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A new highly selective synthesis of dialkyl carbonates is described. The procedures rely on the previously unknown selectivity of imidazole
carboxylic esters synthesized by the reaction of 1,1'-carbonyldiimidazole with alcohols. The imidazole carboxylic esters of secondary or
tertiary alcohols form carbonates through the exclusive reaction with primary alcohols in polyols containing mixtures of primary, secondary,
and tertiary hydroxyl groups without the need for protection. Controlled cyclic carbonate formation is also described.

The use of protection/deprotection chemistry during the carbonyl imidazole reactive group, we have discovered new
formation of controlled or asymmetric structures often leads selective bond-forming reactions that lead to controlled
to unacceptable synthetic costs or lengthy procedures thatstructures without the need for protection/deprotection strate-
may cause decreases in overall yield. Many extremely elegantgies or enzymatic synthetic routes.
synthetic methodologies using protection chemistry have The use of carbonyl chlorides such as phosgene, chloro-
been reported, especially in the field of carbohydrate formates, acid chlorides, and carbamoyl chlorides to form
chemistry! Natural systems utilize highly selective reaction amides, esters, ureas, carbamates, and carbonates is very well
mechanisms often involving enzymatic catal§sisproduce known, as are their toxicity and hydrolytic instability and
precise molecular structures. The use of enzymatic reactionsthe difficulties with isolatiorf. An alternative to phosgene
in the laboratory has been highly successful, but theseis 1,1'-carbonyldiimidazole (CDP.CDI has been used
synthetic pathways may involve long reaction times and widely in peptide coupling, small molecule synthesis and
relatively low yield. Highly selective chemical reactions that also to prepare polymefsiAdvantages of this reagent include
target specific functional groups in multifunctional molecules its ease of handling (as it is a solid) and its relatively low
are extermely useful as they do not require protection toxicity. Also CDI may be used to synthesize imidazole
chemistry? During our study of compounds containing the carboxylic esters which may be considered as analogues of
chloroformates.

T Current address: Unilever Research Port Sunlight, Quarry Road East, We have investigated the formation and reactivity of

Bebington, Wirral CH63 3JW, England. Fax: 0151 641 1852. imidazole carboxylic esters via the reaction of CDI with
¥ Current address: Dextra Laboratories Limited, The Innovation Centre, . . ..
The University, Reading, RG6 6BX, England. Fax: 0118 986 1894 different alcohols and have discovered a surprising strueture

" (1) Yu, B.; Zhang, J.; Lu, S.; Hui, YSynlett1998, 29 and papers cited  reactivity dependence. A number of alcohol structures have
erein.

(2) (a) Pulido, R.; Gotor, VCarbohydr. Res1994,252, 55. (b) Braun,

P.; Waldmann, H.; Vogt, W.; Kunz, H.iebigs Ann. Cheml991,2, 165. (4) Cotarca, L.; Delogu, P.; Nardelli, A.; Sunjic, 8ynthesid996 553.
(3) (a) Happaerts, T.; Ghosez, Org. Synth.1998,75, 177. (b) Toste, (5) Staab, H. AAngew. Chem., Int. Ed. Engl962,1, 351.

F. D.; Still, W. J.Synlett1995, 159. (c) Bose, D. S.; Lakshminarayana, V. (6) Houlihan, F. M.; Bouchard, F.; Fréchet, J. M. J. ¢vtamolecules

Synthesisl999, 66. 1986,19, 13.

10.1021/019908528 CCC: $18.00  © 1999 American Chemical Society
Published on Web 09/01/1999



Table 1. Synthesis of Imidazole Carboxylic Esters

Starting Alcohol Imidazole Carboxylic Isolated Yield
Ester Product (%)
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aA 1.5 molar excess of CDI was used to prevent the formation of the
biscarbonate? An excess of alcohol was used to ensure complete reaction
of CDI.

been studied, and the findings are illustrated by the selection
of primary, secondary, and tertiary alcohdls;3, and their
imidazole carboxylic esterda—3a, shown in Table 1, and
the reaction of the imidazole carboxylic esters with the
alcohols1—3, shown in Scheme 1, and a number of polyols,
4-10, shown in Table 2.
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Toluene, 60°C

1a, 2a or 3a No reaction

Table 2. Reaction of Imidazole Carboxylic Esters with Various
Polyols

Starting Polyol Product and Isolated Yield (%)
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a Reaction is completely selective when us@gand 3a only, but 1la
leads to 20% reaction observed at the secondary hydrbRgactions only
conducted usin@a and 3a. ¢ Main component of mixture.

