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A smooth, rapid, quantitative and stereoselective enolboration of a variety of ketones to E enolborinates is 
achieved with bia(bicyclo[ 2.2.2]octyl)chloroborane, BmBC1, a new reagent, in the presence of triethylamine in 
simple solvents such as diethyl ether, hexane, carbon tetrachloride, and methylene chloride. &presentative &BCl 
reagents with variable steric requirements have been examined, with 3-pentanone and propiophenone as model 
ketones, in order to understand the effect of the steric requirements of R in controlling the enolate geometry: 
(1) B-chloro-9-borabicyclo[3.3.l]nonane (B-C1-9-BBN); (2) di-n-butylchloroborane (n-BuzBC1); (3) bis(exo- 
norbomy1)chloroborane (exo-NrWC1); (4) dicyclooctylchloroborane (Ch@Cl); (6) dieiamylchloroborane (S-Cl); 
(6) dicyclohexylchloroborme (CkBC1); and (7) bis(bicyclo[2.2.2]octyl)chloroborane (BcOzBCl). &BCl reagents 
with smaller R groups favor the formation of 2 enolborinates, whereas thoee with bulkier R groups favor the 
formation of E enolborinates. The phenyl group also playa a significant role in favoring the E enolborinate in 
the case of propiophenone. The reagent 7, W C 1 ,  with appropriate steric requirements, provides the best results 
in generating E enolborinatm for both the model ketones. Consequently, this new reagent BcoZBCl, 7, was compared 
for a variety of kebnea with the reagent 6, Chx&Cl, the best previously available reagent, to give E enolborinatm. 
Surprisingly, -BC1, achieves the E enolborinatm either exclusively or with a higher selectivity than ChxaC1. 
The enolborinatea generated with Bc@Cl in the presence of triethylamine are highly reactive with aldehydes 
a t  temperatures as low aa -78 "C. The impressive efficiency of BcOzBCl in achieving the preferred synthesis 
of E enolborinatm, together with its ease of preparation, handling, and greater stability, makea it a valuable reagent 
for the stereoselective enolboration of ketones. The important effect of variable steric requirements of R in W C l  
for the stereoselective enolboration of the model ketones and the application of BcozBCl to achieve optimum 
formation of the E enolborinates from a variety of ketones are emphized in this exploratory study. 

Enoborinates are very promising intermediates in or- 
ganic synthesis.2 They are mainly useful for stereocont- 
rolled aldol reactions with high ~tereoaelectivity.~J~ It 
has been well demonstrated that 2 enolborinates give syn 
aldols and E enolborinates give anti aldols stereoselec- 
tive196 (Scheme I). Therefore, control of enolate geom- 
etry to achieve formation of either 2 or E enolborinates 
selectively is very important. 
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considerable attention has been paid in the past decade 
to developing simple and efficient methodologies for the 
generation of enolborinak This well known methodology 
involves the reaction of ketones with a suitable organo- 
boron derivative with a good leaving group, &BX, in the 
presence of a suitable tertiary amine? Many of the or- 
ganoboron reagents developed earlier for this methodology 
are either difficult to prepare in the pure form or provide 
only a moderate yield of the desired enolborinates. The 
lack of control of enolate geometry to provide E enol- 
borinates selectively represents another serious limitation 
of these reagents. The selective generation of E enol- 
borinates from ketones had been an unachieved goal of 
organic chemists. 

Generally, both the steric and the electronic effects play 
important roles in deciding reaction selectivity in chem- 
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istry. The steric requirements of substituents, either on 
the substrate or on boron, play a major role in boron 
chemistry. Hydroboration is a well studied reaction where 
such steric influences have been clearly demonstrated.8 

A recent method for generating enolborinates involves 
the 1,Chydroboration of a,&unsaturated ketones with 
dialkylboranes!JO The steric requirements of R in &BH 
decide the mode of addition (1,2 vs 1,4) in this reaction. 
The lees buJky 9-BBN favors a clean 1,a-addition reaction 
leading to allyl alcohols,ll whereas bulkier &BH reagents 
such as SbBH, Chx2BH, IpczBH, and 2-Icr2BH prefer the 
lt4-addition pathway, resulting in the synthesis of enol- 
b~rinates.~ The stereochemistry of the resulting enol- 
borinates, the 1,li-addition products, is also controlled by 
the steric requirements of R in &BH. In all of the above 
cases, the 2 enolborinates have been obtained exclusively 
except in the case of QBBN, which gives a mixture of both 
2 and E enolborinates. The less bulky 9-BBN has also 
been shown to give either a clean 1P-addition productlo 
or a mixture of both 1,2- and 1,4-addition products,gb 
whereas a clean 18-addition reaction, under different ex- 
perimental conditions, had been observed earlier in our 
laboratory." 

