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Chromium(I1) reagents are powerful one-electron reducing 
agents (Cr3+/Cr2+, E" = 0.41V). The application of these 
compounds in organic synthesis has never been as popular as 
the oxidations with chromium(V1) reagents, which basically 
every chemist has already carried out himself. During the last 
years, however, chromium(II) chloride (CrC1,) has increasingly 
been used in the later stages of total synthesis projects, where 
mild conditions and a highly chemo-, regio- and diastereo- 
selective reaction was needed. Nowadays CrC12 is commer- 
cially available from several suppliers. Sometimes better 
results are obtained when a reagent, which behaves analogously 
to CrCl,, is freshly prepared from anhydrous chromium(II1) 
chloride and lithium aluminium hydride in tetrahydrofuran 
(THF) [ 1,2]. This way a dark brown suspension is obtained, 
which can be stored in the refrigerator for weeks without loss 
of activity. Since chromium(I1) salts have a high affinity to 
oxygen, they must be handled under protecting gas. Normally 
an excess of CrC12 is necessary for good conversions. 

Pure CrC12 is a colourless, hygroscopic solid with a melting 
point of 824 "C (the commercially available material is a grey 
powder). In aqueous solution it forms octahedral complexes 
of blue colour (d4 with Jahn-Teller distortion; the name of the 
element chromium is based on the high tendency to form 
coloured compounds). 

The following sections will give examples of different chem- 
ical transformations that can be achieved with CrClz [2,3]. 

1 The Beginning 
The first applications of CrC12 in organic chemistry were 
simple reductions in aqueous solution, C-C-bond formation 
was involved in exceptional cases only [3a, 3b]: In 1916 Traube 
and Passarge reported the conversion of maleic or furmaric 
acid to succinic acid [4a]. Beside such reductions of electron- 
deficient olefins [4], later studies covered the dehalogenation 
of a-halocarbonyls to carbonyls [5], vicinal dhalides to olefins 
[6], dibromo-o-xylenes to o-quinodimethides [7], the reduction 
of benzoquinones to hydroquinones [8] and the generation of 
allenes [lb, 91 from geminal dibromo- cyclopropanes in a 
Doering-Moore-Skattebol-like reaction. 

Other sources for chromium(II), like chromium(I1) sulfate, 
chromium(I1) acetate, chromium(I1) perchlorate and chro- 
mium(I1) amine complexes, were used in singular cases only 
[3a, 3b, 101. 

2 Synthesis of Homoallylic Alcohols 

A milestone in the application of CrC12 was the usage of aprotic 
solvents that made possible effective C-C-coupling with 
activated halides. First it was discovered, that benzylic [lb, 
111 (and allylic [9, 121) halides can be dimerized under these 
conditions. In 1977 Hiyama succeeded in coupling allylic hal- 
ides with aldehydes and ketones in a Barbier-type reaction 
[la]. Nowadays this formation of homoallylic alcohols is 
referred to as the Hiyama reaction. 

0 

R ex THFt25"C R 
60-94% 

In this context it is worth mentioning that in the absence of 
allylic halides only aromatic aldehydes in protic solvents 
showed pinacolic coupling with CrC12 [13]. Other carbonyl 
compounds are completely inert towards CrC1,. With a$- 
unsaturated aldehydes in the Hiyama reaction exclusively 1,2- 
addition was observed. Ketones were much less reactive, but 
provided product. Nitriles, esters, epoxides [ 141, sulfones [ 151, 
vinylhalides [ lb, 16a] and special, hindered allylic halides [ 161 
were not affected. The higher substitutedy-carbon of the ally1 
group was attached to the carbonyl carbon. With crotyl 
substrates simple diastereoselection was observed. From either 
cis- or trans-1 -bromo-Zbutene only one diastereomer was 
formed [la] (different from allylboranes and allylsilanes!). 
Heathcock was later able to assign the product to the anti- 
isomer [17]. A mechanistic proposal for these reactions was 
provided by Mulzer [2, 181. 

