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Abstract: Rhodium carbenoids derived from methyl aryldiazoacetates are capable of effective catalytic
asymmetric G-H activation of a range of alkanes and tetrahydrofuran by-eHOnsertion mechanism.
Dirhodium tetrakis®-(N-dodecylbenzenesulfonyl)prolinate) (RBDOSP)) catalyzed decomposition of methyl
aryldiazoacetates in the presence of alkanes results in intermoleculdritsertions with good control of
regioselectivity, diastereoselectivity, and enantioselectivity. The carbenoids derived from methyl aryldiazoacetates
are considerably more chemoselective than carbenoids derived from diazoacetates. They stronghyfavor C
insertions into secondary and tertiary sites. Formation of side products due to carbene dimerization is not a
major problem with rhodium carbenoids derived from aryldiazoacetates.

One of the most challenging reactions in organic synthesis Scheme 1
is the functionalization of nonactivated-E&1 bonds. Not only
does such a reaction require an extremely reactive reagent, but
also, regiochemical problems would need to be overcome. Even
though there are several industrial processes for functionalization
of alkanes, general laboratory processes for alkane-HC
activation that lead directly to carbemarbon bond formation
are limited? Over the last twenty years, there has been a massive
effort to achieve selective -€H activation of alkanes by the
use of organometallic chemist#}3 One of the central trans-
formations that has been used for this chemistry is the oxidative
addition of highly reactive metal complexes inte-8 bonds
(Scheme 1¥.The ultimate goal of this chemistry would be to
develop a catalytic and asymmetric-€l activation proces3,
but unfortunately, this is an extremely difficult proposition gcheme 2
because regeneration of the highly active organometallic species
to complete the catalytic cycle is very difficult.
In this paper, a method will be described to achieve
asymmetric intermolecular-€H activation of alkanes by using
an alternative catalytic cycle (Scheme®2n this scheme a
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highly reactive metal carbenoid intermediate will be the species
that will cause the €H activation by insertion of a carbenoid
into the C-H bond. The carbenoid will be generated from a
reasonably stable metal complex that can catalyze the decom-
position of a diazo compound. The driving force for the
generation of the highly reactive metal-carbenoid intermediate
is the formation of N as a byproduct. Once the carbenoid
intermediate has undergone the-B insertion into the alkane,
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the original metal complex will be formed and the catalytic cycle enantioselectivé? Furthermore, we discovered that this type
can continue. Even though general reviews erHCactivation of carbenoid is much more chemoselective and less prone to
of hydrocarbons?2b3 have largely ignored carbenoid—-& dimer formation than carbenoids derived from alkyl diazo-
insertions® this process has the potential to be a practical acetated® This led us to consider that this class of carbenoids
solution to catalytic €H activation, as long as the chemose- would be able to undergo effective intermolecularl€inser-
lectivity can be controlled. tion. In combination with RES-DOSP}), this chemistry could
The metal-catalyzed decomposition of diazo compounds is alead to a practical catalytic asymmetrie-@8 activation process.
well-established method for the generation of reactive metal-
carbenoid intermediatésC—H activation by means of an
intramolecular G-H insertion is a powerful synthetic methéd.
Excellent control of diastereoselectivity and enantioselectivity
is possible with this chemistry. In contrasttermolecular C-H CO.Me
insertionis not generally considered to be a synthetically useful 2 Ar = p(C11-13H23.27)CeHa
proces$ even though numerous examples of the reaction have 1 Rhy(S-DOSP)4
been reported over the yedrdhe reason for this lack of 2
synthetic utility is that metal carbenoids are prone to dimer o o )
formatiori® and in the absence of an efficient trapping agent,  Inour preliminary communication of this work, we reported
the dimer formation is the dominant reaction process. Further- that methyl aryldiazoacetates underwentt€ activation into