In the enolboration system, Evans had studied the role 
of steric effects on the boron atom of the enolizing reagent 
on the enolate In the enolboration of diethyl 
ketone with &BOTf, there was a small increase in the 
amount of E enolborinate formed with a change in the R 
group from n-butyl to cyclopentyl. This result indicates 
that the bulkier cyclopentyl group favors formation of the 
E enolborinate, as compared to the smaller n-butyl group. 
A better selectivity favoring the E enolborinate has also 
been noted in the enolization of ethyl isopropyl ketone with 
Cpn2BOTf, as compared to the reaults of enolization of the 
parent diethyl ketone. In this case, however, the larger 
steric requirements of the ketone substituent, i-Pr, may 
also contribute to this higher stereoselectivity. 

Masamune5 has achieved the synthesis of either 2 or E 
enolborinatee for selected ketones and thioesters under 
optimized conditions based on earlier observations. The 
steric requirements of the substituents on boron reagent 
must have contributed much to the observed selectivity. 
He has also reported a high diastereoselectivity for the 
formation of anti aldols (E enolborinateg) with his designed 
reagent 2,5-dimethylborolanyl triflate.12a In this case also, 
the selectivity could be attributed to the larger steric re- 
quirements of the organic substituents attached to boron. 

Meyers has also varied the steric requirements of R in 
&BOW in the enolboration of oxa~olines.'~~ Even though 
there were some definite changes observed in the stereo- 
selectivity, no clear-cut conclusion as to the effect of R in 
controlling the enolate geometry was drawn from that 
study. 

One of our research projects involves exploration of new 
organoboron reagents for achieving control of enolboration 
and the factors influencing geometry of the enolborinate 
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produced. Our first successful reagent, Chx2BC1/EhN, 
proved very efficient for the regio- and stereoselective 
enolboration of various carbonyl compoundP including 
a broad range of ketone classes13b (eq 1). 

~~ 
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The nomenclature of the enolate (2 or E) is based on 
the simplified rule" of Evans that for the C-1 enolate 
Substituents R' and OM, the highest priority designation 
is always assigned to the OM group, independent of the 
metal. The normal priority designations of substituents 
at C-2 are maintained. Thus, irrespective of the nature 
of the R' group (H, alkyl, aryl, S-alkyl, and S-aryl), the 
enolborinate is designated 2 when R and OB are cis and 
E when R and OB are trans (eq 1). This simplified rule 
has been widely adopted by workers in this field.= The 
major advantage of this designation is the simple rela- 
tionship between the stereochemistry of the enolate and 
the Stereochemistry of the product. In all cases, 2 enol- 
borinates give syn aldols and E enolborinates give anti 
aldols. 
In our earlier communication,Sb we mentioned the effect 

of the steric requirements of the R group in &BCl for the 
preferential generation of E enolborinates. Though many 
reports have pointed out similar effects on enolate geom- 
etry, there has been no systematic study designed to 
achieve an understanding of the factors controlling the 
stereoselectivity. Therefore, we decided to explore many 
&BCl reagents with variable steric requirements of R in 
the hope of attaining an understanding of the role of this 
important steric effect on the enolate geometry as well as 
to establish a favorable organoboron reagent for such 
stereoselective enolborations. 

Results and Discussion 
More attention has been paid in the present study to 

the selection of various &BCl reagents with varying steric 
requirements of R as well as to the selection of the model 
ketonea examined. On the basis of the ease of preparation, 
handling, and stability, the following W C l  reagents were 
selected for the present study: (I) B-chloro-Qborabicy- 
clo[3.3.l]nonane (B-C1-9-BBN); (2) di-n-butylchloroborane 
(n-Bu2BC1); (3) bis(exo-norborny1)chloroborane (exo- 
Nrb2BC1); (4) dicyclooctylchloroborane (Coc2BC1); (6) 
disiamylchloroborane (Sia2BC1); (6) dicyclohexylchloro- 
borane ( Chx2BC1); and (7) bis(bicyc10 [ 2.2.21 octyl) chloro- 
borane (Bco2BC1). 

1 2 3 4 

5 6 7 
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Ethyl ketones were selected as the best model ketones 
for the proposed stereochemical study of enolboration. In 
the present study, therefore, both %pentanone, an aliphatic 
ethyl ketone, and propiophenone, an aromatic ethyl ke- 
tone, were selected as model ketones to examine the effect 
of variable steric requirements of R in the various bBC1 
reagents (1-7) on the geometry of the enolate produced. 

