno structure is generated by removing the most highly connected atom 
in the open face of the nido structure. Each horizontal row indicates the basic 
structural changes which occur as the number of framevork electrons is varied 
from 2n + 2 to 2n + 4 to 2n + 6. It appears that these correlations can be 
extended to include a 12-atom nido framework: G. B. Dunks, M. M. McKown. and 
M. F. Hawthorne. J. Amer. Chem. Sot., 93, 2541 (1971). [From R. W. Rudolph 
and W. R. Pretter, Inorp;. Chem., 11 (1!!?2) 1975.1 

References p_ 40 
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. ., 

direction of replacing alm0s.t all of the boron-of a carborane with carbon, the 

reactiion .if 1,2-C2B3H7 with ,acetylene yields C4B2H6, which.has a pentagonal 

pyramid structure (Fig. 15). By studies with isotopically labeled and methyl 

substituted acetylenes the reaction was shown to involve direct alkyne in- 

sertion into the carborane cage, primarily with C-B but also with some C-C 

bond breaking (34). 

Fig. 15. Structure and numbering system for C4B2s. Boron atoms are open 
and carbon atoms are shaded. [From V. R. Miller and R. N. Grimes, Inorg. 

Chem., 11 (1972) 863.1 

The &&-carborane 1,2-C2B3H7 has been obtained from the reaction of tetra- 

borane(lO) with acetylene and several of its reactions reported, including 

its rapid polymerization in the liquid state (35). 

-The n-sflyl and u-gennyl derivatives of CRB4HS have been obtained from 

$_eactions of the-anion C2B4Hy- with H3SiCl, MezSiCl. H3GeC1,'and Me3GeC1 

(36j. -On heating these rearrange to a-bonded-silylcarboranes and eventually to 

close-carbaranes. .-. 
. . 
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M = Si or Ge, R = H or Me 

19 

Reaction of H2SfC12 with two moles of Na+C2B4H7- in tetrahydrofuran at O" has 

yielded the B-Si-B bridged compound u,u'-SiH2(C2B4H7)2, which rearranges to 

4,4t-~i~(~2~4~7)2 at loo0 (37). 

Savory and Wallbridge have obtained u-substituted derivatives of Me2C2B4HS- 

by reaction with Me3SiC1, Me3GeBr, Me2BC1, and Me2SiC12 (38). 

H 

(CH3)2BCl 

Bowen and Phillips have reported that trimethylphosphfne opens 2,4- 

dimethylenetetraborane at O" (39). 

+ Me P 
3. 

j 

Referencesp.ru) 
:. 
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C. Icosahedral carboranes and related topics 

1. Introduction. Two new developments in a-bonded transition metal 

complexes are described in subsection 2, and a possibly handy laboratory 

preparation of R-carborane at the beginning of subsection 3. The remaining 

coverage is not strictly restricted to icosahedral carboranes but also in- 

cludes a few references to C2B8 carboranes, phosphacarboranes, and a phos- 

phacarbollide-- transition metal complex. Uhat the items in subsections 3 

(synthesis) and 4 (physical organic) really have in common is that they are 

all straightforward extensions of well-known carborane chemistry. If a 

chemist had a five-year plan with a numerical quota of publications to fulfill, 

he would be shrewd to pick the carborane system with its high stability and 

good chemical predictability, yet not too much prior literature, for his 

research. It turns out that 89% of the references in these two subsections 

are Russian. 

2. Transition metal--comolexes. The crystal structure of NRt4+ 

Cg (CzR10%0)232-r which was prepared from 2,2'-dilfthiobiscarborane and 

Fig. 16. The structure of the 

COC(BloC2H10)212- anion- 

Fig. 17. The coordination about 
the cobalt atom, simplified to 
show only the atoms in the inrnediate 
vicinity of the cobalt atom. 

[Figs. 16 and 17 from R. A. Love and R. Bau, J. Amer. Chem. Sot., 94 (1972) 
8275.1 
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cobalt chloride, has been determined (Fig. 16). The bonding around the cobalt 

atom is unusual in that it includes a B-R-Co bond as well as the four C-Co 

bonds (Fig. 17) (40). 

Zakharkin and coworkers have found that halogenation of S-9-C2RloHll- 

Fe(C5H5)(CO)2 (Fig. 18) results in rearrangement to a B-carboranyl-substituted 

cyclopentadiene-iron complex (41,42). 