Vi T
\.7 N 0—Rh
N2 SOZAF 4

more, the regioselectivity of the reported-@ insertions was
not sufficient to be of general practical utilify.
Over the last 15 years, We'? and others® have explored

cycloalkanes heated under reflux in-689% ee (eq 7Y and
into tetrahydrofuran in 5276% ee (eq 2}/ Recently, we have
demonstrated that €H insertions of aryldiazoacetates to

the chemistry of a different class of metal-carbenoid intermedi- Nitrogen (eq 3) and at allylic positionsx to oxygen (eq 4

ates which contain electron-withdrawing and electron-donating

(vinyl or phenyl) groups 1). This class of metal-carbenoid

intermediates has very different characteristics from the tradi-
tional carbenoids derived from alkyl diazoacetates. For example,

its cyclopropanation chemistry is highly diastereosele&ti/
and by using RS DOSP), (2) catalysis, its reactions are highly
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Table 1. Asymmetric CG-H Activation of Cycloalkanes by comparison of the optical rotation of the corresponding
0:Me carboxylic acid with the literature vali#é.The absolute con-
O F_{OZME Rhy(S-DOSP), E\V/im figuration of the other products is tentatively assigned on the
(Chp * N assumption that the same sense of asymmetric induction occurs

3 Ar (1 mole%), 10 °C (CH2)n 4 : . .
in all of the reactions with cycloalkanes.

diazo Ar n product  vyield, %  ee, % A C—H insertion process would be expected to display a
3a CeHs 5 42 80 %5 considerable kinetic isotope effe®t. This was confirmed by
3b p-BrCeHa 2 4b 64 95 running the reaction of aryldiazoaceta®s 3c, and3d with a
3c p-ClC¢H4 2 4c 76 94 1:1 mixture of cyclohexane amdi,-cyclohexane (eq 6). From
gd p-g\flgOH)Cstt g Zld gl? E;% the product distribution it was determined that the kinetic isotope

e O- 64 e
3 MCICaH, 5 pe a7 a4 effect was between 2.0 and 2.1.
3 -CFscéHa 2 4 78 94
3% B-MeC6H4 2 4% 63 93 COzMe Rh2(S-DOSP)4 COMe
3i 0-BrCeHs 2 4 72 90 N 1 mole % 1 :
3j m-BrCgHa 2 4k 62 95 (6)
32 CeHs 1 5a 72 96 X O + O s X
3c p-ClICsHa 1 5¢c 70 95 _ 12
1: 1 mixture
a3 mol % of catalyst was used.
are extremely efficient and useful transformations. In this paper Diazo X ko
we describe a systematic study exploring the scope and regio- gg E‘. gg
chemistry of C-H activation with various alkanes, which, of 3d OMe 21
course, are very challenging substrates for this type of chemistry.

In the preliminary communicatiotl, the reactions of aryl- ) ) )
diazoacetates with cycloalkanes were carried out under reflux !N the asymmetric cyclopropanation chemistry of alkyl
conditions because the yields dropped considerably when theVinyldiazoacetates with R{S-DOSP), the enantioselectivity
reaction temperatures were lowered. On reexamination of thedrops considerably on increasing the size of the alkyl group
reaction of methyl phenyldiazoaceta®s) with cyclohexane, from mgthyl _totert—butyl.15 Th|_s effect is a distinctive feature _
we have found that if the solvent is degas&the reactions  Of the vinyldiazoacetate/rhodium prolinate system, because in
can be carried out at temperatures as low a8 @ithout an the diazoacetate system, the highest enantioselectivity of cy-

appreciable drop in yield (eq 5). In these reactions, cyclohexaneClOPropanation is generally obtained when a bulky ester group
is used. An exploration of the effect of ester size on theHC

Co,Me activation revealed that a parallel trend existed between t¢ C
Ph nhz(SDO§P)4 O)\Ph activation and the asymmetric cyclopropanation. A slight drop
O *N2 N0, Me 1 mole % () in enantioselectivity occurred in the-& activation on changing
3a 4a from the methyl esteBa to isopropyl este6 while with the
tert-butyl ester7, the enantioselectivity for €H insertion was
Temp, °C| Conditions | Yield, % | ee, % (R) only 20% ee.
81 Ar 83 81
50 Ar 69 88 Rh,(S-DOSP),
39 Ar, degassed 31 g; CO,R 1 mole % CO-R
B W | | v T~ (I o
O 24°C
is used as solvent and the aryldiazoacetate is added dropwise Diazo R Product yield, % | ee,%
to Rip(S DOSP) over 90 min. Under these conditions, the i@ . -
activation producta is formed in 95% ee. The reaction is Sa | Me | 4 1 =2
applicable to a range of aryldiazoacetaBss-j, and in most 7 tBu 9 45 20
cases the €H insertion productda—j are produced irr 90%

ee (Table 1). Even an electron rich aromatic ring can be ) ) ) )
incorporated into the aryl diazoaceta8al although the yield The standard reactions described above were carried out with