Preparation of &BCl Reagents. The bBC1 reagents 
are readily prepared by the following established methods: 
(i) hydroboration of the selected alkenes (2 equiv) with 
boranemethyl sulfide (BMS, 1 equiv) to b B H ,  followed 
by the controlled addition of anhyd HC1 in ether,lS lib- 
erates 1 molar equiv of hydrogen, forming bBC1, and (ii) 
direct hydroboration of the suitable alkenes (2 equiv) with 
monochloroborane-methyl sulfide (MCBS, 1 equiv) to 
&BCl.lS The second method is especially useful for cases 
where the hydroboration fails to stop cleanly at the di- 
alkylborane stage. For example, the hydroboration of 
1-butene, norbornene, and cyclooctene with BMS proceeds 
rapidly past the desired RzBH intermediates to trialkyl- 
boranes R3B. In such cases, the second method was pre- 
ferred for the preparation of reagents 2,3, and 4 from these 
alkenes. A typical example of the synthesis of ChxzBCl 
by both methoda has been described in our earlier paper.'% 

Synthesis of BcozBCl(7). The commerciaUy available 
(Aldrich) monochloroborane-methyl sulfide (MCBS) 
contains about 5-10% of dichloroboranemethyl sulfide 
(DCBS) as an impurity. Therefore, the direct hydro- 
boration of bicyclo[2.2.2]oct-2-ene with the commercial 
MCBS gives only 9045% of BcozBCl along with the im- 
purities BcoBClz and HBCl2-SMe2. 

Hydroboration of bicyclo[2.2.2]oct-2-ene with borane 
methyl sulfide (BMS) has already been shown to give a 
clean bis(bicyclo[2.2.2]octyl)borane in THF at 25 "C.l'la In 
the present study, we have found that this reaction is rapid 
and very clean even at 0 "C (eq 2). 

The formation of Bc%BH (6 19.8 ppm in THF) has also 
been confiied by treating this intermediate with meth- 
anol at 0 "C to give the corresponding methyl borinate, 
BcozBOMe (6 54 ppm in THF). The absence of a peak 
corresponding to dimethyl boronate, BcoB(OMe)z, also 
confirms the absence of any trace amounts of mono- 
alkylborane, BcoBHz, in the hydroboration reaction with 
this olefin. 

The conversion of R2BH to the corresponding RzBCl 
using HCl/ether is a simple and well known method.15 
Therefore, this well established procedure has been used 
for the synthesis of Bco2BCl in the present study (eq 3). 

The reaction was also followed by quantitatively 
measuring the amount of hydrogen gas on a gasimeter. 
The presence of BcozBCl (6 80 ppm in ether) was also 
confiied by treating the solution with methanol at 0 OC 

(15) Chandrasekharan, J.; Ramachandran, P. V.; Brown, H. C. J. Org. 
Chem. 1985,50, 5446. 

(16) (a) Brown, H. C.; Ravindran, N. J. Am. Chem. SOC. 1976,98,1785. 
(b) Brown, H. C.; Kulkami, S. U. J.  Organomet. Chem. 1979,168,281. 
(c) Brown, H. C.; Ravindran, N.; Kulkarni, S. U. J.  Org. Chem. 1979,44, 
2417. 

(17) (a) Brown, H. C.; Racherla, U. S. J. Orgammet. Chem. 1983,241, 
C 37. (b) Patereon, I.; Goodman, J. M.; Isaka, M. Tetrahedron Lett. 1989, 
30, 7121. 

Table I. Effect of the Steric Requirements of R in &BCl 
on Enolate Geometry in the Enolboration of 3-Pentanone 

and Propiophenone with Various &BCl/EtlNaBb 
3-pentanonec (I ) propiophenoned" ( % ) _ _ _  

hBC1 Z E yieldfa Z E yieldfa 
1 >97 <3 95 52 48 91 
2 97 3 94 51 49 90 
3 40 60 96 4 96 90 
4 30 70 96 3 97 92 
5 h  30 70 60 3 97 57 
6 21 79 95 <3 >97 92 
7 3 97 90 <3 >97 90 

ahactions were carried out in CCld at 0 "C unless otherwise 
stated. *In cases where the spectrum shows only one major iso- 
mer, we have indicatad a minor isomer to be <3% since such small 
peaks may be lost in the background. ' Z / E  ratio was determined 
on the basis of the synlanti ratio of their corresponding benz- 
aldehyde aldol producta. d Z / E  ratio was directly determined by 
'H NMR. ' Z / E  ratio was also confirmed by the syn/anti ratio of 
the corresponding aldola with benzaldehyde. fDetermined by 'H 
NMR. #The yields were also confirmed by collecting and weighing 
the precipitated EGN-HCl. hReactions at 25 O C .  

to give the corresponding methyl borinate, BcozBOMe (6 
54 ppm in ether). A detailed procedure for the synthesis 
of BcozBCl is given in the Experimental Section. 