(See Fig. 18 for 
detailed structure) 

O-c e-B R-H. CE, 

Fig- 18. The proposed structure and numbering system for 3-[n-C 
o-B10C2Hll dimethyl derivative. 

R5Fe(CO)2]- 
[From L. I. Zakharkin, L. V. Or ova, 1 B. V. 

IPkshin, and L. A. Federov, J. Organometal. C-hem-, 00 (1972) 15.1 

Referencesp.40 
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Several u-bonded platinum complexes of C-methyl-o-carborane have-been 

prepared (43). 

Me\ 
c-/'PBu 

lo/ 
3 

BloHlo 

3. Synthetic chemistry of carboranes. Beall has described a simplified 

one-step preparation of R-carborane from solid decaborane-ligand complexes 

and gaseous acetylene, in which the c-carborane sublimes directly from the 

reaction mixture (44). 

In the field of lithiocarborane chemistry, Zakharkin and coworkers have 

converted l-Ph-1,6- and -l,lO-CBSHSCH to their s-lithio derivatives, 

PhCBgHBCLi, and converted these to such typicals-substituted compounds as 

(PhCBgHBC)ZHg, PhCB8H@.Me3, and (PhCBgHBC)3P (45). Reaction of various 

Zithiocarboranes LiCBlOHlOCR with PhOCH(OEt)2 yields (EtO)2CH-CBIOHIOCR, 

which can be hydrolyzed to the formylcarboranes OHC-CBIOHIOCR (46). l- 

Methyl-Z-phenylazo-R-carborane, MeCB1oHIOC-N=N-Ph, and related compounds 

have been prepared by two routes, the reaction of MeCBIOHIOCLL with PhN2+BF4- 

and the reaction of MeCBIOHloC-N=O with PhNH2 (47). m-Carboranyllithium and 

(Et2N)2FCI have yielded HCBIOHIOC-P(NEt2)2, which was converted to 

HCB1oHloC-PCIZ by HCl. Hydrolysis of the dichloride gave HCBIOHloC-P(OH)2, 

and chlorination of the dichloride followed by hydrolysis yielded HCBloHloC-P03H2 

(48). A number of l-alkenyl-2-phosphino-g-carboranes have been prepared by 

the reaction of CHZ=CH-CBIOHIOCLi. or various analogs with Ph2PCl pr (Et2N)2PCl 

(4%. More synthesis of carboranyl phosphorus compounda such as PhPCl-R- 

(cH~)cZB~(,H~~ and various biscarboranylphosphorus and cyclic bis(carboranyl- 

phosphorus) compounds have been reported (50). Treatment of l-HOCH2-=- 
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C2B10H11 with SF4 has yielded 1-FCH2-=-C2B10Hll, which has been converted to 

the 2-lithio derivative and from there to the P-methyl, 2-carboxyl. 2- 

chloromercuri. and 2-trifluorovinyl derivatives (51). 

Wikhailov and Shagova have investigated carboranylborane chemistry. 

Reaction of g-Me2CHCBl,-,HlGCBC12 with ~:Me2CHCB1oHL8CLL has yielded (He2CHCBloHloC)2- 

ROH (52). Reaction of g-Me2CH-CBIOHIOCLi vith ClBBu2 has yielded Me2CH- 

CBLOH~OC-BBU~, from which the butyl groups are cleaved on treatment with 

acetic acid to form (Me2CHCB10H10C-BOAc-)20 (53). Heating l-(dibutylboryl)- 

2-isopropyl-g-carborane at 200° closes a five-membered boron heterocyclic r:Jg 

(54). 

(CH3)2CH BBu2 CH CHACH2' 

1 / 
3 \ ,R-Ru 

8ldIlO 

Stank0 and Gol'tyapin have reported a study of metalation of R-car- 

borane with sodamide and butyllithium and reactions of the metalated carborane 

with various electrophiles such as methyl iodide, ethylene oxide, sulfur, 

ally1 bromide, and formaldehyde (55). 