of the C—H insertion product4d) is considerably lower in this 1 mol % of RR(SDOSP), but lower equivalents of catalyst
case (23% yield) than what was obtained when higher reaction ¢an be used as shown in eq 8. On using 0.1% of catalyst at 24

temperatures were used (85% yield)The reaction of cyclo-
CO,Me  Rhy(S-DOSP),

pentane with aryldiazoacetat8s and 3c similarly results in Np=( e CO,Me
the formation of the €H insertion product§aand5cin >90% Ph > Ph ®
ee. The absolute configuration 4& was determined to beR} O 24 °C
4
(16) Davies, H. M. L.; Hodges, L. M.; Matasi, J. J.; Hansen, T.; Stafford, 3a 2

D. G. Tetrahedron Lett1998 39, 4417.
(17) Davies, H. M. L.; Hansen, T. Am. Chem. S0d.997 119 9075.
(18) Davies, H. M. L.; Hansen, T.; Hopper, D.Am. Chem. Socl1999

Rh(ll), mole equiv | yield, % | ee, %

121, 6509. 0.01 80 92
(19) Davies, H. M. L.; Antoulinakis, E. G.; Hansen, @rg. Lett 1999 0.001 63 91
1, 383. 0.0001 2 70

(20) For a previous example of enhanced yields of intramolecutdd C
insertions after careful degassing, see: Taber, D. F.; Hennessy, M. J.; Louey. (21) Barth, G.; Voelter, W.; Mosher, H. S.; Bunnenberg, E.; Djerassi,
J. P.J. Org. Chem1992 57, 436. C.J. Am. Chem. S0d.97Q 92, 875.
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Table 2. Asymmetric C-H Activation of Tetrahydrofuran

(2 equiv. OMe
(JOzMe @ in hexane)
N Ar —_— Ar
. Rhy(S-DOSP)4 (1 mole%)

10
-50°C
combined diasteromer ee, %

diazo Ar product vyield, % ratio (major ds)

3a CgHs 10a 67 2.8 97

3c  p-ClCsHq 10c 74 2.4 98 ) ) .

3d p-(MeO)GHs 10d 56 3.4 96 Figure 1. Absolute configuration o1

3h  p-MeGCsH, 10h 60 4.0 97

3k  2-naphthyl 10k 62 1.6 95

The kinetic isotope effect for the €H insertion into
. i i . tetrahydrofuran was readily determined by competition experi-
°C, the yield and enantioselectivity (91% ee vs 92% e&}af  ments between tetrahydrofuran agtetrahydrofuran (eq 11).
is slightly diminished. With 0.01% of catalyst, however, the |5 gach case, the kinetic isotope effect was greater than that for

reaction conversion is very low and the enantioselectivity of ina reaction with cyclohexane, ranging from 3 to 3.2.
4a is considerably decreased (70% ee). A similar trend was

observed in the cyclopropanation chemistry catalyzed by Rh COMe  Rhy(S-DOSP), CO,Me
(SDOSP),.15 N 1 mole % o
The reaction of tetrahydrofuran with aryldiazoacetates has ) 0 am
also been optimized as illustrated in eq 9. After degassing of X N2t o 98 X
1:1 ratio
Rh,(S-DOSP),
COMe 1 mole % CO,Me Diazo X kn/kp
Np= — 0
Ph O_ solvent Ph (9 3a H 3.0
3a (or 2 equiv. 3c Cl 3.0
in hexane) 10a 3d OMe 3.2
~2 : 1 diastereomer ratio
Temp, °C | eeof10a,% | ee of 10a, % from Having determined that the-cH ac_tivation was an effective
from THF | hexane/THF (2 eq.) process, the next series of reactions were directed toward
determining the chemoselectivity of the reaction with various
65 72 - alkanes. From the cyclopropanation chemistry of carbenoids
2: g; gi derived from vinyldiazoacetates, it was expected that a subtle
50 50 o7 balance of steric and electronic effects would exist. These
carbenoids preferentially attack electron-rich alkenes in which

charge build up in the transition step of the nonsynchronous
cyclopropanation would be stabilizé#in a related manner, a
concerted nonsynchronous—El insertion mechanism would
explain why favorable €H insertions occur at C-2 of tetrahy-
drofuran. It is also well established, however, that the rhodium
prolinate/vinylcarbenoid system is sterically demanding, as
displayed by its inability to cyclopropanate trans alket?és.
Consequently, in the case of the-8 insertion, it was expected
that the tertiary &H bonds would be preferentially attacked
on electronic grounds but steric factors might reverse this trend.
The reaction with isobutane was examined to determine the