THF/25"C R . 
X 

either (Ej or (2) 96% 
R w 

Only in the case of bulky aldehydes like pivalylaldehyde the 
syn-product dominated. Apart from halogens also geminal 
dichlorides [ 161, tosylates [la], phosphates [19], acrolein 
dimethyl- or dibenzylacetals [20] reacted, the latter formed 
monoprotected anti- 1 ,2-diols ( Urnpolung of acrolein). 
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' Crtl2,Me3SiI 

R' + R ' O p  THFI-30°C * R ' L  
OR2 

99% R 
R2 = Me.Bn 

1,3-Diols were generated from vinylic epoxides [21]. 

pj, CrC12.LiI 

R2 % 
R' THF/O"C - R' ' + 

>XI% 
\OH 

R' = H,n-alkyl 

The interesting case of substrate controlled diastereoselectivity 
directed by remote stereocenters was reported by Paquette in 
his synthesis of furanocembranolides [22]. 

C02CH3 

0 p Br THFl25"C CCl' 0 5$j ,,,,,, 

OH 
0 

Reagent-induced and double stereodifferentiation was in- 
vestigated by Mulzer [23]. In the allylic bromides the 
stereogenic center in the &position turned out to be the 
directing element. 

on Q 

Bn 

When both compounds were chiral, the stereodirecting 
influence of the chromium reagent usually dominated.These 
principles were applied in total synthesis by Mulzer and others 
~231. 

Br 

OBll 

+ 

3 Synthesis of a-Allenic Alcohols 

The reaction described in section 2 could be extended to 
propargylic bromides and chlorides. Gore and coworkers 
found that in contrast to analogous organomagnesium and zinc 

compounds, a-allenic alcohols were formed preferentially 
[24]. Hexamethylphosphorous triamide (HMPT) was the sol- 
vent of choice to suppress the formation of the homo- 
propargylic alcohols as side products. Later Knochel per- 
formed such reactions with polyfunctional compounds (esters, 
nitriles, alkyl chlorides) in N,N-dimethylacetamide (DMA) 
where he observed excellent chemo- and regioselectivity [25]. 

0 X CCl* OH 

X = Br,C1 75-80% 

+ R' = ' 

4 Synthesis of Allylic Alcohols 

In 1977 it was stated, that aryl and vinyl halides do not react 
under the conditions of the Hiyuma reaction [la, 16al. In 1983 
the CrCl,-mediated additions of vinyl iodides to aldehydes 
were first described by Takai [26a]. But the success of the 
reaction heavily depended on the source of the CrC12. 1986 
Kishi [27] and Takai [26b] independently reported that nickel 
dichloride (NiC12) was a crucial cocatalyst for this reaction - 
traces of nickel in the CrCl2 were responsible for a successful 
reaction (oxidative addition of the non-activated sp2-halide to 
nickel(0) and subsequent transmetallation to chromium). Now 
vinyl bromides and vinyl triflates could be used in the Tukui- 
Kishi reaction, too. The configuration of double bonds 
remained unchanged during these reactions [27a]. 

R3 CC12 
cat. NiC12 

X = I,Br,OTf 70.100% 

R' 

There are numerous synthetic applications, for example the 
formation of a nine-membered ring in Overman's synthesis of 
a eunicellin diterpene [28g]. In the Tukai-Kishi reactions often 
N,N-dimethylformamide (DMF) or dimethylsulphoxide 
(DMSO) were used as solvents. 

TBDMSO 
DMS0125"C 

65% 

OH 

The synthesis of eight-membered rings was investigated by 
Kishi in the total synthesis of (+)-ophiobolin C [29] and in the 
synthesis of the taxane skeleton [30]. 

cat. NiCI2 
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Another application is found in Nicolaou's synthesis of 
brevetoxin B, were an enol triflate derived from a lactone was 
coupled [31]. 

TBDMSO OBn 
+ 

PivO 

OBn 

nu 

crc12 
cat. NiC12 

DMFl25"C 
66% 

OBn 
* PivO 

OBn 

5 Synthesis of Propargylic Alcohols 

Starting from alkynyl iodides with CrC12 alkynlychromium(lII) 
compounds are formed in situ - they undergo chemoselective 
1,Zaddition to aldehydes [32]. The nickel-effect described in 
section 4, was also observed [27b, 331. Unlike with lithium or 
magnesium alkynides, aldehydes were clearly preferred over 
ketones in the addition reaction. 