First, the reaction procedure required for the formation of
lavaries from those that may be used to synthe2eand

in all cases, but all attempts to redet—3awith either2 or
3 produced no detectable dialkyl carbonate formation. When

3a. la requires an excess of CDI to limit the unwanted analyzing the crude reaction mixture, the starting alcohol and
formation of dibutyl carbonate, but the complete formation unreacted imidazole carboxylic esters could be identified
of 2a and 3’ is possible even in the presence of a large easily. Therefore the imidazole carboxylic esters appear to

excess of the alcohol.

react selectively with primary alcohols.

These differences suggested possible selectivity which was Further evidence for selectivity can be seen if the formation

studied by the further reaction of each of the imidazole
carboxylic esterda—3awith each of the alcohol$—3.2 The
reaction ofla—3awith the primary alcohol was successful

(7) Typical Experimental: The general procedure for the synthesis of
imidazole carboxylic esters of secondary and tertiary alcohols can be
exemplified by the procedure for the production3affrom 3. Dry toluene
(250 mL) was added to a 500 mL round-bottom flask fitted with a dgy N
inlet and magnetic stirrer. 1,1'-carbonyldiimidazole, CDI (178 mmol), was
added followed by-butanol (357 mmol) and KOH (1 mmol). The mixture
was heated at 60C with stirring for 4 h. The clear solution that formed
was left to cool. The solution was concentrated in vacuo, dissolved jp CH
Cl, (100 mL), and washed three times with water{%0 mL). The solution
was dried with anhydrous N80, and concentrated in vacuo to give a clear
liquid that solidifed on standing. Selected data 3ar *H NMR (CDCls,

300 MHz)6 = 1.62 ppm (s, CH3), 7.02 (s, Im-H), 7.38 (s, Im-H), 8.08 (s,
Im-H); 13C NMR (CDCk, 75 MHz) 6 = 27.56 (CH), 85.20 (RC-O), 116.88
(C-N), 129.97 (C-N), 136.79 (C-N), 146.85%0); m/z (Es') 169.05 (MH",
100%). When using primary alcohols, a 1.1 molar excess of CDI is added
to the flask and the alcohol is added dropwise over a period of at least 30
min.
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of the asymmetric dialkyl carbonate bfand either2 or 3 is
considered. Due to the selectivity of the reaction, it is only

(8) Typical Experimental Procedure: The procedure for reacting
imidazole carboxylic esters with alcohols and polyols is exemplified by
the synthesis o13. Dry toluene (150 mL) was added to a 250 mL round-
bottom flask fitted with a dry Ninlet and magnetic stirreRa (40 mmol)
was added to the solvent followed by KOH (1 mmol). The reaction was
heated to 60C with stirring, and4 (36.4 mmol) was added dropwise. The
solution was left to stir at 60C for 4 h. The clear mixture was left to cool.
The reaction was concentrated in vacuo, dissolved irGQH100 mL),
and washed three times with water ¥350 mL). The solution was dried
with anhydrous Nz5O, and concentrated in vacuo to give a clear liquid.
Selected data fat3: 'H NMR (CDCls, 300 MHz)d = 0.92 ppm (m, CH),

1.19 ppm (d, CH-El3), 3.83 (m, HOG-CHj) 4.15 (t, O(G=0)OCH,), 4.88

(m, O(C=0)OCH);}*C NMR (CDChk, 75 MHz) 6 = 67.64 (HOCH-CHj),
67.95 (O(G=0)OCHy), 75.97 (O(G=0)OCHRy), 155.55 (G=0); m/z (Es")
275.60 (MH", 100%). In most cases it is preferable to synthesise the
imidazole carboxylic ester in situ (as in ref 7) and add the alcoholic reagent
directly to the flask without workup. In this cas®a would be synthesized
and4 would be directly added to the reaction mixture afteh at 60°C.
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possible to synthesize these materials from the reaction of Carbonate formation in trictsvas studied via the reaction
2aor 3awith 1 and not through the reaction b with 2 or of 2a and3a with 8 and5. In the case 08 the reaction of
3 which suggests steric constraints as a possible rationalethe imidazole carboxylic esters gave 100% yield of carbon-
for the selectivity as the environment of the carbonyl of the ates via reaction at the primary hydroxyl groups without
imidazole carboxylic esters change quite considerably. reaction at the secondary hydroxyl, but the reactior2@f
The selectivity was studied further using 1,4-pentanediol, and3a with 5 did not proceed as expected. To simplify the
4, which contains both primary and secondary alcohol sites. reaction, two diols, 1,2- and 1,3-propanedidbfnd?7), were
When reactindla with 4, carbonate formation was predomi- chosen as models f&and were reacted withaand3a. In
nantly at the primary alcohol site but an approximately 20% both cases, the reaction withproceeded as expected with
reaction could be detected at the secondary hydroxyl. the formation of the bis-carbonate; however, wRaror 3a
However, when reactin@a and 3a with 4, there was no  was reacted witl6, propylene carbonate was formed and
carbonate formation at the secondary hydroxyl and reactionthe corresponding alcohdksor 3 were recovered. We believe
at the primary site only has been seen eve2aiind3a are that the cyclic carbonate formation proceeds via the selective
present in large excesses and the mixture is refluxed forreaction of2aor 3aat the primary hydroxyl followed by an
several hours, Scheme 2. intramolecular substitution involving the neighboring sec-
ondary hydroxyl. The cyclization appears to be structure
dependent and reliant on 1,2-substitution as the synthesis of