Enolboration. The enolboration experiments were 
carried out in carbon tetrachloride in cases where it was 
desirable to record the lH NMR spectrum of the reaction 
mixture. Benzene was added as an internal standard 
(except in cases where the use of aromatic ketones pro- 
vided an internal standard) for the quantification of the 
enolborinates. The IH NMR spectrum (olefinic proton) 
was used to determine the extent of enolboration and the 
llB NMR spectrum (borinate region) was also used to 
confirm the formation of enolborinates. This is a new 
established technique which we have been using for 
quantification of en0lborinates.6~J~ Enolization could also 
be carried out successfully in other organic solvents such 
as CHZCIz, diethyl ether, and hexane. Wherever aldoli- 
zation was to be performed on the enolborinate, the cor- 
responding enolization was carried out either in diethyl 
ether or in hexane. The rate of the enolboration reaction 
could be readily followed by observing the precipitation 
of EhN-HCl from the reaction mixture. 

Effect of the Steric Requirements of R in &BCl on 
the Enolate Geometry. A systematic study has been 
undertaken to examine the effect of variable steric re- 
quirements of the substituent R in the various RzBCl 
reagents (1-7) in controlling the stereochemistry of the 
enolboration for the two model ketones, 3-pentanone and 
propiophenone. 

Stereoselective Enolboration of 3-Pentanone. 
Generation of the kinetic E enolborinate from %penatnone 
has been a great challenge to organic chemists. The first 
achievement was the discovery in our laboratory of the 
enolization of 3-pentanone by ChxzBC1/EbN to give 79% 
E eno1borinate.sb Since the original communication, this 
reagent has been utilized by a number of research workers 
to achieve the preferential synthesis of E enolborinates. 
For example, the value of Chx2BC1/EhN has been well 
demonstrated by Ian Paterson with the anti-selective and 
quantitative aldolization of a-chiral ethyl and methyl ke- 
tones with various aldehydes such as aliphatic, a,&un- 
saturated, and aroma ti^."^ 

In our attempt to understand the effect of the steric 
requirements of the alkyl groups of the boron reagent on 
the enolate geometry, we were pleasantly surprized with 
a bonus that a new reagent, bis(bicyclo[2.2.2]octyl)- 
chloroborane, BcozBC1, achieves the synthesis of the E 
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enolborinate predominantly (>97 % ) from 3-pentanone. 
The results of the enolboration of 3-pentanone with the 
various &BCl reagents (1-7) in the presence of triethyl- 
amine (eq 4) are summarized in Table I. 

& 2::::;" 2 andor + Et3N.HC1t (4) 

Z E 

From the results in Table I, it is evident that the steric 
requirements of R in &BCl exert a major influence in 
controlling the enolate geometry in the enolization process. 
In the case of the relatively smaller reagent B-C1-9-BBN, 
1, the 2 enolborinate is obtained exclusively from 3-pen- 
tanone, whereas in the case of the bulkier Bco2BC1, 7, 
essentially the isomeric E enolborinate is produced ex- 
clusively. As the steric requirements of R increase from 
the reagent 1 to 7, the selectivity toward the formation of 
the E enolborinate also increases. It can be safely con- 
cluded that the small &BC1 reagents favor formation of 
the 2 enolate and the bulky &BCl reagents favor forma- 
tion of the E enolate. It is now possible to achieve the 
synthesis of either 2 or E enolborinate selectively from 
3-pentanone merely by a careful selection of the boron 
reagent. Except for the reagent 5, all other R&C1 reagents 
studied provide essentially quantitative yields of the en- 
olborinates. It is interesting to note that the reagent 
couples 1 and 2 and 4 and 5 give essentially individual 
identical mixtures of 2 and E enolborinates for each 
reagent in the couple. 

It is important to note that R2BCl reagents with even 
greater steric requirements such as bis(2,5-dimethyl- 
cyclohexyl)chloroborane, 2,5-Me2Chx2BC1, fail to enolize 
3-pentanone quantitatively.'& Apparently, there is a 
choice between reactivity and selectivity as the steric re- 
quirements of R in &BCl increase. Fortunately, the 
reagent 7, Boc2BC1, with appropriate steric requirements, 
is both reactive and selective. 

Stereoselective Enolboration of Propiophenone. 
Propiophenone, a widely studied ketone, was selected as 
the model aromatic ethyl ketone. The earlier literature 
reveals that enolboration of propiophenone gives the 2 
enolborinate predominantly. The highest conversion to 
the E enolborinate reported4b for the enolboration of 
propiophenone with &BOW is only 3%. Consequently, 
it was gratifying to observe that our reagent, Chx2BC1/ 
Et3N, converts propiophenone almost exclusively to the 
E enolborinate.BbJ3 

The results of the enolboration of propiophenone (eq 
5 )  with the various &BCl reagents are also included in 
Table I. 