8 
Crcl, 

cat. NiCh QH 

R2 

)' + I-RZ 
R' DMF125T 

70.80% 

Most applications are found on the field of endiynes [33]. One 
recent example was provided by Beau [33h]. 

,O-SO$Bu 

THFl25"C 
95% bH 

6 Olefination Reactions 

1, I -Dihaloalkanes and CrC12 form an 1,l-dichromium reagent 
that reacts with aldehydes to furnish olefins with good (a- 
selectivity and in good yields [34a]. The reaction could be 
extended to the more readily available a-acetoxy bromides 
[34b]. 

CK12 

THFI25"C - Rl/\\ /R2 
R1 + >R2 

60-901 
X,Y = Br,Br/I,J/Br,OAc En= 88:12 to 99:l 

An extension of this methodology provided versatile func- 
tionalized olefins like vinylsilanes [35], vinylstannanes [36], 
vinylboronic esters [37] and vinyl halides [38]. 

crc12 

THFI25"C * R1*' R' Br 6040% 

2 = SiMe3,SnBu3,B(OR), 

X CC12 

R' X THF1O"C R1/\\ / '  
J + )-x 

6040% 
X = C1,Br.I 

The formation of vinyl iodides in the presence of a free 
hydroxyl group in Evans' synthesis of rutamycin B [39a] is 
just one example [39b, 284. 

PMBO QTBDMS 

. O W  + HCI, 

PMBO OTBDMS 
crc12 

THFl23"C 
80% 

- HO 

(En = 14:l) 

7 Miscellaneous 

A nickel-chromium catalyst was used by Trost for the 
cycloisomerization of 1,6-enynes, 1,7-enynes [40a] and 1,6- 
enallenes [40b]. Intramolecular carbometallations of alkynes 
applying nickel cocatalysts were described by Hodgson [41]. 
With unactivated alkyl halogenides (i.e. not allylic-, benzylic- 
or propargylic halogenides) Hiyama reactions proceeded well 
in the precence of cobalt catalysts [41], an effective intra- 
molecular carbometallation was also possible. 

8 Future Prospects 

One major drawback of the Hiyama and Tukai-Kishi type 
reactions is the fact, that in practice instead of two equivalents 
per halogen a huge excess of CrC12 is required. Due to the 
toxicity of the chromium and nickel salts this reaction can 
neither be applied to large-scale synthesis nor to phannaceu- 
tical chemistry. Fiirstner attended this problem and developed 
a reaction catalytic in chromium, using manganese as nontoxic 
reducing agent and trimethylsilyl chloride to release the chro- 
mium(II1) from the intermediate [43]. Here iodides, bromides 
and triflates reacted, the manganese also tolerated functional 
groups like esters, ethers and acetals. 

/ 80% 

The second problem not mastered so far are asymmetric 
Hiyama or Takai-Kishi reactions. Recently Kishi investigated 
several chiral ligands [44]. 
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0 OH 

e.r. 6.7:l % absolute configuration 
\ 1 \ 1 notestablished 

Since the research on this sector was just initiated, we can 
look forward to the further developement in this field. Maybe 
we will be able to include catalytic and asymmetric Hiyama 
or Tukui-Kishi reactions in our synthetic planning in the close 
future. 