In more work by Zakharkin's group, reaction of MeCB10H10CCH2CHnCH2 

with BuLF followed by CO2 has yielded MeCBl~10CCH2CH=CHC02H and MeCBlOHLOCCH- 

(C02H)CH=CH2 (56). Reactions of g-CH3CBloHloC-CFECFCl and related fluoroalkenyl- 

carboranes with nucleophiles such as RLi, RONa, or RONa result in substitution 

on the alkenyl group to form CH3CBl(#i10CCF=CRF, etc., but secondary amines attack 

the carborane cage in preference to the fluoroalkenyl group (57). Both o- 

and g-MeCBl@lOC-CF=CFCl have been treated vith BuLi to form HeCBl$l&-CF=CFLi, 

and the lithio compounds have been treated with water to form MeCBl#lOC-CF=CFH, 

with CO2 to form trans-MeCBlo Lo H C-CJ?V.FC02H, and with FC103 to form MeCBIOHlO- 

C-CF=CF2 (58). Butyllithium adds to the vinyl group of g-MeCBIGHloC-CH=CH2 
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to form MeCEl~l~-CHLicK2c4Hg, which on treatment with CO2 leads to necBIUHlo- 

c-cli(co*H)cH*c4Hg (59). 

A U. S. patent has been issued on the treatment of various dilithio- 

carboranes with sulfur followed by acfd,which yields the dithiols, and 

with dialkyl dlsulfides, vhich yields the bis(alkylthio)carboranes (60). 1,12- 

HSCBl0HlOCSH has been chlorinated to C~SCB~OH~OCSC~ and oxidized with sodium 

hypochlorite to C~SOCB~OH~OCSOC~ and the compounds have been patented (economists 

and environmentalists to the contrary notwLthstanding) as high energy rocket 

fuels (61). Petacetic acid oxidizes s-MeS-R- or _"C2BloHll to MeSOC2BloHll 

and MeS02C2BlUHll (62). The o-compounds are easily degraded with base to 

MeSOC2B9Hll- or MeS02C2B9H11-. 

Returning to Zakharkin's work, ultraviolet irradiation of (1,7-CB9HloPCIi3)- 

Mn(C0)3 in the presence of Ph3P leads to replacement of one carbonyl group 

to form (1,7-CB9H10PCH3)Mn(C0)2PPh3 (63). Preparations of carboranylallyl 

and carboranylbutadienyl iron complexes have been described (64). 

Ph\ 

c\9/1 

/ 
CH=CIiCH2Br 

BloHlo 

‘;’ 
Ph 

+ Fe2(C0)9 e 

Me 

"v,c 

,CH=CH-CHWi2 

BloHlo 

+ Fe (CO)5 > 

Me\ 

Treatment of 9-iodocarborane with NaSPh in tetrahydrofuran folloved 

by vater yields the iododicarbollide monanion (65). In the same paper, re- 

moval of iodine from 2-iodo-R-carborane vith sodium in liquid amnonia is 

described, and several unsuccessful attempts to couple iodocarboranes to 

form biscarboranes are recorded. 
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In other Russian work, several more carboranyl-substttuted alcohols 

have been oxfdized to ketones, aldehydes, or carboxylic acids (66). Reaction 

of g-carborane with Et2N-SnR3 at 120-140° results in tin substitution on 

the carborane carbon to form R3SnC2Bl,$ill (67). Heating EtSSNNEt2 with o-car- 

borane at 120° has yielded Et3SnC2Bl$l~l , and several other carboranes having 

a tin substituent on carbon have been simFlarly prepared (68). 

Zakharkin and Kyskin have studied the preparation and alkaline cleavage 

of acyl-_m-arsacarboranes, RCO-CBlOHllAs , where R is r=-carboranyl, m-phosphacar- 

boranyl, or phenyl <69), and yet another study of the halogenation of car- 

boranylmagnesium halides wLth carbon tetrachloride has been reported (70). 

4. Physical measurements. From "F nmr spectra of c-g- and -R-FC6H4-1,6- 

and -l,lC-C2B8H9, it has been concluded that both isomeric C2B8Hg groups have 

weak electron withdrawing ability (71). Nitration of 1-Ph-l,lO-C2B8Hg was also 

reported. From the lgF nmr chemical shifts in l-@-FC6H4)-1,7-C2B6H7, l-@- 

FC6?i4)-1,6-C2B7H8, and their =-FC6H4 isomers it was concluded that both of 

these carborane cages have a weak inductive electron-withdrawing effect (72). 