0 OBR, dm ycy& dP,, d o r  p: t Et3N.HCl t (5) 

z E 

The results obtained in the case of propiophenone also 
support our earlier conclusion on the influence of the steric 
effect on the control of the enolate geometry. As the steric 
requirements of R in &BCl increase from the small B- 
Cl-9-BBN to the bulky Bco2BC1, the selectivity favoring 
formation of the E enolborinate also increases. An unex- 
pected development from this study is the obervation that 
many reagents, 3-7, convert propiophenone to E enol- 
borinate either exclusively or predominantly. A careful 
comparison of the results in Table I obtained for both 
3-pentanone and propiophenone with the same reagents 
suggests that the phenyl group must ale0 play a vital role 
in favoring formation of the E enolate. Similar effects of 
the phenyl group have also been observed in the enol- 
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Table 11. Comparison of Bco2BC1/EtJU with ChqBCVEtJV 
for the Stemselect ive Enolboration of Various Ketoneso#* 

RCOR' ChxaBCl' (%) b B C l e  (%) 
R R' 2 E yieldd 2 E yieldd 

Et i-Pr <3 >97 96 <3 >97 94 
Et Chx <3 >97 96 <3 >97 96 
Et t-Bu' <3 >97 60 <3 >97 66 
Et Ph <3 >97 92 <3 >97 90 
Et Et 21 79 95 3 97 90 
Et i-Bu 17 83 96 11 89 94 
n-Pr n-Pr 20 80 95 <3 >97 94 
n-Bu n-Bu 29 71 95 <3 >97 93 

"Reactions were carried out in CCl, at 0 O C  unleee otherwise 
stated. bRefer to footnote b of Table I. C Z / E  ratio was deter- 
mined on the basis of the syn/anti ratio of their corresponding 
benzaldehyde aldol products. Refer to footnotes f and g of Table 
I. aReaction at 25 OC. 

boration of esters and amidesals The similarity observed 
in the distribution of 2 and E enolborinates with the 
reagent couples 1 and 2 and 4 and 5 in the case of 3-pen- 
tanone is also evident for propiophenone. 

Comparison of Bco2BCl with Chx2BC1. From the 
results in Table I, it is apparent that only Bco2BCl pos- 
sesses the optimum steric requirements to convert both 
model ketones essentially exclusively into their E enol- 
borinates. Earlier i t  had been established that 
Ch.J3Cl/EbN achieves the conversion of the various ethyl 
ketones such as ethyl ieopropyl ketone, ethyl cyclohexyl 
ketone, and ethyl tert-butyl ketone into the E enol- 
borinates almost e~clusively.6~J~ However, Chx2BC1/E&N 
was less successful in converting diethyl ketone, ethyl 
isobutyl ketone, di-n-propyl ketone, and di-n-butyl ketone 
into their E enolborinates. The E enolborinatea are formed 
predominantly, but not exclusively. However, the new 
reagent, Bco2BC1, achieves the conversion of all these 
ketones almost completely into the desired E enol- 
borinates. The exclusive formation of the E enolates from 
all these ketones has not previously been accomplished 
from either boron or non-boron reagents. Therefore, to 
obtain a true comparison of the efficiency of the new 
reagent, Bco2BC1/Et3N, with the earlier reagent, 
Chx@Cl/EbN, these ketones were treated with these two 
reagents under rigorously controlled condition. 

The results in Table I1 clearly show that the new reag- 
ent, Bco2BC1, provides E enolborinates with a better se- 
lectivity than Chx2BCl for the eight ketones studied (eq 
6). 

0 OB(Bcoh OB[Bcob 

z 
R =Me. Et, n-R 
R' = Et, n-R. i-R, n-Bu. i-Bu. I-BU Chx. F% 

The reaction is rapid, conveniently followed by the 
concurrent formation and precipitation of triethyl- 
ammonium chloride, and essentially quantitative except 
for the sterically hindered ethyl tert-butyl ketone. A 
similar slow enolboration has been reported for this ketone 
in the literature4b with n-BuzBOTf/i-PrzEtN. The yields 
obtained with the new reagent are also comparable with 
Chx2BC1/Et,N. These yields are based on the isolation 
and weight of the solid E&N.HCl, the reaction of the en- 
olborinate with a measured amount of benzaldehyde, or 
'H NMR examination of the aldol produced. 