References 

a) Y. Okude, S. Hirano, T. Hiyama, H. Nozaki, J. Am. 
Chem. SOC. 99 (1977) 3179; b) T. Hiyama, Y. Okude, 
K. Kimura, H. Nozaki, Bull. Chem. SOC. Jpn.55 (1982) 
561; c) zinc amalgam was used earlier: F. A. Cutler, Jr., 
L. Mandell, D. Shew, J. F. Fisher, D. Shew, J. M. 
Chemerda, J. Org. Chem. 24 (1959) 1629; d) sodium 
amalgam is another possibility which sometimes pro- 
vides a material superior to the one obtained with Li- 
AlH4: P. G. M. Wuts, G. R. Callen, Synth. Comm. 16 
(1986) 1833; e) partial racemization of a-chiral alde- 
hydes was observed with CrC13/LiA1H4 and could be 
avoided with CrC12: K. Suzuki, K. Tomooka, E. Kataya- 
ma, T. Matsumoto, G. Tsuchihashi, J. Am. Chem. SOC. 
108 (1986) 5221 
D. Hoppe in: Houben-Weyl, Methoden der Organischen 
Chemie, Vol. E21b, 4. Ed., Thieme Verlag, Stuttgart 
1995, p. 1584 
Reviews: a) J. R. Hanson, E. Premuzic, Angew. Chem. 
80 (1968) 271; Angew. Chem., Int. Ed. Engl. 7 (1968) 
247; b) J. R. Hanson, Synthesis 1974,l; c) W. R. Roush 
in: Comprehensive Organic Synthesis (Eds. B. M. Trost, 
I. Fleming), Vol. 2, p. 1 (specific p. 19); d) N. A. Sac- 
comano, ibid., Vol. 1, Pergamon Press, Oxford 1991, 
p. 173; e) P. Cintas, Synthesis 1992,248; f) D. M. Hodg- 
son, J. Organomet. Chem. 476 (1994) 1 
a) W. Traube, W. Passarge, Ber. Dtsch. Chem. Ges. 49 
(1916) 1692; b) A. B. Smith, 111, P. A. Levenberg, J. Z. 
Suits, Synthesis 1986, 184 
a) P. L. Julian, W. Cole, A. Magnani, E. W. Meyer, J. 
Am. Chem. Soc.67 (1945) 1728; b) B. Ellis, V. Petrow, 
J. Chem. SOC. 1953,3869; c) R. M. Evans, J. C. Ham- 
let, J. s. Hunt, P. G. Jones, A. G. Long, J. F. Oughton, 
L. Stephenson, T. Walker, B. M. Wilson, J. Chem. SOC. 
1956,4356 
J. F. Garst, J. A. Pacifici, V. D. Singleton, M. F. Ezzel, 
J. I. Morris, J. Am. Chem. SOC. 97 (1975) 5242 
These higly Diels-Alder reactive compounds either 
dimerized or could be trapped with dienophiles: D. 
Stephan, A. Gorgues, A. Le Coq, Tetrahedron Lett. 25 
(1 984) 5649 
J. R. Hanson, S. Mehta, J. Chem. SOC. (C) 1969,2349 

[9] Y. Okude, T. Hiyama, H. Nozaki, Tetrahedron Lett. 
1977,3829 

[ 101 L. F. Fieser, M. Fieser, Reagents for Organic Synthesis, 
John Wiley, New York, all volumes 

[ l l ]  a) L. H. Slaugh, J. H. Raley, Tetrahedron 20 (1964) 
1005; b) J. Wellmann, E. Steckhan, Synthesis 1978,901 

[ 121 R. Sustmann, R. Altevogt, Tetrahedron Lett. 22 (1  98 1) 
5167 

[13] a) J. B. Conant, H. B. Cutter, J. Am. Chem. SOC. 48 
(1926) 1016; b) D. D. Davies, W. B. Bigelow, J. Am. 
Chem. SOC. 92 (1970) 5127 

[ 141 W. C. Still, D. Mobilio, J. Org. Chem. 48 (1983) 4785 
[ 151 P. Auvray, P. Knochel, J. F. Normant, Tetrahedron Lett. 

27 (1986) 5091 
[16] a) J. AugC, Tetrahedron Lett. 29 (1988) 6107; b) K. 