As might be expected, &decachlorocarboranyl groups are more electron 

attracting than unsubstituted carboranyl groups, and g-phenyl-;decachloro-g- 

carborane resists nitration under conditions considerably more vigorous than 

those required for nitration of s-phenyl-q-carborane. From the "F nmr chemical 

shffts of R- and g-fluorophenyl-&-decachlorocarboranes, it was found that of = 

0.87 and aRo = 0.10 for the 1-s-decachloro-g-carboranyl group and oi = 0.71 and 

=R o = 0.09 for the m-isomer (75). 

From proton nmr spectra of P-MeHgCBIOHIOCH, R-HeHgCBIOHIOAs, and P-MeHgCBlO- 

HlCP it has been concluded that the electron accepting power of the carboranyl 

groups increases in the order listed, and a similar order was found for the 

corresponding series of m-isomers (74). From rates of proton-deuteron exchange, 

the acidity of the C-H bond increases in the order I=-HCBIOHIOCH, m-HCBIOHIOAs, 

and g-HCBl($ilOP, in agreement with the relative electron attracting powers of 
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these cage systems determined by other methods (75). 

D.S. MATTESON 

Metalation of l-methyl-a-carborane with fluorenyllithium has been followed 

kinetically in diethyl ether at 25 o butwas too fast to measure in other ethers 

such as tetrahydrofuran (76). Equilibrium constants in various ether solvents 

were also measured. Rate constants for the reaction of s-carborane-1,2-di- 

carbonyl chloride, C2B10Hlo(COCl)2, with aniline to form the mono and dianilides 

have been reported (77). Infrared spectra of carboranyl substttuted acetoacetic 

esters have been reported (78). Several liquid q ethylsilyl-substituted m- 

carboranes have been prepared and the molar refraction of the m-carborane 

nucleus has been found to be 44.61 cm3 (79). Hllssbauer spectra of 16 triethyl- 

tin 

are 

and 

D. 

derivatives ofo-, _m- and e-carborane have been measured, and the results 

in accord with the o-carborane cage being the strongest electron acceptor 

the E-isomer the weakest (80). 

Polyhedral boranes 

Alkylated polyhedral boranes are included here because by strict definition 

they are organometallic, though the reviewer's method of literature searching 

probably leaves out some references to these essentially inorganic compounds. 

A few references to nonalkylated polyhedral boranes are also included where 

the reviever considered them to be of possible theoretical interest to car- 

borane chemists. 

The boron-11 nmr spectrum of BloH14 2- (81) indtcates that this anion has 

a structure analogous to C2B8H14 (33)(part B-2), with which it is isoelectronic. 

An analysis of boron-11 chemical shift data on l- and 2-X-B5H8, where X is 

'CH3. C2W5. or halogen indicates that the chemical shifts can be accounted for 

semiquantitatively on the basis-of resonance and inductive effects (82). Pro- 

tonation of B6H10 and 2-CH3B6Hg has been shown to occur at the unbridged basal 

boron-boron bond (83). Tetra-B-butylammonium salts of B5H8- and B6Hg- are 

stable and soluble in methylene chloride and other organic solvents (84). 

Both .I- and Z-methylpentaborane(9) form the same trimethylamine adduct, the 
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structure of which is not yet certain (85). 

The reaction of pentaborane(9) with liquid aanaonia yields the B4H7- 

ion, which has a trigonal pyramid structure with a hydrogen bridge along each 

base of the pyramid (86). 

Ring has presented a theoretical discussion of the possible borane-type 

polyhedra having up to twelve boron atoms (87). Self-consistent field cal- 

culations have been carried out on decaborane(l4) by Lipscomb and coworkers (88). 

E. Reviews 

Havthorne has reviewed recent developments in the chemistry of carborane- 

metal compounds <89), Todd has reviewed recent work in carborane chemistry (90). 

and Zakharkin has reviewed several aspects of carborane chemistry related to his 

work, including rearrangements of 

formed on reduction of carboranes 

(91). Other reviews of carborane 

11. HYDROBORATION 

carboranes and B-halocarboranes, the anions 

with alkali metals, and 3-amino-a-carborane 

chemistry have appeared (92,93). 

A. 8orane rearrangements and alkylations 

Hydroboration is becoming a relatively mature field, and emphasis is 

shifting toward applications rather than fundamental new discoveries in organo- 

borane chemistry. However, several new discoveries have been made in the area 

of alkylation and rearrangement reactions of trialkylboranes, and as usual H. 