the solvents the reaction with tetrahydrofuran can be successfully
accomplished at-50 °C and under these conditions the enantio-
selectivity for the formation of the €H insertion product.Oa

is 90% ee. A further improvement in enantioselectivity was
possible by running the reaction in hexane with just 2 equiv of
tetrahydrofuran. It is well established that the enantioselectivity
for Rhy(SDOSP), catalysis is highly sensitive to solvent effects,
with nonpolar solvents being highly benefictalBy using
hexane as solvent the enantioselectivity for the formation of
10awas improved to 97% ee. The observation of high yields

in this reaction is remarkable because it signifies that the Carbe'reactivity difference between primary and tertiary B bonds.

noid is highly chemoselective, favoring reaction with the THF Due to its physical properties (bp12 °C), this is not an ideal

even in the presence of a vast excess of hydrocarbon. LJnOIersubstrate because the reaction needs to be carried out below

these optimized conditions, the reaction is applicable to aseries,[he optimum temperatures of BT or greater unless one is
of aryldiazoacetates, and in each instance, the enantioselectivit)(Ni"ing to resort to using a pressure reactor. Nevertheless C
- i i i 0, . ]
for the G H |_nsert|on proc_iuct_io Is >95% ce (Table 2). . insertion into the tertiary €H bond did occur at-12 °C to
In the original communication, the relative stereochemistry form 13in 75% ee. The yield 013, however, was low (20%)
. . 17 . tl )
of 10was tentatively assigned as2aR") ** but the absolute because azine formation was a major competing reaction under

]Eonﬂgtgratlofnl\é)vss nogetRermlned.bfr_oof dog the abso'%’te c?n- these low-temperature conditions. The absolute configuration
igﬁrta on Ot li ii ( alo) Waﬁ’ 0 altne ¢ y conver3|?n Od of 13 was determined to beR} by comparison of its optical
o crystallinel1 (eq 10), whose structure was confirme rotation to the literature valués.

by X-ray crystallography (Figure 1).

a, o

N
CO,Me ) o 2oy _— })\Ph 12
1. LIAIH4 (10) Rhy(S-DOSP), (12)

O, 3a 13
OO 2. p-ICgH,4COCI, % 1 mole %
NEt;
OO 20% yield
75% ee

10k 1
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To explore further the selectivity between primary and tertiary
C—H bonds, the reaction dda with 2,3-dimethylbutane was
examined. Under refluxing conditions (88), using 1% of cata-
lyst, this reaction resulted in the formation of the tertiary k€
insertion productl4 in 24% yield and 46% ee. The low yield
in this reaction is probably due to the steric difficulty in reaction
of the carbenoid at the tertiary-¢H bond in 2,3-dimethylbutane,

J. Am. Chem. Soc., Vol. 122, No. 13, 3087

azoacetate¥:*Further confirmation of the remarkable attributes
of R (S-DOSP) was observed by evaluating a series of cata-
lysts in the reaction oBa with 2-methylbutane. None of the
traditional catalysts that were examined gave greater than 30%
yield of C—H insertion produci.7a Electron-rich catalysts are
not particularly effective at intermolecular- insertion into
alkanegdwhile of all the standard catalysts, only REDOSP),

which is relatively crowded. Even though the phenyldiazoacetate is fully soluble in 2-methylbutane under ambient conditions.

was added dropwise over 1 h, carbene dit®eand azinel6
were formed (64:36 ratio) as major side products.

co,Me Rhx(S-DOSP), CO,Me
Np= 2 1 mole % 2
Ph Ph
3a o
>———< 58 °C 14
MeO,C, CO,Me MeO,C. COyMe
* Pan + =N-N= (13)
Ph Ph Ph Ph
15 16
mole equiv. of Rh(ll)| Yield of [eeof 14, [ ratio
14, % % 15:16
0.002 4 13 32:68
0.01 24 46 64:36
0.05 27 66 75:25

As it is generally considered that the formation of both

=<002R Rh(ll) catalyst CO.R

Ph
\_< 24°C

yield, %

N2

Ph (14)

