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Thiolation of NHC-Boranes: Influence of the Substitution at Boron 

 Anne-Laure Vallet,
a
 Emmanuel Lacôte*

b†
  

Several N-Heterocyclic Carbene (NHC)-boryl sulfides with B-

substituents were prepared. The added steric hindrance leads to 

much improved selectivities as only the NHC-boryl mono-sulfides 

were obtained. The B-substituted NHC-boranes are also conducive 

to more selective S to N NHC-boryl shift, provided that the NHC 

used is not too sterically demanding.  

The complexation of boranes with Lewis basic carbenes such 

as N-heterocyclic carbenes (NHCs),
1
 mesoionic carbenes 

(MICs),
2
 or cyclic alkyl amino carbenes (CAACs)

3
 enables new 

reactivities owing to the stabilization by the carbenes of 

reactive intermediates, in particular boron-centered radicals.
4
 

As a consequence NHC-boranes and related structures have 

emerged as great tools for radical organic synthesis.
5-8

 Thus, it 

is of primary importance to understand the reactivity of 

carbene boranes, so that one can discover new reactions they 

can be used in. 

In particular, we showed that NHC-boryl radicals could 

undergo homolytic substitutions, thus leading to NHC-boryl 

sulfides and disulfides.
9
 A likely ionic pathway was also 

evidenced, which delivered the same final products, via a 

hydride transfer from the NHC-boranes to the disulfides, 

followed by nucleophilic addition of the thiolate generated to 

the resulting borenium intermediates.
10

 Most interestingly, the 

resulting NHC-boryl sulfides can be used as tin hydride 

surrogates in radical reactions
11 

and Type I photo-initiators.
12

 

Both the ionic and radical reactions exhibit a large scope with 

regard to the NHCs and aryldisulfides, but we only considered 

BH3-adducts. Both the mono and bis-sulfides were generally 

observed. The reactions were optimized to deliver mostly one 

or the other of the products, but in some cases the adducts 

could not be separated, and the selectivities were not 

excellent. In this context, we decided to examine the influence 

of a pre-installed subtituent at boron. We reasoned that a 

steric lock could lead to more selective reactions. We report 

herein that this is indeed the case. 

For this study we chose to work with aryl-substituted 

derivatives in order to have structurally similar groups. We 

thus selected four different aryl rings, with substituents 

ranging from strongly electron-withdrawing groups (4-CF3) to 

strongly donating (MeO). Two NHCs were selected: the 

sterically demanding IPr and the smaller IMe. We examined 

two sets of conditions (see Table 1). In a typical thermal 

reaction, the NHC-(phenyl)borane was heated overnight at 

45 °C in deoxygenated benzene in the presence of one 

equivalent of diphenyldisulfide (Table 1, Entry 1, conditions ). 

In a typical photochemical reaction (Entry 2, h), the same 

reagents were irradiated at room temperature for 30 minutes 

using an OmniCure® S1000 apparatus. It is expected that the 

thermal reaction proceed via an ionic mechanism,
10

 while the 

photochemical reaction proceeds via a radical mechanism.
9
 

The thermal reaction of the phenyl-substituted NHC-Borane 

DiMe-Imd-BH2Ph with diphenyl disulfide led to adduct 1a in 

51% yield (entry 1). With di-(2-naphthyl) disulfide (resp. di-(4-

methoxy) disulfide), it delivered 1b (resp. 1c) in 80% (resp. 

55%) yield (entries 3 and 5). Noticeably, the corresponding 

photochemical reactions gave 1a and 1b in lower yields (19% 

vs. 51, entry 2; 30% vs. 80%, entry 4) but 1c was obtained in 

72% yield, better than the thermal reaction (entry 6). 

Considering that the thermal yields were on average better 

that the photochemical ones, we decided to examine the 

scope of the reaction only under thermal conditions. 