C. Brown and coworkers are major contributors in this field. 

Monochloroborane. BH2C1, in diethyl ether readily hydroborates olefins to 

form dialkylchloroboranes (94). These react much more readily with organic 

azides than do trialkylboranes to form secondary amines (95). 

u R3 
(CR3)2C=CR* + BH2Cl -+ C<CH3)2CH~~.J2~~l 3 

t~CH3)2CHCH&B- 

; i -0 e (CH3)2CHCH2B-N 
,C”2CWC~)2 %O 3 

I 
Cl N2 Cl 
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- 

Dialkylchloroboranes also undergo 

acetate, extending an alkyl chain 

a facile and useful 

by two carbon atoms 

reaction with ethyl diato- 

(96). 

R2BCl + N2CHC02Et - R+--CHC02Et - R-B-CCHC02Et 

I I I 
MeoH> RCH2C02Et 

Cl N2 Cl 
+ 

+N 
2 

RB<OMe)2 + HCl 

TrLalkylboranes having primary or cyclic alkyl groups react with Bc$ in 

the presence of a catalytic amount of alkylboron hydride at llO" to form alkyl- 

dichloroboranes (97)_ If the alkyl groups are secondary, the reaction is 

sluggish and the boron in part migrates from its original position. 

(RCH2CH2)3B + 2 BClj * 3 RCIi2CH2BC12 

Zweifel and coworkers have reported a synthesis of trans olefins from 

alkynes by way of hydroboration and reaction of the alkenylborane with cyanogen 

bromide or iodide (98). 

C4H9, H 
C4Hg-ECH + HE C”C( 

BrCN , 

H’ B 

2 
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* __--- . 
-c--c/, 

c4ni$2 ‘H 

\ 

0 

?r_-__gq-J 
, 
1 : ~ C45\,,/H 

CN 
+ 

H’ 

B'lR, 

b 

(cis elimination) 

Corey and Ravindranathan have 

developed by Zweifel and coworkers 

s.ynthesfs of prostaglandins (99). 

modifLed some of the alkenylborane chemistry 

to that it is useful in the stereocontrolled 

OR' 

Me2CKCMe2BIi2 + 
\ - 

"thexyliiorane". d 
cH3 ** CH3 I 

(x 

Br-EC-CH-R-C~H~~ 

R' = 
= BHR 
5 

ox ox 

X = -SiMe -t-Bu 
?- 

R = -CMe2CHMe2 

OR' 

NaOMe &(m3)‘: 
H20 

$ =H3 

u, 
Ii 

c=c' = 
= H' 

OX 

'CH-C5H11 

I 
OR' 

Remove protecting groups 
% 

$ CR3 

ot 
H 

= = H' 
c=c' 

HO 

'CH-CSHll 

I 
OH 

Pelter, Hutchings, and Smith have reported that a combination of sodium 

cyanide and trifluoroacetic anhydride can be substituted for carbon monoxtde 

in reactions with trialkylboranes. sometimes giving more convenient procedures 

for laboratory work (100). 
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R3B +- CN- + R3&CN 
(CF3C0)20 > R2B-C=N-COCF3 ---_* y-[-cF3 

I 
R 

. 

,e CF3C9-fo-i-;;F _ 3 -H202., R3COH 

---I Hz02 , ,%, CR3 
In extensions of previous work by 

monoxide with thexyldialkylboranes has 

ketones (101). 

Me2CHCMe2B CR2=CH(CH2)40Ac 

Brown's group, the reaction of carbon 

been used to prepare acetoxy-substituted 

e Me2CHCMe2B 
,(CH2)60Ac l.CO ~ 

2.H202 

o- i- (CH2)60Ac 

Carbinols substituted with a teriary alkyl group have been made by carbonylation 

of appropriate trialkylboranes (102). 

Me2CRCMe2-B 
3 

'- Co 3 
2. H202 

Brown and Lane have used the bromination of borinic acids followed by re- 

arrangement with water (see J. Organometal. Chem., 41 (1972) 61) and oxidation 

wLth hydrogen peroxide to prepare several complex tertiary alcohols (103). 

(-J-&-j :: EL’ light* (M> 
3. H202 

T:... _.. :. . . _.. . . : ._: :- .~ .:_ 
.._z. _. . . 
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Electrophilic catalysts such as aluminum chloride catalyze. the rearrangement 

tr-bromoalkylboron compounds (104). 