17a

catalyst ee, %

Rhy(S-DOSP),
Rhy(0O0ct),4
Rhy(OPiv)4
Rho(TFA),

Rhy(O,CCPhg)s

Rhy(R-MEPY), 0 -

The lack of C-H insertion into the methylene group of
2-methylbutane is indicative of a steric influence because the
reaction with cyclohexane demonstrates that secondary sites are
susceptible to the €H insertion. To compare the rate of

carbene dimer and azine is due to the reaction of the carbenoid €2¢tion between secondary and tertiary sites, competition

with excess diazo compouréla study was undertaken to try
to improve the reaction by altering the amount of catalyst that
was used. When 5% of catalyst was used, the yieldl4éf

remained about the same but the enantioselectivity was improved?

to 66% ee. Curiously, the ratio &6 and 16 also changed (75:
25). An even more dramatic change occurred when 0.
catalyst was used. Only a 4% vyield G# in 13% ee was
obtained, while the ratio o15 to 16 was changed to 32:68.
The observation that5 is preferentially formed with high
catalyst loading whilel6 is formed with low catalyst loading

is not consistent with the general view that both carbene dimer

experiments were carried out using a mixture of cyclohexane
and 2-methylbutane. Reaction of phenyldiazoace?atat 24

°C with a 1:4.6 mixture of cyclohexane and 2-methylbutane
ave a 3.2:1 mixture ofta and 17a After considering the
statistical factor, the tertiary €€H bond in 2-methylbutane is

204 of Of similar reactivity to the &H bond in cyclohexane. The same

reaction with 4-bromphenyldiazoacet&tegave a 2.6:1 mixture
of 4b and17b. The more electrophilic carbenoid that would be
derived from4b appears to be more selective for a tertiaryC
bond than the carbenoid derived frota.

and azine are derived from reaction of a carbenoid with the CO,Me O +L<
diazo compound? Instead, a more reasonable explanation is N2 146
that only the azind 6 is formed from reaction of the carbenoid x Rha(5DOSP),s
with the aryldiazoacetate, while the dim#&b is formed by 3 1 mole %
reaction between two rhodium carbenoid intermediates. 24°C
To explore the reactivity profile between secondary and GOzMe CO:Me
tertiary sites, the reaction betweda and 2-methylbutane was (15)
examined. Decomposition @&a with Rhy(SDOSP), at 24°C 4 X 17 X
in 2-methylbutane resulted in the formationlofain 60% yield
and 68% ee. The higher yield obtained with 2-methybutane
compared to 2,3-dimethylbutane is presumably because the X 4:17 ratio
tertiary C—H bond in 2-methybutane is less sterically encum-
bered than the tertiary-€H bonds in 2,3-dimethylbutane. No : :r ;g ;g
evidence £5%) for C—H insertion into the secondary-€H

bond was observed. The regiochemistry is very different from

the published results on the rhodium-catalyzed reaction of ethyl

diazoacetate with 2-methylbutane, where a mixture of primary,
secondary, and tertiary-€H insertion products were forméd.
We have previously communicated thatBRDOSP), appears
to be ideally suited for €H insertions of aryl- and vinyldi-

(22) Bright, D. A.; Mathisen, D. E.; Zieger, H. B. Org. Chem1982
47, 3521.

(23) For a general discussion of carbene dimerization, see ref 6, pp 624
627.

The absence of reactivity at the secondaryHC site in
2-methylbutane is a promising indication that chemoselectivity
between secondary-€H bonds in different steric environments
should be feasible. This concept was tested in the reaction of
aryldiazoacetates with 2-methylpentane.,(S¥DOSP), cata-
lyzed decomposition d8ain the presence of 2-methylpentane

(24) Davies, H. M. L.; Stafford, D. G.; Hansen, Org. Lett 1999 1,
233.
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Ph
Nz==<co M
Ry H Ry H 32~ 2Me
R R, Re Rhy(S-DOSP),
1 mole %
CO,Me CO,Me

S%Ph o Ry
2 R, Rs Re

Figure 2. Absolute configuration of0.
9 9 o.o11| | 1700 |

under refluxing conditions (62C) gave rise to the tertiary-€H |
insertion producii8aand the secondary-€H insertion product 2

19ain a 58:42 ratio and 75% combined yield. RemarkahBa PR Ph,'BuSI—H @
was formed in a 4:1 diastereomeric ratio and 86% ee, while no

evidence €5%) of the regioisomeric secondary-€l insertion | 24.000] |24.000]

product was observed in thel NMR of the crude mixture. A
similar reaction with the bromophenyldiazoacetategave a
77:23 ratio ofl8b and19bin 50% yield. The secondary-€H
insertion product9bwas again formed in a 4:1 diastereomeric  insertion produc2lain 90% ee. Similarly, the reaction between
ratio and 86% ee. The change in ratio is once again indicative adamantane angb gave a 70% yield oR21bin 96% ee.

that the more electrophilic carbenoid that would be derived from

Figure 3. Relative rates of reaction a with various substrates.