For DiMe-Imd-BH2[(4-CF3)-C6H4] the NHC-boryl sulfides were 

obtained in yields similar to those obtained with the phenyl-

substituted substrate (44% for 1d, entry 7; 82% for 1e, entry 8; 

44% for 1f, entry 9). and electron-donating (4-OMe) 

substituents at boron are compatible with the reaction. 

Alternatively, the electron-donating-substituted NHC-borane 

DiMe-Imd-BH2[(4-OMe)-C6H4] delivered adducts 1j-l in 62% 

yields (resp. 42%, 75%, entries 13-15). Curiously, the m-Br 

substituted NHC-Borane DiMe-Imd-BH2[(3-Br)-C6H4] was a 
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poor substrate, as 1g-i were obtained in rather poor yields 

(29%, 27% and 8%, respectively, entries 10-12). 

We next varied the NHC and chose the bulky IPr to replace the 

small IMe (entries 16-20). No reaction took place under the 

thermal conditions (entries 16 and 18). The photochemical 

conditions delivered NHC-boryl mono-sulfides 1m (from 

diphenyl disulfide, 20%, entry 17) and 1n (from di-(4-methoxy) 

disulfide, 37%, entry 20). The reaction with di-(2-naphthyl) 

disulfide only led to degradation (entry 19). Overall the yields 

were lower than those obtained in the same conditions with 

DiMe-Imd-BH2Ph. 

 

Table 1. Scope of the Preparation of NHC-Boryl Sulfides from B-Substituted NHC-

Boranes. 

 

Entry ArB ArS Cond.a Product, 

Yield (%) 

1 Ph Ph  1a, 51 

2 Ph Ph h 1a, 19 

3 Ph 2-Naphth  1b, 80 

4 Ph 2-Naphth h 1b, 30 

5 Ph 4-MeO(C6H4)  1c, 55 

6 Ph 4-MeO(C6H4) h 1c, 72 

7 4-F3C(C6H4) Ph  1d, 44 

8 4-F3C(C6H4) 2-Naphth  1e, 82 

9 4-F3C(C6H4) 4-MeO(C6H4)  1f, 44 

10 3-Br(C6H4) Ph  1g, 29 

11 3-Br(C6H4) 2-Naphth  1h, 27 

12 3-Br(C6H4) 4-MeO(C6H4)  1i, 8 

13 4-MeO(C6H4) Ph  1j, 62 

14 4-MeO(C6H4) 2-Naphth  1k, 42 

15 4-MeO(C6H4) 4-MeO(C6H4)  1l, 75 

16b Ph Ph  -c 

17b Ph Ph h 1m, 20 

18b Ph 2-Naphth  -c 

19b Ph 2-Naphth h -d 

20b Ph 4-MeO(C6H4) h 1n, 37 

a Conditions: 45°C; PhH, overnight () or PhH, rt, Omnicure® irradiation 

(h); b Carbene is Dipp-(Imd); c no reaction; d degradation 

Several conclusions can be drawn from the previous study. 

• The formation of NHC-boryl sulfides is sensitive to steric 

hindrance. The reactions require somewhat harsher conditions 

that the same ones using BH3-based Lewis pairs. There is a 

price to pay as the yields are smaller but there is a strong 

advantage, as only mono-adducts are obtained, under both 

thermal and photochemical conditions. The selectivity is 

better, which is especially interesting as the adducts obtained 

are those more difficult to isolate pure from the unsubstituted 

NHC-boranes. 

• The homolytic reaction suffers more from steric hindrance 

than the (likely) ionic reaction. The radical reaction is a 

bimolecular homolytic substitution, which suffers strongly 

from steric congestion. The key elementary step in the thermal 

reaction is probably a hydride transfer from the NHC-borane. 

This generates a borenium intermediate, which is intercepted 

by the thiolate generated. Our observations show that this 

suffers less from steric congestion than the SH2. 

• The nature of the substituent at boron has a stronger 

influence over reactivity than that of the disulfide. However, 

there is no clear relation between the electronic nature of the 

substituent at boron and the reactivity. 

• In all cases, steric hindrance at the NHC part of the Lewis pair 

is a very strong factor. It totally shuts down the ionic reaction. 