AlC13 
XS CR3iR-B<c2H5 

Br 

c2H5 

Catecholborane has been found to be particularly useful for the mono- 

of 

hydroboration of alkynes (105). The resulting alkeneboronic esters are readily 

converted into alkenylmercuric salts (106). 

1. Hg<OAc)> l 4 H 

2. NaCl Ii' 
c=c! 

'HgCl 

(stereospecific) 

A detailed report on the conversion of acetylenes to vinylmercury compounds 

has appeared (107). 

R-CZC-R' + BH + 
s R’ 1. Hg(OAd2 

a' 
c=/ > 

'B(C6Hl$2 
2. NaCl 

R-N c=c’ 
R' 

II’ 'HgCl 
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The cleavage of trialkylboranes by mercuric acetate has been studied in detati 

(108). Tuo primary alkyl groups of the borane are cleaved rapidly in tetra- 

hydrofuran, the third more slowly. Secondary alkyl groups are unreactive, and 

dicycloalkylboranes can be converted to dialkylmercury compounds. 

2 BCN2CH2R + Hg(OAc)2 F Hg(CH2CH2R)2 + 2 BOAc 

The oxygen-initiated reaction of trialkylboranes wLth formaldehyde leads to 

homologation of the alkyl group by a free radical mechanism (109). 

R3B + O2 * R2B-O-O' + R-' 

R- + CH20 --j R-CH2-0' 

R-CH2-O- + R3B + R2B-0-CH2-R + R- 

(product) 

(initiation) 

(propagation) 

(propagation 

B. Mechanistic studies 

The major features of the mechanism of hydroboratfon are well known, but 

new refinements have been added. Pasto and coworkers have reported that the 

kinetics of the reaction of borane in tetrahydrofuran with tetramethylethylene 

are first-order in each reactant (110). (Because of complexing with tetra- 

hydrofuran, BH3 is monomeric in that solvent.) The energy of activation is 

9.2 kcal/mol and the entropy of activation is -27 eu. Both boron and hydrogen 

isotope effects were found. The relative rates of hydroborations by BH3 

and various RBH2 have also heen studied (111). The results are all consistent 

with a four-center transition state for hydroboration. 
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+ 

(transition state) 

Unimolecular elimination of isobutylene from triisobutylborane occurs in 

the gas phase and the kinetics have been studied (112). 

Jones has pointed out that the orbital symmetry involved in a 4-center 

transition state for hydroboration is forbidden, but correcting the structure 

to a n-complex having three-center bonding solves the orbital symmetry problem 

(113). This refinement implies only a slight modification of the positions 

of the atoms from that of a simple four-center transition state, and in the 

reviever's opinLon iS Consistent with all the available data on hydroboration. 

symmetry forbidden symmetry allowed 

A discussion of correlation of steric effects in hydroboration 

in ester hydrolysis has appeared (114). 

c. Hydroborations of miscellaneous compounds 

with those 

1. Alkenes. Hydroboration has been carried out on a wide variety of 

unsaturated compounds. First are listed some examples vhere the course of 

the hydroboration reaction itself is under investigation, and straightforward 

synthetic applications follow. The latter are of margfnal organometallic 
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interest and are 

tiere gathered by using the keyword uhydroboration" in Chemical Abstracts. 

DS. MA+lTE.SON 

for the most part sunraarized very briefly. These references 

Brown, Negishi, and Burke have found that the hydroboration of 1,4- and 

l,S-dienes in a 1:1 molar ratio with borane in tetrahydrofuran yields sic 

and seven-membered boracyclanes (115). These were characterized by hydrogen 

peroxide oxidation and by methanolysis to the B-methoxy derivatives. 

- 
C CBH + CBli 

CH30H 
+ BH3 - 

- 

-0CH3 + 
d 

B-0CH3 

The hydroboration of 1,4-pentadiene in tetrahydrofuran shows considerable 

complexity. If the ratio of diene to borane is 3:2, the product mixture con- 

tains at least six alkylboranes and on oxidation yields 42% 1,5-pentanediol 

and 5g% 1,4-pentanediol. Thermal rearrangement at 170' increases the proportion 

of 1,5-pentanediol to 80%, with 10% 1,4-pentanediol and 1ClZ 1-pentanol, the 

last being derived from cleavage of a 1,1-diboryl compound. Treatment of the 

thermally rearranged product with borane in tetrahydrofuran yields bisborinane, 

a useful hydroborating agent (116). 