3b is more selective for a tertiary-€H site than the carbenoid
derived from 3a The absolute configuration oi9b was N COMe @ CO:Me
determined to be @3S by X-ray crystallographic analysis of 2h —_ @/‘\@\ (17)
the pyrrolidine amide derivativR0 of 19b as shown in Figure x h2(SDOSP),
2 3 1 mole % 21 X
' 24°C
CO,Me
Nz’<@ )\/\ X yield, % | ee, %
3 X Rhy(S-DOSP)4 al H 67 90
1 mole % b | Br 70 96
62 °C
CO,Me CO,Me
+ (16) The absolute configuration ofa, 10a 13, and 19b was
X X determined unequivocally. The absolute configuration of all the
18 19 . . . .
other products is tentatively assigned on the assumption that
) there face of the rhodium carbenoid is attacked in each case.
X | vield.% | 18:19 | eeof18,% | deof19, %eeof 19, % Supporting evidence for this tentative stereochemical assignment
(18+19)] rato was obtained from the CD spectra4d, 5a, 13, 14, 173, 183,
al H 75 | 5842 26 60 86 18b, 192 19b, 21a and 21b, all of which show a strongly
b | Br s0 | 77:23 33 60 86 negative absorption at 220 rth.

One of the most distinctive features of the-B insertion
chemistry of aryldiazoacetates is the remarkable chemoselec-
On the basis of the reactivity profile described above, 2,2- tivity that is possible. To quantify this effect competition
dimethylbutane was considered to be a promising inert solvent experiments between various substrates were examined and the
for the C—H insertion chemistry because it has a reasonable results are summarized in Figure 3. In most instances the

boiling point and the €H bonds in 2,2-dimethylbutane are at competition experiments were run using a 1:1 mixture of
either primary or sterically crowded secondary sites. A test substrates, but in the cases where one of the substrates was
reaction with 2,2-dimethylbutane under the standard reaction considerably more reactive that the other, the ratio of substrates
conditions revealed that no appreciable reaction between thewas altered accordingly. From these data, it is clear that these
carbenoid and 2,2-dimethylbutane had occurred. This meant thatC—H insertions display remarkable regioselectivity. Reaction
2,2-dimethylbutane is an appropriate inert solvent for reactions with  THF and N-BOC-pyrrolidine is more favorable than

in which solid hydrocarbons such as adamantane are used aseaction with cyclohexane by factors of 1700 and 2400,
substrates. Reaction 8fa with 2 equiv of adamantane in 2,2-  respectively. G-H activation of THF is about 10 times less
dimethylbutane gave rise to 67% yield of the tertiary-i€ favorable than StH insertion or cyclopropanation of styrene.
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R, H C—H sites and for the 2-position of tetrahydrofuran is consistent
H)>< with this mechanism because these are the sites that are best
H | suited to stabilize the positive charge buildup in the transition
' I g, R EV'VG H R state. The actual trajectory of approach of the alkane is not
Ene Bypmic- known, but to generate the correct absolute stereochemistry, the
H '8_ ’ alkane would need to approach over the ester group of the
Rh—l— Rh—l— carbenoid. The increased reactivity of bromophenyldiazoacetate
) ) ) 3b compared to phenyldiazoacet&for reaction at a tertiary
Figure 4. Model for asymmetric cyclopropanation. C—H site rather than a secondary-@ site is also consistent

L with this model, because charge build up in the transition state

S, of 3b would be enhanced oveBa. The generally higher
M H approach or enantioselectivity of €H insertions at secondary sites compared
X, from front ;/[H to tertiary sites would presumably be because a close approach
MeO,C _Ar Meozc“\ ;A N? L of the alkang to the .catalyst i§ less likely for reaction at a
1 ﬂ/ |\[/ i crowded tertiary G-H insertion site compared to a secondary
—-Hh—l— 'Rha;l— MeO,C "“:r site.

