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Abstract

A “double benzyne” reaction between 1,3-dichloro-2-iodobenzene and 2,4,6-+Bu3zCgH,MgBr
followed by the addition of iodine led to 2,6-(2,4,6-#Bu3CgH>),CgHsl (HTBTI) in 65% yield.
Lithiation of HTBTI with Li-#Bu gave Li(Et,O),HTBT from which HTBTSH, HTBTN3,
HTBTNH,, and HTBTOH were prepared. An X-ray structure of W(OHTBT),Cl4 shows that the
two HTBTO ligands are transto one another with the £Bu3CgH» groups on one HTBTO
interdigitated with the #Bu3CgH> groups on the other HTBTO.

Graphical Abstract

One of the most significant advances in the chemistry of a large fraction of elements in the
periodic table in the past 50 years has been the synthesis of compounds that contain
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sterically demanding groups.! In inorganic and organometallic chemistry, bulky mono-, di-,
or trianionic ligands have allowed the synthesis of compounds in which the element is in an
unusual oxidation state or bonding state or catalysts whose function critically depends upon
the size, shape, and electronics of the sterically dominating ligand.2 In inorganic chemistry,
bulky anionic ligands include (among many others) those based on the 2,6-terphenyl motif
in which the phenyl groups in the 2 and 6 positions are sterically demanding 2,4,6-R3CgH>
groups (R = Me or /-Pr; HMT or HIPT, respectively). There are many examples of
compounds in which [2,6-(2,4,6-R3CgH>),CgHs] ™ or [2,6-(2,4,6-R3CgH>5)2CeH3X]™ is
bound to a transition or main group metal or metalloid where X = 0,3 S,% or N (amido or
imido®). In terms of catalysis, molybdenum- or tungsten-based alkylidene complexes in the
past 10 years that contain a [2,6-(2,4,6-R3CgH>)2CgH30]~ ligand (and variations) have led
to olefin metathesis catalysts that provide kinetic control of 28 or £ selectivity’ or that
initiate the formation of c¢/s,syndiotactic polymers in ring-opening metathesis polymerization
reactions,® including those that generate cis,syndiotactic{A-alt-B) copolymers. ° A 2,6-
terphenyl that is largely absent in the 2,6-terphenyl class of compounds is that in which R =
£Bu. It arguably would be the most sterically demanding in the [2,6-(2,4,6-R3CgH>)--
CgH3]™ series of 2,6-terphenyls or their derivatives and could provide additional insight into
bonding and reactivity in view of that increased steric bulk. We report here the synthesis of
2,6- (2,4,6--Bu3CgH»)2CgH3X (HTBTX) derivatives (X =1, Li, OH, SH, N3, or NH,) along
with X-ray structures of Li(Et,O)o,HTBT and transW(OHTBT),Cl,.

The approach to the synthesis of the hexa- fert-butyl-2,6- terphenyl is a “double benzyne”
reaction analogous to that discovered by Hart.10 In 2004 a variation of the Hart reaction was
used to prepare 2,6-(2,4,6-£Bu3CgHy),-4-BrCgH,MgX (X = Br or CI), which was then
hydrolyzed to yield the desired 3,5- (2,4,6--Bu3CgH5),CgH3Br.11 We prepared HTBTMgX
(X =Brorl) in an analogous manner and treated it with iodine in hexane to obtain HTBTI
(eq 1) in 65% yield. The iodide is typically an isolable and useful intermediate in syntheses
of well-known hexamethylterphenyl or hexaisopropylterphenyl analogs of HTBT. Hexane is
necessary to form HTBTI from HTBTMgX, since refluxing a solution of HTBTMgX in the
presence of iodine in THF gave a mixture of HTBTH and HTBTI in an ~1:1 ratio from the
radical reaction of iodine with THF and generation of HI.12

| 1. TMSCH MgCI |

0°Cto22°C Li
Cl S _cl THF, 10 min R R t-Bulli, ether R S R
L 77 L LU e
| 2. 2,4,6-ri-tent- -100°Cto-78°C || /I
T butylphenyl-MgBr 2h

THF, reflux, 16 h HTBTI R=246+BusCHs LHTBT
3. I, hexane
30 min, reflux

0]

Lithiation of HTBTI with Li-£Bu in diethyl ether at —78 °C gave Li(Et,O),HTBT in 67%
yield. An X-ray structural study (Figure 1) of Li(Et,O),HTBT revealed the lithium to be
trigonally coordinated with a Li—C1 bond length of 2.137(4) A, which is significantly longer
than that in Li(Et,O)HIPT (Li—C = 2.017(7) A), where only one ether is coordinated to
lithium,3 or in (Et,0),Li-2,6-(2,4,6-Ph3CgH2),CgH3 (Li-C = 2.074(16) A).14 A repulsive
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interaction probably leads to some bending back of the #Bu3CgHy rings from the plane of
the six carbon atoms in the #Bu3CgH> rings. We conclude that the lithium in
Li(Et,0),HTBT, in comparison to that in Li(Et,O)HIPT, is more prone to bind a second
ether than be attracted to the electron density in the more sterically demanding #Bu3CgH»
rings.