This comparative study also gives further evidence for 
our earlier important conclusion that the smaller &BCl 

(18) Ganeean, K.; Brown, H. C. Unpublished results. 
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sterdect ive enolboration of ketones. The present study 
using two model ketones, diethyl ketone, an aliphatic ethyl 
ketone, and propiophenone, an aromatic ethyl ketone, 
reveals that the smaller hBC1 reagents favor formation 
of the 2 enolborinates while the bulkier hBCl  reagents 
favor formation of the E enolborinates. In the case of 
propiophenone, the significant effect of the phenyl group 
favoring formation of the E enolborinate has also been 
observed. The achievement of five k B C l  reagents, 3-7, 
which convert propiophenone to its E enolborinate es- 
sentially exclusively, is also another bonus from thie study. 
Surprisingly, MBC1,  a new reagent with the appropriate 
steric requirements, is the only reagent which achieves 
formation of the E enolborinates exclusively from the 
model ketones. A true comparison of thie new reagent with 
Chx2BC1, our standard organoboron reagent, in the ste- 
reoselective enolboration of eight different ketones reveab 
that BcqBCl is more selective than Chx2BC1 in achieving 
the E enolborinates. We suggest application of 
BqBCl/EhN to those ketones which fail to form the E 
enolborinates selectively with Chx2BC1/EhN, since the 
synthesis of the latter reagent is comparatively easy and 
the olefin used for the synthesis is much less expensive. 
This systematic study also provides information that can 
be helpful in designing new reagents for stereoselective 
enolboration. Finally, the visual observation of the for- 
mation of EhN-HCl as a white precipitate as the enol- 
boration progresses is an added advantage for these 
reagents in providing a convenient visual guide to the 
course of the reaction. The new reagent, Bco2BC1, which 
favors so strongly the stereoselective formation of E en- 
olborinates, definitely fills a long-standing vacuum in this 
area. 

Table 111. 'H NMR Data of the Carbinol Protons of the 
Syn and Anti Aldolo 

RCOR' 
R R' 

Et i-Pr 
Et Ch. 

Et Ph 
Et Et 
Et i-Bu 
n-Pr n-Pr 
n-Bu n-Bu 

Et t-BU 

'H NMRo (8 ppm) 
S y n  

4.63 (d, J = 6.0 Hz) 
4.81 (d, J = 5.0 Hz) 
4.80 (d, J = 4.0 Hz) 
6.08 (d, J = 4.0 Hz) 
6.01 (d, J = 4.4 Hz) 
6.00 (d, J = 4.6 Hz) 
4.80 (d, J = 6.2 Hz) 
4.79 (d, J = 6.0 Hz) 

anti 
4.43 (d, J = 8.6 Hz) 
4.63 (d, J = 8.0 Hz) 
4.68 (d, J = 8.0 Hz) 
4.88 (d, J = 8.0 Hz) 
4.72 (d, J = 8.4 Hz) 
4.71 (d, J = 8.3 Hz) 
4.75 (d, J = 7.6 Hz) 
4.74 (d, J = 7.1 Hz) 

Corresponds to the benzylic proton of the benzaldehyde aldol 
products. 

favors Z enolate formation and the bulky bBC1 favors E 
enolate formation. This is also the first study of the ste- 
reoselective enolboration of higher ketones such as di-n- 
propyl and di-n-butyl ketones. Even in these cases, the 
new reagent achieves the exclusive formation of the E 
enolborinates. 

Determination of the Eholate Geometry. The direct 
determination of the Z / E  ratio by 'H NMR is extremely 
difficult, since the olefinic protons of both Z and E en- 
olborinates exhibit essentially identical chemical shift. 
Conversion of these enolborinates into the corresponding 
enol ethers followed by the GC analysis has been one of 
the methods used to determine this ratioaqb However, 
possible isomerization during these processes led us to 
prefer the aldol ~ r d u r e . S ~ * ' ~  As mentioned earlier, aldol 
reactions of enolborinates are highly stereoselective with 
Z and E enolborinates giving syn and anti aldols respec- 
tively (Scheme I). An indirect method was, therefore, 
established and used to determine this ratio from the 
syn/anti ratio of the corresponding aldol products formed 
by the treatment with benzaldehyde. The chemical shift 
and the coupling constant values of the carbinol protons 
(benzylic in this case) of these syn and anti aldols are 
different. Consequently, the crude aldol reaction mixture 
(after the standardized workup) was analyzed as such by 
'H NMR to get this ratio precisely. This is an established 
t e ~ h n i q u e ~ ~ J ~  for determining the Z / E  ratio of the enol- 
borinates when direct determination by 'H NMR is dif- 
ficult. The required lH NMR data for both syn and anti 
aldols are given in Table 111. 

In the case of propio henone, as reported earlier for 

Z / E  ratio directly by 'H NMR examination of the reaction 
mixture, since the Z and E enolborinates exhibit different 
chemical shifts. The olefinic proton of the 2 enolborinate 
appears at 6 5.5 ppm (9, J = 7.4 Hz) and that of the E 
enolborinate appears at 6 5.1 ppm (q, J = 7.4 Hz). How- 
ever, in all the cases, the syn/anti ratio was also deter- 
mined for the aldol products obtained by treating the 
enolborinates of propiophenone with benzaldehyde. The 
syn/anti ratio of the aldols corresponds closely to the 
directly determined Z/ E ratio of the enolborinatea, further 
supporting the high stereoselectivity of enolborinates. 