When the C-H insertion occurs at a pro-chiral methylene
group, two stereogenic centers are generated during thé C
insertion. Although a full understanding of the structural
requirements for the diastereoselection is not yet available, it
is clear that impressive diastereocontrol is possible in certain
systems819The diastereocontrol that is observed is consistent
drvith the model shown in Figure 5 where the large group (L)
projects upward from the catalyst, the small group (S) points
toward the carbenoid and slightly toward the catalyst, and the
Discussion medium group (M) projects away from the carbenoid but slightly

) o . toward the catalyst. Using this model, the reaction with

From the above experiments it is apparent that the asymmetr'cz-methypentane would be predicted to form the, &) isomer
C—H insertion of aryldiazoacetates has many similarities to the eq 18), the reaction with-BOC-pyrrolidine would be predicted
asymmetric cyclopropanation of phenyl- and vinyldiazoacetates. 1, torm the (529 isomer (eq 19), while the reaction with
The most reactive €H bonds are those in which the carbon allyl silyl ethers would be expected to form theS(2R)
would be able to stabilize a buildup of positive charge during products (eq 20). Further studies will need to be carried out
the transition state, although the rhodium carbenoid is a sterically ;5 getermine if this simple predictive model is generally
demanding reagent and steric effects may dominate OVEr gpplicable.
electronic effects. In both reactions the influence of ester size
and solvent on the asymmetric induction follows a parallel trend.
We have proposed that the asymmetric cyclopropanation occur
by a transition state presented in Figur€ Zhe catalyst behaves
as if it is D, symmetric with the arylsulfonyl groups aligned
o,f,a,8. The two thickened vertical lines in Figure 4 represent
the blocking effects of the arylsulfonyl groups (due to the
symmetry of the catalysts, the chiral influence on the bottom
face of the catalysts would be the same as the top face). The

structure A structure B
Figure 5. Model for the asymmetric €H insertion.

Even though selective reactions at tertiary-i& sites are
possible, in general there is a delicate balance in reaction
between secondary and tertiary-@ sites. Tertiary sites are
preferred on electronic grounds but secondary sites are preferre
on steric grounds.

(18)

cyclopropanation is considered to be concerted but nonsyn- NBOC
chronous with the alkene approaching in a side-on mode over @
the ester group of the carbendfdApparently, the major reason WUH
for the success of the phenyl and vinyldiazoacetate cyclopro- MeOC- 1, /Al (19)
panations is that the trajectory of approach of the alkene to the I\I/a
carbenoid is much more demanding than is the case with other Rh
carbenoid systems.
The generally accepted mechanism for intramolecutaHC o TEDOMS
insertions involves the direct insertion between the carbenoid H H, _OTBDMS
and the G-H bond by means of a three-membered transition R ;eo oo, o R~
state?® Due to the similar trends between the cyclopropanation 2 |\r/ A (20)
and the CG-H insertion of aryldiazoacetates, we propose that ERhs- MeO,C Hr

the C—H insertion also occurs in a concerted but nonsynchro-
nous manner with build up of positive charge at the carbon of  One of the intriguing discoveries that was made during these
the C-H bond (Figure 5). The kinetic isotope effect that was studies is that in the case of phenyldiazoaceatevhen poor
observed for CyCtheXane and tetrahydrofuran is consistent with trapping agents are present, carbene dimer formation is preferred
such a mechanistic interpretation. The hlghel' value obtained using h|gh Cata|yst |oading while azine formation is preferred
with THF is indicative that the transition state for cleavage of ysing low catalyst loading. This result is an indication that the
the C-H bond is more advanced in THFG insertions than  carbene dimer fronBa is likely formed by reaction between
the cyclohexane €H insertions. The selectivity toward tertiary  two rhodium carbenoid species, and this suggestion is counter

(25) For a general discussion on the proposed mechanisms of intramo-10 th? generally he'q Op.inion th.at carbene dimers arise from
lecular G-H insertions, see ref 6, pp 13362. reaction of a carbenoid with the diazo compodéhBurthermore,
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these observations indicate that the rhodium carbenoid has aactivation. Due to the high regioselectivity, diastereoselectivity,

sufficiently long lifetime in the hydrocarbon solvents to allow and enantioselectivity of these reactions, we expect this

two rhodium carbenoids to react together. Further studies arechemistry to be of considerable value in organic synthesis.

in progress to determine the full ramifications of this observa-
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