Takai, Y. Kataoka, K. Utimoto, Tetrahedron Lett. 30 
(1989) 4389 

[ 171 a) C. T. Buse, C. H. Heathcock, Tetrahedron Lett. 1978, 
1685: b) T. Hivama. K. Kimura. H. Nozaki. Tetrahdron 
Lett. 22 (198i) 1037 
L. Kattner, Dissertation, Freie Universitat Berlin 1991 
a) C. Jubert, S. Nowotny, D. Kornemann, I. Antes, C. 
E. Tucker, P. Knochel, J. Org. Chem. 57 (1992) 6384; 
b) S. Nowotny, C. E. Tucker, C. Jubert, P. Knochel, J. 
Org. Chem. 60 (1995) 2762 
K. Takai, K. Nitta, K. Utimoto, Tetrahedron Lett. 29 
(1988) 5263 
0. Fujimura, K. Takai, K. Utimoto, J. Org. Chem. 55 
(1990) 1705 
a) L. A. Paquette, C .  M. Rayner, A. M. Doherty, J. Am. 
Chem SOC. 112 (1990) 4078; b) C. M. Rayner, P. C. 
Astles, L. A. Paquette, J. Am. Chem. SOC. 114 (1992) 
3926; c) L. A. Paquette, P. C. Astles, J. Org. Chem. 58 
(1993) 165 
a) J. Mulzer, L. Kattner, A. R. Strecker, C. Schroder, J. 
Buschmann, C. Lehmann, P. Luger, J. Am. Chem., SOC. 
113 (1991) 4218; b) J. Mulzer, L. Kattner, Angew. 
Chem. 102 (1990) 717; Angew. Chem. Int. Ed. Eng. 20 
(1990) 679; c) M. D. Lewis, Y. Kishi, Tetrahedron Lett. 
23 (1982) 2343; d) J. Mulzer, P. de Lasalle, A. FreiBler, 
Liebigs Ann. Chem. 1986, 1152; e) J. Mulzer, T. 
Schulze, A. Strecker, W. Denzer, J. Org. Chem. 53 
(1988) 4098; f) P. A. Wender, J. A. McKinney, C. Mu- 
kai, J. Am. Chem. SOC. 112 (1990) 5369 
a) P. Place, F. Delbecq, J. Gore, Tetrahedron Lett. 1978, 
3801; b) F. Delbecq, R. Baudouy, J. GorC, Nouv. J. 
Chim. 3 (1979) 321; c) P. Place, C. Vernibre, J. GorC, 
Tetrahedron 37 (1981) 1359 
K. Belyk, M. J. Rozema, P. Knochel, J. Org. Chem. 57 
(1992) 4070 
a) K. Takai, K. Kimura, T. Kuroda, T. Hiyama, H. No- 
zaki, Tetrahedron Lett. 24 (1983) 5281; b) K. Takai, 
M. Tagashira, T. Kuroda, K. Oshima, K. Utimoto, H. 
Nozaki, J. Am. Chem. SOC. 108 (1  986) 6048 
a) H. Jin, J. Uenishi, W. J. Christ, Y. Kishi, J. Am. Chem. 
SOC. 108 (1986) 5644; b) Y. Kishi, Pure Appl. Chem. 
64 (1992) 343 
a) S. L. Schreiber, H. V. Meyers, J. Am. Chem. SOC. 
110 (1988) 5198; b) U. C. Dyer, Y. Kishi, J. Org. Chem. 
53 (1988) 3383; c) M. Rowley, Y. Kishi, Tetrahedron 
Lett. 29 (1988) 4909; d) S.-H. Chen, R. F. Horvath, J. 



A. S. K. Hashmi, Chromium(I1) chloride: A Reagent for Selective C-C-Bond Formation 495 

Joglar, M. J. Fisher, S. J. Danishefsky, J. Org. Chem. 
56 (1991) 5834; e) M. H. Kress, R. Ruel, W. H. Miller, 
Y. Kishi, Tetrahedron Lett. 34 (1993) 6003; f) J. D. 
White, M. S. Jensen, J. Am. Chem. SOC. 117 (1995) 
6224; g) D. W. C. MacMillan, L. E. Overman, J. Am. 
Chem. SOC. 117 (1995) 10391 

[29] M. Rowley, M. Tsukamoto, Y. Kishi, J. Am. Chem. SOC. 
111 (1989) 2735 

[30] M. H. Kress, R. Ruel, W. H. Miller, Y. Kishi, Tetrahe- 
dron Lett. 34 (1993) 5999 

[31] K. C. Nicolaou, E. A. Theodorakis, F. F! J. T. Rutjes, J. 
Tiebes, M. Sato, E. Untersteller, X.-Y. Xiao, J. Am. 
Chem. SOC. 117 (1995) 1171 

[32] K. Takai, T. Kuroda, S. Nakatsukasa, K. Oshima, H. 
Nozaki, Tetrahedron Lett. 26 (1985) 5585 