The radical substitution goes on somewhat, but is very low 

yielding, and it is accompanied by a lot of degradation. 

Our next step was to examine whether the 1,3 NHC-boryl shift 

from sulfur to nitrogen we discovered(12) would still be 

operant. Indeed, on the unsubstituted NHC-boranes, the bulky 

NHC IPr prevented the shift to take place. We selected two 

disulfides suitable with the rearrangement, 

bis(mercaptobenzothiazolyl) disulfide and bis(1-

phenyltetrazolyl) disulfide. 

 
Scheme 1. 1,3-NHC boryl shift with B-substituted NHC-borane and 
bis(mercaptobenzothiazolyl) disulfide 

 

The reaction of variously substituted B-aryl NHC-boranes 

derived from the IMe carbene and bis 

(mercaptobenzothiazolyl) disulfide proceeded at 65°C in 

benzene (Scheme 1). Gratifyingly, in all cases the mono-

substituted B-amino NHC-borane was isolated in modest (23% 

for 2b, 34% for 2c) to good yields (62% for 2a, 67% for 2d). In 

the case of the p-trifluoromethyl substituted aryl borane 

derivative, 8% of monosulfide were also isolated, and not in 

the other cases. This again suggests that the B–N products 

come from rearrangement of the corresponding B–S adducts 

initially formed.(12) Adducts 2a-d are the first examples of B-

substituted amino NHC-boranes. 

The reactions worked slightly less efficiently in the case of 

bis(1-phenyltetrazolyl) disulfide (Scheme 2). Despite the 

average yields (23-58% for 3a-d), only the corresponding 

mono-substituted amino NHC-boranes were again isolated 

except for 3b where a minor amount (10%) of the mixed bis-

adduct was also isolated. 

The rearrangement is not limited to imidazolydinene-boranes, 

as triazolylidene-borane 3e was obtained in 56%. Note that all 

derivatives 3a-e have a high number of nitrogen atoms, which 

makes them potentially pyrotechnic. We however experienced 

no problem in handling them. Despite the high nitrogen (and 

boron) content, there are enough heavier atoms to prevent 
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explosions. Nonetheless, adequate care should always be 

exercised when handling these products. 

 
Scheme 2. 1,3-NHC boryl shift with B-substituted NHC-borane and bis(1-
phenyltetrazolyl) disulfide. 

 

Finally, the presence of the very congested IPr on the borane 

blocked the rearrangement, in both the benzothiazole and the 

mercapto tetrazole series (Scheme 3). In both cases, the NHC-

boryl monosulfides (4a and 4b) were obtained respectively in 

42% and 64% yields. 

 
Scheme 3. Absence of 1,3-NHC boryl shift with B-substituted IPr-boranes 

 

Overall, the NHC-boryl shift is also very selective. That 

supports the hypothesis that the NHC-boryl sulfides are 

formed first selectively, and rearrange (or not) in a consecutive 

mechanistical step. 

Conclusions 

To conclude, we could extend the synthesis of NHC-boryl 

sulfides to B-substituted boranes. The added steric hindrance 

at the boron atom makes the reactions more difficult and 

slightly lower yielding. However it allows much improved 

selectivities as only the NHC-boryl mono-sulfides are obtained. 

When the disulfide employed are suitable to S to N NHC-boryl 

shift, i. e. when they have an -C=N bond in a 5-membered 

ring, the corresponding amino NHC-boranes are formed, 

except when a highly congested carbene is present, which 

shuts down the rearrangement but not the thiolation. All NHC-

boranes isolated are new. They are all stable despite the steric 

hindrance around the boron atom, which could lead to 

frustrated Lewis pairs.
13

 We are now focusing on studying the 

reactivity of the compound, in particular the influence of the 

aryl group on the strength of the B–S bond, and its ability to be 

an antenna for photochemical cleavage of the same bond. 

Finally, the NHC-boranes obtained are stereogenic at boron,
14

 

which might be interesting for stereochemical applications. 
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