3- 

L) - 
+ 2 hb3 F Cg-(CH2j5-gp, etc. 1700 
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Although boracyclopeatanes are easily attacked by borane and the BH com- 

pounds are very difficult to prepare (J. Organometal. Chem., 41 (1972) 58), 

hydroboration with thexylborane favors five-membered over six-membered ring 

formation (117). 

=3 
CH3, I 

CH-C-BH;! + 
CH3' I 

CH3 H2C=CH 

major 

CR3 

-4- 
CR3, f 

,aPC---B 
CH3 I 3 

CHa 
_) 

minor 

Triethylamine cleaves tetramethylethylene from thexylalkylboranes to form 

the monoalkylborane-triethylamine complex (118). 

CR3 
CR3, I 

,CH-CC-BR 
-0 

+ 

CH3 I 
CH3 

Bulky olefins can displace the thexyl group from thexylcycloalkylboranes (119). 

CH3 
I 

Et3N w Et3N-SBH2 -0 + 
CH3, ,CH3 

CH3' 
PC, 

CH3 

(cH3)2cH;: -B-H + CH2=C-CH2C(CH3)3 __, 

I v- I 
~CH~CHCH$(CB~)~]-J 

CH3 C*3 CH3 

Dithexylborane, (Me2CWCUe2)2BH, exists as the free monomer and fails to 

complex with tetrahydrofuran as a consequence of the steric bulk of the thexyl 

groups (120). Thexylborane, Me2CHCMe2BH2, has been studied as a selective 

reducing agent for organic functional groups (121). 

The hydroboration of vinylsilicon and allylsilicon canpounds has been 

studied (122). 
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l..BH3-THF 
cH2=cII-siX3 

2. MeMgBr 
3 CH3-CH-siMe3 + 

I 
RCCH2CH2SLMe3 

3. Ii202 
OH 

if x = Me, 47% X = Me, 53% 
X = Cl, 88% x = Cl, 12% 

1. BH3'THF 
CR2=CH-CH2-SiX3 1 HOCH2CH2CH2SiMe3 

2. MeMgBr 
3. H202 

The hydroboration of P-alkynoates with disiamylborane introduces the 

boron at the Z-position, and the boranes can be converted to cis-n&un- 

saturated or ct-ketoesters (123). 

R-CRC-C02R' 
R\ 

+ HB(CHMeCHMe2)2 - C=C 
,C02R' 

II' ' B(CRMeCRMe2)2 

I 

, AcOH , ,",C=C<F" 

L RCH2COC02R' 

The hydroboration of sodium enolates derived from cyclohexanones has 

led to trans-1,2-cyclohexanediols (124). The hydroboration of cyclohexen-3- 

ones and cyclohexen-3-01s followed by peroxide oxidation yields mainly di- 

equatorial trans-1,2-diols (125). The hydroboration of enamines from sub- 

stituted cyclohexanones has been studied (125). Hydroboratfon of several 

substituted cyclohexanone imines has led to 2-amirscyclohexanols, indicating 

that there is some enamine tautomer present in equilibrium with the ketimine 

tautomer.(l27). 

.-_-:_ _ , ‘: .: . . _ --” -:-. -, 
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Dihexylborane a&allylacetone have yielded a 7-membered B-O heterocycle 

(128). 

(C6H13)2BH + CH2=CH-CH2CH2COCH3 -- 

I 
'SH13 

Hydroboration of BrCH2CH(OEt)CH2CH=CH2 with Bu2BH has yielded BrCH2CH(OEt)- 

CH2CH2CH2BBu2, which was converted to the RB(OMe)2 derivative by reaction with 

trimethyl borate and then allowed to react with primary amines, which displaced 

the bromide and yielded 7-membered B-N heterocycles (129). Hydroboration of 

(CH3)2CPC=CH2 with (HBEt2)2 yields mainly (CH3)2C=CHCH2BEt2 (130). Hydro- 

boration of ethoxyacetylene has been used to prepare several trans-ethoxy- 

vinylboranes, EtOCHWHBX2, vhere X is alkyl, MeO, or ethoxyvinyl (131). 

The hydroboration of Crcyclopropyl-P,P-dimethylstyrene at -20° proceeds to 

yield mainly the expected product, but at room temperature rearrangement of the 

borane vith opening of the cyclopropane ring results (132). 

