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Optimization of the Metal-Catalyzed O-H Insertion Reaction using Diazo 1

Catalyst (mol %)

EtO,C Solvent (concn) \L
Temp, Time \L

Br
(equw) (equiv)
The following reaction variables were screened during the initial optimization (Table S1).
Catalyst (mol %) Rh,(OACc), (0.5); Rhy(OCOCF3),4 (0.5); CuBr (2.0); Cu(OTf), (2.0)
Equiv of diazo 1 1.0;1.1;1.5;2.0; 3.0
Equiv of 2-bromoethanol | 1.0; 1.1; 1.2; 1.5
Solvent (Concn / M) PhH (0.1); PhMe (0.1); CH,CI, (0.1); C,H4CI, (0.1/0.5)
Temp (°C) 25; 60; 80
Time (min) 20; 60; 90; 17 h

Initial attempts at O—H insertion of 2-bromoethanol with diazo 1 using Rhy(OAc), afforded the desired
bromide 2 with variable yields (<5—-39%) as well as the formation of a side product which proved inseparable.
Attempts to reduce the formation of this side product (tentatively assigned as 2-bromoethyl ethyl carbonate
from the crude *H NMR spectra) by changing multiple variables (Table S1) proved unsuccessful.

Therefore an alternative catalytic system using a ruthenium complex was examined.*

Selected optimization of reaction conditions using [CpRu(MeCN);][PFs] and 1,10-phenanthroline (Table S2).
[CpRu(MeCN)3][PFg]

EtO,C (mol %) EtOC
/\\E 1,10-phenanthroline /\\[ \L \L

(mol %) Br
B. E 02H4C|2 (Concn) S.P.
(equw) (equiv) 60 °C, Time

. . . . . : b

a equivof equivof concn cat. loading ligand loading . Yield (%)
entry 1 BE. (M)  (mol%) molowy ~ me S

1° 1.0 3.0 0.3 25 2.5 1 53 0
2 1.0 3.0 0.3 25 2.5 1 64 <2

3 1.0 10 0.3 25 2.5 1 30 0

4 3.0 1.0 0.3 25 2.5 1 78 0

5 1.2 1.0 0.3 25 2.5 1 78 0
6 1.2 1.0 0.5 25 2.5 1 82 <3
7 1.2 1.0 0.5 0.5 0.5 1 78 <4
8 1.2 1.0 0.5 0.5 - 1 35 16

9 1.2 1.0 0.5 0.5 1.0 1 4 0

10 1.2 1.0 0.5 - - 1 0 0

11 1.2 1.0 0.5 - 0.5 1 0 0
12 1.2 1.0 0.5 0.5 0.5 1h30min 76 <3

13° 1.2 1.0 0.5 0.5 0.5 1 72° 0

14° 1.2 1.0 0.5 1.0 1.0 1 86° 0

%0.2 mmol scale. °Yield determined by "H NMR with respect to an internal standard (1,3,5-trimethoxybenzene).
“Old” bottle of 2-bromoethanol used. Newly bought 2-bromoethanol used in subsequent reactions. “1.0 mmol scale. ®Isolated yield.
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The initial attempt at the Ru-catalyzed O—H insertion used conditions based off those reported by Lacour
and co-workers,' a promising yield of 53% of bromide 2 was observed without any formation of the side
product. Lacour and co-workers noted that the use of anhydrous alcohols was essential for the Ru-catalyzed
O-H insertion. Therefore, a fresh bottle of comerically available 2-bromoethanol was used and an increase
in yield was observed (64%, entry 2). Subsequent reactions were conducted using the new 2-bromoethanol.
Increasing the equiv of 2-bromoethanol decreased the yield of bromide 2 (entry 3), but higher yields were
obtained when diazo 1 was in excess (entries 4 and 5), and the excess could be lowered to 1.2 equiv of
diazo 1 without affecting the yield (entry 5). Increasing the concentration of the reaction increased the yield
of 2 slightly (entry 6). Pleasingly, the catalyst and ligand loading could be significantly reduced to 0.5 mol %
without affecting the vyield (entry 7). However, when the reaction was conducted without any
1,10-phenanthroline (entry 8), the yield of 2 decreased and a significant amount of carbonate S.P. was
observed. When an excess of 1,10-phenanthroline with respect to [CpRu(MeCN);][PF¢] (2 equiv, entry 9),
the reaction was not productive, presumably due to 1,10-phenanthroline completely complexing to the
Ruthenium. When [CpRu(MeCN);][PFs] was absent (entries 10 and 11), no reaction was observed and
excellent recovery of diazo 1 was observed. Increasing the reaction time did not improve the yield of 2
(entry 12). When the reaction was conducted on a preparative scale (1 mmol), slightly reduced isolated
yields were observed (entry 13). The catalyst and ligand loading was increased to 1 mol % in order to
ensure a perfect 1.1 ratio of catalyst:ligand (entry 14) and an excellent isolated yield of 86% was obtained.
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'H and *C NMR Spectra of Selected Compounds
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H NMR (400 MHz, CDCI,)
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13
TH NMR (400 MHz, CDClI,)
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HPLC Traces