Scheme 2 the hydroxy carbonates @ and 8 and biscarbonates af
o show no cyclic carbonate formation.

oJ\o/\/Y The imidazole carboxylic estéa was also reacted with

oH  2a R oH tetrol 9 and amino diolLO. The bis-cyclic carbonatkl was

HO~_ A — synthesized as expected with evidence of cyclization derived

4 T i from the comparison of théH and'3C NMR spectra o
% ‘J‘ 070 and1l The'H NMR (CDs;OD) spectrum of the starting tetrol

1w o 9 shows two complex peaks: one at = 1.60 ppm

o corresponding to the (Ch unit and a further peak at =

4 + 2a , §>,OJ\O/\/\ 3.64 ppm which has been assigned as the CH(OH)}GH)
15 diol groups. The CH(OH) and COH) are also easily

detected in thé3C DEPT (CROD) spectrum at = 73.68
and 67.88 ppm, respectively. TH¢ NMR (CDCls) spectrum

Evidence of selectivity is found in the API-MS examina- ©f 11 however showed a marked simplification of the
tion of the product8.More conclusively!H and3C NMR previously complex signal of the diol groups. Three peaks

spectra confirm that no reaction occurs at the secondary@'€ NOW present ai = 3.98 (t, 1H, CH(H)), 4.44 (t, 1H,

hydroxyl as carbon and proton signals for thgCR-OH CH(H)), and 4.61 ppm (m, 1H, CH(R)), indicating the
group of4 remain unchanged after reaction. For example, mequwalgnce of the Ciprotons in the cyclic carb_onate ring.
the spectra ot are compared with those a8 and 15 in The 13C signals for both carbons were also shifted signifi-

Table 3.13C assignments were confirmed by DEPT spectra. cantly. Small signals are present in the spectrum for
incomplete reaction which aids the interpretation of @

spectra with respect to the change of NMR solvent. e
(CDCl) signals for the diol unit of unreacted tetr®lare
very similar to those of the spectrum run in gD and are
at o = 74.17 and 67.31 ppm. The cyclic carbonate shows

Table 3. H and!3C NMR Evidence for Selective Carbonate
Formation with Imidazole Carboxylic Esters

Compound 'H NMR Data '3C NMR Data . _
5 (ppm), species 5 (ppm), species ;lgnals apv = 77.07 and 69.57 ppm. The (;art_)onate carbonyl
4 119, CHy(CH)OH 62.65, CH,OH is also present ab = 155.34 ppm, confirming carbonate
3.59, CH,OH 67.86, CH;(CHYOH formation.

3.78, CH3(CH)OH . . .
I8 CI(E If the reaction had proceeded with carbonate formation

13 L19,CHy(CH)OH ~ 67.64, CHy(CH)OH only at the primary alcohol, we would have expected to still

3.83, CH;(CH)OH 67.95, CH,O(C=0)O
15 CHOC=000 7597, R,CHOC=0Y0 see a compleXH NMR spectrum and only marked changes

4,88, R,CHO(C=0)0 for the CH(OH) C signal.
The synthesis of the amino cyclic carbondi2 also
15 4.12, CH,0(C=0)0 67.73, CH,O(C=0)0O d d .th t | t. d h t d
488, R,CHO(C=0)0 75,73, RCHO(C=0)0 proceeded without complication and shows an unexpecte

additional selectivity as there was no detectable reaction with
the secondary amine functionality.

Selective carbonate formation usiBg provides an easy In summary, we have identified a series of new structure-
and single-step selectiveBoc protection of the primary  specific selective reactions using well-known reagents. The
hydroxyl which would normally be achieved using reagents imidazole carboxylic esters formed by the reaction of-1,1
such agt-Boc anhydride followed by careful separation of carbonyldiimidazole and either secondary or tertiary alcohols
the three possible products. will react selectively with primary hydroxyls in polyols
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