[33] a) C. Crtvisy, J.-M. Beau, Tetrahedron Lett. 32 (1991) 
3171, b) K. C. Nicolaou, A. Liu, Z. Zeng, S. McComb, 
J. Am. Chem. SOC. 114 (1992) 9279; c) M. E. Maier, T. 
Brandstetter, Tetrahedron Lett. 33 (1992) 7511; d) B. 
Bodenmann, R. Keese, Tetrahedron Lett. 34 (1993) 
1467; e) Y.-F. Lu, C .  W. Harwig, A. G. Fallis, J. Org. 
Chem. 58 (1993) 4202; f) T. Brandstetter, M. E. Maier, 
Tetrahedron 50 (1994) 1435; g) T. Nishikawa, S.  
Shibuya, S. Hosokawa, M. Isobe, Synlett 1994,485; h) 
I. Dancy, T. Skrydstrup, C. Crtvisy, 3.-M. Beau, J. 
Chem. SOC., Chem. Commun. 1995, 799; i) M. Eck- 
hardt, R. Briickner, J. Suffert, Tetrahedron Lett. 36 
(1995) 5167 

[34] a) T. Okazoe, K. Takai, K. Utimoto, J. Am. Chem. SOC. 
109 (1987) 95 1; b) M. Knecht, W. Boland, Synlett 1993, 
837 

[35] K. Takai, Y. Kataoka, T. Okazoe, K. Utimoto, Tetrahe- 
dron Lett. 28 (1987) 1443 

[36] a) D. M. Hodgson, Tetrahedron Lett. 33 (1992) 5603; 
b) D. M. Hodgson, L. T. Boulton G. N. Maw, Tetrahe- 
dron Lett. 35 (1994) 223 1 

[37] K. Takai, N. Shinomiya, H. Kaihara, N. Yoshida, T. 
Moriwake, K. Utimoto, Synlett 1995, 963 

[38] K. Takai, K. Nitta, K. Utimoto, J. Am. Chem. SOC. 108 
(1986) 7408; in this case the CrC12 should be nickel- 
free, otherwise the vinyl halides are reduced (see sec- 
tion 4) 

[39] a) D. A. Evans, H. P. Ng, D. L. Rieger, J. Am. Chem. 
SOC. 115 (1993) 11446; h) K. C. Nicolaou, P. Berti- 
nato, A. D. Piscopio, T. K. Chakraborty, N. Minowa, J. 
Chem. SOC., Chem. Commun. 1993,619 

[40] a) B. M. Trost, J. M. Tour, J. Am. Chem. SOC. 109 
(1987)5268; b) B. M. Trost, J. M. Tour, ibid. 110 (1988) 
523 1 

[41] D. M. Hodgson, C. Wells, Tetrahedron Lett. 35 (1994) 
1601 

[42] K. Takai, K. Nitta, 0. Fujimura, K. Utimoto, J. Org. 
Chem. 54 (1989) 4732 

[43] A. Fiirstner, N. Shi, J. Am. Chem. SOC. 118 (1996) 2533 
[44] a) C. Chen, K. Tagami, Y. Kishi, J. Org. Chem. 60 (1995) 

5386; b) for less successful efforts: B. Cazes, C. Ver- 
ni&re, J. GorC, Synthetic Comm. 13 (1983) 73 

Address for correspondence: 
Dr. A. S. K. Hashmi 
Johann Wolfgang Goethe-Universitiit Frankfurt 
Institut fiir Organische Chemie 
Marie-Curie-Str. 11 
D-60439 Frankfurt am Main, Germany 

In der Rubrik ,,Das Reagenz" erscheinen demnachst: 

- Ruppert's Reagent Trifluormethyltrimethylsilane (C. Lamberth, Basel, Sandoz Agro AG) 
- Dess-Martin-Periodinan (DMP) (A. Speicher, V. B o r n ,  T. Eicher, Saarbriicken) 
- Betmip (1 -Triphenylphosphorylideneaminomethyl)benzotriazole), a Unique CH2=N-PPh3+X--Equivalent for Organic 

- Acylated Cyanatoarenes - Reagents for Convenient Cyanations (K. Buttke, H.-J. Niclas, Berlin-Adlershof) 
Synthesis (A. R. Katritzky, J. Jiang, Gainesville/Florida) 