In a number of cases, the enolization produced essen- 
tially one of a pair of isomeric enolates. Since it is Micult 
to see very small amounts of the minor component against 
the background, we have indicated the products to be <3% 
for the minor isomer and >97% for the major isomer, 
although the spectrum itself shows only the major iso- 
mer.13b 

Conclusions 
This is the f i t  systematic and detailed study of the 

effect of variable steric requirements of R in bBC1 on the 

other aromatic ketones? B, l3 it is possible to determine the 

Experimental Section 
Materials. All glassware was thoroughly dried in an air oven, 

cooled, and amembled under nitrogen for the experimenta. De- 

was freshly dietilled from d u m  benzophenone ketyl. EtgN was 
distilled over CaHp All alkenes and ketones, except for ethyl 
tert-butyl ketone, were commercial products of the highest purity 
available. Whenever neceaeary, the commercial samples of liquid 
alkenes were purified by distillation over a small quantity of 
L W .  Borane--methyl sulfide (BMS) and monochloroborane- 
methyl sulfide (MCBS) reagenta were purchased from Aldrich 
and used as such for the reaction. 

Syntherio of W C l  Reagents. The syntheaia of ChxzBCl as 
a general procedure for the various &BCl reagents (except for 
2 and 7) hee been d d b e d  in our earlier papam The syntheaia 
of n-BuzBC1, 2, has also been reported elsewhere.'" The ex- 
perimental procedure for the synthesis of BmBC1, 7, a new 
reagent, is described in this section. The special experimental 
techniques used in handling air- and maid" 'tive compounde 
have been described elsewhere." All of the following experimenta 
were conducted under an inert atmosphere (Nz). 

Syntherir of B M C 1 .  A M)(rmL round-bottom flask fitted 
with a rubber septum, a magnetic stirring bar, and a connecting 
tube attached to a mercury bubbler was charged with THF (160 
mL) [other solventa such as CHZClz and diethyl ether are not as 
satisfactory] and bicyclo[2.2.2]&2-ene (20 g, 185 "01). The 
flaek was cooled in an ice bath and boranemethyl sulfide (BMS, 
9.25 mL, 10.0 M, 92.5 mmol) was added slowly with constant 
stirring. The reaction was continued at  0 OC and the formation 
of BcqBH was complete within 1 h (I'B NMR, 8 19.8 ppm in 
THF). Then both THF and MezS were removed by a water 
aspirator (16-20 mm). The viscous BcozBH was redissolved in 
ether (100 mL) and anhyd HCl in ether (37.0 mL, 2.60 M, 92.5 
mmol) was added slowly to this solution at 0 OC. Hydrogen is 
rapidly evolved and should be safely vented. In a test reaction, 
the hydrogen gas was estimated by a gasimetar and was quan- 
titative. Stirring was continued at  0 OC for an additional 1-2 h. 
IlB NMR analysis of the resulting colorless solution showed the 

g d ,  d i y d  ~ ~ l v a t a ,  CHZCb CCC, and *e,  are used. THF 
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clean formation of Ba@Cl(S 80 ppm in ether). The solvent ether 
was removed by a water aspirator (15-20 mm) and the resulting 
Ba@C1(>98% pure based on the I1B NMR), a colorleee liquid, 
was ueed as such, since it decomposes on attempted distillation 
at  0.1 mm. 

Synthesis of Ketones. Ethyl tert-butyl ketone was prepared 
directly by the chromic acid two-phase (ethemater) oxidation'B 
of the correaponding alcohol (commercially available). Didlation 
provided >99% GC pure ketone and 'H NMR confi ied the 
structure. 

Spectra. 'H NMR spectra were recorded on T-60 and 300- 
MHz instruments. "B NMR spectra were recorded on FT-80A 
and 3C)o-MHz instruments. The chemical shift values are in b 
(ppm) relative to BFgaOEh. 

General Procedure for the Enolboration of Ketones with 
~ l / E t J V .  A aimple and general procedure for the enolization 
of ketones ie described as follows. To a stirred solution of &BCl 
(5.15 "01) and EhN (0.72 mL, 5.16 "01) in CCl, (17 mL), 
cooled at 0 "C (except for ethyl tert-butyl ketone which requires 
25 "C) under a N2 atmosphere, was added the ketone (5.0 "01) 
dropwise. The enolborinate was generated instantaneously with 
concurrent formation and precipitation of Et$J.HCL An internal 
standard, benzene (0.50 mmol), was added for quantification of 
the enolborinate by 'H NMR analysis, except in the m e  of 
propiophenone, where the aromatic ring was used as the internal 
standard. The molarity was adjusted to 0.2-0.3 M. The reaction 
mixture was stirred for 1 h and transferred into a centrifuge vial 
using a double-ended needle (18 guage). Centrifugation results 
in the separation of the enolborinate solution from the precipitated 
EhNQHCl. In representative cases, the solid EhN.HC1 was 
collected, washed, dried, and weighed. Essentially quantitative 
yields were obtained. The enolborinate solution was then 