Treatment of LIHTBT with elemental sulfur followed by reduction with LiAlH, afforded
HTBTSH in 88% overall yield, while treatment of LIHTBT with tosyl azide gave HTBTNj3,
which was then reduced to HTBTNH in 85% overall yield (Scheme 1). Refluxing LIHTBT
in the presence of B(OMe)s3 in toluene produced HTBTB(OMe),, which was converted /n
situto HTBTOH upon treatment with NaOH/H»0, in 75% overall yield. The reaction
between LIHTBT and PhNO, in ether at =78 to 22 °C (overnight) gave only ~20% of the
desired HTBTOH.

The reaction between tungsten hexachloride and 2 equiv of LIOHTBT in benzene or toluene
at room temperature produced black frans-W(OHTBT),Cly, which was recrystallized from
pentane in 43% overall yield. An X-ray structure shows that the ~Bu3CgH» groups on one
HTBTO are interdigitated with the ~Bu3CgH, groups on the other HTBTO (Figure 2). Cis
HTBTO ligands, as found for the terphenoxides in cis-W(0O-2,6-Ph,CgH3)2Cl4,1° would not
seem to be possible for steric reasons. The W1-02 and W1-O2 bond lengths in frans-
W(OHTBT),Cl, (1.813(3) and 1.896(3) A) are comparable to the W—O bond lengths in cis-
W(0-2,6-Ph,CgH3),Cl4 (1.824(6) and 1.855(7) A). Addition of a third HTBTO group to
trans-W(OHTBT),Cl, would not seem to be possible either. In fact, heating a solution of
W(OHTBT),Cly4 in benzene in the presence of several equivalents of LIOHTBT at 80 °C led
only to slow decomposition to unidentified products.

We conclude that the 2,6-hexa-fert-butylterphenyl group is as accessible as the hexamethyl
and hexaisopropyl analogs and look forward to its comparison with “smaller” 2,6-
hexamethylterphenyl or 2,6-hexa-isopropylterphenyl and their derivatives in some of the
many circumstances that have been explored to date.
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Acknowledgments

R.R.S. and A.H.H. are grateful for financial support from the National Institutes of Health (GM-59426).

References

1. (a) Power PP. J Organomet Chem. 2004; 689:3904-3919.(b) Power PP. Chem Rev. 2012; 112:3482-
3507. [PubMed: 22480221]

2. Wolf R, Brynda M, Ni C, Long GJ, Power PPJ. Am Chem Soc. 2007; 129:6076-6077.(b) Nguyen T,
Panda A, Olmstead MM, Richards AF, Stender M, Brynda M, Power PP. J Am Chem Soc. 2005;
127:8545-8552. [PubMed: 15941290] (c) Wolf R, Ni C, Nguyen T, Brynda M, Long GJ, Sutton
AD, Fischer RC, Fettinger JC, Hellman M, Pu L, Power PP. Inorg Chem. 2007; 46:11277-11290.
[PubMed: 18044886]

Org Lett. Author manuscript; available in PMC 2018 February 13.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Bukhryakov et al.

Page 4

3. (a) Stanciu C, Richards AF, Stender M, Olmstead MM, Power PP. Polyhedron. 2006; 25:477-483.
(b) Stanciu C, Olmstead MM, Phillips AD, Stender M, Power PP. Eur J Inorg Chem. 2003;
2003:3495-3500.(c) Zhao P, Lei H, Ni C, Kamali S, Fettinger JC, Power PP, Guo JD, Nagase S,
Grandjean F, Long GJ. Inorg Chem. 2015; 54:8914-8922. [PubMed: 26331405] (d) Rivard E,
Power PP. Inorg Chem. 2007; 46:10047-10064. [PubMed: 17975890]

4. (a) Buyuktas BS, Power PP. Chem Commun. 1998:1689-1690.(b) Niemeyer M, Power PP. Inorg
Chem. 1996; 35:7264—7272. [PubMed: 11666917] (c) Ellison JJ, Ruhlandt-Senge K, Power PP.
Angew Chem. 1994; 106:1248-1150.