Me 
-20° I +25O 

Ph-C=CMe2 i- HBR2 - Ph-CH-C--R2 

A I 
- Ph-CH-CHMe2 
HBR2 

I 
Me R2B-CH-CH2-CH2-BR;! 

The reaction of diphenylcyclopropenone vLth excess diborane appears to proceed 

by vay of a cyclopropenyl cation vhich is then reduced to 1,2-diphenylcyclo- 

propene (133). 

Hydroboration-oxidation of one double bond of hexamethyl(Dewar benzene) has 

been carried out without rearrangement (134). 
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2. Ii202 

Hydroboration of vinylferrocene followed by hydrogen peroxide oxidation 

has given 2-ferrocenyl ethanol, and other analogous hydroborations have been 

carried out (135). 

Reaction of RNR(CH2)2CH=CH2 with H2BR'-NMe3 to form the borazacyclohexanes 

has been studred (136). Hydroboration of 1,3-dimethyl-3-piperideins under 

various conditions leads to different mixtures of e- and trsns-1,3-dimethyl- 

4-piperidinols, with trans predominating (137). Hydroboration of several sub- 

stituted 3-piperideines has lead to 3- and 4-piperidinols (138). Hydroboration 

has been used in the synthesis of a series of dibenzpzepines patented ss trsn- 

quilizers (139). Hydroboration of several unsaturated aliphatic alcohols and 

thermal isomeritation of the products has been studied (140), The hydrobora- 

t.ion-oxidation of several 3-methylenebicycl~3_1_1]heptanes has been reported 

(141). 

Heating trialkylboranes above 120° in dimethyl sulfoxide, acetophenone, or 

dimethylformamide results in elimmination of one alkyl group as olefin, and in 

benraldehyde or furfural tvo alkyl groups are eliminated (142). The displace- 

ment of propylene from tripropylborane by 1-dodecene yields 787. of tri-l-dodecyl- 

borane in 5 minutes at 280° (143). Radical-initiated reaction of BrCC13 with 

Et3B gives a good yield of CH3CHBrBEt2 and CHC13 (144). 

2. Natural uroducts. The application of hydroboration chemistry to the 

synthesis of prostaglandins (99) has already been noted in Part A. 

'. Diisopinocampheylborane has been used in a synthesis of optically active 

amino acids by way of reduction of nitriles to N-diisopinocampheylborylket+minea 

and addition of HCN to the asymmetric ketimines (145). 
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A number of miscellaneous hydroborations of natural products can be found 

from the keyword "hydroboration" in Chemical Abstracts and are listed here for 

completeness, though their organometallic relevance is doubtful. Hydroboration 

and oxidation has been used to convert desoxytrimethylbrazilone to trimethyl- 

brazilin (146). Hydroborations of dihydrothujopsene (147) and of myrtenyl 

chloride and bromide (148) have been reported. Autoxidation of the hydroboratioa 

product from 1ongLfolene gives tranaannular radical transfer products (149). 

The hydroboration of an isopropenyl group on a steroid has been reported (150). 

Thermal isomerization of boranes to move the boron to the end of a ring D side 

chain has been employed in the steroid series (151,152). The enamines from 

3-oxosteroids are reduced to 3-aminosteroids instead of yielding normal hydro- 

boration products with borane (153). If there is no 19-methyl group or if the 

amino and borane groups are trans diequatorial, the hydroboration products from 

the enamines of 3-oxosteroids are stable and can be oxidized to 3-amino-Z-oxy- 

steroids (154). Disiamylborane hydroborates an isopropenyl side chain in 

preference to a double bond in the B ring of a steroid (155). Hydroboration has 

been used for synthetic transformations in the flavene series (156). 

D. Reviews 

Brown has written a useful and interesting book covering his recent work on 

hydroboration and alkylborane chemistry (157). 

The chemistry of organoboranes as alkylating and arylating agents has been 

reviewed by Brown and Rogic (158). Brown and Negishi have reviewed the cyclic 

hydroboration of dienes to form bfsborocyclanes and &-thexylboracyclanes (159). 

Readers of Japanese may be interested in Suzuki's review of radical reactions 

of organoboranes (160). Hydroboration has been reviewed in Polish (161,162,163). 

A review of 1,5,9-cpclododecatriene chemistry, including its hydroboration, 

has appeared in German (164). 
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