(19) Brown, H. C.; Garg, C. P.; Liu, K.-T. J. Org. Chem. 1971,36,387. 

t rder red  into an NMR tube using a doubleended needle. The 
'H NMR analysis gives the extent of enolboration and I1B NMR 
(borinate region, usually broad, around 50-56 ppm) ale0 confirms 
the formation of enolborinatea. The 'H NMR data of the olefinic 
protons of the enolborinates are given in our earlier papers.lS 

General Procedure for the Aldolization with Benr- 
aldehyde. To a solution of enolborinate in diethyl ether (or 
hexane), generated under a N2 atmosphere from 5.0 mmol of the 
ketone using hBCl/EhN as described above, was added benz- 
aldehyde (5.0 "01) dropwise at  -78 "C. The reaction mixture 
was stirred for 2-3 h and then allowed to warm up ommight slowly 
to attain room temperataue. The a b n c e  of midual benzaldehyde 
c o n f i i  the essentially quantitative formation of enolborinate, 
as indicated by 'H NMR analysis. Then 10 mL of methanol was 
added to dieeolve the precipitate (EtSNeHCl) and 1.7 mL of H202 
(30%) was added at  0 "C. The resulting mixture was stirred at 
0 "C for 30 min and then at  25 "C for 5-6 h. The solvent and 
methanol were then removed by a water aspirator (15-20 mm) 
and the reaction mixture was extracted with ether, washed with 
dilute HCl and water, and then dried over anhyd Na&O,. The 
solvent was removed and the products were analyzed as such by 
'H NMR (in CDClJ to determine the syn/anti ratio. 
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Treatment of p-toluenesulfonamides of primary amines with 2 equiv of chloroamine at room temperature in 
the presence of base leads to reductive deamination. If excess chloroamine is present, the corresponding alkyl 
or aryl halides are obtained instead in good yields. Both reactions presumably proceed via tosylhydrazine and 
diazene intermediates; the course of the reaction is often govemed by steric hindrance. Treatment of the hlated 
toeylhydrazine intermediate with base and chloroamine, bromine, or iodine also leads to the corresponding halides 
in very good yields. 

In the course of our studies into the applications of 
readily available chiral compounds as starting materials 
for complex natural products synthesis we were interested 
in converting dehydroabietylamine (la) to dehydro- 
abietane (lb). A number of published methods are 

available for this hydrodeamination transformation.2 Of 
these methods, Nickon's reaction of primary amine p- 
toluenesulfonamide derivatives with hydroxylamine-0- 
sulfonic acid in the presence of aqueous base appeared to 
be the most convenient procedure.2c Unfortunately, re- 
action of the N-abietyl-p-toluenesulfonamide under these 
conditions afforded the reduced product in only 4% yield, 
presumably because of the insolubility of this subatrate CHsO \ / CH2CH2X u 

1 a X=NH2 
b X=H 
c X-NHTs 
d x-CI 
e X=N(NH,)Ts 

2 a X=N(NH2)Ts 
b X-Cl 

~~~ ~~ 

(2) (a) Doldouras, G. A.; Koionitsch, JJ. Am. Chem. SOC. 1978,100, 
341. (b) Bumgardner, C. L.; Martin, K. J., Freeman, J. P. J.  Am. Chem. 
Soc. 1963,85,97. (c) Nickon, A.; Hill, A. 5. J.  Am. Chem. Soc. 1964,86, 
1152. (d) Hutchins, R. 0.; Cistone, F.; Goldsmith, B.; Heumnu, P. J. Org. 
Chem. 1976,40,2018. (e) Kntritzky, A. R.; Horvath, L1; Plau, B. J. Chem. 
SOC., Perhin Trans. 1,1980,2254. (0 Barton, D. H. R.; Bringmann, 0.; 
Lamotte, G. Tetrahedron Lett. 1979,24, 2291. (8) Baumgarten, R. J.; 
Curtis, V. A. The Chemistry of Amino, Nitroeo, and NitroCompounda 
and Their Derivatives; Patai, S., Ed.; John Wiley and SOM: New York, 
1982; Part 2, p 929. (h) A relatad reductive transformation of 1,2-di- 
substituted tosylhydrazinea has also been reported: D. S. Cram, J. S. 
Bradshaw, J. Am. Chem. SOC. 1963,85,3525. 

(1) Presented at the 4th Chemical Congreas of North America, 202nd 
American Chemical Society National Meeting, New York, Aug 1991, ORG 
108. 

0022-3263 f 92 f 1951-3772$03.O0 f 0 Q 1992 American Chemical Society 