5. (@) Twamley B, Hwang CS, Hardman NJ, Power PP. J Organomet Chem. 2000; 609:152-160.(b)
Gavenonis J, Tilley TD. J Am Chem Soc. 2002; 124:8536-8537. [PubMed: 12121088] (c)
Gavenonis J, Tilley TD. Organometallics. 2002; 21:5549-5563.(d) Gavenonis J, Tilley TD.
Organometallics. 2004; 23:31-43.(e) lluc VM, Hillhouse GL. J Am Chem Soc. 2010; 132:15148-
15150. [PubMed: 20929225] (f) Laskowski CA, Miller AJM, Hillhouse GL, Cundari TR. J Am
Chem Soc. 2011; 133:771-773. [PubMed: 21175213] (g) lluc VM, Miller AJM, Anderson JS,
Monreal MJ, Mehn MP, Hillhouse GL. J Am Chem Soc. 2011; 133:13055-13063. [PubMed:
21797224] (h) Gerber LCH, Schrock RR, Miiller P, Takase MK. J Am Chem Soc. 2011,
133:18142-18144. [PubMed: 21999823] (i) Gerber LCH, Schrock RR, Miller P. Organometallics.
2013; 32:2373-2378.(j) Axtell JC, Schrock RR, Muller P, Hoveyda AH. Organometallics. 2015;
34:2110-2113.

6. (a) Speed AWH, Mann TJ, O’Brien RV, Schrock RR, Hoveyda AH. J Am Chem Soc. 2014;
136:16136-16139. [PubMed: 25379808] (b) Koh MJ, Nguyen TT, Zhang H, Schrock RR, Hoveyda
AH. Nature. 2016; 531:459-465. [PubMed: 27008965] (c) Lam JK, Zhu C, Bukhryakov KV,
Schrock RR, Miiller PM, Hoveyda AH. J Am Chem Soc. 2016; 138:15774-15783. [PubMed:
27934034] (d) Koh MJ, Nguyen TT, Lam J, Torker S, Hyvl J, Schrock RR, Hoveyda AH. Nature.
2017; 542:80-85. [PubMed: 28114300]

7. (a) Schrock RR. Acc Chem Res. 2014; 47:2457-2466. [PubMed: 24905960] (b) Nguyen TT, Koh
MJ, Shen X, Romiti F, Schrock RR, Hoveyda AH. Science. 2016; 352:569-575. [PubMed:
27126041] (c) Shen X, Xu D, Nguyen TT, Koh MJ, Speed AWH, Schrock RR, Hoveyda AH.
Nature. 2017; 541:380-385. [PubMed: 28068669]

8. (a) Forrest WP, Axtell JC, Schrock RR. Organometallics. 2014; 33:2313-2325.(b) Autenrieth B,
Jeong H, Forrest WP, Axtell JC, Ota A, Lehr T, Buchmeiser MR, Schrock RR. Macromolecules.
2015; 48:2480-2492.(c) Autenrieth B, Schrock RR. Macromolecules. 2015; 48:2493-2503.

9. (a) Jang ES, John JM, Schrock RR. ACS Cent Sci. 2016; 2:631-636. [PubMed: 27725961] (b) Jang
ES, John JM, Schrock RR. J Am Chem Soc. 2017; 139:5043-5046.

10. (a) Du CJF, Hart H, Ng KKD. J Org Chem. 1986; 51:3162-3165.(b) Vinod TK, Hart H. J Org
Chem. 1991, 56:5630- 5640.

11. Ritleng V, Yandulov DV, Weare WW, Schrock RR, Hock AR, Davis WM. J Am Chem Soc. 2004;
126:6150-6163. [PubMed: 15137780]

12. Cruickshank FR, Benson WW. J Am Chem Soc. 1969; 91:1289-1292.
13. Schiemenz B, Power PP. Organometallics. 1996; 15:958-964.

14. (a) Power PP, Olmstead MM. J Organomet Chem. 1991; 408:1-6.(b) Girolami GS, Riehl ME,
Suslick KS, Wilson SR. Organometallics. 1992; 11:3907-3910.

15. Quignard F, Leconte M, Basset JM, Hsu LY, Alexander JJ, Shore SG. Inorg Chem. 1987; 26:4272—
4277.

Org Lett. Author manuscript; available in PMC 2018 February 13.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Bukhryakov et al.

Page 5

Figure 1.
Structure of Li(Eto0),HTBT. Hydrogen atoms have been omitted for clarity. Ellipsoids are

shown at 50% probability.
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Figure 2.
Structure of W(OHTBT),Cl4. Hydrogen atoms have been omitted for clarity. Ellipsoids are

shown at 50% probability.
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1. sulfur

2. LiAIH, SH
LIHTBT — > R R
1. TsNj 1. B(OMe)3 HTBTSH, 88%

2. LiAlH, 2. NaOH/H,0,
OH
R R
NH,,
R R
HTBTOH, 75%

HTBTNH,, 85% R = 2,4,6-1-BusCgH»

Scheme 1.
Syntheses of HTBTSH, HTBTNH,, and HTBTOH
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