(1S)-2-Bromo-1-phenylethan-1-ol ((S)-4a)
mAU 7 Peak RetTime Type Width Area Height Area
1200 3 OH N # [min] [min]  [mAU*s] [mAu] %
] : e LT P | -mmmmnees |=ememmeeee |-mmneee |
1000 S Br ( \ 1 12.528 BV  ©.2078 1.73172e4 1286.87825 96.3585
BDU—: [ 2 13.237 VB 9.2103 654.44409 48.23268  3.6415
| |
600 - { 0
400 3 |'I ee = 93%
] |
A I
200 / \
0 —_—— — —— ———
10 . 11 12 13 . 14 . 15 min
Chiralpak-IB column, 98:2 nhexane/IPA, flow 1.0 mLmin™, UV detection at 210 nm
(x)-2-Bromo-1-phenylethan-1-ol (4a)
mAU Peak RetTime Type Width Area Height Area
1200 OH #  [min] [min]  [mAU*s] [mAU] %
3 N\ e R | -mmnfmeeees | -mmmmeeees |-mmmemeees |--mneeee |
1000 ] Br |'|l ", Iﬁl\l 1 12.467 W 0.2037 1.44846e4 1099.16113 49.8849
gug—: | I|' ". 2 13.099 VB ©.2151 1.45515e4 1041.11926 50.1151
600 [
] |
400—; . ."I \
200} | “\Jj‘ \
R — 1 I'/ —— T e
10 . 11 12 13 . 114 . 15 min
Chiralpak-1B column, 98:2 nhexane/IPA, flow 1.0 mLmin™, UV detection at 210 nm
Ethyl (6S)-3-methyl-6-phenyl-5,6-dihydro-1,4-dioxine-2-carboxylate ((S)-6a)
1";,23_; Peak RetTime Type Width Area Height Area
E N # [min] [min]  [mAU*s] [mau] %
1500—: | (SR DU R N SN S |
1250% EtOZC o ‘Illll 1 13.660 BV 0.5612 7.04827e4 1863.73279 96.2073
1000 /\[ ® ‘Ill 2 15.577 VB ©.5540 2778.57715 74.00832  3.7927
750 o A
500 ‘ \ ee = 92%
250 "
5 N
0 é 1ID 1|5 2|0 2|5 min
Chiralpak-ID column, 99.3:0.7 nhexane/IPA, flow 1.0 mLmin™, UV detection at 254 nm
(x)-Ethyl 3-methyl-6-phenyl-5,6-dihydro-1,4-dioxine-2-carboxylate (6a)
AU 7
" E Peak RetTime Type Width Area Height Area
14004 #  [min] [min]  [mAU*s] [mAU] %
1200 EtO,C.__O I Sl Rl b l-omme -emoemoeee l--momoee- |--mmeee |
10”0_: |\ . 1 13.835 BV ©.3370 2.79953e4 1270.68323 49.3898
SI]OE | Il ||'.||| 2 14.735 VB 0.4274 2.86871e4 1016.08008 50.6102
E |
600 - o | '\ [
400 Ry
200 |
0 ] |.'| \ LI
0 é 1ID 1|5 2|0 2|5 min|
Chiralpak-I1D column, 99.3:0.7 nhexane/IPA, flow 1.0 mLmin™, UV detection at 254 nm
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